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The bone m a r r o w  mic roenv i romnen t  can be t r a n s f e r r e d  by t ransplantat ion of pure s t ra ins  of rabbi t  
medu l l a ry  f ibroblasts  [4] and of  single clones of medul la ry  f ibroblas ts  of guinea pigs and mice  [5] in vivo. 
The effect iveness  of t r a n s f e r  of the microenviromment  by cel ls  grown beforehand in cul ture  l a rge ly  depends 
on the method of regraft2ng into the animal .  F o r  instance,  if mouse  bone m a r r o w  s t romal  cel ls ,  grown in 
cul ture ,  were  injected beneath the kidney capsule ne i ther  os teogenesis  nor  t r a n s f e r  of the hematopoiet ic  m i c r o -  
environment  was obtained [6]. In the preceding paper  [2] the wr i t e r s  descr ibed  a highly effective method of 
t r ans f e r r i ng  the hematopoiet ic  mic roenv i ronment  by t ransplant ing suspensions of bone m a r r o w  cel ls  into 
sponges~ In the investigation now descr ibed  this  method was used to t ransp lan t  mouse  bone m a r r o w  cel ls  
grown beforehand in cu l ture .  In this way the bone mar row mic roenv i ronment  could be t r a n s f e r r e d  by s t romal  
cel ls  grown in cul ture ,  with a high degree  of  reproducibi l i ty .  

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

Bone m a r r o w  cells  f rom CBA mice  were  used for  cu l ture .  Cell  suspensions were  p repared  by t r ea tmen t  
with t ryps in  o r  by mechanica l  mincing [2]. Befo re  explantation the cel ls  were  f i l t e red  through Kapron to p ro -  
duce a suspension of  isolated cel ls .  To de te rmine  the eff iciency of cloning of the f ibroblas ts  [1] they were  
cul tured in 100-ml Roux f lasks,  but s t romal  cel ls  were  grown for  subsequent  t ransplanta t ion in 1000-ml f lasks .  
The  number  of cel ls  in the cul tures  f o r  cloning was the same as descr ibed  in [1], and between 4 • 107 and 5 • 
107 cel ls  of t ryps in ized  bone m a r r o w  were  explanted into each 1000-ml f lasks.  F i sh e r ' s  medium with 20% 
embryonic  calf  se rum was used for  cul ture .  The medium was changed eve ry  4 days. Cloning eff iciency was 
counted on the 12th-14th day of cul ture  [1]. Cells  growing on the sur face  of the glass in 15-30-day cul tures  
and r emoved  by t r ea tmen t  with 0.25% t ryps in  solution were  used for  t ransplantat ion.  The  contents of the medul -  
l a ry  cavity of one femur  also were  explanted by Dex te r ' s  method [7], in the fo rm of unf i l tered t i ssue  f ragments ,  
into plastic 25-ml f lasks.  Cel ls  of the adhesive l aye r  of these  cul tures  were  r emoved  by t ryps in  af te r  20-25 
days. Cells  r emoved  f rom the cul tures  were  introduced into gelatin sponges by the method desc r ibed  in [2]. 

Sponges with cel ls  were  graf ted  beneath the kidney capsule of syngeneie o r  semisyngeneic  rec ip ients .  
In the control ,  empty sponges o r  sponges containing bone m a r r o w  cel ls  i r r ad ia ted  in a dose of 6000 rads  were  
used.  Cell  f i lms were  s tained by Giemsa ' s  method and for  nonspecif~c e s t e r a s e .  The graf t s  were  fixed on 
the 24th-60th day with a l c o h o l - f o r m o l  and p rocessed  by histological  methods [2]. 

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

The cloning eff iciency of the f ibroblas ts  was on average  10 t imes  h igher  fo r  cel ls  of t ryps in ized  bone 
m a r r o w  than of  unt rypsinized.  The l aye r  of adhesive cel ls  on the sur face  of 15-30-day cul tures  was fo rmed  
mainly  by growth of colonies of f ibrcblas t s ,  and by the end of the 2rid week it  was a lmost  confluent.  The cen te r s  
of  many colonies under  these  c i rcumstances  were  composed of seve ra l  l aye r s  of cel ls .  Macrophages also were  
p resen t  among the adhesive ce l l s .  Hematopoies is  v i r tual ly  ceased  in the cul tures  a f te r  the 7th day. The cel ls  
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Fig. 1 Fig. 2 

Fig.  1. Cul ture  of  bone m a r r o w  cel ls ,  16 days.  React ion for  nonspecific e s t e r a s e  in m a c r o -  
phages (left) and f ibroblas ts  (right). Object ive 24 • 

Fig.  2. Graft  of 10 G cel ls  f r o m  22-day cul ture  a f te r  60 days, object ive 4 • 

Fig .  3. The  s a m e  p repara t ion ,  object ive 24 x .  

r e m o v e d  f rom the c u l ~ r e s  included f ib roblas t s  (from 75 to 85%) and m a c r o p h a g e s .  The distinguishing fea tu res  
of  these  two types  of ce l l s  when grown in mono laye r  cul tures  of bone m a r r o w  were  descr ibed  p rev ious ly  [3]. 
In the p re sen t  invest igat ion,  identification of the ce l l s  was based on morphologica l  fea tures  and on nonspecif ic  
e s t e r a s e  act ivi ty  (positive in m a c r o p h a g e s  and negat ive in f ibroblas ts ;  Fig.  I ) .  

E m p t y  sponges and sponges with i r r ad ia t ed  bone m a r r o w  cel l s  were  fixed 47-60 days a f te r  implantat ion.  
In all 26 cases  the  r e su l t  was negat ive for  bone or  hematopoiet ic  t i s sue  in the sponges .  

In four  exper imen t s  with CBA ce l l s ,  107 ce l l s  we re  taken  f r o m  th r ee  f l asks  on the 15th day, 5 x 106 ce l l s  
f rom one f lask  on the 15th day, 13.5 x 10 G ce l l s  f rom three  f lasks  on the 21st day, and 1.4 x 107 cel ls  f rom 
th ree  f lasks  on the 33rd day. The ce l l s  were  introduced into 42 sponges in doses  of between 5 x 103 and 2 x 106 
ce l l s  pe r  sponge and were  t ransp lan ted  beneath the kidney capsule .  In each of these  exper iments  the bone 
marrow microenvironment was transferred, i.e., the formation of a bone marrow organ was achieved within 
the transplanted sponges (altogether in 31 or 35 sponges containing from 2• 106to 8• 105 cells at the time of 
transplantation). In the cultures in plastic flasks by Dexter's method the layer of adhesive cells was the same 
as that described in [7]. On average 10 G cells were taken from each flask and 3 • 105 cells were introduced 
into each of I0 sponges. On the 45th day a bone marrow organ was found in each sponge. In sponges containing 
at least 8 • 105 cells, proliferation of reticular tissue with many capillaries and the formation of discrete foei 
of hematopoietic cells on the side facing the surface of the kidney and large bony trabeculae in the center of 
the sponge were observed on the 24th day. By the 34th day, a bone marrow organ with bony capsule and medul- 
lary cavity with bridges of bone, foci of hematopoietic cells, and vessels of sinusoidal type, was organized in 
the sponges (the tissue of which had largely been absorbed (Figs 2 and 3). The ratio between the amounts of 
bone and hematopoietic tissue varied in different sponges. In some cases the same sponge contained bone and 
hematopoietic tissue (as a rule topographically interconnected) and also areas of connective tissue or zones 
with few cells, which were characteristic features of sponges with irradiated bone marrow cells. 
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In previous  invest igat ions the wr i t e r s  obtained data indicating that  t r a n s f e r  of the bone m a r r o w  m i c r o -  
envi ronment  takes  place as a r e s u l t  of su rv iva l  of s t r o m a l  mechanocy tes  with osteogenic  potential ,  and not 
mac rophages  [3]. I t  has so fa r  proved  imposs ib le  to grow mouse  bone m a r r o w  f ibroblas ts  in cul ture  without 
admixture  of m a c r o p h a g e s .  There  is r ea son  to suppose that  in cu l tures  of mouse  bone m a r r o w  cel l s  the 
m i c r o e n v i r o m n e a t  is t r a n s f e r r e d  by adhes ive  os~eogenic f ib rob las t s ,  which have mul t ip l ied in cul ture .  The 
use  of  sponges for  t ransplant ing cel ls  grown in cul ture  enabled success fu l  t r a n s f e r  of the m i c r o e n v i r o n m e n t  
to take place by s t roma l  ce l l s  f rom p r i m a r y  mouse  cu l tu res ,  which has hi therto been imposs ib le .  In the p r e sen t  
invest igat ion t r a n s f e r  took place m o r e  effect ively  and constant ly  than by t ransplanta t ion  of s t r a in s  of rabbi t  
bone m a r r o w  f ibroblas ts  (when sponges were  not used). I t  mus t  also be pointed out that  adhesive cel ls  f rom 
bone m a r r o w  cul tures  used to t r a n s f e r  the bone m a r r o w  mic roenv i ronmen t  during t ransplanta t ion  were  f rom 
a line of mice  (CBA) whose adhesive ce l l s  a re  known not to main ta in  i ts  hematopoie t ic  mic roenvi ro rmlen t  in 
cul ture  [7]. This  may  indicate a di f ference between the cel ls  r espons ib le  for  each of these  two p r o c e s s e s .  It 
is in teres t ing to note that,  as  the l a rge  number  of osteogenie ce l l s  revea led ,  m o r e  of them accumula te  in the 
l aye r  of adhesive cei ls  of Dexter  cu l tures ,  evidently, than in bone m a r r o w  used for  explantation.  
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S t romal  mechanocytes  (f ibroblasts)  of  hematopoie t ic  and lymphoid o rgans  play the leading ro le  in the 
local  regulat ion of hematopoies i s  [3]. It  has recen t ly  been shown that  s t r oma l  mechanocy tes  of different  h ema t -  
opoietic organs  bind different ia ted granuloid ce l l s  in vi t ro to an equal degree  [2]. 

In the p r e se n t  invest igat ion the abil i ty of  s t roma l  f ib roblas t s  of bone m a r r o w  and thymus to in te rac t  in 
cul ture  with hematopoie t ic  p r e c u r s o r  cel ls  forming colonies of  myelo id  ce l l s  was studied. 

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

Noninbred guinea pigs weighing 180-250 g and (CBA • C 57BL)F l m i c e  weighing 18-22 g were  killed with 
ch lo ro fo rm.  F i l t e r ed  suspens ions  of mouse  and guinea pig f e m o r a l  m a r r o w  cel ls  and mouse  thymus  ce l l s  
were  p r e p a r e d  by the s tandard  method [6] in F i s h e r ' s  med ium.  Between IX  l0  G and 2 x l0  G bone m a r r o w  cel l s  
o r  6 x 10 ~ and 12 x 10 ~ mouse  thymus ce l l s  were  explanted into p las t ic  f lasks  and P e t r i  dishes (the a r e a  of the 
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