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Ability of osteogenic p r e c u r s o r s  of bone mar row from intact and induced (by implantation 
of decalcif ied bone matrix) bones to support themselves  was compared by transplantation 
in diffusion chambers .  Osteogenesis  continued for severa l  months in bone mar row t rans-  
plants f rom intact bones whereas in t ransplants  f rom induced bone t issue active osteogene-  
sis ,  although still observed after 12-20 days,  ceased after  2 months.  Fibroblas ts  f rom the 
second passage f rom cultures of hematopoiet ic  t issue of induced bones,  unlike f ibroblasts  
f rom cul tures  of intact bone mar row,  were  vir tual ly  without osteogenic powers .  These 
resul ts  conf i rm that induced osteogenic t issue has limited ability of self-support after  the 
action of the inducer has ceased,  compared with intact bone t issue.  

KEY WORDS: induced bone tissue; self-support;  hematopoiet ic  s t roma.  

The possibil i ty of induction of bone t issue in adult mammals  is well known: Bone is formed and a 
microenvi ronment  produced for the development of foci of myeloid hematopoiesis  [6] around prol i fera t ing 
t ransi t ional  epithelium [2, 11] o r  a decalcified bone matr ix  [14]. Induced osteogenic tissue can be kept for 
a long time (months) around autografts  of the mucous membrane  of the bladder or  nea r  zones of p ro l i f e ra -  
tion of t ransi t ional  epithelium in the hilus of a kidney with its blood vesse l s  ligated [12]. Meanwhile, bone 
induced by homograft ing of the mucous membrane  of the bladder  is absorbed within a few weeks [1]. Af ter  
ligation of the renal  vesse l s  and autograft ing of the mucous membrane  of the bladder ,  the transi t ional  epi-  

thelium pe r s i s t s  indefinitely at the site of induction; if 
TABLE 1. Osteogenic Powers  of F r a g -  
ments  of  Hematopoiet ic  T i s sue  f rom Foci  
of Bone Induction 

Time of 
culfiva- [ Num-~ 
�9 �9 per Ol 11012 In  ] oham~ 
chambers [ b~rs 
(in days) I 

"12 " 4 ' 

18 2 
20 1 
65 2 

100 3 

State ofosteogenic tissue in chambers 

Active osteogenests. Extensive areas 
of osteoblasts and preosteoblasts 
seen around calcified bone lamellas 
spread over the surface of the filter 
and closely adherent to it 

Ditto 

Large quantity of mature calcified 
bone tissue, joining the two filters 
together, but with no osteoblastic 
layer. Bone cavities contain no 
cells or cells with signs of pycnosis. 
No recent osteogenesis 

)itto 

homografted,  however,  it is absorbed by the end of the third 
to fourth week. Decalcified bone matr ix ,  if implanted as 
inducer ,  is absorbed by the end of the third month and the 
bone t issue induced by it is also absorbed at the same t ime. 
It has accordingly been postulated that, unlike skeletal 
(determined) bone t issue,  induced bone is p rese rved  only 
as long as the inducing agent continues to act upon it [4], 
i .e. ,  its maintenance is inducer dependent. 

The object of this investigation was to test  this hypoth- 
esis .  The degree  of se l f - suppor t  of induced and deters- 
mined osteogenic cells was a s sessed  under t i s sue-cu l ture  
conditions. 

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

Bone was induced by implantation of decalcif ied bone 
mat r ix  into the an te r ior  abdominal wall of adult rabbits .  
The inducing matr ix  was prepared  f rom the femora  of adult 
rabbits  [14]o 
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T A B L E  2. Osteogenic  P o w e r s  of F ib rob l a s t s  f r o m  Second P a s s a g e  Cultures Grown f r o m  Hematopoie t ic  
T i s s u e  of Pe lv i c  and Induced Bones  

Source of hematopo ie t i c  
c e l l s  fo r  cu l tu re s  

Number  of c h a m b e r s  

Induced bone 

Number  of f ib ro -  
b l a s t s  p e r  c h a m b e r  

5 x l0  G 

5 x 10 6 

T i m e  of cult ivation 
in chambe r  (in days) 

60 

60 

No. of 
c h a m b e r s  

State of os teogenic  
t i s sue  in c h a m b e r s  

La rge  foci of act ive 
os teogenes i s  with pe r iph -  
e ra l  zone of  d i f fe ren-  
t iating os teob las t s .  Bone 
joins both f i l t e r s  together  

L a y e r s  of connect ive-  
t i s sue  cel ls  with tiny 
f r agmen t s  of dead bone,  
with no os t eocy te s  o r  
os teob las t i c  l aye r  

Fig. 1. Os teogenes i s  in diffusion c h a m b e r s  (Gomor i ' s  reac t ion  for  alkaline phos -  
pha tase ,  hematoxylin):  a) os teogenic  t i s sue  in chambe r s  with bone m a r r o w  f r o m  
induced bones ,  18 days  (objective 20); b) dead bone t issue in c h a m b e r s  with bone 
m a r r o w  f r o m  induced bones ,  65 days  (objective 3); c) os teogenic  t i s sue  in cham-  
b e r s  with f ib rob las t s  f r o m  cul tures  of pelvic  bone m a r r o w ,  60 days  {objective 20); 
d) foci of ca r t i l age  t i s sue  in c h a m b e r s  (c) (objective 407. 

After  2-3 months ,  by separa t ing  the laminae  of induced bone unde r  a b inocular  loupe, the bone m a r r o w  
was ex t rac ted  and p laced  e i ther  (at in diffusion chambe r s  made f rom HA Mill ipore f i l t e r s  with a po re  
d i a m e t e r  of 0.45 #, o r  (b) in monolayer  cul tures  in med ium No. 199 with 20% homologous s e r u m ,  the cell  
suspension being p r e p a r e d  as desc r ibed  p rev ious ly  [9]. Bone m a r r o w  cel ls  f rom the pelvic  bones  of  the 
same  rabbi t s  were  explanted in a p a r a l l e l  s e r i e s  of  expe r imen t s .  

On the 10th day the n u m b e r  of colonies  of  f lb rob las t s  was counted in the cu l tu res ,  and f lb rob las t s  
we re  removed  f r o m  a pa ra l l e l  s e r i e s  of f l asks ,  subjected to two p a s s a g e s ,  and then p laced  in diffusion 
c h a m b e r s ,  which were  implanted  in t raper i tonea l ly  into al logeneic rabb i t s .  The  chambe r s  w e r e  r emoved  
and d i smant led  12-100 days  l a te r ,  the i r  f laps we re  fixed with 96 ~ alcohol in the cold, and GomorVs  tes t  
fo r  a lkal ine phospha tase  with counters ta in ing  with a lum-hematoxy l in  was c a r r i e d  out. 
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E X P E R I M E N T A L  R E S U L T S  

Ret icu la r  t i s sue  with hematopoie t ic  cel ls  was d is t r ibuted  in the foci of induction between calcif ied 
bone l amel l ae ,  a r r anged  along the implanted ma t r ix .  The  r e su l t s  of t ransplanta t ion  of this t i ssue in dif-  
fusion chambe r s  a r e  given in Tab l e  1. 

On the ave r age  about 107 cel ls  could be  washed out of one focus of induced os teogenes i s ,  and of the 
total numbe r  50% were  e ry thro id ,  23% myeloid,  9% lymphoid,  and 11% s t roma l  cel ls .  The mean cloning 
eff ic iency of these  ce l l s  in monDlayer  cul tures  (5.4/105 cells) was r a t h e r  h igher  than for  cel ls  of the pelvic  
bones  (3.5/105 cel ls) .  Th is  c o r r e l a t e s  well with the fact  that the induced bone m a r r o w  was r i ch  in r e t i cu la r  
ce l l s .  The r e su l t s  of t ransplanta t ion  of f ib rob las t s  f r o m  cul tures  of pe lv ic  and induced bones in diffusion 
c h a m b e r s  a re  given in Tab le  2. 

Bone m a r r o w  f r o m  skele ta l  bones contains osteogenic  p r e c u r s o r  cel ls  h is togenet ical ly  unconnected 
with hematopoie t ic  s t em cel l s  [13]; because  of the p r e s e n c e  of the f o r m e r ,  he tero topic  t ransplanta t ion  of 
bone m a r r o w  [3] or  i ts  t ransplanta t ion  in diffusion c h a m b e r s  [7] leads to bone format ion .  In p r i m a r y  mono-  
l aye r  cul tures  i t s  os teogeneic  p r e c u r s o r s  f o r m  colonies consis t ing of clones of f ib roblas t s  which, on r e -  
implantat ion in vivo as diploid s t r a ins ,  having pa s sed  through m o r e  than 20 p a s s a g e s ,  exhibit s trong os teo -  
genic p r o p e r t i e s  [5]. Af ter  r e m o v a l  by adhesion of ce l l s  f r o m  which colonies of  f ib rob las t s  were  fo rmed ,  
the os teogenic  powers  of the bone m a r r o w  d i sappea red .  T h e s e  fac t s  show that f ib roblas t s  growing in bone 
m a r r o w  cul tures  a r e  de t e rmined  os teogenic  p r e c u r s o r  cel ls ,  capable  of support ing t h e m s e l v e s  for  a long 
t ime,  and whose osteogenic  powers  a r e  inducer  independent.  

Th i s  invest igat ion shows (Fig. 1) that the medu l l a ry  cavi t ies  of induced bones  als0 contain os teogenic  
cel ls  which can main ta in  os teogenes i s  in the c h a m b e r  fo r  not l e s s  than 18 days  independently of contact  
with the inducer  (which could not en te r  the chamber ) .  However ,  toward the end of the 2nd month, o s t eo -  
genes is  ceased  in the cham be r s  and only m a tu r e  bone remained .  Converse ly ,  in chambe r s  with bone 
m a r r o w  f r o m  skele ta l  bones  active os teogenes i s  continued fo r  many months [10]. Whereas  the f resh ly  
isola ted osteogenic  p r e c u r s o r s  f r o m  induced bone were  capable  of os teogenes i s ,  even though to a l imited 
degree ,  the i r  p rogeny ,  in the f o r m  of second p a s s a g e  f ib rob la s t s ,  were  v i r tua l ly  without os teogenic  powers .  

Compared  with ske le ta l  bone t i s sue ,  induced osteogenic  t i s sue  in fact  thus has  l imited abili ty to 
suppor t  i t se l f  a f te r  the action of the inducer  has ceased .  However ,  the r ea sons  for  this behavior  is u n ce r -  
tain. Inducible os teogenic  p r e c u r s o r  cel ls  (IOPC) can be e l iminated f r o m  the populations as being capable  
of only a l imited num ber  of d iv is ions .  Th i s  would have to be the case  if the IOPC were  h a l f - s t e m  cel l s  o r  
if, as a resu l t  of induction, os teogenic  ce l l s  with h a l f - s t e m  p r o p e r t i e s  were  fo rmed  f rom s t em ce l l s .  On 
the o the r  hand, loss  of os teogenic  powers  in the population of induced cel ls  could be  connected with the loss  
of the i r  os teogenic  p r o p e r t i e s ,  caused by the action of the inducer ,  r a the r  than with the cessat ion of ex is -  
tence of p a r t i c u l a r  cell  l ines .  

L I T E R A T U R E  C I T E D  

1. A. Yao Fr idenshte in ,  Dokl.  Akad. Nauk SSSR, 108, 359 (1956). 
2. A. Ya. Fr idenshte in ,  Exper imenta l  Ex t ra ske le t a l  Os teogenes is  [in Russian] ,  Moscow (1963). 
3. A. Ya. Fr idenshte in  and A. I. Kura lesova ,  Transp lan ta t ion ,  12, 99 (1971). 
4. A~ Ya.  Fr idenshte in  and K. S. Lalykina,  Induction of Bone T i s sue  and Osteogenic  P r e c u r s o r  Cells 

[in Russian] ,  Moscow (1973)o 
5. A. Ya. Fr idensh te in ,  K. V. P e t r a k o v a ,  A. I. Kura lesova ,  et al . ,  T ransp lan ta t ion ,  6, 230 (1968). 
6. A. Ya.  Fr idensh te in ,  R. K. Chailakhyan,  and K. S~ Lalykina,  Cell T i s s u e  Kinet. ,  3 393 (1970)o 
70 A. Ya. Fr idenshte in ,  R. K. Chailakhyan,  N. V. Lats inik,  et al . ,  Transp lan ta t ion ,  1__7, 331 (1974). 
8. C. Huggins,  Arch.  Surg.,  2.__~ 377 (1931). 
9. A . A .  Max im,v ,  Be i t r .  Path.  Anat. ,  41, 122 (1907). 

10o L. Ol l ier ,  J .  Phys io l . ,  __h 145 (1863). 
11. Mr R. Ur i s t ,  Science,  156, 893 (1965). 

273 


