
EXPERIMENTAL BIOLOGY 

O S T E O G E N I C  P O T E N T I A L  OF L O N G - T E R M  

D I P L O I D  C U L T U R E S  OF B O N E  M A R R O W  C E L L S  

l~. D.  M i s k a r o v a ,  K.  S. L a l y k i n a ,  
I .  N. K o k o r i n ,  a n d  A.  Y a .  F r i d e n s h t e i n  UDC 612.419.014.2 : 612.6-085.23 

At the 17th subculture (after cultivation for  3.5 months), a diploid strain of cells obtained 
f rom the bone mar row of an adult rabbit,  with cell differentiation charac ter i s t ic  of f ib ro -  
blasts ,  exhibited osteogenic potential when retransplanted in vivo. 

Regular changes in cell composition take place in monolayer  bone mar row cultures.  In the late pe r i -  
ods, Instead of a heterogeneous cell population, a morphologically homogeneous culture of f ibroblasts  is 
formed.  This has been shown to develop f rom clone colonies ar is ing f rom a very  small number of p r e c u r -  
sor  cells present  in the original suspension of bone mar row ceils. Fibroblasts  f rom p r imary  bone mar row 
cultures possess  ostegoenic proper t ies  when retransplanted in r ive  [6]. At the same time, they can be sub-  
cultured for long periods during which they remain diploid. 

The object of this investigation was to determine whether these cells retain their  osteogenic potential 
during prolonged cultivation with frequent subculture. 

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

Bone mar row of an adult male rabbit was flushed out of the femur  and resuspended in medium No. 
199. The mar row was cultivated in medium No. 199 (89.5%) with bovine (10%) and rabbit (0.5%) se rum in 
250-ml f lat-bottomed f lasks.  The medium was changed every  2-4 days. Cells for subculture were taken 
f rom the glass af ter  brief t reatment  of the cultures with t rypsin.  The f i rs t  subculture was taken on the 
20th d a y  and each subsequent subculture every 5-7 days. 

After subculture, some cells were placed in Leighton's  tubes with cover slips and fixed on the 2nd- 
7th day. The specimens were stained with hematoxylin, azure II-eosin,  azan, and si lver  for reticulin f ibers ,  
and also by Feulgen's  method, by methylgreen-pyronine ,  Sudan B and,III, the PAS method, for  acid and a l -  
kaline phosphatase by Gomor i ' s  method, and for  e s t e rasc ,  NAD- and NADP-diaphorase,  and succinate de-  
hydrogenase.  

At the 20th subculture,  L. D. Safronova and Yu. S. Detain car r ied  out a cytogenetic analysis of 210 
metaphase plates obtained by Moorhead 's  method [1]. All cells with a diploid number of chromosomes  were 
a s sessed  for  euploidy (the presence or  absence of 4 large chromosomes  of pairs  I and II, te locentr ics  of 
pairs  XIX-XXII, and a Y-chromosome) .  Twelve euploid and three aneuploid plates were karyotyped by 
Nichols'  method [2]. Analysis showed that the number of diploid cells was 75.2%. The aneuploid ceils 
(24.8%) consisted mainly of hypodiploid cells,  and they were evidently produced by loss of chromosomes  
during preparat ion of the specimen. The frequency of hyperdiploid cells (0.95%) did not exceed the level of 
spontaneous mutation, nor  did the number  of tetraploids (5.2%) exceed the l imits accepted for diploid cul-  
tures .  The number of aberra t ions  - chromatid and mixed deletions (about 1%) - agreed with the level of 
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Fig. i. Fig. 2. 

Fig. 1. Diploid culture at llth subculture of bone marrow cells 
(azure II-eosin, 20• 

Fig. 2. Azan-positive granules (a) and fibers (b) in cells (azan, 
90• 

Fig.  3. Bone in diffusion chamber  (section, 
PAS-hematoxyl in ,  40 • 

spontaneous chromosomal mutations for many mammals. 
Hence, the culture at the 20th subculture used in the ex- 
periments can be taken as diploid. 

Cells of the 17th subculture (3.5 months of cultiva- 
tion) were transplanted into rabbits in 5 diffusion chambers 
made from NA filters with a pore size of 0.45 p. The 
method of making the chambers, filling them with cells, 
and implanting them intraperitoneally was described pre- 
viously [4]. The number of cells placed in each chamber 
was 10 G. On the 28th day the chambers were fixed with 
alcohol-formol, decalcified, and cut into series of sections 
which were stained with hematoxylin and by thePAS method. 

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

The p r i m a r y  cul ture  (before the 19th day) passed  through the usual  phases  of changes in i ts  compos i -  
tion. Init ially mos t  cel ls  were  leukocytes ,  followed by h is t iocytes ,  and these  were  rep laced  by f i b r o b l a s t -  
like cel ls .  Af te r  the 1st subcul ture ,  the cu l tures  became homogeneous.  They cons is ted  of del icate  f i b r o -  
b las t - l ike  cel ls  joined toge ther  with syncyt ia  and posses s ing  marked  phagocytic act ivi ty.  Among the la rge  
cel ls ,  a r r anged  in l aye r s  and posses s ing  f r o m  three  to five p r o c e s s e s ,  there  were  groups of s m a l l e r ,  e lon-  
gated cells  (Fig. 1). The nucleus,  oval or  round in shape and deficient  in chromat in ,  contained f r o m  one to 
five l a rge ,  pyroninophil ic  nucleoli .  

The cy top la sm was poor  in r ibonucleopro te ins ,  although many cel ls  appeared  basophil ic  when stained 
with azure  II--eosin. On the 1st day a f t e r  subcul ture ,  a few ve ry  tiny inclusions of neutra l  and bound fat 
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were obse rved  in the cytoplasm.  The i r  number  inc reased  by the 5th day, the inclusions were  l a rge r ,  and 
they were  located nea r  the pe r iphe ry  of the cytoplasm.  The cel ls  were  in a state of fatty degenerat ion and 
few in number .  On the 2nd day of growth, many tiny PAS-posi t ive granules  appeared  in individual cel ls ,  
while o thers  contained a smal l  quantity of glycogen, which accumula ted  by the 3rd-4th  days and subsequently 
d i sappeared  a lmos t  complete ly .  At l a t e r  per iods ,  the f ibe r s  and smal l  inclusions remained  PAS-posi t ive,  
and were  also demons t rab le  by staining with azan (Fig. 2a). In some cases  del icate,  thin a rgyrophi l ic  f i -  
be r s  and bundles of collagen f ibe r s  were  impregnated  in the cul tures ,  and the i r  number  inc reased  sharply  
a f t e r  10-15 days of growth (Fig.2b). 

High acid phosphatase  and e s t e r a s e  act ivi ty  was found in the cel ls  of the cul tures ,  but no alkaline 
phosphatase  act ivi ty could be detected.  In mos t  cel ls  act ivi ty of oxidat ion-reduct ion enzymes  was high, 
decreas ing  gradual ly  a f te r  the 7th day of cultivation. 

On the 28th day a f t e r  t ransplanta t ion  into allogenic rec ip ien ts ,  the cel ls  of the 17th subculture showed 
marked  osteogenic p rope r t i e s .  All five chambe r s  were  filled with ma tu re  bone t i s sue  (Fig. 3). In some 
cases  the bone occupied the whole lumen of the chamber  between the f i l t e r s ,  while in others  the bone f r a g -  
ments  lay among l a y e r s  of connec t ive- t i s sue  cel ls .  On its outer  side the bone was covered  with a l aye r  of 
os teoblas t s .  The ground substance of the bone t i s sue ,  in which os teocytes  were  immured ,  contained l a rge  
quantit ies of po lysacchar ides  and had the typical  s t ruc ture  of well developed woven bone. The bone was so 
intensively calcif ied that  the f i l t e r s ,  when taken f r o m  the r ings ,  did not bend until they were  decalcif ied.  

The culture of rabbi t  bone m a r r o w  cel ls  desc r ibed  above mainta ined its diploid p r o p e r t i e s  th rough-  
out 20 subcul tures .  In the monolayer  cul ture ,  different iat ion of i ts  cel ls  was cha r ac t e r i s t i c  of f ib rob las t s .  
This could be judged f r o m  the morphologica l  and h is tochemical  p rope r t i e s  of the ce l l s  and the fo rmat ion  
of f ibers .  Meanwhile, ce l ls  of this cul ture at the 17th subcul ture ,  when re t ransp lan ted  in vivo under  dif-  
fusion chamber  conditions showed well m a r k e d  osteogenic potential .  S imi lar  p rope r t i e s  a re  p o s s e s s e d  by 
f r e sh ly  isolated bone m a r r o w  cel ls  and p r i m a r y  cul tures  obtained f r o m  them [3, 5, 6]. Consequently,  o s -  
teogenic e lements  a r e  p r e s e r v e d  in bone m a r r o w  cel ls  undergoing prolonged subculture in v i t ro ,  although 
they do not exhibit the i r  osteogenic function while in cul ture .  It is not yet  known whether  all  these  cel ls  
which appea r  ve ry  s i m i l a r  morphological ly  and h is tochemical ly  in a culture have ident ica l0s teogenic  po-  
tential  or  whether  this is p o s s e s s e d  by only some cel ls  in the population. Under all  conditions, osteogenie 
potential  can be maintained for  a long t ime  in cul tures  obtained f r o m  rabbi t  bone m a r r o w  cells .  
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