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PRECURSOR CELLS OF FIBROBLASTS DETECTED 

BY in vitro CLONING OF CELLS FROM HEMATOPOIETIC 

ORGANS OF NORMAL AND IRRADIATED MICE 

Yu. F. Gorskaya, A. Ya. Fridenshtein, 
and N. N. Kulagina 

UDC 612.41.014.482-085.23 

Colonies of f ib rob las t s  a r e  f o rm ed  in monolayer  cu l tures  of bone mar row ,  spleen,  and thymus 
cel ls  of adult m i c e  with an eff ic iency of colony fo rmat ion  (per 105 cel ls)  of 2.2 for  bone m a r -  
row, 0.20 for  spleen,  and 0.16 fo r  thymus.  On i r rad ia t ion  of mice  with a dose of 150 R, about 
half of the f ib rob las t  co lony- fo rming  units in the bone m a r r o w  die; during the next 6 days 
the i r  number  falls  a fu r the r  fivefold, with a r e tu rn  to the no rma l  level  25 days a f t e r  i r r a d i a -  
tion. 

KEY WORDS: mono laye r  cul ture;  eff ic iency of colony format ion;  f ib rob las t  colonies,  

Colonies,  consis t ing of clones of f ib rob las t s ,  f o r m  in monolayer  cu l tures  of cel ls  f r o m  hematopoiet ic  
and lymphoid organs  [3, 7, 8]. The cel ls  r e spons ib le  for  the fo rmat ion  of colonies  of this type belong to the 
group of s t r o m a l  p r e c u r s o r  cel ls  r espons ib le  for  t r a n s f e r r i n g  the c h a r a c t e r i s t i c  m ic roenv i ronmen t  fo r  the 
appropr ia t e  hematopoie t ic  organs  - the bone m a r r o w  and spleen [7]. 

Data on the content  of s t r o m a l  co lony- fo rming  units in the bone m a r r o w ,  spleen,  and thymus of guinea 
�9 pigs [4], the thymus and bone m a r r o w  of rabbi t s  [1], and human bone m a r r o w  [2] were  given previous ly .  

The object  of this invest igat ion was to study the number  of s t r o m a l  co lony- fo rming  units (CFU-F) in the 
bone m a r r o w ,  thymus ,  and spleen of mice  and changes in the number  of C F U - F  in the bone m a r r o w  of mice  
i r r ad ia t ed  in a dose of 150 R. 

L a b o r a t o r y  of Immunomorphology ,  N. F. Gamaleya  Insti tute of Epidemiology and Microbiology, Academy 
of Medical  Sciences of the USSR, Moscow. (Presen ted  by Academic ian  of the Academy of Medical Sciences of 
the USSR P. A. Vershi lova. )  T rans l a t ed  f r o m  Byulleten'  l~ksper imenta l 'noi  Biologii i Meditsiny, Vol. 81, No. 5, 
pp. 614-617, May, 1976. Original  a r t i c l e  submit ted  October  21, 1975. 

~This material i~: protected by  copyright registered in the name o f  Plenum Publishing Corporation, 227 West 17th Street, N e w  York, N.Y.  10011. No  part [ 
]o1" this publication may  be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, electronic mechanical, photocopying, 

t [microfilming, recording or otherwise, wi thout  written permission o f  the publisher. A copy  o f  this article is available f rom the publisher for  $ Z 50. 

765 



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

Adult  (CBA • C57BL)F 1 mice  weighing 18-20 g we re  used.  Suspensions of ce l l s  f r om the f e m or a l  bone 
mar row ,  spleen,  and thymus were  p r e p a r e d  in the usual  way [4] in medium 199. Cel ls  taken f rom three  or  
four  mice were  always mixed for  explantat ion.  Cult ivat ion was c a r r i e d  out in 100-ml  Roux f lasks  on double 
Eag l e ' s  medium with 20% calf  embryon ic  s e rum.  Eve ry  3 days "nut r ien t  cockta i l"  [10] was added to the m e -  
dium. The medium was not changed throughout the cul t ivat ion per iod .  In some  expe r imen t s  at  the t ime of 
explantat ion syngene icbone  m a r r o w  ce l l s  p r ev ious ly  i r r a d i a t e d  in v i t ro  in a dose of 4000 R were  added to the 
cu l tu res  as  an addi t ional  f eeder .  On the 10th-14th day the f l a sks  were  f ixed with 96% ethanol and s ta ined  with 
a z u r e - e o s i n .  The number  of colonies ,  i .e . ,  the number  of c l u s t e r s  of f i b rob la s t s  cons i s t ing  of not l e s s  than 

50 ce l l s ,  was counted under  a b inocular  loupe. 

A cobal t  sou rce  with a dose r a t e  of 30 R / m i n  was used  to i r r a d i a t e  the mice  and suspens ions  of bone 

m a r r o w  ce l l s  at  4~ in a ce l l  concent ra t ion  of 107/ml. 

EXPERIMENTAL RESULTS 

A distinguishing feature of monolayer cultures of mouse bone marrow and spleen compared with guinea 
pig cultures is the persistence of numerous histiocytes during the first 2 weeks in culture. Besides the histio- 
cytes starting from the third to fifth day colonies of fibroblasts develop: These are large cells with pale cyto- 

plasm and a large nucleus, forming compact aggregations (Fig. i). 

No substantial number of histiocytes were found in the thymus cultures, but starting from the fifth to 
seventh day the number of isolated large elongated cells became appreciable, and later colonies of fibroblasts 

appeared in their place. 

On explantation of the cells with an initial density of not less than 3 �9 105 eells/cm 2 of the bottom of the 
Roux flask for bone marrow, i0 �9 106 cells for spleen, and 5 �9 105 for thymus, the number of colonies growing 
was a linear function of the number of explanted cells. The efficiency of colony formation (ECF-F) was virtu- 
ally unchanged if the same initial cell density was attained by the addition of irradiated bone marrow cells as 
feeder. Within the limits of the experiment, i.e., after explantation of the same cell suspension, the number of 
growing colonies in individual flasks varied very little. Meanwhile the value of ECF-F and the number of CFU- 
F in the bone marrow of normal mice, according to results obtained in different experiments, varied much 
more strongly: The value of ECF-F for bone marrow varied from 0.7 to 4.5/105 cells (mean 2.2/105 cells), 
and the number of CFU-F in the bone marrow of one femur varied from i00 to 630 (mean 272). The mean 
value of ECF-F in the spleen and thymus was 0.20/105 cells and 0.16/105 cells respectively, and the number 

of CFU-F was 173 and 216 respectively. 

The survival rate of bone-marrow CFU-F after irradiation in vitro was determined in experiments in 
which the same suspension of bone marrow cells was divided into parts, one of which acted as the control 
whereas the rest were irradiated. After irradiation in doses of 50, 150, 300, and 400 R about 70, 59, 36, and 
16% of the CFU-F respectively were preserved (Fig. 2). The value of D37 for CFU-F was thus about 200 R. 
Special experiments were carried out to study the feeder activity of bone marrow cells of mice irradiated in 

Fig.  1. Colonies of f i b rob l a s t s  in monolayer  cu l tu res  of mouse bone mar row.  A z u r e -  
eos in ,  20 • (a), 10 • (b). 
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Fig. 2. Fig. 3. 

Fig.  2. Rad iosens i t iv i ty  curve  of C F U - F  f rom mouse bone mar row.  Absc i s sa ,  dose 
of i r r a d i a t i o n  (in R); ord ina te ,  log of pe rcen tage  su rv iva l  of C F U - F .  

Fig.  3. Changes in number  of C F U - F  in f e m o r a l  m a r r o w  of mice  i r r a d i a t e d  in a dose 
of 150 R. A b s c i s s a ,  t ime  a f t e r  i r r a d i a t i o n  (in days);  o rd ina te ,  pe rcen tage  su rv iva l  of 
CFU-F. Parallel lines mark normal limits. 

a dose of 150 R. F o r  this  pu rpose  the bone m a r r o w  of no rma l  and i r r a d i a t e d  (150 R) mice  was explanted sep -  
a r a t e l y  and as a mix ture .  The ef f ic iency of colony fo rma t ion  in the mixed cu l tu res  proved  to be the addit ive 
eff ic iency of colony fo rma t ion  of each component  of the mix ture .  

The r e su l t s  of de t e rmina t i on  of the content  of C F U - F  in the bone m a r r o w  f rom 3 min to 45 days a f te r  
i r r a d i a t i o n  of mice  in a dose of 150 R a r e  given in Fig.  3. Immed ia t e ly  a f te r  i r r a d i a t i o n  the number  of C F U - F  
in the bone m a r r o w  of one f emur  c l e a r l y  fe l l  to 58% of the mean  level  fo r  u n i r r a d i a t e d  mice .  On the following 
days  the number  continued to fal l  to reach  a min imum 9% of the no rma l  level) on the sixth to eighth day, a f te r  
which i t  r o se  and was c lose  to the no rma l  level  by the 25th day. Changes in the value of E C F - F  for  bone m a r -  
row ce l l s  of i r r a d i a t e d  mice  were  g e n e r a l l y  s i m i l a r  in c h a r a c t e r .  It is  in t e res t ing  to note that  during the f i r s t  
day a f t e r  i r r a d i a t i o n  the number  of C F U - F  in the bone m a r r o w  changed in d i f ferent  d i rec t ions .  Between 3 min 
and 6 h a f t e r  i r r a d i a t i o n  the number  of C F U - F  was app rox ima te ly  doubled (from 58% 3 min a f t e r  i r r a d i a t i o n  
to 114% 6 h a f t e r  i r r ad ia t ion) ;  toward the end of the f i r s t  day the number  of C F U - F  fel l  again to the level  c o r -  
responding  to t he i r  number  i m m e d i a t e l y  a f t e r  i r r ad i a t i on .  

During exptanta t ion  of mouse  bone mar row ,  thymus,  and sp leen  ce l l s  into mono laye r  cu l tu re s ,  colonies  of 
f i b rob l a s t s  a r e  thus fo rmed  in the s a m e  way as has been shown for  guinea pig, rabbi t ,  and human ce l l s  [1-4, 
7, 8]. Within ti~e l imi t s  of spec i f i ed  in i t ia l  ce l l  dens i t i e s ,  colony fo rma t ion  takes  p lace  with cons i s ten t  ef f i -  
c iency for  a l l  the ce l l  populat ions ,  i . e . ,  the number  of growing colonies  was a l i nea r  function of the number  of 
explanted ce l l s .  The s ame  r e s u l t  was obtained a f te r  the addi t ion of a s t anda rd  f e e d e r  - syngeneic  bone m a r r o w  
ce l l s  i r radiated[  in a dose  of 4000 R; under  these  c i r c u m s t a n c e s  the ef f ic iency of colony format ion  c h a r a c t e r i s -  
t ic  of each of the above-men t ioned  popula t ions  was maintained.  This shows that  d i f fe rences  in the eff ic iency of 
colony fo rma t ion  by bone m a r r o w ,  sp leen ,  a n d t h y m u s  ce l l s  r e f l e c t  d i f f e rences  in the concent ra t ion  of colony-  
fo rming  ce l l s  in these  ce l l  populat ions ,  and the d e c r e a s e  in E C F - F  of bone m a r r o w  in i r r a d i a t e d  mice  depends 
on a reduct ion  in the number  of C F U - F  it contains.  

Although i r r a d i a t i o n  in a dose 150 R k i l l s  only 42~ of C F U - F ,  f rom the second day a f t e r  i r r a d i a t i o n  the i r  
number  began to fal l  below this level ,  and by the sixth day it was only ~ of normal ,  The number  of CFU then 
gradua l ly  i nc rea sed ,  so that  by the 25th day it was a lmos t  back to normal ,  but did not exceed normal .  This dy-  
namics  of the change in the number  of C F U - F  in the bone m a r r o w  of the i r r a d i a t e d  mice a lmos t  co inc ides  with 
the dynamics  of the change in the number  of hematopoie t ic  s tem ce l l s  in bone m a r r o w  af te r  i r r a d i a t i o n  in  the 
s a m e  dose [9]. It is diff icul t  to imagine  that  this co inc idence  is acc identa l .  It would be more  na tu ra l  to sug-  
ges t  that  the pos t r ad i a t i on  r e s t o r a t i o n  of s t r o m a l  and hematopoie t ic  ce l l s  is  in terconnected.  S t romal  p r e c u r -  
s o r  ce l l s  (CFU-F)  a r e  ev ident ly  used up in c r e a t i n g  a new m i c r o e n v i r o n m e n t  for  p r o l i f e r a t i on  of the hema to -  
poie t ic  s t em ce l l s  or  t he i r  p rogen ies .  This  s e e m s  al l  the m o r e  p robab le  because  during p r o l i f e r a t i o n  of i m -  
munocompetent  ce l l s  in lymph nodes,  induced by inject ion of ant igens ,  and p r o l i f e r a t i o n  of bone m a r r o w  ce l l s  
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after  blood loss the number of CFU-F r ises  sharply [5]. It is noteworthy that in the f i r s t  6 h after  i r radiat ion 
in a dose of 150 R the number  of CFU-E in the bone mar row increased  to twice their  number immediately  af-  
te r  irradiation; the nature of the sources  f rom which the CFU-F  are  recrui ted  remains  unexplained. 
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C H A N G E S  IN M I T O T I C  A C T I V I T Y  OF H E P A T O C Y T E S  

A N D  R E S O R P T I O N  O F  N E C R O T I C  A R E A S  

D U R I N G  I N D U C T I O N  OF C I R R H O S I S  OF T H E  L I V E R  

N. N. P e t r o v i c h e v  UDC 616.36-004-092:[612.35.014.3:612.6 

Cir rhos is  of the l iver  was induced in ra ts  weighing 120-140 g by administrat ion of CC14 for  2 
months. Iodinated oil was injected through the spleen of the experimental  and intact animals 
to produce embolism of the branches of the portal  vein and foci of necros is  in the l iver  tissue. 
The volume of the necrot ic  foei and the mitotic activity of the hepatocytes were determined.  
In c i r rhos i s  of the l iver  the necrot ic  foci were resorbed  more  rapidly. The increase in the 
mitotic index on the second day after  injection of the iodinated oil was g rea te r  in the control 
rats .  The resul ts  suggest  the appearance of a new cell clone in the l iver  which is responsible 
for  resorpt ion of the necrot ic  t issue and the reduction in mitotic activity of the hepatoeytes in 
animals during development of c i r rhos is  of the liver.  

KEY WORDS: c i r rhos i s  of the liver; necrotic foci; prol i fera t ion in the liver.  

Many investigations indicating the high prol i fera t ive  potential of l iver  t issue have now been published. 
For  instance, af ter  removal  of two-thirds of the l iver the weight of the residual par t  doubles after  50 h. After 
part ial  hepatectomy repeated 12 t imes on ra ts ,  with the removal  of 71 g l iver t issue in the course  of 1 yea r  
(natural weight of the l iver 17.5 g), the histological s t ruc ture  of the organ was fully res tored  and the mean 
weight of the l iver in these rats was 13.8 g [4, 5]. Meanwhile, during the development of experimental  c i r -  
rhosis  of the l iver  induced by CC14, after  the p rec i r rho t i c  period (about 2 months in rats) the prol iferat ive 
power of the hepatocytes becomes inadequate and, although the volume of the necrot ic  areas  is reduced, a 
marked increase  is observed in the amount of connective tissue, with the formation of i r revers ib le  c i r rhos i s  

of the l iver [2, 3]. 
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