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Changes in the num ber  of s t r o m a l  bone m a r r o w  p r e c u r s o r  c e l l s  in guinea pigs a f te r  cure t tage  
of the medul la ry  cavi ty  were  studied by cloning and monoIayer  cul tures  in vi t ro .  Curet tage  was 
shown to r em ove  about half  of  the f ib rob las t  colony forming  cel ls  (FCFC) f r o m  the bone mar row.  
La te r ,  the number  of FCFC in the cure t ted  l imb fell  to r each  a min imum af te r  12 h. Start ing 
f r o m  24 h the i r  number  inc reased .  By the 7th-12th day the number  of  FCFC reached  the n o r m a l  
level ,  and by the 20th day it  was 2.5 t imes  higher  than normal .  The number  of FCFC in the 
con t r a l a t e ra l  l imb between 6 h and 20 days af ter  cure t tage  was 2-2.5 t imes  g r e a t e r  than normal .  
KEY WORDS: cure t tage;  s t r o m a l  cel ls ;  bone m a r r o w  cel ls ;  colonies of  f ib roblas t s .  

The study of in te rac t ion  between the s t r o m a  of the hematopoie t ic  organs  and the hematopoie t ic  cel ls  
colonizing these  organs  has made cons iderable  p r o g r e s s  through the development  of  the method of s t r o m a l  
cell  cloning [3, 2, 5]. By this  method it is poss ib le  to e s t ima te  changes in the number  of  s t r o m a l  p r e c u r s o r  
cel ls ,  espec ia l ly  during regenera t ion  of the hematopoie t ic  t i s sue  af ter  mechanica l  cure t tage  of the medul la ry  
cavity.  

The object  of  this invest igat ion was to study the number  of s t r o m a l  bone m a r r o w  p r e c u r s o r  cel ls  a f t e r  
cure t tage  by means  of cloning and monolayer  cu l tures  in vi tro.  

EXPERIMENTAL METHOD 

Guinea pigs weighing 160-220 g were  anesthet ized with e the r  and the t ib ia  curet ted.  Physiological  sal ine 
was injected in a volume of 2-3 ml into the medul la ry  cavi ty  through a needle introduced via the p rox imal  epi-  
physis .  The contents of  the medul la ry  cavity were  withdrawn, af ter  which it was again washed out with 5 mi  of 
physiologioaI  sal ine.  Cloning [3, 2, 5] of the medul la ry  s t r o m a l  f ib roblas t s  f r o m  the curet ted and con t ra l a t e ra l  
t ib ias  was ca r r i ed  out immed ia t e ly  af ter  cure t tage  (at t ime  0) and also between 3 h and 20 days ' t he r ea f t e r .  In 
each exper imen t  a mixture  of cel ls  obtained f r o m  th ree  animaIs  was used for  explanation. Bone m a r r o w  cel ls  
of no rmaI  guinea pigs of the same  body weight se rved  as the control .  The cel ls  were  cul tured in Roux f lasks  
(volume 100 ml, a r ea  of bot tom 40 cm 2) and the densi ty  of  the explanted cei ls  was 106 per  f lask  in 12 ml  of  
medium.  The culture medium consis ted of: 80% medium 199, 15% bovine s e rum;  5% embryonic  calf  s e rum.  To 
each f lask  were  added 10 7 bone m a r r o w  cel ls  i r r ad ia t ed  with a dose of 4000 R as supp lementa ry  feeder .  On the 
12th-14th day the cul tures  were  fixed and stained by GiemsaTs method. The number  of growing f ibroblas t  
colonies was counted under  a binocular  Ioupe. The r e su l t s  were  evaluated by StudentVs cr i te r ion .  

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

In each exper iment  the number  of nucleated cel ls  and of f ib roblas t  colony forming cel ls  (FCFC) in 106 
explanted cel ls  in the t ib ia  and also the number  of FCFC per  106 bone m a r r o w  cel ls  were  de te rmined .  
These data a re  given in Table 1. At t ime 0 the cure t ted  t ibia st i l l  contained 20% of i ts  ce l l s .  The 
number  of cel ls  r emained  low until the seventh day, when it  began to i n c r e a s e ,  although by the 20th day it had 
not yet  regained  the control  level.  The n u m b e r  of cel ls  in the con t ra l a t e ra I  t ibia  showed no significant  changed 
compared  with the controI.  
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TABLE 1. Changes in Number  of  Bone Marrow Cells and FCFC 
after  Curettage (M+ m) 

Time of r Number of I i Number of " 
curettage Source of c e l l s  nucleated cells FCFC x l0 s c.e~ × 106 cells FCFC in bone 

Control Tibia of intact animals 724-2,8 { 314-2 / 2193--t-137,6 
I / 

Time Curetted tibia 144-2,4 934-6 1290+220 
59 2+5,2 63,34-- 15.9 3753+983 0 Contralateral tibia _ , = -" 

3 h Curetted tibia 10,34-5,3 I 101+30  1013+289 
Conttalateral tibia 61,3 13,3 23-7-2,5 1485-~-412 

l 

6 h Cutetted tibia 194-2,8 66--b4 I 1104-208 
Contralateral tibia 82,5+8, t 494-3,6 40894-626 

12 h Curetted tibia 94-2,1 I 5,84-18 488-4-119 
Contralateral tibia 664-8 I 64,74-35,5 37154-1576 

Curetted tibia 10,54-__I ,8 I 1494-15 1417+159,5 
24 h Uontralateral tibia 694-8,3 77,84-6.1 5386--T-832 

1 

3days Curetted tibia 7,64-0,3 1524-14 11614-122 
Contralateral tibia 82,3-4-20 844-8 73t34-1993 

Curetted tibia 17,34-2,4 [ 1504-29 23904-712 
7 days Contralateral tibia 64-1-8,5 944- 9 57174-1594 

1 

12 days Curetted tibia 194-2,5 1444-15 26294-318 
Contralateral tibia 68,34-13,7 674-5 44164-729 

Curetted tibia 49+2,6 1 115+25 5369+940 
20days Contralateral tibia 83,4-t-10 704-12 5348~-609 

l 

Legend. Each value obtained as a resul t  of 3-17 experiments;  3 
animals were investigated in each experiment,  and cells f rom their  
bones were mixed and explanted in 3 paral le l  flasks. 

After  curet tage about half  the FCFC were removed f rom the bone marrow. Later  the number  of FCFC in 
the euretted tibia continued to decline, reaching a minimum after 12 h. Starting f rom 24 h the number  of FCFC 
increased  gradually,  and by the 7th to the 12th day it  was back to normal.  By the 20th day the number of FCFC 
was higher still,  2.5 t imes g rea te r  than normally.  The number  of FCFC in the contra la tera l  tibia after 6 h was 
still 2.5 t imes g rea te r  than their  normal  number.  

After regenerat ion of the bone mar row and curet tage of the medullary cavity, the blood clot was replaced 
by connective t issue,  os teoblasts  grew into it, t rabeculae  of coarse ly  woven bone were formed, and in the space 
between them sinusoids were formed,  after  which foei of hematopoiesis  appeared in the regenerated re t icu lar  
t issue [6, 7, 9, 11-14]. Changes in the number  of  bone mar row cells in the curetted bone, observed in the pre-  
sent investigation, were identical with the dynamics of regenerat ion described on the basis of morphological  
investigations.  The main source  of  regenerat ion of the bone mar row cells after  curettage,  as was shown in 
[8, I1],  was repopulating medullary cells. The present  experiments  showed that the number of FCFC remain-  
ing after  curet tage was significantly g rea t e r  than the number  of residual  hematopoietic cells. The number of 
FCFC in the ear ly  stages after curet tage thus represented  a higher proport ion of the total bone marrow cells. 
This proport ion increased still fur ther  f rom the end of the f i rs t  until the seventh day, parallel  with the in- 
c rease  in the absolute number  of FCFC in the bone. This indicates that the i nc rea se  in the number  of s t romal  
p r e c u r s o r  cells took place before repopulation of the t e r r i t o ry  of the curet-ted bone mar row by hematopoietic 
cells and it is in good agreement  with resul ts  showing that the s t romal  cells are responsible for the formation 
of the hematopoietic microenvi ronment  [3, 4, 1]. On the 20th day the absolute number  of FCFC in the euretted 
bone of the guinea pigs was 2.5 t imes g rea te r  than in the control. According to the available data [15], in mice 
on the l l t h  day after curet tage it may be even five t imes greater .  When these resul ts  are evaluated it must  be 
r emembered  that the FCFC of the bone mar row possess  osteogenic proper t ies  [3, 4, 1] and that they evidently 
take par t  in bone formation in the medullary cavity after curettage. 

The data on the effect of curet tage on FCFC in the cont ra la tera l  tibia indicate that immediately  after 
t r auma  the number  of s t romat  p r e c u r s o r  cells in distant par ts  of the skeleton increased.  Between 6 h and 20 
days after t rauma the number  of these cells remained about 2-2.5 t imes g rea te r  than in the control. According 
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to Wilson et al. [15], the number  of s t romal  p r e c u r s o r  cel ls  in the cont ra la te ra l  femur  of curet ted mice on the 
11th day was inc reased  by four t imes .  These  resu l t s  agree with those of autoradiographic analysis of bone 
marrow [10], which showed that par t ia l  depopulation of the medul lary  cavity leads to st imulation of the prolih- 
e ra t ive  activity of s t romal  cells in undamaged areas .  

The mechanism and role  of this sys temic  response  of the s t romal  t i ssue have not yet  been explained and 
are  in te res t ing  for  they indicate the exis tence of hi therto unknown in ter re la t ionships  between different  par ts  of 
the microenvi ronment  of hematopoiet ic  t i ssue  mediated through humoral  or  nervous connections. 
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To de te rmine  DNA-protein c ross - l inkages  induced by mustine in cul tures  of human skin f ibro-  
blasts a rad iomet r ic  method and fract ionat ion of the cel l  lysate  on hydroxyapati te  were used. 
The format ion of DNA-protein c ross - l inkages  and the i r  el imination during long- te rm culture 
of the cells af ter  t r ea tment  with the mutagen were demonstra ted.  
KEY WORDS: mustine;  DNA-protein; repa i r .  

The formation of DNA-protein c ross - l inkages  in the chromatin  of eukaryotes  is evidently a genera l  type 
of in jury which may a r i se  through exposure  to var ious physical  and chemical  mutagens: ionizing radiat ion [5], 
UV radiation [13], and alkylating compounds [5, 7-12, 14, 15]. According to our  own observat ions ,  these in jur ies  
cause dis turbances  of the template  proper t ies  of chromatin  [4]. Methods used cur ren t ly  to detect  DNA-protein 
c ross - l inkages  in cel ls  are  indi rec t  and do not provide an unequivocal answer to the question of the quantitative 
p a r a m e t e r s  which cha rac t e r i ze  this defect .  In the p resen t  investigation, in which a r ad iomet r i c  method developed 
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