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Cultures of guinea pig bone mar row and spleen were used to study the relationship between the n u m -  
ber  of foci of fibroblast--Iike celIs formed and the number of cells cultivated, and also to examine the 
s t ruc ture  of the focus- forming  unit. :~ and Y chromosomes  were used as marke r s .  
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A gradual interchange of cell populations takes place in monolayer  cultures of bone mar row and 
spleen cells [2-4, 6, 7]. In the f i r s t  few days the cultures contain hematopoietic cells, leukocytes (which 
gradually degenerate),  and hist iocytes (giving off numerous processes) .  After the 3rd-10th day hist iocytes 
are most  numerous in the cultures,  but sol i tary  large  f ibroblast- l ike cells with an oval nucleus and pale 
cytoplasm, filled with tonofibrils,  begin to appear.  The number of histoeytes in guinea pigs s ta r t s  to de-  
c rease  f rom this time, and by the 15th-20th day they have pract ical ly  disappeared.  To replace them, s t a r t -  
ing f rom the 10th day, discrete  colonies consist ing of f ibroblast - l ike  cells,  with the s t ruc ture  descr ibed 
above, develop in the cultures (Fig. 1). These foci grow in size continually and may merge  to form a con- 
tinuous monolayer .  

The object of this investigation was to determine the nature of these foci or,  more  specifically,  to 
discover  whether they are  cell clones or whether they a re  formed by associat ions of cells originally lying 
separate ly .  Two methods were used to study this problem. 

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

The relat ionship between the number of foci formed and the number  of cells attached to the slides 
was studied. In each experiment  bone mar row or spleen cells f rom one animal were used. Cells of organs 
taken f rom adult guinea pigs were suspended in medium No. 199 with 20% heated bovine serum,  and after 
careful f i l t rat ion through kapron they were placed in 100 ml f lat-bottomed culture f lasks.  Each flask, con- 
taining 12 ml culture medium, was seeded with a different number of cells (1..2 �9 106 to 48. 105). The cultures 
were incubated at 37 ~ The medium was changed after  24 h and the number of decanted (unattached) cells 
in it counted. On the 12th-15th day the cultures were washed to remove serum,  fixed in 96 ~ alcohol, and 
stained with hematoxylin, af ter  which the number  of cells consisting of f ibroblast- l ike cells was counted. 
By this time the hist ioeytes and hematopoiet ic  cells had pract ical ly  disappeared from the cultures.  

Spleen cells f rom two guinea pigs r ea red  under s ter i le  conditions also were used for cultivation. 
These animals were obtained at the age of 3.5 months f rom Senior Scientific Assis tant  O, V. Chakhava at 
the N. F. Gamaleya Institute of Epidemiology and Microbiology. 

In the second method equal numbers  of spleen ceils from a male and female were f i l tered through 
kapron, pooled in vitro, and cultivated in Leighton tubes in the bottom of which cover  slips were placed. 
Each tube contained 3 �9 106-5 �9 106 cells in 1.5 ml medium. The presence  of X and Y chromosomes  in the 
metaphase plates was determined in d iscre te  foci grown on cover slips, after  t rea tment  with colehieine and 
subsequent convers ion by a modified F o r d ' s  method [1] into total preparat ions .  
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Fig. 1. Culture of guinea pig bone mar row cells (15 days). Hema-  
toxylin. 

TABLE 1. Relationship between Number of Foci  of F ibroblas t -Like  
Cells in Culture and Number of Attached Cells 

Tissue 

cultivated 

Spleen 

Bone marrow 

No. of at- 

tached cells O o ~:J 

z a  

FFU 
Mean 

FFU 

400 000 
500 000 

8 800 000 
17 I00 000 
18 000 000 
37 300 000 
38 800 000 
4 i00 000 
3 950 000 
5 850 000 
4 700 000 

26 950 000 
27 45O 000 
21 150 000 
22 550 000 

I 000 000 
900 000 

19 000 000 
19 000 000 
32 300 000 
35 200 000 

950 000 
900 000 

3 350 000 
3 100 000 
7 150 000 
6 660 000 
6 800 000 

13 900 000 
13 20O 000 

lO 
87 

320 
350 
550 
565 

7 
9 

36 
41 

148 
157 
122 
151 

4 

162 
I90 
120 

6 
4 

16 
12 
55 
40 
48 
80 
65 

0,5.105 
0,5.105 
1,0. I05 
0,5.105 
0,5.105 
0,6.105 
0,6.10 5 
5,8.105 
4,2- l0 s 
1,6- 105 
1,1 �9 10 s 
1,8.10 5 
1,7.10 5 
1,7.105 
1,5. I05 

2,2.105 
4,0.105 
1,0.105 
1,0.10 s 
1,5. l0 s 
2,6.105 
1,5. I05 
2,2. I05 
2,0. iO ~ 
2,5.105 
1 , 3 . 1 0 5  
1,6.10 s 
1,4.10 5 
1 , 7 . 1 0 5  
2,0.10 5 

0,6.105 

2,4.105 

1,9.105 

1,8.10 5 

Deviation from 

mean FFU 

--0,1.105 
--0,1.105 
@0,4.105 
--0,1.105 
--0,I. 105 

0 
0 

@3,4.105 
+1,9" 105 
--0,8.10 5 
--1,3.105 
--0,6.105 
--0,7.10 5 
--0,7.105 
--0,9.105 

@0,3.10 s 
+2,1.105 
--0,9.105 
--0,9.105 
--0,4.105 
@0,7.105 
--0.3.10 5 
@0,4.10 5 
@0,2.10 5 
+0,7.10 5 
--0,5- 105 
--0,2.105 
--0,4.10 5 
--0,1- 10 5 
+0,3.105 

E X P E R I M E N T A L  RESULTS 

T h e  r e s u l t s  o f  c o u n t i n g  t h e  n u m b e r  of  f o c i  a n d  i t s  r e l a t i o n s h i p  to t h e  n u m b e r  of  a t t a c h e d  c e l l s  in  f o u r  

e x p e r i m e n t s  a r e  g i v e n  in  T a b l e  1. T h i s  t a b l e  s h o w s  the  n u m b e r  of l o c i  in  t h e  s e p a r a t e  f l a s k s  of  e a c h  e x -  

p e r i m e n t  and  t h e  c o r r e s p o n d i n g  s i z e  of  t h e  f o c u s - f o r m i n g  u n i t  ( F F U ) ,  i . e . ,  t h e  n u m b e r  of  a t t a c h e d  c e l l s  c o n -  

t a i n e d  in  t h e  f o c u s .  T h e  m e a n  s i z e  of  t h e  F F U  a n d  the  m a g n i t u d e  of  t h e  d e v i a t i o n  f r o m  i t  f o r  t he  i n d i v i d u a l  

f l a s k s  a r e  g i v e n  f o r  e a c h  e x p e r i m e n t .  I t  w i l l  be  n o t e d  t h a t  t he  s c a t t e r  of F F U  in  e a c h  e x p e r i m e n t ,  e x c e p t  

f o r  s i n g l e  p o i n t s ,  w a s  l e s s  t h a n  t h e  d i f f e r e n c e  b e t w e e n  the  m e a n  v a l u e s  of F F U  in  d i f f e r e n t  e x p e r i m e n t s .  

B e c a u s e  of  t h i s ,  two  e x p e r i m e n t s  w e r e  c a r r i e d  out .  In t he  f i r s t  of t h e m  a s u s p e n s i o n  of b o n e  m a r r o w  c e i l s  

w a s  d i s t r i b u t e d  a m o n g  19 f l a s k s  a s  f o l l o w s :  i n to  9 f l a s k s  in  c o n c e n t r a t i o n s  of  2 �9 106-3 �9 ~ 0 s, i n t o  5 f l a s k s  in  

c o n c e n t r a t i o n s  of  7 �9 10 s t o  8 �9 10 s, and  in to  5 f l a s k s  i n  c o n c e n t r a t i o n s  of  22 �9 10 c to  25 �9 106. T h e  s a m e  p r o -  

c e d u r e  w a s  r e p e a t e d  in  t h e  s e c o n d  e x p e r i m e n t  w i t h  a s u s p e n s i o n  of s p l e e n  c e l l s .  T h e  r e s u l t s  o b t a i n e d  by 

c u l t i v a t i o n  of s p l e e n  c e l l s  f r o m  s t e r i l e  g u i n e a  p i g s  a r e  g i v e n  in  F i g .  3. 
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F i g .  2. N u m b e r  of foc i  of f i b r o b l a s t - l i k e  c e l l s  d u r i n g  cu l t i va t i on  of 
the  s a m e  ce l l  s u s p e n s i o n  in  d i f f e r e n t  c o n c e n t r a t i o n s :  I) bone m a r r o w ;  
II) s p l e e n .  
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F i g .  3. N u m b e r  of foc i  of f i b r o b l a s t - l i k e  c e l l s  g rown  f r o m  s p l e e n  
c e l l s  of gu inea  p igs  r e a r e d  u n d e r  s t e r i l e  cond i t ions :  I) s p l e e n  of 
f i r s t  gu inea  pig;  II) s p l e e n  of s e c o n d  guinea  pig .  

C o n s i d e r a b l e  d i f f i cu l ty  was  e x p e r i e n c e d  in  the count ing  of X and Y c h r o m o s o m e s  in m e t a p h a s e  p l a t e s  
of the f i b r o b l a s t - l i k e  c e l l s ,  d u r i n g  p r e p a r a t i o n  of to ta l  p r e p a r a t i o n s  s u i t a b l e  fo r  c h r o m o s o m e  a n a l y s i s .  
A l though  in  each  e x p e r i m e n t  m a n y  c e l l s  w e r e  in  a s t a t e  of m i t o s i s  ( s e v e r a l  d o z e n s ,  in f ac t ) ,  only  10 foe i  in 
which  b e t w e e n  3 and 5 p l a t e s  cou ld  be  i d e n t i f i e d  w e r e  a n a l y z e d .  Each  p l a t e  was  p h o t o g r a p h e d .  The  d i s t r i -  
bu t ion  of c e l l s  f r o m  m a l e  and f e m a l e  i s  g iven  in T a b l e  2, I t  fo l lows  tha t  a l l  ten  i n v e s t i g a t e d  foc i  con ta ined  
d iv id ing  c e l l s  of the m a l e  o r  t he  f e m a l e  only .  

I t  m a y  be  tha t  foc i  c o n s i s t i n g  of f i b r o b l a s t - l i k e  c e l l s ,  wh ich  a p p e a r e d  on the ]0 th -15 th  day  of c u l t i v a -  
t i on  of gu inea  p ig  bone m a r r o w  and s p l e e n  c e l l s ,  a r e  f o r m e d  on a c c oun t  of a few f o c u s - f o r m i n g  un i t s  d i s -  
t r i b u t e d  u n i f o r m l y  among  the c e l l s  of a g iven  popu la t ion .  I t  i s  t h e r e b y  a s s u m e d  tha t  the  foc i  a r e  f o r m e d  
independen t ly ,  i f  t h i s  h y p o t h e s i s  i s  c o r r e c t ,  the  d i s t r i b u t i o n  of the  n u m b e r  of foc i  m u s t  be c l o s e  to P o i s s o n  
in  type  if the  n u m b e r  of c e l l s  t aken  f r o m  the g iven  popu la t ion  is  i d e n t i c a l .  

Th i s  h y p o t h e s i s  was  t e s t e d  in an e x p e r i m e n t  in which  bone m a r r o w  c e l l s  t aken  f r o m  one a n i m a l  in a 
c o n c e n t r a t i o n  of 2 . 1 0  ~ c e l l s  p e r  f l a s k  w e r e  c u l t i v a t e d  in 9 f l a s k s .  B e s i d e s  d e t e r m i n i n g  the F F U  for  each  
f l a s k ,  in th i s  e x p e r i m e n t  the n u m b e r  of foc i  was  r e d u c e d  to the  m e a n  n u m b e r  of a t t a c h e d  c e l l s  fo r  the  g iven  
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TABLE 2. Chromosome 
Analysis of Composition 
of Foci of F ibrob las t -  

Like Cells 

No. of metaj M a l e /  
Serial phaseplares( / 

identified I / 

! 4 0/4 
2 4 0~4 

4 3 
5 3 013 
6 4 4/0 
7 5 5/0 
8 3 0/3 
9 5 0/5 

10 4 O/4 

concentration. The results of this experiment were subjected to statistical 
analysis. The Poisson hypothesis was tested by the X 2 criterion; satisfactory 

agreement was obtained for this particular experiment; it could not be used in 

the other experiments because of the small size of the samples~ 

When sp~een cells from sterile guinea pigs were cultivated the differences 

between the mean values of FFU in these two experiments were smaller than 

the corresponding difference for nonsterile animals. 

So far as the structure of the FFU is concerned, this could consist either 

of one cell, in which case each focus was a cell clone, or loci could be formed 

as the result of cell aggregation. In this case the FFU consisted of several 

cells. Chromosmne analysis of 10 foci confirmed the validity of the first 

hypothesis. In fact, all i0 investigated foci contained dividing cells either from 

the male only or from the female only. This is in agreement with the linear 

growth of the number of foci with an increase in the number of transplanted 

cells. As the graph (Fig. 2) shows, this relationship holds good if there were 

not more than 107 cells per 300 ml flask. If more cells were transplanted, the 

linear increase in the number of cells was disturbed, probably because of an 

excessive density of cells on the surface of the flask. The concentration of focus- forming  cells d iscovered 
under the conditions of cultivation used in these experiments was 105 for  bone mar row and spleen cells.  
The loci of f ibroblast- l ike cells developing in cul tures of guinea pig bone mar row and spleen cells were  thus 
cell clones formed as a resul t  of multiplication of focus- forming  cells.  It must  be supposed that not all the 
focus - fo rming  cells (i.e., p r ecu r so r s  of f ibrobtasts)  reveal  themselves  by forming colonies in vi tro.  The 
actual concentrat ion of these cells in hematopoiet ic  t issue is evidently, therefore ,  higher.  In mouse bone 
mar row one stem cell, detected by the method of splenic colonies in vivo, is present  to 104 of the other cells 
[5]. It is too early as yet to suggest  how, with respect  both to their morphology and origin, the cells of 
hematopoietic t issue t r ans f e r r ed  to the cultures when washed out of the bone mar row and spleen, play the 
role  of focus- forming  cells.  However, they are  cer ta inly fewer in number than the p r e c u r s o r  cells of the 
macrophages .  These two categories  of p r e c u r s o r  cells are, therefore ,  evidently not identical. 
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