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Substrate independence, or the ability of cells to multiply without attachment to a substra te ,  in a semisol id  
medium is one of the principal  distinguishing features  of malignant t ransformat ion  [6, 101. Various lines of t r a n s -  
formed cells can fo rm colonies in semisol id  medium with a frequency that var ies  f rom tens of per  cent to one 
colony per  10,000, or  even 100,000 cells t ransplanted into semisol id  medium (methylcellulose, semisol id  agar ,  
agarose) [2, 9]. A population of t r ans fo rmed  cells may thus contain both cells that give r i se  to colonies in s e m i -  
solid media and cells which will not multiply under those conditions. The question a r i ses :  Do the cells of the 
f i r s t  type differ f rom those of the second type genet ical ly?  In a previous analysis of a clone of spontaneously 
t r ans fo rmed  mouse cells CAK-25 AG r, charac ter ized  by low cloning efficiency in semisol id  medium (10 -~ per  
cell t ransplanted into 1.2% methylcellulose) the wr i te r s  found that most  subclones of this clone, isolated f rom 
semisol id  medium, p rese rved  a frequency of clone format ion charac te r i s t ic  of the parental  cells [2]. Cells 
forming a colony evidently did not differ f rom the remaining cells of the population in the degree of substrate  
dependence of prol i ferat ion.  

The aim of this investigation was a clonal analysis of cultures of tumor cells induced in mice by implan- 
tation of a foreign body h] order to verify whether the rules discovered for clone CAK-25 AG r also extend to 
other tumor cell populations. 

EXPERIMENTAL METHOD 

Experiments were carried out on cell cultures from sarcoma PS-103 obtained by T. G. Moizhess (Lab- 
oratory of Mechanisms of Carcinogenesis, All-Union Oncologic Research Center, Academy of Medical Sciences 
of the USSR) in response to subcutaneous implantation of plastic film into CBA mice [i], and on clones isolated 
by the writers from this culture. PS-103 cells at the 3rd-13th passages and cells of clones and subclones from 
them (up to the 15th passage after cloning) were used. The cells were cultured in medium RPMI 1640 withthe 
addition of bovine serum (i0~o) and monomycin (i00 U/ml). The technique of determination of the cloning effi- 
ciency of the cells was as follows: A certainnumber of cells (usually 104 per dish) in semisolid medium was 
transferred into a 1.2% solution of methylcellulose, made up in the usual culture medium for these cells [2, 3], 
and 2 weeks after seeding the number of colonies at least 80 pm in diameter was counted under an inverted mi- 
croscope. The method of isolation of the clones was described previously [2]. 

EXPERIMENTAL RESULTS 

PS-103 cells were characterized by low cloning efficiency in medium with rnethylcellulose (Table i). After 
seeding with 104 cells per dish only single colonies appeared. This low frequency of clone formation was re- 
produced consistently from one experiment to another at different passages (from the 3rd to the 13th) during 
culture of the tumor cells in vitro. With a tenfold increase in the number of seeded cells (105 per dish) the fre- 
quency of clone formation in methyleellulose was increased by almost two orders of magnitude. This may be 
due to secretion of a certain growth factor by the cells into the medium, stimulating their own growth [9, ii]. 
Later 104 cells per dish was used as the working concentration. 
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T A B L E  1. Mean  N u m b e r  of Co lon ie s  A p -  
p e a r i n g  in  1.2% M e t h y l c e l l u l o s e  a f t e r  S e e d -  
ing of S a r c o m a  PS-103  C e l l s  and  Clones  and 
Subc lones  I s o l a t e d  f r o m  Th i s  S t r a i n  

Origin of clones 

Clones isolated with solid 
substrate from PS-103 

Clones isolated from meth- 
ylcellulose from PS-103 

Subclones isolated with 
solid substrate from 
clone Isb 

Subclones isolated from 
methylcellulose from 
clone lsb 

Mean number of 
Name of colonies arising per 
culture or five dishes in gffe 
clone experiment 

PS - 103 1,2/0,3/0 
1 sb 02/0/0/0 
2 sb 0/0/0 
3sb 0 

4 mc 25,1 
5 mc 155,0/151,5 
6 me 12,8/10,8/25,2 
7 mc 501,5/315,0 
8 mc 24,8 

9 sb 1,8 
10 sb 0,3/0,6 
11 sb 1,4/1,5 
12 sb 0/0,6 
13 sb 0,8/0 
14 sb 0/0,4 
15 mc 0,4 
16 mc 1,0/0,6 
17 mc 0 
18 mc 5,8/7,8 
19 mc 1,5/0,5 
20 mc 1,7/15,0 
21 me 83,8/30,5 

L e g e n d .  S t r o k e s  s e p a r a t e  r e s u l t s  of r e -  
p e a t e d  e x p e r i m e n t s .  

In  t he  f i r s t  p a r t  of t he  w o r k  c lones  i s o l a t e d  f r o m  the  PS-103  c u l t u r e ,  i . e . ,  f r o m  a none loned  popu la t ion ,  
w e r e  a n a l y z e d .  PS 103 c e l l s  w e r e  c loned  by i s o l a t i o n  of c o l o n i e s  f r o m  m e t h y l c e l l u l o s e .  A l l  t he  c lones  i s o l a t e d  
w e r e  p r o p a g a t e d ,  and the  c lon ing  e f f i c i e n c y  in m e t h y l c e l l u l o s e  was  d e t e r m i n e d  fo r  e a c h  of t h e m  (Tab le  1). T h r e e  
c lones  g r o w n  on s o l i d  s u b s t r a t e  (c lones  l s t - 3 s b )  r e t a i n e d  the  low c lon ing  e f f i c i ency  c h a r a c t e r i s t i c  of P S - 1 0 3  
c e l l s .  Th is  c lon ing  e f f i c i ency  was c o n s i s t e n t l y  r e p r o d u c e d  in  r e p e a t  e x p e r i m e n t s .  A l l  f ive  c lones  i s o l a t e d  f r o m  
m e d i u m  wi th  m e t h y l c e l l u l o s e  (c lones  4 m c - S m c )  d i f f e r e d  f r o m  the o r i g i n a l  l ine  by a c lon ing  e f f i c i e n c y  in  s e m i -  
s o l i d  m e d i u m  tha t  was  t e n s  o r  h u n d r e d s  of t i m e s  h i g h e r .  

In  the s e c o n d  p a r t  of t h i s  i n v e s t i g a t i o n  one of the  c lones  i s o l a t e d  f r o m  s o l i d  s u b s t r a t e  (clone l s b )  was  r e -  
c loned ,  s u b e l o n e s  w e r e  i s o l a t e d  f r o m  m e t h y l c e l l u l o s e  and f r o m  the  s u b s t r a t e ,  and  the e f f i c i e nc y  wi th  which  the  
d i f f e r e n t  s u b e l o n e s  g r e w  in m e d i u m  wi th  m e t h y l e e l l u l o s e  was  then  t e s t e d  (Table  1). In  t h e s e  e x p e r i m e n t s  both 
s u b e l o n e s  l s b  i s o l a t e d  f r o m  g l a s s  (9sb-14sb)  and s u b c l o n e s  g rowing  in s e m i s o l i d  m e d i u m  (15mc-21mc)  d id  not  
d i f f e r  s i g n i f i c a n t l y  in  the  o v e r w h e l m i n g  m a j o r i t y  of c a s e s  f r o m  the  p a r e n t a l  popu la t i on  in  a b i l i t y  t o  f o r m  c lones  
in  m e d i u m  wi th  m e t h y l c e l l u l o s e .  Only  one of the  e igh t  s u b c l o n e s  i s o l a t e d  f r o m  s e m i s o l i d  m e d i u m  had  h i g h e r  
s u b s t r a t e  i ndependence  t h a n  the l s b  c e l l s  (c lone 21me) .  

O u r  e x p e r i m e n t s  wi th  c lone  4 m c ,  c h a r a c t e r i z e d  by  r e l a t i v e l y  h igh  c lon ing  e f f i c i e n c y  in m e t h y l c e l l u l o s e ,  
a l s o  s u p p o r t e d  the  s t a b l e  i n h e r i t a n c e  of f r e q u e n c y  of c lone f o r m a t i o n  in s e m i s o l i d  m e d i u m .  Subc lones  of t h i s  
c lone  i s o l a t e d  f r o m  s e m i s o l i d  m e d i u m  r e t a i n e d  h igh  e f f i c i e n c y  of c lone  f o r m a t i o n  in m e t h y l e e l l u l o s e .  T h i s  con-  
f i r m s  y e t  a g a i n  the  c o n c l u s i o n  d r a w n  by the  w r i t e r s  p r e v i o u s l y :  Al l  c e l l s  of a c lona l  l ine  a r e  c h a r a c t e r i z e d  by  
a de f in i t e  p r o b a b i l i t y  ( f requency)  wi th  which  they  can  f o r m  co lon i e s  in  s e m i s o l i d  m e d i u m .  

How can  the  d i f f e r e n c e  in  the  r e s u l t s  ob ta ined  by a n a l y s i s  of the  nonc loned  and c lona l  popu la t i ons  be e x -  
p l a i n e d ?  E v i d e n t l y  at  l e a s t  two t y p e s  of c lones  c o e x i s t  in  t h e  PS-103  c u l t u r e :  a c lone  o r  c lones  c h a r a c t e r i z e d  
by  low, and c l o n e s  (or  a c lone)  c h a r a c t e r i z e d  by  h i g h e r  p r o b a b i l i t y  of co lony  f o r m a t i o n  in  m e t h y l c e l l u l o s e .  L o n g -  
t e r m  c o e x i s t e n c e  of c lones  d i f f e r i n g  in  ab i l i t y  t o  m e t a s t a s i z e  has  r e c e n t l y  been  d e s c r i b e d  in t u m o r s  [8, 12]. In 
t he  PS-103  p o p u l a t i o n c e l l s  wi th  low a b i l i t y  to  f o r m  c lones  in s e m i s o l i d  m e d i u m  e v i d e n t l y  p r e d o m i n a t e .  Th is  
f u l l y  e x p l a i n s  t he  f ac t  t h a t  d u r i n g  c lon ing  on g l a s s  c lones  wi th  low c lon ing  e f f i c i ency  in  m e t h y l c e l l u l o s e  a r e  
i s o l a t e d  i n i t i a l l y .  M e a n w h i l e ,  u n d e r  s e l e c t i v e  cond i t ions  (in m e d i u m  wi th  m e t h y l c e l l u l o s e ) ,  c e l l s  with a 10-100  
t i m e s  g r e a t e r  p r o b a b i l i t y  of co lony  f o r m a t i o n  a r e  s e l e c t e d  f r o m  the nonc loned  popu la t i on .  When c lones  a r e  
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maintained in culture,  t h e i r  cha r ac t e r i s t i c  f requency of colony fo rmat ion  in methylcel lu lose  is p r e s e r v e d  so long 
as the cell population constituting the clonal line r e m a i n s  homogeneous.  In invest igat ions  in which cells  a re  
seeded  in semiso l id  medium,  he terogeneous  cell  populations (noncloned), subjected to different  t r ans fo rming  
p r o c e d u r e s ,  a re  usual ly used [4, 5]. In these  invest igat ions ,  t he re fo re ,  clones isola ted f r o m  semiso l id  medium 
usual ly  d i f fe r  in eff iciency of clone fo rma t ion  f r o m  the pa ren ta l  ce l l s .  

Most  cel ls  giving r i s e  to  colonies in s emiso l id  medium a r e  thus genotypical ly  identical  with cel ls  of the 
or iginal  homogeneous  population or with individual clones that  make up the heterogeneous  population. 
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