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Trans fo rmed  f ibroblast - l ike  cells of lines Kh]~TR and KhEK-40, previously labeled with 
thymidine-H s, were seeded on tes t  monolayers  of homologous or heterologous cells.  The 
t r ans fo rmed  cells  were found to multiply on a layer  of normal  hams te r  f ibroblasts  but not to 
multiply on a layer  f rom cel ls  of the homologous type, although the density of the cell  layer  
in that case was indistinguishable f rom the density of the normal  cells.  Specific densi ty-  
dependent inhibition of growth was thus demonstra ted for the t r ans fo rmed  cell  lines. 
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A previous investigation [1] showed that some t r ans fo rmed  lines of f ibroblasts  re ta in  their  ability to 
inhibit multiplication, depending on the density of the population (topoinhibition), cha rac te r i s t i c  of normal  
embryonic  cel ls .  In par t icular ,  topoinhibition has been found in two morphological  t r ans fo rmed  and high- 
oncogenic lines of hams te r  f ibroblasts  Kh]~TR and Kh~K-40. The object of this investigation was to study 
whether the postinhibitory effect of neighboring cel ls  is specific or not: whether the inhibition of cell divi- 
sion pe r s i s t s  only in the case  of contact  between the t r ans fo rmed  cells  and neighboring cel ls  of the same 
type or  whether it can also be detected af ter  contact with normal  f ibroblasts .  

EXPERIMENTAL METHOD 

To investigate the sensitivity of cells to the inhibitory action of population density a method of adding 
labeled cells to pre-existing layers of homologous or heterologous cells, as suggested by Stoker [6], was 
used. Three types of cells were chosen; a) embryonic Syrian hamster fibroblast-like cells subcultured 
once or twice, b) KhI~TR cells - spontaneously transformed Syrian hamster cells after 50-80 passages, c) 
KhEK-40 cells  (80-100 passages) ,  obtained by t rea t ing  Kh~TR cells  with cytomegaly virus.  

Cell cul tures  were  grown in penicillin flasks on covers l ips  measur ing  9 • 18 mm. The seeding den- 
si ty of all types of cells  was 100,000 c e l l s / m l  medium. To each flask 2 ml of the cell  suspension was added. 
The nutrient medium consisted of equal par ts  of Eagle ' s  medium and lactalbumin hydrolyzateo The serum 
concentrat ion was 10%. The medium was changed on the 2rid, 4th, 6th, and 8th days of growth. The final 
cell  density was 6. 105-8 �9 105 c e l l s / c m  2 for the embryonic  hams te r  cells,  7. 105-9 �9 105 c e l l s / c m  2 for the 
Kht~TR cells ,  and 8 �9 102-11 �9 105 c e l l s / c m  2 for the Kh]~K-40 cells .  To prepare  the mixed cul tures ,  s tat ion- 
a ry  cell cul tures  on the 6th day of growth were  used. The covers l ips  with the cell  cul tures  were subjected 
to the following operation: with a r a z o r  blade a reas  of the monolayer  measur ing  4 • 9 mm were  taken 
f rom the end of the covers l ips  so that on one covers l ip  with the cell  cul ture a r ea s  of clean glass were  
formed.  Cells previously labeled with thymidine-H 3 (0.1 ~Ci /ml ,  3-4 days, specific activi ty 1.3 Ci /mmole)  
were  added to these cul tures  in f resh  medium. The newly added cells  were thus seeded uniformly on the 
clean glass  and on the existing monolayer .  To prevent dilution of the label, cold thymidine was added to 
the medium in a concentrat ion of 2.5 mg /ml .  The specimens were  fixed on the 1st, 3rd, and 5th days af ter  
addition of the labeled cells  in a mixture  of acetic acid and alcohol in the ra t io  of 1 : 3. The prepara t ions  
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Fig. 1. Mult ipl icat ion of labeled KhETR ce l l s  on a monolayer  of Kh]~TRcells  
and on a monolayer  of no rm a l  h a m s t e r  f ib rob las t s  (NHF): C) mult ipl icat ion 
of added ce l l s  on covers l ip ,  M) on monolayer  r e spec t ive ly .  Absc i s sa ,  days 
a f t e r  addition of labeled cel ls ;  ordinate ,  densi ty of labeled ce l l s  per  100 
f ields of vis ion of the m i c r o s c o p e  (magnif icat ion 1.6 • 10 • 100). 

Fig. 2. Mult ipl icat ion of labeled Kh]~K-40 ce l l s  on a monolayer  of Kht~K-40 
ce l l s  and on a mono laye r  of no rma l  h a m s t e r  f ib rob las t s  (NHF). Legend as  
in Fig.  1. 

we re  coated with type M emuls ion,  developed a f t e r  7-10 days,  and stained with M a y e r ' s  hematoxylin.  F rom 
3 to 5 s l ides  were  taken at  each point. The number  of labeled nuclei  in the cel l  cul ture  and on the clean 
g lass  was de te rmined  and in each case  100 f ie lds  of vis ion of the m i c r o s c o p e  were  examined (magnificat ion 
1.6 • 10 • 100). In each expe r imen t  2000-3000 fields of vis ion were  thus counted. The pe rcen tage  of 
labeled ce l l s  at  the s i te  of injury to the monolayer  was 87-94% on the 5th day a f t e r  addition, i .e. ,  p rac t i ca l ly  
all  the cel ls  r e m a i n e d  labeled a f te r  this per iod.  

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

It will  be c l ea r  f rom Figs.  l c  and 2b that  the t r a n s f o r m e d  ce l l s  adhered  well  and mult ipl ied both on 
the covers l ip  and on the p r e - e x i s t i n g  m o n o l a y e r s  of embryon ic  f ib rob las t - l ike  cel ls .  The densi ty of these 
ce l l s  was 6.5 �9 10C8.2 �9 105 c e l l s / c m  2. The monolayer  f o rmed  f rom embryonic  Syr ian h a m s t e r  f ib rob las t -  
like ce l l s  thus did not inhibit the mul t ip l ica t ion  of the t r a n s f o r m e d  cel l s .  Labeled  embryonic  h a m s t e r  cel ls  
did not p ro l i f e ra te  on the monolayer  cons is t ing  of the s ame  ce l l s  (Fig. la) .  

The abil i ty of the t r a n s f o r m e d  ce l l s  to adhere  to and p ro l i f e r a t e  on the monolayer  of ce l l s  of the homo-  
logous type is demons t r a t ed  inFig ,  l a , b a n d F i g .  2a. It  will be c lea r  f rom these  f igures  that  the t r a n s -  
f o rmed  ce l l s  adhered  both to the clean glass  and to a monolayer  of ce l l s  of the s a m e  type. Cel ls  a t tached 
to this monolayer ,  unlike ce l l s  on the g lass ,  v i r tua l ly  did not mult iply.  The cel l  density of the monolayer  
was 7.  105-9 �9 10 s c e l l s / c m  2. Mul t ip l i ca t ion  of t r a n s f o r m e d  KhI~TR and KhEK-40 cel ls ,  as  well as  the i r  in- 
dividual cu l tures ,  is thus inhibited by the p r e sence  of neighboring ce l l s  of the s ame  type. 

Exper imen t s  have  shown that  the division of some t r a n s f o r m e d  cel l  l ines can be inhibited by normal  
ce l l s  [4, 7], whe reas  the division of other  t r a n s f o r m e d  l ines was not inhibited under these  c i r c u m s t a n c e s  
[2, 3, 8]. The au thors  ci ted do not give data on the pa t t e rns  of p ro l i f e ra t ion  of the t r a n s f o r m e d  ce l l s  when 
seeded on a monolayer  of homologous  cel ls ;  for  that  r e a s o n  the specif ic i ty  of inhibition of mult ipl icat ion 
obse rved  in a he te ro logous  s y s t e m  r e m a i n s  undetermined  for  these  l ines.  

The data desc r ibed  above show that  ce l l s  of t r a n s f o r m e d  lines KhETR and KhI~K-40 adhere  to a mono-  
l aye r  of the s ame  type of ce l l s  but do not mul t ip ly  on it. These  expe r imen t s  conf i rmed  the r e s u l t s  obtained 
by the w r i t e r  p rev ious ly  [1] by a different  method:  t r a n s f o r m e d  KhETR and Kh]~K-40 cel ls ,  l ike embryonic  
h a m s t e r  f ib rob las t s ,  if grown in isolated cul ture  r e m a i n  sens i t ive  to dens i ty-dependent  growth inhibition. 
Meanwhile contact  with embryon ic  f ib rob las t s ,  by con t r a s t  with contact  with homologous ce l l s ,  does not in- 
hibit  the mul t ip l ica t ion  of t r a n s f o r m e d  f ib rob las t s :  ce l l s  of l ines Khl~TR and KhEK-40 mult ip ly  on a thick 
mono laye r  of embryonic  h a m s t e r  cel ls  just  as  well  as  on clean g lass .  In the p r e sen t  expe r imen t  cel l  cul-  
t u re s  of embryon ic  and t r a n s f o r m e d  f ibroblas ts  with s im i l a r  densi t ies  were  spec ia l ly  used. Consequently,  
the sens i t iv i ty  of the t r a n s f o r m e d  ce l l s  to dens i ty-dependent  growth inhibition depends on the c h a r a c t e r  of 
the contact ing ce l l s  and not on the i r  density.  
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It is not yet  c l ea r  whether  this speci f ic i ty  of growth inhibition is c h a r a c t e r i s t i c  of n o r m a l  ce l l s .  
N o r m a l  f ib rob las t s  a r e  m o r e  adhesive to g lass  than t r a n s f o r m e d  and, for  that  r eason ,  when no rma l  ce l l s  
a r e  added to a mono laye r  of t r a n s f o r m e d  f ib rob las t s  they can pas s  through it, adhere  to the g lass ,  and mu l -  
t iply on it: the conditions of growth on the g lass  and on the cel l  mono layer  a r e  different  and this makes  
ana lys i s  of r e s u l t s  of this type difficult.  

The mechan i sm of topoinhibition r e m a i n s  unexplained: it is not known whether  contact  in terac t ion  
between cell  su r f ace s  or local  changes in the medium induced by an i nc r ea se  in the cel l  population density,  
such as  changes in the local  pH [5], play a ro le  in this case .  The p rob lem of which changes in t r a n s f o r m e d  
ce l l s  de te rmine  the d i f fe rences  in the i r  sens i t iv i ty  to the inhibi tory act ion of ce l l s  of different  types  r e -  
qu i res  fu r the r  study. 
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