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Fibronect in  is one of the pr inc ipa l  adhesive glycoprote in  components  of the ex t r ace l lu l a r  ma t r ix  and is p r e -  
sent in var ious  biological f luids.  Malignant t r a n s f o r m a t i o n  of connec t ive- t i s sue  cel ls  is often accompanied  by 
complete  or  pa r t i a l  loss of f ibronect in  f r o m  the cell  su r face  [4, 10]. However ,  some  exceptions a re  known to 
this rule ,  and the i r  number  is s teadi ly  r i s ing .  According to r ecen t  data, s a r c o m a s  induced by fore ign bodies 
a r i s e  f r o m  local connec t ive- t i ssue  cel ls  which pa r t i c ipa te  in capsule fo rmat ion  around the foreign body [5]. 

It was accordingly decided to study the dis t r ibut ion of f ibronect in  in the cel ls  of these  t u m o r s  in o rde r  to 
d i scover  whether  loss  of f ibronect in  is a m a r k e r  of the t r a n s f o r m e d  s ta te  of cel ls  in such a sys t em.  

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

Tumors were induced in CBA mice by subcutaneous implantation of pieces of polyvinyl chloride film [2, 6]. 
Cultures of tumor cells were obtained by trypsinization of the minced tumor nodes, freed from necrotic areas. 
The cells were grown on medium containing 40% Eagle's medium with twice the range of amino acids, 40% fact- 
albumin hydrolysate, 20% bovine serum, and 200 U/ml of monomycin. Cells of five lines obtained from five 
cul tures  grown in this  way (PS-4, PS-84,  PS-100, PS-103,  and PS-130 were  used. Low-densi ty  2-3 day and 
h igh-dens i ty  3-7 day cul tures  were  used for  the expe r imen t s .  Cells of all f ive lines were  highly mal ignant  
fo r  syngeneic  mice .  P r i m a r y  and secondary  cell  cul tures  f r o m  connec t ive- t i s sue  capsules  surrounding the f i lms  
a l so  were  used. The capsules  were  taken  a long t ime  before  the appearance  of t u m o r s  (2-3 months a f t e r  i m -  
plantation) and cells  f rom them were  isolated w i t h t h e  aid of 0.3% col lagenase  (type I,  f r o m  Sigma, USA) by the 
method desc r ibed  in [7]. Capsule  cells were  cultured under the same  conditions as s a r c o m a  cel l s ,  for  7-8 days.  
The distribution of flbronectin on the cell surface was studied bythe indirect immunofluorescence method after 
fixation of the cells with 4% formalin [i]. The monospeeifie antifibroneetin antiserum was generously provided 
by Professor A. Vaheri (Helsinki University, Finland). Before use it was absorbed by the culture serum, so that 
it reacted only with cell fibronectin. The standard controls for immunologic specificity were negative. 

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

In low-densi ty  cul tures  of all  the lines studied f ibr i l s  of f ibronect in  were  found on the cell  su r face  (Fig. 1). 
They were  located mainly  on the undersur face  of the cel ls ,  in contact  with the subs t r a t e ,  outside the nuclear  
zone; f ibr i l s  a lso  were  found on the upper  su r face  (Fig. ld,  e}. Usually in low-densi ty  cul tures  there  were  few 
f ibr i l s  and they were  a r r anged  chaotical ly,  s o m e t i m e s  interweaving with each other .  In line PS-84,  unlike the 
r e s t ,  bundles of thin para l l e l  f ibr i l s  were  often seen  on the under su r face ,  or iented along the long axis of the cell 
(Fig. lb) .  Somet imes  the f ibr i l s  outlined the s table  edges of the cel ls  (Fig. ld ,  f) and, in ce r ta in  cases ,  they 
could be seen  in the zone of in te rce l lu la r  junctions.  Punctate  f luorescence  a lso  was obse rved  in the region of 
the endoplasm in lines PS-84,  PS-100, PS-103,  and PS-130. Specific f luorescence  was abser~ in the l amel lo -  
p l a sm zone in all  l ines ,  unlike in no rma l  embryonic  f ib rob las t s  [1]. 

A wel l -developed network of interwoven f ibronect in  f ibr i l s  was f o r m e d  on the lower  and upper  su r f aces  
of the cel ls  in high-densi ty  cul tures  of l ines PS-4 ,  PS-100, PS-103, and PS-130 (Fig. 2a, c -e ) .  Somet imes  the 
network had a definitely cel lular  s t ruc tu re  (lines PS-100 and PS-130).  In zones in which the cel ls  showed a 
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Fig .  1. Dis t r ibu t ion  of f ib roneot in  in low-dens i ty  cel l  cu l tu res  of s a r c o m a s  induced by 
fore ign  bodies ,  a) PS-4;  b) PS-84;  c) PS-100;  d, e) PS-103; d) focus on lower  su r face  
of ce l l s ,  e) focus on upper  su r f ace  of ce l l s ;  f) PS-130; a r rows  indica te  s tab le  edges of 
ce l l s  s t a ined  f o r  f ib ronec t in .  Ind i rec t  immunof luo re scence .  580 • 

defini te  mutual  o r ien ta t ion  the f i b r i l s  were  usual ly  p a r a l l e l  to the long axes of the cel ls  (line PS-100).  Some-  
t i m e s  f i b r i l s  followed the outl ines and long p r o c e s s e s  of the ce l l s .  In the nuc lea r  region,  jus t  as in low-dens i ty  
cu l tu res ,  as a ru le  f l uo re scence  was absent .  In l ine PS-84,  with an i n c r e a s e  in densi ty  of the cul ture f i b ronee -  
t in  accumula t ion  did not take p lace :  Only single f i b r i l s  or  s m a l l  local  concent ra t ions  of t hem were  v i s ib le  (Fig .  
2b). In dense cu l tu res  of capsule  ce l l s  a we l l -de f ined  t h r e e - d i m e n s i o n a l  ne twork  of in terwoven f ib ronec t in  f i -  
b r i l s  was observed ,  often with d i s t inc t  and i r r e g u l a r l y  shaped spaces  between them (Fig.  2f). In l e s s  dense  
a r e a s  f i b r i l s  were  v i s ib le  in the composi t ion  of the f ibrous  i n t e r c e l l u l a r  subs tance .  The f ibronec t in  ne twork  
in PS-100,  PS-103,  and PS-130 cu l tures  was wel l  developed,  in cu l tu res  of capsule  ce l l s  a l so ,  but in line PS-4  
the ne twork  was r a t h e r  l e s s  wel l  developed.  In line PS-84 the f ib ronec t in  contens was app rec i ab ly  l e s s  than in  
capsule  ce l l s ,  and i t  did not f o r m  a f i b r i l l a r y  ne twork .  

In s a r c o m a s  of l ines  PS-4 ,  PS-100,  PS-103,  and PS-130 the content of s u r f a c e  f ib ronec t in  thus i n c r e a s e d  
with an i n c r e a s e  in dens i ty  of the cul ture ,  and at the continuous mono laye r  s tage it f o r m e d  a dense  f i b r i l l a r y  
network.  A s i m i l a r  r e s u l t  was obtained by the w r i t e r s  p r ev ious ly  with a s i m i l a r  l ine,  1ViTs-1 [3]. Only in line 
PS-84 was no f ib ronee t in  ne twork  fo rmed  in the h igh -dens i t y  cul tures  and the quantity of f ib ronec t in  was l e s s  
than in other  l ines  of s a r c o m a s  and capsule  ce l l s .  These  data  a r e  evidence tha t  mal ignancy of the ce l l s  in the 
ce l l u l a r  s y s t e m  s tud ied  does not c o r r e l a t e  with loss  of su r face  f ib ronec t in  and i t  cannot be r e g a r d e d  as a r e l i -  
able m a r k e r  of the t r a n s f o r m e d  s ta te .  P r e s e r v a t i o n  of f ib ronec t in  syn thes i s  and deposi t ion  in the m a t r i x  a lso  
was found p rev ious ly  in s e v e r a l  human s a r c o m a s  [9]. 

The c h a r a c t e r  of d i s t r ibu t ion  of f ib ronec t in  in the fo rm of a t h r e e - d i m e n s i o n a l  ne twork  of f i b r i l s  was very  
s i m i l a r  in al l  l ines  of s a r c o m a s  and capsule  ce l l s  which accumula te  i t .  This  type of d i s t r i bu t ion  is c h a r a c t e r -  
i s t i c  of f i b r o b l a s t - l i k e  ce l l s  [4]. In cel Is  of the v a s c u l a r  endothel ium,  which a r e  r e g a r d e d  as one of the pos s ib l e  
p r e c u r s o r s  of s a r c o m a s  induced by fore ign  bodies ,  the d i s t r ibu t ion  of f ib ronee t in  in h i gh - de ns i t y  cul tures  is  
d i f ferent :  A network is f o rmed  only on the lower  su r face  of the ce l l s  facing the suppor t  [4]. It can be pos tu la ted  
that  these  s a r c o m a s  a r o s e  f rom c e r t a i n  f i b r o b l a s t - l i k e  p r e t u m o r  ce l l s ,  pos s ib ly  ident ica l  with ce l l s  growing in 
cu l tu res  of capsu les .  To p r o v e  th is  hypothes is  f u r t he r  inves t iga t ions  a r e  n e c e s s a r y ,  using other spec i f ic  m a r k e r s .  

Af te r  th is  inves t iga t ion  was comple ted ,  we l ea rned  of a communica t ion  by MacDonald et a l .  [8], who a l so  
showed that  f ib roneot in  syn thes i s  and depos i t ion  in the m a t r i x  were  p r e s e r v e d  in  cel l  cu l tu res  f rom 13 mur ine  
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Fig. 2. Distribution of fibronectin in high-density cell cultures from sarcomas and early 
capsules, a) PS-4, b) PS-84, c) PS-100, d) PS-103, e) PS-130, f) capsule (3 months after 
implantation, primary culture). Network of fibronectin fibrils absent only in line PS-4. 
Indirect immunofluorescence. 580 • 

sarcomas induced by implantation of films made from a vinyl chloride-vinyl acetate copolymer subcutaneously 

into CBA/H mice. 

The authors are grateful to Professor A. Vaheri for providing the antiserum and to Professor Yu. M. Va- 
sil'ev for useful advice. 
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