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S U M M A R Y :  The F i b r o b l a s t  G r o w t h  F a c t o r  i s o l a t e d  f r o m  e i t h e r  b r a i n  o r  
p i t u i t a r y ,  w h e n  added  wi th  p l a s m a  and d e x a m e t h a s o n e ,  p r o m o t e s  the g r o w t h  
of  3T3 c e l l s  s e e d e d  a t  l ow  d e n s i t y  (7 c e l l s / r a m  2) to  the s a m e  e x t e n t  as does  
s e r u m .  Th i s  s u g g e s t s  tha t  the F i b r o b l a s t  G r o w t h  F a c t o r  cou ld  be s i m i l a r  
o r  r e l a t e d  to the  g r o w t h - p r o m o t i n g  a c t i v i t y  p r e s e n t  in  p l a t e l e t s o  

S e r u m  c o n t a i n s  one or  m o r e  f a c t o r s  tha t  a r e  e s s e n t i a l  f o r  the g r o w t h  and 

s u r v i v a l  of m o s t  m a m m a l i a n  c e l l  l i n e s  (1-4)o P l a s m a ,  in c o n t r a s t ,  has  b e e n  

found to be l e s s  e f f e c t i v e  t h a n  s e r u m  f o r  p r o m o t i n g  the g r o w t h  of f i b r o b l a s t s  

(5)~ s m o o t h  m u s c l e  (6) o r  e s t a b l i s h e d  c e l l l i n e s  s u c h  as  3T3 (7). The  add i t i on  

of p l a t e l e t  l y s a t e  w i th  p l a s m a  p r o m o t e s  c e l l  g r o w t h  a t  a l e v e l  c o m p a r a b l e  to 

tha t  of s e r u m  (6, 7)° On the b a s i s  of th i s  e v i d e n c e ,  i t  has  b e e n  p o s t u l a t e d  

tha t  s e r u m  m i t o g e n s  m a y  be r e l e a s e d  f r o m  p l a t e l e t s  d u r i n g  the c o a g u l a t i o n  

p r o c e  s s o 

F i b r o b l a s t  G r o w t h  F a c t o r  ( F G F )  is a p o l y p e p t i d e  of 13, 000 MW p u r i f i e d  

f r o m  m a m m a l i a n  b r a i n  or  p i t u i t a r y  (8, 9). It has  b e e n  s h o w n  to be m i t o g e n i c  

a t  n a n o m o l a r  c o n c e n t r a t i o n s  f o r  3T3 c e l l s  m a i n t a i n e d  in low s e r u m  (8-12) o r  

in  d e p l e t e d  h igh  (10%) s e r u m  (10,11}. It p r o v o k e s  p l e i o t y p i c  e f f e c t s  s i m i l a r  to 

t h o s e  o b s e r v e d  in the p r e s e n c e  of o p t i m a l  s e r u m  c o n c e n t r a t i o n s  (13). The 

e f f e c t  of F G F  is  e n h a n c e d  by a g l u c o c o r t i c o i d  but  the c o m b i n a t i o n  does  not ,  

in  the a b s e n c e  of s e r u m ,  s u p p o r t  g r o w t h  i n d e f i n i t e l y ,  i n d i c a t i n g  tha t  s o m e  

f a c t o r  in s e r u m  is n e e d e d  fo r  the long t e r m  s u r v i v a l  and p r o l i f e r a t i o n  of 

3T3 cells {12}o 
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In th is  c o m m u n i c a t i o n  v~e r e p o r t  t ha t  I~GF, w h e n  added  wi th  d e x a m e t h a -  

sone  and p l a s m a ,  p r o m o t e s  the g r o w t h  of 3T3 c e l l s  to  the s a m e  e x t e n t  as  

tha t  o b s e r v e d  wi th  the o p t i m a l  c o n c e n t r a t i o n  of s e r u m .  

We s u g g e s t ,  t h e r e f o r e ,  tha t  p l a s m a  c o n t a i n s  the f a c t o r  or  f a c t o r s  

n e c e s s a r y  f o r  l o n g - t e r m  s u r v i v a l  of 3T3 c e l l s  in the a b s e n c e  of s e r u m  

a l t h o u g h  i t  c o n t a i n s  v e r y  l i t t l e  m i t o g e n i c  a c t i v i t y ,  and tha t  F G F  is  s i m i l a r  

to the m i t o g e n i c  f a c t o r  tha t  has  b e e n  found in  p l a t e l e t s .  

M A T E R I A L S  AND M E T H O D S  

F G F  was  p u r i f i e d  f r o m  b o v i n e  p i t u i t a r y  g lands  or  b r a i n s  as d e s c r i b e d  
p r e v i o u s l y  (8~ 9)0 S e r a  and p l a s m a  w e r e  f r o m  GibCOo C i t r a t e d  b o v i n e  s a l i n e  
was  d e f i b r i n a t e d  b e f o r e  use  by d i a l y s i s  a g a i n s t  p h o s p h a t e - b u f f e r e d  s a l i n e  
f o l l o w e d  by M i l l i p o r e  f i l t r a t i o n .  Both p l a s m a  and s e r u m  w e r e  h e a t - a c t i v a t e d  
a t  56 C f o r  30 m i n u t e s .  A p l a t e l e t  s o l u t i o n  was  p r e p a r e d  as  d e s c r i b e d  by 
K o h l e r  and L i p t o n  (7). A B a l b / c  3T3 c e l l  l ine  m a i n t a i n e d  in ou r  l a b o r a t o r y  
was  u s e d ;  i t  has  b e e n  d e s c r i b e d  e l s e w h e r e  (9-11). C e l l  c u l t u r e  and c e l l  
coun t ing  t e c h n i q u e s  have  b e e n  d e s c r i b e d  (9-11)o 

R E S U L T S  

Ao G r o w t h - p r o m o t i n g  e f f e c t  of p l a s m a  c o m p a r e d  to s e r u m  

The  g r o w t h  of s p a r s e  p o p u l a t i o n s  o f  3T3 c e l l s  m a i n t a i n e d  in  the p r e s e n c e  

of v a r i o u s  c o n c e n t r a t i o n s  of p l a s m a  was  c o m p a r e d  to p o p u l a t i o n  g r o w t h  in 

s e r u m .  P l a s m a  was  5 to 10 t i m e s  l e s s  p o t e n t  t han  s e r u m  f o r  s u p p o r t i n g  the 

g r o w t h  Of 3T3 c e l l s  ( f igs .  1 A and B). When a p l a t e l e t  1ysa te  was  added  to 

c e l l s  m a i n t a i n e d  q u i e s c e n t  in  the p r e s e n c e  of 1% p l a s m a ,  the r a t e  of g r o w t h  

b e c a m e  s i m i l a r  to tha t  o b s e r v e d  wi th  10% s e r u m  (fig. 1 C), d e m o n s t r a t i n g  

tha t  m i t o g e n i c  f a c t o r s  p r e s e n t  in s e r u m  m a y  c o m e ,  in f ac t ,  f r o m  the l y s i s  

of p l a t e l e  tSo 

B. G r o w t h - p r o m o t i n g  e f f e c t  of F G F  and d e x a m e t h a s o n e  for  3T3 c e l l s  m a i n -  

t a i n e d  in  p l a s m a  as c o m p a r e d  to s e r u m  

P i t u i t a r y  F G F  s t i m u l a t e s  the r a t e  of g r o w t h  of s p a r s e  p o p u l a t i o n s  of 
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Figure i. Growth curve of 3T3 cells maintained ~n the presence of plasma, 
serum, or plasma plus platelet lysate. 

A-B: 20,000 cells per 6 cm dish were plated in 5 ml of IDME, 10% calf 
serum on day 0. Eight hours later the medium was changed to the 
different serum or plasma concentrations. 
C: 20,000 cells were plated as already described. Eight hours later 
the media was changed to either 1090 calf serum, I% plasma or 190 plasma 
plus 2 units/ml AZ80 of platelet lysate and I ~g/ml of dexamethasone. 

3T3 c e l l s  m a i n t a i n e d  in the p r e s e n c e  of v a r i o u s  c o n c e n t r a t i o n s  of p l a s m a  

(fig.  2}. Wi th  an i n i t i a l  d e n s i t y  of 7 c e l l s / m m  2, in  the p r e s e n c e  of 1% p l a s m a ,  

the c e l l  n u m b e r  doub l ed  o v e r  8 days  (fig. 2 A}. When  F G F  was  added ,  the 

c e l l  n u m b e r  i n c r e a s e d  e i g h t - f o l d ,  c o r r e s p o n d i n g  to  t h r e e  d i v i s i o n  c y c l e s °  

With  F G F  plus  d e x a r n e t h a s o n e ,  f ive  c y c l e s  of d i v i s i o n  w e r e  o b s e r v e d ;  the 

f ina l  d e n s i t y  was  ha l f  t ha t  o b s e r v e d  w i t h  10% s e r u m .  With  Z. 5% p l a s m a ,  e v e n  

b e t t e r  s t i m u l a t i o n  of d i v i s i o n  was  o b s e r v e d ,  the f i n a l  d e n s i t y  in  the p r e s e n c e  

of F G F  plus  d e x a m e t h a s o n e  w a s  only Z0% l o w e r  than  tha t  o b s e r v e d  in  10% 

s e r u m  (fig. 2B). With  5% p l a s m a ,  the f ina l  d e n s i t y  was  s i m i l a r  to tha t  of 

10% s e r u m  (fig.  Z C). It shou ld ,  h o w e v e r ,  be no t ed  tha t  w i th  n e i t h e r  2. 5 no r  

5% p l a s m a  w e r e  the c e l l s  fu l ly  q u i e s c e n t  b e f o r e  day 5, thus  g i v i n g  a b a s e l i n e  

t h a t  i n c r e a s e d  wi th  t i m e .  
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When  c e l l s  w e r e  s e e d e d  a t  t h r e e  t i m e s  the i n i t i a l  d e n s i t y  (21 c e l l s / r a m  2) 

(fig.  2 D, E and F ) ,  e s s e n t i a l l y  s i m i l a r  r e s u l t s  w e r e  o b t a i n e d  wi th  the 

d i f f e r e n c e  t h a t  i t  was  w i t h  2 .5% ( r a t h e r  t han  5%) p l a s m a  and F G F  plus  d e x a -  

m e t h a s o n e  tha t  the c e l l s  r e a c h e d  the s a m e  d e n s i t y  as w i t h  10% s e r u m .  With  

5% p l a s m a  (fig.  2F)9 the f ina l  c e l l  d e n s i t y  w i t h  F G F  plus  d e x a m e t h a s o n e  

was  50% h i g h e r  t han  tha t  o b s e r v e d  wi th  10% s e r u m .  S i m i l a r  r e s u l t s  w e r e  

o b t a i n e d  w h e n  the e f f e c t  of b r a i n  F G F  (fig. 3) on d i v i s i o n  in s p a r s e  p o p u l a t i o n s  

of 3T3 c e l l s  was  i n v e s t i g a t e d .  

T h e s e  r e s u l t s  in the p r e s e n c e  o f l ,  2 . 5  o r  5% p l a s m a  can  be c o m p a r e d  

w i t h  the s t i m u l a t i o n  by p i t u i t a r y  F G F  or  p i t u i t a r y  F G F  plus  d e x a m e t h a s o n e  

of c e l l s  m a i n t a i n e d  in  s e r u m - s t a r v e d  c o n d i t i o n s .  W h e n  c e l l s  w e r e  m a i n -  

t a i n e d  at  a d e n s i t y  of 7 c e l l s / r a m  2 in the p r e s e n c e  of 0o1% s e r u m ,  the a d d i t i o n  

of F G F  and d e x a m e t h a s o n e  p r o v o k e d  t h r e e  d i v i s i o n  c y c l e s .  The  f i na l  d e n s i t y  

w a s  14% of tha t  o b s e r v e d  wi th  10% s e r u m  a lone  (fig. 4). 

DISCUSSION 

S e r u m  is an  a r t i f i c i a l  m e d i u m ,  d e v e l o p e d  w h e n  t i s s u e  c u l t u r e  was  o r i g i -  

n a t e d  (14) b e c a u s e  it  i n d u c e d  a n i m a l  c e l l s  to p r o l i f e r a t e  in  v i t r o .  

S ince  s e r u m  is s u c h  a po ten t  p r o m o t e r  of g r o w t h ,  i t  is n e c e s s a r y ,  in  

o r d e r  to i m p e d e  c e l l  d i v i s i o n  in  c u l t u r e s  m a i n t a i n e d  in the p r e s e n c e  of s e r u m ,  

to l o w e r  the s e r u m  c o n c e n t r a t i o n  to v e r y  low l e v e l s  ( s e r u m  s t a r v a t i o n ) .  In 

do ing  so,  one l i m i t s  not  only  the c o n c e n t r a t i o n  of g r o w t h  f a c t o r s  p r e s e n t  in 

F i g u r e  Z. G r o w t h  c u r v e s  of 3T3 c e l l s  m a i n t a i n e d  in  d i f f e r e n t  p l a s m a  c o n c e n -  
t r a t i o n s  wi th  p i t u i t a r y  F G F  or F G F  plus  d e x a m e t h a s o n e  added  to t h e m .  
C e l l s  w e r e  p l a t ed  a t  a c o n c e n t r a t i o n  of 2 0 , 0 0 0  c e l l s  ( A , B , C )  o r  6 0 , 0 0 0  
( D , E , F )  p e r  6 c m  d i s h  as d e s c r i b e d  in f ig .  lo The m e d i u m  was  c h a n g e d  
6 h o u r s  l a t e r  to 1% p l a s m a  (A ,D) ,  2. 5% p l a s m a  ( B , E ) ,  5% p l a s m a  ( C , F )  
o r  10% c a l f  s e r u m .  F G F  was  added  in 50 ~1 v o l u m e  of a 0 .5% s o l u t i o n  
of c r y s t a l l i n e  bov ine  s e r u m  a l b u m i n  to a f ina l  c o n c e n t r a t i o n  of 25 n g / m l o  
D e x a m e t h a s o n e  was  added  in 10 ~1 of a b s o l u t e  e t h a n o l  to a f ina l  c o n c e n -  
t r a t i o n  of 1 ~ g / m l .  F G F  and d e x a m e t h a s o n e  w e r e  added  e v e r y  o t h e r  day .  
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Figure 3. Growth of 3T3 cells maintained in the presence of 1% plasma with 

brain FGF or brain FGF plus dexamethasone added to them. 

20,000 cells were plated in 5 rnl of DM]~, 10% calf serum on day 0. 

Eight hours later the medium was changed to 2.5% plasma or 10% calf 

serum. 50 ng/rnl of brain FGF or 50 ng/ml of brain FGF plus I ~g/ml 

of dexamethasone were added every other day to the cells maintained 

in I% plasma as described in fig. 2. Cells were counted in triplicate 

and their growth compared to that of cells maintained in 10% ca!f serum. 

the medium, but also the concentration of other factors necessary for the 

survival and good health of the ceils. While certain cell types can survive 

quite well in low serum or in the absence of serum, others will die or will 

become unresponsive to further growth stimuli. 

3T3 cells are particularly susceptible to serum starvation and their 

survival and response to growth stimuli in low serum is mainly dependent on 

their density. When 3T3 cells are plated at an initial density of 35 ceils/ram 2, 

and maintained in the presence of 0.4°/0 serum, the final density reached when 

FGF plus dexamethasone is added was half that seen in 10%0 serum (I0-ii). A 

greater effect on cell proliferation is seen in subconfluent and confluent cul- 

tures (I0-ii). When lower cell densities are used (7 cells/ram2), or when 

lower serum concentrations are used (0.1%0), considerably less response to 

FGF and dexamethasone is observed (Ig). We have attributed the low sensi- 
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Figure 4. Growth of 3T3 cells maintained in the presence of low serum 

concentrations with pituitary FGF or FGF plus dexamethasone added 

to them. 

20,000 cells were plated in 5 ml of DME, 590 calf serum on day 0o Eight 

hours later the medium was changed to 0o i% calf serura or 10% calf 

serum. Z5 ng/ml of pituitary FGF or 25 ng/ml of pituitary FGF plus 

l ~g/ml of dexamethasone were added every other day as described 

in fig. 2. 

tivity to FGF of serum-starved 3T3 cells to irreversible deterioration that 

takes place when cells are maintained under too drastic conditions, such as 

in very low serum concentrations (12). 

Since plasma has been reported to have little growth-promoting activity 

compared to serum (5-7), it may be possible to maintain the cells in a quies- 

cent state in the presence of higher concentrations of plasma than of serum. 

With plasma, the concentration of growth factors in the medium may still 

be limiting at concentrations at which the plasma provides the cell with 
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a d e q u a t e  c o n c e n t r a t i o n s  of f a c t o r s  n e e d e d  fo r  s u r v i v a l  and fo r  the m a i n t e n a n c e  

of h o m e o s t a t i c  m e c h a n i s m s .  Since  t h e s e  " s u r v i v a l "  f a c t o r s  a r e  n o r m a l l y  p r e -  

s e n t  in  the b lood ,  t hey  can  be e x p e c t e d  to o c c u r  at s i m i l a r  c o n c e n t r a t i o n s  in 

both s e r u m  and p l a s m a .  It shou ld  be kept  in m i n d  tha t  c e l l s  in  v i v o  a r e  

n o r m a l l y  e x p o s e d  to p l a s m a  (that f r a c t i o n  of who le  b lood  t h a t  p a s s e s  t h r o u g h  

c a p i l l a r y  w a l l s )  and t h a t  only  in wounds  a r e  c e l l s  e x p o s e d  to s e r u m  (the l i q u i d  

f r a c t i o n  of c l o t t e d  b lood) .  T h e r e f o r e ,  c e l l s  m a i n t a i n e d  in a q u i e s c e n t  s t a t e  at  

low d e n s i t y  in p l a s m a  s h o u l d  s u r v i v e  b e t t e r  and be m o r e  fu l l y  r e s p o n s i v e  to 

f u r t h e r  s t i m u l a t i o n  by g r o w t h  f a c t o r s  than  c e l l s  m a i n t a i n e d  in  a q u i e s c e n t  

s t a t e  in low s e r u m .  

Th i s  p o s t u l a t e  a g r e e s  wi th  w h a t  we have  o b s e r v e d  w h e n  we have  m a i n -  

t a i n e d  the c e l l s  in the p r e s e n c e  of  p l a s m a .  C e l l  d e n s i t i e s  as  l ow as 7 c e l l s / r a m  2 

can  be u s e d  and the f ina l  d e n s i t y  wi th  F G F  and d e x a m e t h a s o n e  r e a c h e d  257 to 

500 c e l l s / r a m  2, d e p e n d i n g  on the i n i t i a l  c e l l  d e n s i t y .  T h e s e  v a l u e s  a r e  c o m -  

p a r a b l e  to the v a l u e s  o b s e r v e d  w i t h  10% s e r u m  (430 c e l l s / m m 2 ) o  

S ince  the e f f e c t  of F G F  is add i t i ve  o v e r  p l a s m a ,  F G F  is u n l i k e l y  to be one 

of the " g r o w t h  f a c t o r s "  n o r m a l l y  p r e s e n t  in e q u a l  c o n c e n t r a t i o n  in  p l a s m a  and 

s e r u m ,  s u c h  as i n s u l i n ,  NSILA,  g r o w t h  h o r m o n e ,  or  the s o m a t o m e d i n s ,  e v e n  

though  it  m a y  c o n t r i b u t e  to p l a s m a  m i t o g e n i c  a c t i v i t y  by be ing  p r e s e n t  in  l ow 

c o n c e n t r a t i o n .  F u r t h e r m o r e ,  s i n c e  F G F  can  r e p l a c e  the p l a t e l e t  l y s a t e ,  i t  

c an  be c o n c l u d e d  tha t  F G F  m a y  be s i m i l a r  to the m i t o g e n i c  f a c t o r ( s )  c o n t a i n e d  

in  p l a t e l e t s .  Th i s  does  not  p r o v e ,  however~  tha t  F G F  is i d e n t i c a l  to the p l a t e -  

l e t  f a c t o r  tha t  has  b e e n  h e l d  r e s p o n s i b l e  fo r  the c o n t r o l  of d i v i s i o n  of d i v e r s e  

c e l l  t ypes  (5-7)° P r o o f  shou ld  be o b t a i n e d  w h e n  a n t i b o d i e s  a g a i n s t  F G F  a r e  

ob t a ined .  

The  use  of p l a s m a ,  r a t h e r  than  s e r u m ,  shou ld  a l s o  be u s e f u l  to d i s t i n -  

g u i s h  b e t w e e n  s u r v i v a l  f a c t o r s  ( in p l a s m a  and s e r u m )  and m i t o g e n i c  f a c t o r s  
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(in s e r u m )  and shou ld  p r o v i d e  an  i dea l  m e d i u m  to m a k e  c e l l s  q u i e s c e n t  w i t h -  

out k i l l i n g  t h e m .  

We t h a n k  D. B r a u n  for  e x c e l l e n t  t e c h n i c a l  a s s i s t a n c e  and  Dr .  R. Ross  

for  v a l u a b l e  d i s c u s s i o n s .  Th i s  w o r k  was  s u p p o r t e d  by  g r a n t s  f r o m  the 

N a t i o n a l  I n s t i t u t e s  of H e a l t h  (07056) and  the A m e r i c a n  C a n c e r  Soc ie ty  (BC 152)o 
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