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SUMMARY

In t h i s  i n v e s t i g a t i o n  s e v e r a l  q u e s t i o n s  were posed abou t  

e x p r e s s i o n  o f  d i f f e r e n t i a t e d  and m a l i g n a n c y - a s s o c i a t e d  p r o p e r t i e s  

i n  c e l l  c u l t u r e s  d e r i v e d  f r o m gr ades  I I I  and IV a n a p l a s t i c  

a s t r o c y t o m a s .  For  c o m p a r i s o n ,  c e l l s  d e r i v e d  f r om normal  a d u l t  

p o s t - mo r t e m b r a i n  and f o e t a l  b r a i n ,  were a l s o  i n v e s t i g a t e d .

C h a r a c t e r i s a t i o n  s t u d i e s  were c o m p l i c a t e d  by t h e  absence 

o f  t he  a s t r o c y t e - s p e c i f i c  p r o t e i n ,  GFAP f r om t he  normal  a d u l t  

c u l t u r e s  and many o f  t he  g l i o m a s .  Ot he r  groups  o f  w o r k e r s  

have d e mo n s t r a t e d  t h a t  bo t h  normal  g l i a - ( 278)  and g l i o m a - ( l l O )  

d e r i v e d  c u l t u r e s  can l o s e  GFAP as a r e s u l t  o f  i n  v i t r o  g r o w t h .

In t he  case o f  t h e  m a l i g n a n t  c e l l s ,  t he  l o s s  o f  c e l l u l a r  

d i f f e r e n t i a t i o n  c o u l d  a l s o  be t he  r e s u l t  o f  Jjn v i v o  n e o p l a s i a .  

GFAP p o s i t i v e  g l i o ma  c u l t u r e s  were presumed t o  c o n t a i n  h i g h l y  

d i f f e r e n t i a t e d  a s t r o c y t o m a  c e l l s ,  whereas GFAP n e g a t i v e  c u l t u r e s  

p r o b a b l y  c o n t a i n e d  l e s s  w e l l  d i f f e r e n t i a t e d  o r  more a n a p l a s t i c  

c e l l s .

B i o c h e m i c a l  i n v e s t i g a t i o n  l ed  t o  t he  h y p o t h e s i s  t h a t  t he  

f l a t  p o l y g o n a l  c e l l s  o b t a i n e d  i n  c u l t u r e s  f r om normal  a d u l t  

b r a i n  t i s s u e  were p e r c u r s o r  g l i a l  c e l l s  o r  g l i o b l a s t s .  The 

m a l i g n a n t  c e l l  l i n e s  r e p r e s e n t e d  a g r a d a t i o n  i n  s t a t e s  o f  

b i o c h e m i c a l ,  a s t r o g l i a l  d i f f e r e n t i a t i o n .  The degr ee o f  

d i f f e r e n t i a t i o n  e x h i b i t e d  by a p a r t i c u l a r  c e l l  l i n e  was no t  

r e l a t e d  t o  t he  p a t h o l o g i c a l  s t a t e  o f  t he  t umour  f r om wh i ch  i t  

was d e r i v e d .  The f o e t a l  c u l t u r e s  c o n t a i n e d  a p p a r e n t l y  ma t u r e ,  

h i g h l y  d i f f e r e n t i a t e d  a s t r o g l i a  and were f ound  t o  be pheno

t y p i c a l  1 y s t a b l e ,  r e l a t i v e  t o  t he  normal  a d u l t  and m a l i g n a n t  

c u l t u r e s ,  i n  r esponse  t o  e n v i r o n m e n t a l  changes .  The accum

u l a t i o n  o f  i mmu n o l o g i c a l  and b i o c h e m i c a l  da t a  f o r  many c e l l



l i n e s  l e d  t o  t he  p o s t u l a t i o n  o f  a p o s s i b l e  a s t r o g l i a l  

p r e c u r s o r  pa t hway .

I n v e s t i g a t i n g  t he  r e l a t i o n s h i p  between d i f f e r e n t i a t e d  

and m a l i g n a n c y - a s s o c i a t e d  p r o p e r t i e s ,  r e q u i r e d  t he  deve l o p men t  

o f  assays  t o  r e p r e s e n t  mar ker  p r o p e r t i e s .  GFAP, h i gh  a f f i n i t y  

GABA u p t ake  and g l u t a m i n e  s y n t h e t a s e  were chosen t o  r e p r e s e n t  

e x p r e s s i o n  o f  t he d i f f e r e n t i a t e d  a s t r o g l i a l  pheno t ype  and 

p l a s mi n oge n  a c t i v a t o r  and t umour  a n g i o g e n e s i s  f a c t o r  ( o r  

e n d o t h e l i a l  c e l l  m i t o g e n e s i s ) ,  t h e  m a l i g n a n c y  a s s o c i a t e d  

p h e n o t y p e .

The e f f e c t s  o f  v a r y i n g  t h e  m i c r o e n v i r o n m e n t  o f  t he  c e l l s  

i n  c u l t u r e  were i n v e s t i g a t e d  i n  a number  o f  ways .  I n c r e a s i n g  

c e l l  d e n s i t y ,  d r a m a t i c a l l y  i n c r e a s e d  t he  e x p r e s s i o n  o f  GFAP 

i n  Cg c u l t u r e s  and h i g h  a f f i n i t y  GABA u p t ake  i n  many c e l l  l i n e s ,  

a t  t he  o n s e t  o f  c o n f l u e n c e .  As t hese  d i f f e r e n t i a t e d  p r o p e r t i e s  

were s t i m u l a t e d ,  t he  p r o d u c t i o n  o f  PA i n  m a l i g n a n t  c e l l  l i n e s  

was d r a m a t i c a l l y  r e d u c e d ;  p o s s i b l e  e x p l a n a t i o n s  f o r  t he  

o b s e r v ed  e f f e c t s  w i t h  c h a ng i ng  c e l l  d e n s i t y  were pu t  f o r w a r d  

i n  t e rms o f  t he  p r o l i f e r a t i v e  s t a t e  o f  c e l l s  and t h e  f o r m a t i o n  

o f  c e l l - c e l l  c o n t a c t s .  E x p e r i me n t s  w i t h  h e t e r o l o g o u s  c o - c u l t u r e s  

and h i gh  d e n s i t y  p e r f u s i o n  c u l t u r e s ,  f u r t h e r  d e mo n s t r a t e d  t he 

i mp o r t a n c e  o f  c e l l - c e l l  c o n t a c t s  i n  t he  e x p r e s s i o n  o f  d i f f e r 

e n t i a t i o n .

The e f f e c t s  o f  e x p o s i n g  n e o p l a s t i c  c e l l s  t o  v a r i o u s  c hemi ca l  

a gen t s  were a l s o  i n v e s t i g a t e d .  Some o f  t he  a gen t s  u p s e t  t he  

b a l an c e  between d i f f e r e n t i a t e d  and m a l i g n a n c y - a s s o c i a t e d  

p r o p e r t i e s .  In p a r t i c u l a r  d e x a me t h a s o n e , p i g  b r a i n  e x t r a c t  

and i n t e r f e r o n  pushed t he  p h e n o t y p i c  e x p r e s s i o n  o f  m a l i g n a n t  

c e l l s  i n  t he  d i r e c t i o n  o f  more m a t u r e ,  d i f f e r e n t i a t e d  a s t r o g l i a .



a t  t he  same t i me  r e d u c i n g  e x p r e s s i o n  o f  t he  m a l i g n a n c y -  

a s s o c i a t e d  p r o p e r t i e s .  The t umour  p r o mo t i n g  p h o r b o l  e s t e r ,  

TPA, e f f e c t i v e l y  pushed t h e  b a l a nc e  o f  p h e n o t y p i c  e x p r e s s i o n  

i n  t he  d i r e c t i o n  o f  m a l i g n a n c y ,  as d e t e r m i n e d  by i_n v i t r o  

c r i t e r i a .  The d i f f e r e n t i a t e d  p r o p e r t i e s  were u n a f f e c t e d  by 

t h i s  a g e n t .  The DNA-a1k y 1 a t i n g  c a r c i n o g e n s , m i t o m y c i n  C and 

met hy l  n i t r o s o u r e a ,  bo t h  used c l i n i c a l l y  i n  t he  t r e a t m e n t  o f  

c a n c e r ,  s t i m u l a t e d  e x p r e s s i o n  o f  bo t h  d i f f e r e n t i a t e d  and 

m a l i g n a n c y - a s s o c i a t e d  p r o p e r t i e s .  The r e l e v a n c e  o f  t h e s e  

f i n d i n g s  i n  c o n s i d e r i n g  t he  g r o wt h  and spr ead  o f  t umour s  

a f t e r  c h e mo t h e r a p y ,  and p o s s i b l e  new t r e a t m e n t  p r o c e d u r e s  f o r  

m a l i g n a n t  d i s e a s e ,  a re  d i s c u s s e d .
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P a r t  I

The l a c k  o f  u n d e r s t a n d i n g  o f  t he even t s  and c i r c u m s t a n c e s  

r e s p o n s i b l e  f o r  n e o p l a s t i c  c e l l  b e h a v i o u r  i s  one o f  t he  most  

f u n d a me n t a l  p r ob l ems  i n  c a n c e r  r e s e a r c h .  In o r d e r  t o  ga i n  

deeper  i n s i g h t  i n t o  t he  mechani sm i n v o l v e d  i n  i n i t i a t i n g  

and m a i n t a i n i n g  c e l l  t r a n s f o r m a t i o n  i t  i s  n e c e s s a r y  t o  

u n d e r s t a n d  some o f  t he  e l e men t s  o f  c o n t r o l  o f  c e l l  p r o p e r t i e s  

wh i ch  ar e  a l t e r e d  as a r e s u l t  o f  t h i s  t r a n s f o r m a t i o n .

Cancer  i s  o f t e n  d e s c r i b e d  as a d i s e a s e  i n  wh i ch  c e l l s  

have become f a u l t y  i n  one o r  more o f  t he mechani sms c o n t r o l l i n g  

p o s i t i o n ,  p r o l i f e r a t i o n  and d i f f e r e n t i a t i o n .  These a b n o r m a l i t i e s  

o c c u r  as a r e s u l t  o f  h e r i t a b l e  change and l ead  t o  c e l l  

b e h a v i o u r  wh i ch  d e v i a t e s  f r om t h a t  d i c t a t e d  by normal  p h y s i o 

l o g i c a l  e v e n t s .  Many " t h e o r i e s  o f  o n c o g e n e s i s "  have been 

pu t  f o r w a r d  and a g r e a t  deal  o f  b i o l o g i c a l  e x p e r i m e n t a t i o n  

has been c a r r i e d  o u t  t o  t r y  t o  t h r o w  l i g h t  on t he  n a t u r e  o f  

t he  change and t he  s t i m u l i  wh i ch  i n i t i a t e  a n d / o r  promot e 

t h e se  e v e n t s  a t  t he s u b c e l l u l a r  l e v e l .  What ever  t he  e x a c t  

n a t u r e  o f  t he  g e n e t i c  e v e n t s  and t he  on c og e n i c  s t i m u l i  wh i ch  

produce them,  some g e n e r a l i s a t i o n s  can be made ab ou t  t he  

b e h a v i o u r  o f  a f f e c t e d  c e l l s  :

1. p r o l i f e r a t i o n  i s  no l o n g e r  r e g u l a t e d  i . e .  c e l l s  

d i v i d e  i n  t h e  absence o f  any p h y s i o l o g i c a l  need 

f o r  more ce l  I s , a n d

2.  c a nc e r  c e l l s  are v e r y  o f t e n  l e s s  mat ure  t han  t h e i r  

normal  c o u n t e r p a r t  i . e .  some d i f f e r e n t i a t e d  f e a t u r e s  

o f  c e l l s  are  no l o n g e r  a p p a r e n t  and t h e y  o f t e n  

a c q u i r e  p r o p e r t i e s  a s s o c i a t e d  w i t h  t h e i r  m a l i g n a n t  

b e h a v i o u r .  In some c e l l s  r e - e x p r e s s i o n  o f  

p r o p e r t i e s  a s s o c i a t e d  w i t h  embr yon i c  pheno t ype

i s  a l s o  e v i d e n t .



The r e l a t i o n s h i p  between d i f f e r e n t i a t i o n  and ma l i g n a n c y  

i s  no t  w e l l  u n d e r s t o o d  b u t  i s  r e c o g n i s e d  t o  be e x t r e m e l y  

comp l ex .  Th i s  i n v e s t i g a t i o n  r e p r e s e n t s  an a t t e m p t  t o  ga i n  

f u r t h e r  knowl edge o f  t he  r e l a t i o n s h i p  between e x p r e s s i o n  o f  

t he  d i f f e r e n t i a t e d  p heno t ype  and t he  ma l i g n a n c y  a s s o c i a t e d  

p h e n o t y p e ,  and t o  r e l a t e  p h e n o t y p i c  e x p r e s s i o n  w i t h  t he  

p r o l i f e r a t i v e  s t a t e  o f  c e l l s .  Use i s  made o f  t he  c o n t r o l l e d  

e n v i r o n m e n t  t i s s u e  c u l t u r e  p r o v i d e s  and a c e l l  sys t em chosen 

wh i ch  a l l o w s  d i r e c t  c o mp ar i s o n  o f  c e l l s  d e r i v e d  f r om m a l i g n a n t  

b r a i n  t i s s u e ,  normal  a d u l t  b r a i n  and f o e t a l  b r a i n .  I t  i s  

hoped t h a t  i n d e n t i f i c a t i o n  o f  f a c t o r s  e i t h e r  exogenous or  

i n t r i n s i c ,  wh i ch  r e g u l a t e  d i f f e r e n t i a t i o n  a n d / o r  m a l i g n a n c y  

i n  mammal i an c e l l s  i n  c u l t u r e ,  m i g h t  l ead  t o  a b e t t e r  

u n d e r s t a n d i n g  o f  t he  p r oc e s s e s  by whi ch  n e o p l a s t i c  t r a n s f o r m 

a t i o n s  o c c u r  and are  m a i n t a i n e d .  P r o b i n g  t he  l i n k  between 

p r o l i f e r a t i o n ,  d i f f e r e n t i a t i o n  and ma l i g n a n c y  m i g h t  a l s o  be 

b e n e f i c i a l  i n  c o n s i d e r i n g  p o s s i b l e  new t r e a t m e n t s  f o r  m a l i g n a n t  

d i s e a s e .

1.1 C o n t r o l  o f  Ce l l  P r o l i f e r a t i o n

N e o p l a s t i c  c e l l s  by d e f i n i t i o n  have l o s t  t h e i r  

p r o l i f e r a t i o n  c o n t r o l .  Th i s  u n c o n t r o l l e d  c e l l  m u l t i p l i c a t i o n  

l ead s  t o  an e v e r  i n c r e a s i n g  p o p u l a t i o n  o f  s i m i l a r l y  u n r e s t r a i n e d  

c e l l s  wh i ch  have t he  c a p a c i t y  t o  d i v i d e  under  c o n d i t i o n s  t h a t  

woul d  b l o c k  c e l l  d i v i s i o n  i n  t h e i r  normal  c o u n t e r p a r t s .  The 

mechani sms o f  normal  g r owt h  c o n t r o l  are no t  w e l l  u n d e r s t o o d  

b u t  t h e r e  i s  l i t t l e  d o ub t  t h a t  e l u c i d a t i o n  o f  t h e s e  mechani sms 

wou l d  c o n t r i b u t e  c o n s i d e r a b l y  t owa r ds  t he u n d e r s t a n d i n g  o f  

n e o p l a s t i c  g r o w t h .



Growth C o n t r o l  i n  v i v o  : T i s s u e  R e g e n e r a t i o n

Normal  t i s s u e s  and o r gans  w i t h i n  t h e  body grow t o  a 

p a r t i c u l a r  s i z e  and t hen  s t o p .  Some, howeve r ,  have t he  

c a p a c i t y  t o  r e g e n e r a t e  i n  r e sp onse  t o  i n j u r y  o r  p a r t i a l  

r emoval  and t h i s  b i o l o g i c a l  phenomenon has a l l o w e d  normal  

g r owt h  r e g u l a t o r y  mechani sms t o  be p r o b e d .  P r o b a b l y  t he  

most  s t r i k i n g  exampl e o f  t i s s u e  r e g e n e r a t i o n  oc c u r s  w i t h  

l i v e r ,  a l t h o u g h  o t h e r  exampl es  ar e  p r o v i d e d  i n  t he 

c o mp e n s a t o r y  g r o wt h  o f  t he  k i d n e y  a f t e r  u n i l a t e r a l  neph r ec t omy  

r e g e n e r a t i o n  o f  t hymus and wound h e a l i n g .  These sys t ems 

p r o v i d e d  some o f  t he  f i r s t  e v i d e n c e  f o r  t he  e x i s t e n c e  o f  

b l oo d  f a c t o r s  wh i ch  p r omot e  g r o w t h .

S u r g i c a l  r emova l  o f  two l o b e s  o f  r a t  l i v e r  t r i g g e r s  

a wave o f  m i t o t i c  a c t i v i t y  i n  t h e  r e m a i n i n g  l i v e r .  Pa r e n 

chymal  c e l l s  a t t a i n  t h e i r  peak m i t o t i c  r a t e  a t  around 

24 hour s  a f t e r  p a r t i a l  h e pa t e c t omy  w i t h  t he  l i t t o r a l  and 

d u c t a l  c e l l s  p e a k i n g  a t  a r ound  48 hour s  ( 1 ) .  Two q u e s t i o n s  

a r i s e  f r om t h e s e  o b s e r v a t i o n s  wh i ch  have c o n s i d e r a b l e  

r e l e v a n c e  t o  t h e o r i e s  o f  g r o wt h  c o n t r o l ;  what  s t i m u l a t e s  

t he l i v e r  c e l l s  t o  d i v i d e  and what  f a c t o r s  c o n t r o l  t h e  

e x t e n t  t o  wh i ch  r e g e n e r a t i o n  o c c u r s  i . e .  what  a r e  t h e  s t op  

s i g n a l s  once t he c o r r e c t  t i s s u e  s i z e  has been reached?

In 1963 Bucher  ( 2 )  showed t h a t  when p a i r s  o f  r a t s  were 

l i n k e d  i n  p a r a b i o t i c  a s s o c i a t i o n ,  (one o f  wh i ch  was s u b j e c t  

t o  p a r t i a l  h e p a t e c t o m y ) ,  t he  c e l l s  i n  t he  l i v e r  o f  t he  

' n o r m a l '  p a r t n e r  showed i n c r e a s e d  DMA s y n t h e s i s  i n  r esponse  

t o  p a r t i a l  r emoval  o f  t h e  l i v e r  o f  i t s  p a r t n e r .  Th i s  i m p l i e d  

t h a t  humora l  f a c t o r s  were b e i ng  r e l e a s e d  f r om t h e  h e p a t e c t -  

omi sed an i ma l  i n t o  t he  shar ed  c i r c u l a t i o n ,  t o  p romot e  g r owt h  

o f  l i v e r  t i s s u e  i n  bo t h  a n i m a l s .  F u r t h e r  s u p p o r t  f o r  t he



humoral  n a t u r e  o f  t he  e l e me n t s  o f  g r owt h  c o n t r o l  comes 

f r om t he  o b s e r v a t i o n  t h a t  t he  f i r s t  c e l l s  t o  be t r i g g e r e d  

i n t o  m i t o s i s  i n  r e g e n e r a t i n g  l i v e r  are t he  par enchymal  c e l l s  

i n  t h e  p o r t a l  r e g i o n  ( 2 , 3 , 4 ) .  C e l l s  i n  t h e  c e n t r a l  zone 

o f  l i v e r  are d e l a y e d  i n  r e c e i v i n g  t he  s t i m u l u s  f o r  g r o w t h .

In t h i s  s i t u a t i o n ,  a t  l e a s t ,  t he  m i t o g e n i c  f a c t o r s  r e g u l a t i n g  

g r owt h  are p r e s e n t  n o t  o n l y  i n  p o r t a l  b l ood  bu t  d i s t r i b u t e d  

t h r o u g h  t he  s y s t e m i c  c i r c u l a t i o n  ( 5 ) .

In 1971 F i s h e r  ejt ^  ( 6 , 7 )  c a r r i e d  ou t  e x p e r i m e n t s  

u s i n g  a s e r i e s - a r r a n g e m e n t  o f  t r a n s p l a n t e d  and h o s t  l i v e r  

r emnant  t i s s u e s  i n  wh i ch  t h e y  d i v e r t e d  p o r t a l  b l oo d  t h r o u g h  

a p a r t i a l  l i v e r  t r a n s p l a n t  i n  a p a r t i a l l y  h e p a t e c t o m i s e d  

r a t .  The t r a n s p l a n t  r e c e i v i n g  t he  p o r t a l  b l ood  r esponded 

i n  t he  same way as a l i v e r  r emnant  i n  a n o n - t r a n s p l a n t e d  

h o s t .  However ,  t he  r esponse  i n  t he  h o s t  l i v e r  r e mna n t ,  

wh i ch  was i n  s e r i e s  w i t h  t h e  t r a n s p l a n t ,  was c o n s i d e r a b l y  

r e d u c e d .  I t  was c o n c l u d e d  f r om t h e se  e x p e r i m e n t s  t h a t  t he  

t r a n s p l a n t  used up most  o f  t he  m i t o g e n i c  f a c t o r  p r e s e n t  i n 

t he  p o r t a l  b l oo d  and t h a t  l i t t l e  was a v a i l a b l e  t o  s t i m u l a t e  

t he  h o s t  l i v e r  r e mna n t .  These and r e l a t e d  f i n d i n g s  l ed  t o  t he  

v i ew t h a t  p r o mo t i o n  o f  m i t o g e n i c  a c t i v i t y  i n  l i v e r  was no t  

t h e  r e s u l t  o f  dec r eased  c o n c e n t r a t i o n  o f  an i n h i b i t o r ,  such as 

a c h a l o n e ,  i n  p o r t a l  b l o o d .  F u r t h e r  e v i d e n c e  o f  a p o s i t i v e  

r a t h e r  t han  a n e g a t i v e  c o n t r o l  sys t em came f r o m t h e  i_n v i t r o  

e x p e r i m e n t s  o f  Paul  ^  ^  ( 8 )  when t h e y  f ound  t h a t  f o e t a l  

r a t  l i v e r  c e l l s  i n  c u l t u r e  r esponded t o  serum f r om p a r t i a l l y  

h e p a t e c t o m i s e d  r a t s  by i n c r e a s e d  u p t ake  o f  H - t h y m i d i n e  and
3

H - l e u c i n e .  Serum f r om t he  normal  r a t s  caused no such 

r e s p o n s e .  I t  seems u n l i k e l y  t h a t  a n e g a t i v e  c o n t r o l  sys tem 

such as a c h a l o n e  mechani sm,  woul d  r e s u l t  i n  t h i s  i n c r e a s e d  

u p t a k e  o f  n u c l e i c  a c i d  and p r o t e i n  p r e c u r s o r s .



The humoral  f a c t o r  r e s p o n s i b l e  f o r  l i v e r  r e g e n e r a t i o n  

i s  n o t  p r oduced  by t h e  l i v e r  remnant  i t s e l f  ( 7 )  bu t  p r o b a b l y  

by some " c e n t r a l "  ma c h i n e r y  wh i ch  i s  c o n t r o l l i n g  t i s s u e  and 

organ s i z e  w i t h i n  t he  body .  Ex p e r i me n t s  by C z e i z e l  ejb ^  ( 9 ) ,  

i n  wh i ch  t he  e f f e c t s  o f  r a d i a t i o n  and bone mar row i n j e c t i o n s  

on r a t  l i v e r  r e g e n e r a t i o n  were s t u d i e d ,  l ed  t o  t he  o b s e r v a t i o n  

t h a t  t he  i n j e c t i o n  o f  u n i r r a d i a t e d  s y n g e n e i c  bone mar row i n t o  

i r r a d i a t e d  a n i ma l s  r e s t o r e d  r e g e n e r a t i v e  g r owt h  t o  normal  

and t h a t  an excess  o f  bone mar row g i v e n  by i n j e c t i o n  p r oduced  

e x c e s s i v e  r e g e n e r a t i o n  i . e .  bone mar row appeared t o  o v e r - r i d e  

t he  normal  h e m e o s t a t i c  c o n t r o l .  These f i n d i n g s  a r e  c o n s i s t e n t  

w i t h  t he  t h e o r y  o f  B u r w e l l  ( 10)  c o n c e r n i n g  t he  i n v o l v e m e n t  o f  

t h e  l y mp h o i d  sys t em i n  m a i n t a i n i n g  t i s s u e  s i z e .

A l t h o u g h  u s e f u l  i n f o r m a t i o n  has been d e r i v e d  abou t  normal  

g r o wt h  r e g u l a t o r y  mechani sms f r om t he  s t u d y  o f  r e g e n e r a t i n g  

r a t  l i v e r ,  e x p e r i m e n t s  by Rabes ^  ^  ( 1 1 ) have a l s o  l e d  t o  an 

i n t e r e s t i n g  o b s e r v a t i o n  on t he  r e l a t i o n s h i p  between normal  

g r owt h  c o n t r o l  and t he  o n s e t  o f  n e o p l a s i a .  They t r e a t e d  r a t s  

w i t h  d i e t h y l n i t r o s a m i ne , a c a r c i n o g e n  whi ch i nduces  l i v e r  

t u m o u r s ,  and s t u d i e d  t he  r a t e  o f  m i t o s i s  i n  l i v e r s  o f  t r e a t e d  

r a t s .  I n i t i a l l y  when t he m i t o t i c  i nd e x  i n  t he parenchymal  

c e l l s  r emai ned  a t  t he  c o n t r o l  l e v e l  t he  r esponse  t o  p a r t i a l  

h e p a t ec t omy  was n o r ma l .  However ,  as t he  m i t o t i c  i nd e x  i n 

t he  par enchymal  c e l l s  o f  c a r c i n o g e n  t r e a t e d  a n i ma l s  began 

t o  show and i n c r e a s e ,  as n e o p l a s t i c  g r owt h  began,  t he  r esponse  

o f  l i v e r  t o  p a r t i a l  h e p a t ec t omy  was c o r r e s p o n d i n g l y  r e d u c e d .  

These o b s e r v a t i o n s  s u g g e s t  t h a t ,  i n  r a t  l i v e r ,  c a r c i n o g e n  

i nduced  n e o p l a s i a  i s  accompan i ed  by l o s s  o f  normal  g r owt h  

c o n t r o l .
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Growth C o n t r o l  In V i t r o

1. Growth F a c t o r s

C u l t u r e  o f  most  mammal i an c e l l s  j_n v i t r o  r e q u i r e s  

s u p p l e m e n t a t i o n  o f  c h e m i c a l l y  d e f i n e d  medium w i t h  serum.

As a r e s u l t ,  a g r e a t  deal  o f  e f f o r t  has been pu t  i n t o  t he 

i d e n t i f i c a t i o n ,  p u r i f i c a t i o n  and c h a r a c t e r i s a t i o n  o f  macr o-  

m o l e c u l a r  component s  wh i ch  p romot e  c e l l  p r o l i f e r a t i o n .  The 

compl ex  n a t u r e  o f  serum and i t s  many and v a r i e d  e f f e c t s  on 

t he  b e h a v i o u r  o f  c e l l s  i n  c u l t u r e  has made e l u c i d a t i o n  o f

p r e c i s e  modes o f  a c t i o n  d i f f i c u l t  and t i me  consumi ng .

Under  c o n d i t i o n s  o f  serum r e s t r i c t i o n ,  many c e l l s  become 

a r r e s t e d  i n  t h e  Go/Gl  phase o f  t h e  c e l l  c y c l e  b u t  t h e s e  can 

be r e l e a s e d  f r om t h e  q u i e s c e n t  s t a t e  by t he  a d d i t i o n  o f  f r e s h  

serum,  wh i ch  causes i n c r e a s e d  c e l l  p r o l i f e r a t i o n  and h i g h e r  

f i n a l  c e l l  d e n s i t y  ( 1 2 ) .  For  many c e l l  t y p e s ,  t e r m i n a l  c e l l  

d e n s i t y  has been shown t o  be d i r e c t l y  p r o p o r t i o n a l  t o  t he

c o n c e n t r a t i o n  o f  serum i n  t he  c u l t u r e  medium ( 1 3 ) .  These

f i n d i n g s  i m p l y  t h a t  s p e c i f i c  f a c t o r s  n e c es s a r y  f o r  c e l l  

m u l t i p l i c a t i o n  are  c o n t a i n e d  i n  serum and t he  a v a i l a b i l i t y  

o f  t h es e  and r e l a t e d  f a c t o r s  c o n t r o l s  t h i s  p r o c e s s .

In r e c e n t  y e a r s  a number  o f  m i t o g e n i c  p r o t e i n s ,  t e rmed 

g r owt h  f a c t o r s ,  have been i s o l a t e d  and p u r i f i e d  f r om a v a r i e t y  

o f  b i o l o g i c a l  s o u r c e s .  One o f  t he  most  p o t e n t  m i t o g e n i c  

mo l e c u l e s  p r e s e n t  i n  serum is. d e r i v e d  f r om b l o o d  p l a t e l e t s  

( 1 4 ) ,  whose p r i me f u n c t i o n  i s  i n  t h e  p r ocess  o f  b l ood  

c o a g u l a t i o n .  In 1974 K o h l e r  and L i p t o n  (15)  d e mo n s t r a t e d  

t h a t  mouse 3T3 c e l l s  r e q u i r e  a P l a t e l e t  D e r i v e d  F a c t o r  f o r  

g r owt h  and i t  has s u b s e q u e n t l y  been shown t h a t  g l i a l  c e l l s  

( 16 )  and p r i m a t e  dermal  f i b r o b l a s t s  (17)  a r e  a l s o  s t i m u l a t e d  

by t h i s  f a c t o r .  As w e l l  as P l a t e l e t  De r i v e d  Growth F a c t o r  

(PDGF) many o t h e r  a gen t s  wh i ch  pr omot e  c e l l  p r o l i f e r a t i o n
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have been i d e n t i f i e d  and i s o l a t e d .  These i n c l u d e  many 

t r o p h i c  hormones f r om t he  p i t u i t a r y  and o t h e r  e n d o c r i n e  

g l a n d s ,  t he  somat omedi ns  ( 1 8 ) ,  and i n s u l i n  ( 1 9 ) .  A p r o t e i n  

w i t h  m u l t i p l i c a t i o n  s t i m u l a t i n g  a c t i v i t y  (MSA) f o r  c h i c k  

f i b r o b l a s t s  has a l s o  been i d e n t i f i e d  ( 20)  wh i ch  has i n s u l i n 

l i k e  p r o p e r t i e s  b u t  whose a c t i v i t y  i s  no t  r educed  by i n s u l i n  

a n t i b o d i e s  .

Growth f a c t o r s  have a l s o  been i s o l a t e d  wh i ch  have a 

degr ee  o f  s p e c i f i c i t y  w i t h  r e s p e c t  t o  t a r g e t  c e l l  t y p e .

One o f  t h e s e .  Ep i de r ma l  Growth F a c t o r  (EGF) was f i r s t  

i s o l a t e d  f r o m mouse s u b m a x i l l a r y  g l a n d  by Cohen ( 21)  and 

was f ound  t o  cause p r e ma t u r e  o p e n i n g  o f  t he  eyes and 

e r u p t i o n  o f  i n c i s o r s  i n  new bo r n  mi c e .  EGF was a l s o  f ound  

t o  s t i m u l a t e  k é r a t i n i s a t i o n  and p r o l i f e r a t i o n  o f  mouse 

e p i d e r ma l  t i s s u e  i_n v i vo ( 22 )  and enhance t h e  g r o wt h  o f  

c h i c k  e p i d e r m i s  i_n v i  t r o  ( 2 3 ) .  EGF has been shown t o  be 

m i t o g e n i c  f o r  a w i de  v a r i e t y  o f  e p i d e r ma l  c e l l s  i n  o r gan  

and c e l l  c u l t u r e ,  i n c l u d i n g  mouse mammary e p i t h e l i a l  c e l l s  

and mouse mammary c a r c i n o ma  ( 2 4 ) ,  c h i c k  embryo cor nea  (23)  

and human f o e t a l  co r nea  ( 2 5 ) .  However ,  i t  has a l s o  been 

shown t o  be a c t i v e  i n  n o n - e p i d e r m a l  c e l l s  such as human 

f o r e s k i n  f i b r o b l a s t s  ( 2 6 ) ,  human d i p l o i d  f i b r o b l a s t s  ( 2 7 ) ,

3T3 mouse f i b r o b l a s t s  ( 28 )  and human g l i a l  c e l l s  ( 2 9 ) .  The 

p r esence  o f  EGF i n  c u l t u r e s  o f  c h i c k  embryo e p i d e r ma l  c e l l s  

g i v e s  r i s e  t o  an i n c r e a s e  i n  DNA, RNA and p r o t e i n  s y n t h e s i s  

( 2 6 ,  30)  as w e l l  as s t i m u l a t i o n  o f  p o l y r i b o s o m e  f o r m a t i o n ,  

a c c u m u l a t i o n  o f  p o l y a m i n e s  and i n d u c t i o n  o f  o r n i t h i n e  

d e c a r b o x y l a s e  ( 2 8 ) .  I n h i b i t i o n  o f  t he  m i t o g e n i c  e f f e c t  

o f  EGF can be a c h i e v e d  w i t h  d i b u t r y l  c y c l i c - A M P ,  t h e o p h y l l i n e  

and c h o l e r a  t o x i n  ( 30)  i m p l y i n g  t h a t  t he  g r owt h  f a c t o r  m i g h t



e x e r t  i t s  e f f e c t  by d e c r e a s i n g  i n t r a c e l l u l a r  c y c l i c - A M P  

l e v e l s ,  p o s s i b l y  by i n h i b i t i o n  o f  adeny l  c y c l a s e .  However ,  

i n  some cases c h o l e r a  t o x i n  and o t h e r  a gen t s  wh i ch  i n c r e a s e  

c e l l u l a r  c y c l i c - A M P  i n c r e a s e  c e l l  m u l t i p l i c a t i o n  e . g .  t he  

a d d i t i o n  o f  c h o l e r a  t o x i n  t o  human e p i d e r ma l  c e l l s  i mpr oves  

t he  g r owt h  o f  t h e s e  c e l l s  i n  c u l t u r e  ( 3 1 ) .  These o b s e r v a t i o n s  

s u g g e s t  t h a t  t he  l i n k  between c y c l i c - A M P  and p r o l i f e r a t i o n  

i s  comp l ex .

C e l l s  wh i ch  r espond  t o  EGF possess membrane b i n d i n g  

s i t e s  f o r  g r owt h  f a c t o r  and t h e r e  appear s  t o  be a degree o f  

s p e c i f i c i t y  i n  t h a t  o t h e r  p e p t i d e  hormones do n o t  compete 

f o r  t h e  b i n d i n g  s i t e s  ( 3 0 ) .  However ,  i t  has been shown t h a t  

EGF b i n d i n g  t o  mouse s k i n  e p i d e r ma l  c e l l s  i n  c u l t u r e  i s  

c o n s i d e r a b l y  i n h i b i t e d  by l ow c o n c e n t r a t i o n s  o f  t h e  t umour  

p r o mo t e r s  1 2 - 0 - t e t r a d e c a n o y l  p h o r b o l - 1 3 - a c e t a t e  (TPA) and 

p h o r b o l  d i d e c a n o a t e  (PDD) bu t  n o t  by t he  n o n - p r o m o t i n g  ph o r b o l  

e s t e r s  4 - 0 - m e t h y l  TPA and 4-0-PDD ( 3 2 ) .  I n t h i s  j j i  v 1 t r o

sys t em TPA has t he  e f f e c t  o f  s t i m u l a t i n g  p r o l i f e r a t i o n  and 

i n h i b i t i n g  d i f f e r e n t i a t i o n  ( 3 3 ,  3 4 ) .  A g roup o f  t r a n s f o r m i n g  

p o l y p e p t i d e s ,  t e rmed Sarcoma Growth F a c t o r s  (SGF) ,  wh i ch  have 

been shown t o  compete w i t h  EGF f o r  a v a i l a b l e  membrane r e c e p t o r s ,  

have t he  a b i l i t y  t o  r e v e r s i b l y  c o n f e r  t he  t r a n s f e r r e d  pheno t ype  

on normal  c e l l s  (3T3)  i j i  v i t r o  ( 3 5 ) .  These SGF's have been 

shown t o  be i m m u n o l o g i c a l 1 y and f u n c t i o n a l l y  d i s t i n c t  f r om 

EGF bu t  r e q u i r e  t h e  EGF r e c e p t o r  t o  e x e r t  t h e i r  b i o l o g i c a l  

e f f e c t s  ( 3 6 ) .  These o b s e r v a t i o n s  i mp l y  t h a t  t he  e f f e c t  o f  

t umor  p r o m o t e r s ,  such as TPA,  and t r a n s f o r m i n g  f a c t o r s  m i g h t  

be me d i a t e d  by i n t e r a c t i o n  w i t h  membrane r e c e p t o r s  f o r  some 

n a t u r a l l y  o c c u r r i n g  r e g u l a t o r y  f a c t o r s .  The endogenous 

p r o d u c t i o n  o f  p o l y p e p t i d e  g r o wt h  f a c t o r s  by c e l l s  t h a t  are



a b l e  t o  r espond t o  t h e i r  own p r o d u c t s  m i g h t  r e p r e s e n t  a 

g e ne r a l  mechani sm f o r  ma i n t e n a n c e  o f  c e l l  t r a n s f o r m a t i o n  

( 3 7 ) .

An o t h e r  f a c t o r  wh i ch  may be c l o s e l y  r e l a t e d  b i o c h e m i c a l l y  

t o  EGF i s  Nerve Growth F a c t o r  (NGF) .  I t  has been i s o l a t e d  

f r o m i t s  p r i n c i p a l  s o u r c e ,  t he  a d u l t  mouse s u b m a x i l l a r y  

g l a n d  i n  p r e c u r s o r  f o r m and i t  i s  t h o u g h t  t o  e f f e c t  t he  

m o r p h o l o g i c a l  and m e t a b o l i c  d i f f e r e n t i a t i o n  o f  s y m p a t h e t i c  

neur ones  and t h e  d e v e l o p me n t  o f  some s e n s o r y  neur ones  ( 3 8 ,

3 9 ) .  A c t i v e  NGF i s  e s s e n t i a l  f o r  t he  g r o wt h  and d i f f e r e n t 

i a t i o n  o f  n e u r o b l a s t s  i n  t i s s u e  c u l t u r e  ( 40)  and t he  Cg r a t  

g l i o ma  has been f ound  t o  s y n t h e s i s e  NGF r e l a t e d  p o l y p e p t i d e s  

i n  c u l t u r e .

A p o l y p e p t i d e  hormone d e r i v e d  f r om b r a i n  and p i t u i t a r y .  

F i b r o b l a s t  Growth F a c t o r  ( FGF) ,  has been i s o l a t e d  and p u r i f i e d  

by Gospodar owi cz  ( 4 2 ) .  I t  has s i m i l a r  p r o p e r t i e s  t o  PDGF.

Wh i l e  FGF i s  m i t o g e n i c  f o r  most  mesodermal  c e l l s  i_n v i t r o  

t h e r e  are e x c e p t i o n s ,  one b e i n g  t he  f i b r o b l a s t  l i n e  Wl - 3 8 .

I t  i s  a l s o  m i t o g e n i c  f o r  some c e l l s  o f  non-mesodermal  o r i g i n  

such as a d r e n a l  t umour  c e l l s  (43)  and g l i a l  c e l l s  ( 4 4 ) .  The 

m i t o g e n i c i t y  o f  FGF i s  c l e a r l y  no t  t he  same o v e r  a wi de 

r ange o f  t a r g e t  c e l l s  and i s  dependent  upon t he  c o n c e n t r a t i o n  

o f  serum i n  wh i ch  t he  c e l l s  a r e  m a i n t a i n e d ,  as w e l l  as t he  

p r esence  o f  g l u c o c o r t i c o i d s  ( 4 5 ) .

Much i n t e r e s t  has been f o c u s e d  on t he  f a c t  t h a t  many 

t r a n s f o r m e d  c e l l s  a r e  r e l a t i v e l y  i n d e p e n d e n t  o f  t he  serum 

r e q u i r e m e n t  f o r  ma i n t en a n c e  and g r owt h  i n  c u l t u r e  ( 4 6 ,  47,

4 8 ) .  J_n v i v o , t h e  t y p e s  o f  g r o wt h  c o n t r o l  r e q u i r e d  can be 

s u b d i v i d e d  i n t o  t h r e e  b r oad  c l a s s e s .  The f i r s t  i s  g r owt h
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d u r i n g  embr yogenes i s  and normal  d e v e l o p me n t ;  t he  second 

i s  g r owt h  i n  r esp onse  t o  i n j u r y  e . g .  wound r e p a i r  and 

l i v e r  r e g e n e r a t i o n ;  and t he  t h i r d  i s  g r owt h  o f  n e o p l a s t -  

i c a l l y  t r a n s f o r m e d  c e l l s .  In t h e  f i r s t  t ype  v a r i o u s  

n a t u r a l l y  o c c u r r i n g  g r owt h  f a c t o r s  such as i n s u l i n ,  EGF,

FGF and many o t h e r s  may be i m p o r t a n t .  P l a t e l e t s  and humoral  

f a c t o r s  a r e  u n d o u b t e d l y  i n v o l v e d  i n  t he  second t y p e .  I n t he  

t h i r d  t y p e ,  t h e  autonomy o f  t h e  n e o p l a s t i c  c e l l  w i t h  r e s p e c t  

t o  i t s  p r o l i f e r a t i v e  c a p a c i t y  s ug ge s t s  t h a t  a l t e r a t i o n s  

i n  t he  c e l l  have l e d  t o  mechani sms o f  g r owt h  c o n t r o l  wh i ch  

o v e r - r i d e  t he  normal  r e g u l a t o r y  f a c t o r s .  S t u d i e s  o f  g r owt h  

f a c t o r s ,  t h e i r  r e c e p t o r s ,  modes o f  a c t i o n  and d e g r a d a t i o n  

m i g h t  p r o v i d e  u s e f u l  i n f o r m a t i o n  abou t  normal  g r owt h  

r e g u l a t o r y  mechani sms and t h e  n a t u r e  o f  t h e  changes i n  

n e o p l a s t i c  c e l l s .

The e f f e c t  o f  serum on c e l l  g r owt h  and p h e n o t y p i c  

e x p r e s s i o n  o f  mar ker s  o f  d i f f e r e n t i a t i o n  and m a l i g n a n c y ,  

was i n v e s t i g a t e d  i n  t h i s  p r o j e c t  by w i t h d r a w i n g  t he  serum 

( e i t h e r  p a r t i a l l y  o r  c o m p l e t e l y )  a t  d i f f e r e n t  s t ages  o f  

t he  g r owt h  c u r v e  i . e .  l o g  phase and p l a t e a u ,  and a s s a y i n g  

f o r  t h e  a p p r o p r i a t e  m a r k e r s .  The r a t i o n a l e  be h i n d  t h i s  was 

t o  d e t e r m i n e ,  n o t  o n l y  t h e  degree o f  dependence o f  d i f f e r e n t  

c e l l  l i n e s  on serum,  b u t  a l s o  how t he  g r owt h  f a c t o r s  and 

any o t h e r  f a c t o r s  i n  serum t o  wh i ch  t he  c e l l s  a r e  r e s p o n s i v e ,  

m i g h t  a f f e c t  t he  s t a t e  o f  d i f f e r e n t i a t i o n  a n d / o r  ma l i g n a n c y  

o f  t he  c e l l s .  Compl e t e  serum w i t h d r a w a l  i s  a u s e f u l  way 

o f  c o n s i d e r a b l y  r e d u c i n g  c e l l  d i v i s i o n  a t  any t i me  and 

p r o v i d e s  a t o o l  i n  s t u d y i n g  t he  l i n k  between c y t o s t a s i s  

and p h e n o t y p i c  e x p r e s s i o n .
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2.  D e n s i t y  Dependent  I n h i b i t i o n  o f  Ce l l  D i v i s i o n

C e l l s  grown as a mo n o l a y e r  on a two d i m e n s i o n a l  s u b s t r a t e  

i n  g e n e r a l  f o l l o w  t h e  c o n v e n t i o n a l  g r owt h  c y c l e  as shown i n  

F i g u r e  1 , i . e .  l a g  phase f o l l o w e d  by e x p o n e n t i a l  g r o w t h ,  

c u l m i n a t i n g  i n  s t a t i o n a r y  phase o r  p l a t e a u ,  where c e l l  

d i v i s i o n  i s  c o n s i d e r a b l y  r educed  and m i t o s i s  o c c u r s  o n l y  

as a means o f  m a i n t a i n i n g  s t e a d y  s t a t e  number .  One exampl e 

o f  a c e l l  l i n e  wh i ch  i s  e x t r e m e l y  s e n s i t i v e  t o  " c o n t a c t  

i n h i b i t i o n "  o r  d e n s i t y  dependen t  i n h i b i t i o n  o f  c e l l  d i v i s i o n  

i s  t he  3T3 mouse f i b r o b l a s t  l i n e  ( 4 9 ) .  At  l ow c e l l  d e n s i t i e s  

3T3 c e l l s  grow r a p i d l y  b u t  as t h e  c e l l s  become c o n f l u e n t  

( a t  a r ound  1 . 5  x 10^ cm ^ ) p r o l i f e r a t i o n  i s  r e d u c e d .  In 

t h i s  case t he  f i n a l  c e l l  d e n s i t y  a c u l t u r e  w i l l  r each  i s  

d i r e c t l y  p r o p o r t i o n a l  t o  t he  serum c o n c e n t r a t i o n  i n  t he  

medium,  p r o v i d i n g  f u r t h e r  e v i d e n c e  t h a t  serum c o n t a i n s  a 

f a c t o r  o r  f a c t o r s  r e q u i r e d  f o r  3T3 c e l l  d i v i s i o n  ( 4 9 ) .

V i r a l l y  t r a n s f o r m e d  ( 49 )  and c h e m i c a l l y  t r a n s f o r m e d  ( 50)

3T3 c e l l s  have g r e a t l y  r educed  r e q u i r e m e n t s  f o r  serum f a c t o r s  

and do n o t  shown d e n s i t y  dependen t  i n h i b i t i o n  o f  c e l l  d i v i s i o n  

S i m i l a r l y ,  t r a n s f o r m a t i o n  o f  c h i c k  c e l l s  ( wh i ch  n o r m a l l y  

r e q u i r e  an i n s u l i n - l i k e  serum f a c t o r  f o r  d i v i s i o n  ( 5 1 ) ) ,  by 

Rous Sarcoma V i r u s  (RSV) ,  r e s u l t s  i n  a dec r eased  r e q u i r e m e n t  

f o r  t h i s  f a c t o r .  RSV i n j e c t e d  c h i c k  embryo c e l l s  a l s o  l o s e  

t h e i r  r e q u i r e m e n t  f o r  ancho r age  dependent  g r owt h  and ar e  a b l e  

t o  p r o l i f e r a t e  i n  s o f t  gel  s u s p e n s i o n  ( 5 2 ) .

In a s t a t i o n a r y  c u l t u r e  t he  r a t e  o f  c e l l  d i v i s i o n  i s  

l ow and t he mo n o l a y e r  c e l l  d e n s i t y  r emai ns  r e l a t i v e l y  

c o n s t a n t  even under  c o n d i t i o n s  o f  f r e q u e n t  medium r e n e w a l .

I f  a sma l l  pa t ch  o f  c e l l s  i s  sc r aped  away f r om t he  mo n o l a y e r ,  

t he  c e l l s  near  t he  edge o f  t he  sc r aped  r e g i o n  are  s t i m u l a t e d  

t o  d i v i d e  w h i l e  t he  c e l l s  i n  t he  c o n f l u e n t  r e g i o n s  r emai n



FIGURE I

S e m i - l o g a r i t h m i c  p l o t  f o r  NOR-F c e l l s  grown i n  

2 4 - w e l l  p l a t e s .  The c e l l s  were seeded a t

2 . 5  X lO"* c e l l s  cm  ̂ and t h e  c u l t u r e  medium 

renewed e v e r y  2 t o  3 days .  At  each t i me  p o i n t  

t he  c e l l s  were t r y p s i n i s e d  and C o u l t e r  c o u n t e d .  

Each p o i n t  r e p r e s e n t s  t h e  mean o f  d u p l i c a t e  

c o u n t s .

The p h o t o g r a p h s  show NOR-F c e l l s  a t  l ow d e n s i t y  

and a t  c o n f l u e n c e .  Giemsa s t a i n e d ,  (x 125)



FIGURE I

NOR-F GROWTH CURVE

10%

Cel l  
Densi t y 
(cel_l s 
cm 2 )

1 0 ‘

e

10 12 14

Time(days)

t â
r



12

u n s t i m u l a t e d  ( 5 3 ) .  Once t h e  ‘ s c r a p e '  has been f i l l e d  by 

p r o p a g a t i o n  and m i g r a t i o n ,  t h e s e  c e l l s  r e t u r n  t o  t h e  l ow 

r a t e  o f  c e l l  d i v i s i o n  c h a r a c t e r i s t i c  o f  t h e  s t a t i o n a r y  

phase.  T h i s  i s  known as t he  "wound h e a l i n g "  phenomenon and 

g i v e s  r i s e  t o  a s i t u a t i o n  where c e l l s  w i t h  a v e r y  h i g h  and 

a v e r y  l ow m i t o t i c  i n d e x  c o - e x i s t  s i d e  by s i d e .  The f a c t  

t h a t  c o n f l u e n t  s t a t i o n a r y  phase c e l l s  can be t r i g g e r e d  i n t o  

d i v i s i o n  by r emoval  o f  a d j a c e n t  c e l l s ,  l e a ds  t o  t he  c o n c l u s i o n  

t h a t  serum e x h a u s t i o n  i s  n o t  t he  o n l y  f a c t o r  i n v o l v e d  i n  

d e n s i t y  dependen t  i n h i b i t i o n  o f  g r o w t h .  C e l l - c e l l  c o n t a c t s  

a r e  a l s o  v i t a l l y  i m p o r t a n t  and i t  m i g h t  be t h a t  c e l l  " c r o w d i n g "  

i s  r e s p o n s i b l e  f o r  d e c r e a s i n g  t he  a v a i l a b i l i t y  o f  r e c e p t o r  

s i t e s  on t he  c e l l  s u r f a c e  f o r  e s s e n t i a l  serum g r owt h  f a c t o r s .  

Th i s  has been p r oposed  as r e s p o n s i b l e  f o r  t h e  d e n s i t y  

dependent  r e g u l a t i o n  o f  g r owt h  o f  a monkey e p i t h e l i a l  c e l l  

l i n e ,  i n  c o n j u n c t i o n  w i t h  i n h i b i t o r s  p r oduced  by t he  c e l l s  

and l i m i t i n g  c o n c e n t r a t i o n s  o f  serum n u t r i e n t s  ( 5 4 ) .

The "wound h e a l i n g "  phenomenon i m p l i e s  t h a t  t he  g r owt h  

c o n t r o l  mechani sm i s  no t  t he  r e s u l t  o f  an i n h i b i t o r  a c t i n g  

on a l l  c e l l s  i n  t h e  c u l t u r e .  Th i s  c o n c l u s i o n  however ,  does 

n o t  e x c l u d e  t he  p o s s i b i l i t y  t h a t  i n h i b i t o r s  do e x i s t  wh i ch  

m i g h t  be n e c e s s a r y  b u t  n o t  s u f f i c i e n t  t o  e f f e c t  t he  r esponse  

o f  d e n s i t y  dependent  i n h i b i t i o n .  A g l y c o p r o t e i n  o f  m o l e c u l a r  

w e i g h t  160 000 has been i s o l a t e d  f r om c o n t a c t  i n h i b i t e d  

hams t e r  me l a n o c y t e s  and has been shown t o  r e s t o r e  some a s p e c t s  

o f  c e l l - s u r f a c e  me d i a t e d  i n  v i t r o  g r owt h  c o n t r o l  t o  m a l i g n a n t  

c e l l s  ( 5 5 ) .  Th i s  p r o t e i n .  Me l a n o c y t e  C o n t a c t  I n h i b i t o r y  

F a c t o r  (MCIF)  i n h i b i t s  t he  g r owt h  o f  h a ms t e r ,  mouse and human 

melanoma c e l l  l i n e s  as w e l l  as mouse n e u r o b l a s t o m a ,  r a t  

mammary c a r c i n o m a ,  neur i noma o r  g l i o m a ,  human c o l o n  c a r c i n o m a ,
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b r e a s t  c a r c i noma  and normal  human e p i d e r ma l  c e l l s  ( 5 6 ) .  In 

a l l  c e l l  t y p e s  g r owt h  i n h i b i t i o n  i s  r e v e r s i b l e ,  dose 

r e s p o n s i v e  and n o n - t o x i c  a t  a p p r o p r i a t e  c o n c e n t r a t i o n s  bu t  

a t  h i g h e r  c o n c e n t r a t i o n s  MCIF was s e l e c t i v e l y  l e t h a l  t o  

m a l i g n a n t  c e l l s .  E x p e r i me n t s  i n  wh i ch  c u l t u r e  medium and 

who l e  c e l l  homogenat es f o r  v a r i o u s  t umour  c e l l  l i n e s  were 

l o o k e d  a t  f o r  p r e sen ce  o f  MCIF,  s ug ges t ed  t h a t  a t  l e a s t  some 

t umour s  are a b l e  t o  s y n t h e s i s e  t he  p r o t e i n  b u t  a r e  no t  a b l e  

t o  r e l e a s e  i t  i n t o  t he  medium.  L i p k i n  £ t  ^  have sugges t ed  

t h a t  MCIF m i g h t  be i m p o r t a n t  t o  normal  s u r f a c e  i n t e r a c t i o n s  

wh i ch  ar e  r e q u i r e d  f o r  g r o wt h  i n h i b i t i o n  ( 5 6 ) .

The b e h a v i o u r  o f  c e l l s  i n  t i s s u e s  and i n  t i s s u e  c u l t u r e  

i m p l i e s  t h a t  normal  c e l l  p o p u l a t i o n s  are i n h e r e n t l y  a b l e  t o  

r e g u l a t e  t h e i r  g r owt h  e i t h e r  d i r e c t l y  or  i n d i r e c t l y  and t h a t  

d e n s i t y  dependent  i n h i b i t i o n  o f  g r owt h  i s  one i n v i t r o  

m a n i f e s t a t i o n  o f  t h i s  a b i l i t y  ( 5 7 ) .  C e l l s  d e r i v e d  f r om normal  

t i s s u e s  grow i n  c u l t u r e  and r each a s t a t i o n a r y  d e n s i t y ,  w i t h  

a g r e a t l y  r educed  m i t o t i c  r a t e  soon a f t e r  c o n f l u e n c e  i s  

r e a c h e d .  In c o n t r a s t  t o  t h i s ,  t u m o r i g e n i c  c e l l s  g e n e r a l l y  

c o n t i n u e  t o  d i v i d e  a f t e r  c o n f l u e n c e ,  f o r m i n g  a m u l t i l a y e r e d  

mass,  wh i ch  o n l y  r eaches  a s t e a d y  s t a t e  c e l l  number  when 

n u t r i e n t  d e p l e t i o n ,  l o s s  o f  c e l l s  i n t o  t he  medium and p a r t i a l  

n e c r o s i s  b a l a n c e  t he  r e l a t i v e l y  u n i n h i b i t e d  m i t o t i c  r a t e  

( 5 7 ,  5 8 ) .  In some c a s e s ,  m a l i g n a n t  c e l l s  f a i l  t o  a c h i e v e  a 

s t a b l e  d e n s i t y  ( 5 9 ) .  I n t e r e s t i n g  exampl es o f  c e l l s  wh i ch  f a i l  

t o  e x h i b i t  d e n s i t y - d e p e n d e n t  i n h i b i t i o n  o f  g r owt h  are  p r o v i d e d  

by M a r s h a l l  e ^  ^  ( 6 0 ) .  They s t u d i e d  s i x  e p i t h e l i a l  c e l l  l i n e s  

i n c l u d i n g  f i v e  d e r i v e d  f r o m human b l a d d e r  c a r c i n o ma s  and one 

f r o m a c o l o n  t u mo u r ,  and f ound  t h a t  a l l  t h e s e  l i n e s  behaved 

i n  a manner  r e s e m b l i n g  t r a n s f o r m e d  f i b r o b l a s t s  i . e .  t h e y  d i d
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no t  e x h i b i t  d e n s i t y  dependen t  g r owt h  i n h i b i t i o n  and t h e y  

were a b l e  t o  f o r m c o l o n i e s  on 3T3 mo n o l a y e r s .

The r e g u l a t i o n  o f  p r o l i f e r a t i o n  o f  h u m a n - g l i a  l i k e  

and g l i o ma  c e l l s  i n  c u l t u r e  has been s t u d i e d  and t h e  r e s u l t s  

ar e  o f  p a r t i c u l a r  r e l e v a n c e  t o  t h i s  t h e s i s .  Pontén ejt £l_ 

showed t h a t  a s t r o c y t e - l i k e  c e l l s  d e r i v e d  f r om a d u l t  human 

b r a i n  a r e  s u b j e c t  t o  s t r i n g e n t  g r owt h  c o n t r o l  mechani sms 

i n v i t r o  ( 6 1 ) .  In a c o n f l u e n t  mon o l a y e r  o n l y  1% o f  t he  c e l l s  

were f ound  t o  be s y n t h e s i s i n g  DNA and t he  a d d i t i o n  o f  f r e s h  

serum r e s u l t e d  i n  o n l y  a s l i g h t  t e mp o r a r y  i n c r e a s e  i n  DNA 

s y n t h e s i s .  In e x p e r i m e n t s  u s i n g  human m a l i g n a n t  g l i o ma  c e l l s  

and v i r u s - t r a n s f o r m e d  g l i a - l i k e  c e l l s  i n  c u l t u r e ,  West ermark  

has shown t h a t  a l l  t he  n e o p l a s t i c  l i n e s  r eached  h i g h e r  t e r m i n a l  

c e l l  d e n s i t i e s  t han t h e  c o r r e s p o n d i n g  normal  g l i a - l i k e  c e l l s  

( 6 2 ) .  A l t h o u g h  t he  p r o l i f e r a t i o n  r a t e  dec r eased  a t  h i g h  c e l l  

d e n s i t i e s ,  an a b s o l u t e  r e s t i n g  s t a t e  was no t  r eached by t he 

n e o p l a s t i c  c e l l s  w i t h  a s i g n i f i c a n t  amount  o f  DNA s y n t h e s i s  

s t i l l  o c c u r r i n g .  However ,  i t  was co n c l u d e d  f r om t h es e  e x p e r i 

ments t h a t  n e o p l a s t i c  g l i a l  c e l l s  r e t a i n  a degree o f  g r owt h  

i n h i b i t i o n  i nd uc e d  by h i g h  c e l l  d e n s i t y .  Human g l i oma  c e l l  

l i n e s  have a l s o  been shown t o  be l es s  s e r u m- d e pe nd e n t  t han  

normal  g l i a l  c e l l s ,  and t h i s  has been p o s t u l a t e d  as p a r t  

o f  t he  r eason  f o r  t he  r educed  d e n s i t y  dependent  i n h i b i t i o n  

o f  g l i o ma  c e l l  g r o w t h ,  a l o n g  w i t h  an i n a b i l i t y  t o  a c c o mp l i s h  

p e r f e c t  p h y s i o l o g i c a l  i n t e r c e l l u l a r  c o n t a c t s  ( 6 3 ) .  Th i s  

h y p o t h e s i s  woul d  e x p l a i n  t he  f a c t  t h a t  a c e r t a i n  p r o p o r t i o n  

o f  t he  c e l l s  i n  a h i gh  d e n s i t y  mo n o l a y e r  are s t i l l  a b l e  t o  

grow and d i v i d e .

A l t h o u g h  t h e  e x a c t  mechani sm wh i ch  causes normal  c e l l s  

t o  s t o p  d i v i d i n g  on r e a c h i n g  c o n f l u e n c e ,  o r  soon a f t e r ,  i s
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n o t  w e l l  u n d e r s t o o d ,  i t  i s  c l e a r  t h a t  some change oc cu r s  

wh i ch  b l o c k s  t he  c e l l s  i n  Go/Gl  and r educes  DNA s y n t h e s i s .

I t  i s  a l s o  known t h a t  i n h i b i t i o n  o f  c e l l  d i v i s i o n  i s  n o t  t he  

o n l y  a l t e r a t i o n  i n  c e l l  b e h a v i o u r  whi ch o c c u r s  a t  h i gh  d e n s i t y  

e . g .  i n  melanoma c e l l s ,  t y r o s i n a s e  a c t i v i t y  r eaches  a

maximum l e v e l  soon a f t e r  c o n f l u e n c e  has been r eached (64)  

and i n  c u l t u r e s  o f  C6 r a t  g l i o ma  t he  p e r c e n t a g e  o f  c e l l s  wh i ch  

a r e  p o s i t i v e  f o r  t h e  a s t r o c y t i c  mar ker  G l i a l  F i b r i l l a r y  A c i d i c  

P r o t e i n  (GFAP) i s  d r a m a t i c a l l y  i n c r e a s e d  a t  t he  o n s e t  o f  

c o n f l u e n c e  ( 6 5 ) .  These f i n d i n g s  l en d  w e i g h t  t o  t he  p o s s i b i l i t y  

t h a t  a f t e r  c o n f l u e n c e ,  when c e l l  d i v i s i o n  i s  c o n s i d e r a b l y  

r e d u c e d ,  i n c r e a s e d  e x p r e s s i o n  o f  s p e c i f i c  d i f f e r e n t i a t e d  c e l l  

f u n c t i o n s  m i g h t  o c c u r .  I t  i s  a l s o  p o s s i b l e  t h a t  t h e  e x p r e s s i o n  

o f  o t h e r  p r o p e r t i e s ,  such as t h o s e  a s s o c i a t e d  w i t h  r a p i d l y  

p r o l i f e r a t i n g  c e l l s ,  de c r ea se  a f t e r  c o n f l u e n c e .

These p o s s i b i l i t i e s  p r ompt ed  an i n v e s t i g a t i o n  i n t o  t he  

e x p r e s s i o n  o f  p h e n o t y p i c  m a r k e r s ,  t hose  a s s o c i a t e d  w i t h  normal  

d i f f e r e n t i a t e d  and n e o p l a s t i c  b e h a v i o u r ,  i n  r e l a t i o n  t o  

d i f f e r e n t  phases o f  t he  g r owt h  c u r v e ,  t o  d e t e r m i n e  w h e t h e r  

o r  no t  s i g n i f i c a n t  changes i n  g l i a l  p h e n o t y p i c  e x p r e s s i o n  

ar e  e v i d e n t  a t  t he  o n s e t  o f  d e n s i t y  dependent  i n h i b i t i o n  o f  

g r o w t h .  One p a r t i c u l a r  q u e s t i o n  asked i s  w h e t h e r  o r  no t  t he 

r e d u c t i o n s  i n  p r o l i f e r a t i o n  o f  n e o p l a s t i c  g l i a l  c e l l s  a t  

h i g h  c e l l  d e n s i t y  i s  a s s o c i a t e d  w i t h  changes i n  p h e n o t y p i c  

e x p r e s s i o n  f r om t h e  m a l i g n a n c y  a s s o c i a t e d  pheno t ype  t o  one 

more c l o s e l y  r e s e m b l i n g  ma t u r e ,  d i f f e r e n t i a t e d  normal  c e l l s .

1 . 2  Ce l l  D i f f e r e n t i a t i o n  and N e o p l a s i a

Pi  f f e r e n t i  a t i o n

Ce l l  d i f f e r e n t i a t i o n  i s  t h e  r e s u l t  o f  p r e c i s e  gene
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p r og r ammi ng .  I t  i s  based on s e l e c t i v e  a c t i v a t i o n  o f  o n l y  a 

v e r y  smal l  p a r t  o f  t h e  genome w i t h  t he  v a s t  m a j o r i t y  o f  genes 

r e m a i n i n g  s i l e n t  i n  each c e l l  t y p e .  From one g e n o t y p e ,  many 

d i f f e r e n t  c e l l  pheno t ypes  are  t hus  g e n e r a t e d ,  g i v i n g  r i s e  

t o  t he  s t r u c t u r a l  and f u n c t i o n a l  s p e c i a l i s a t i o n s  t h a t  

c o n s t i t u t e  d i f f e r e n t i a t e d  c e l l s .  The many and v a r i e d  b i o 

chemi c a l  and i mmu n o l o g i c a l  d i f f e r e n c e s  d i s t i n g u i s h i n g  one 

c e l l  t y p e  f r om a n o t h e r ,  a r e  t he  combi ned r e s u l t  o f  q u a l i t 

a t i v e  and q u a n t i t a t i v e  d i f f e r e n c e s  i n  gene e x p r e s s i o n .  

E n v i r o n m e n t a l  o r  e x t r i n s i c  f a c t o r s  a l s o  p l a y  a p a r t  i n  

d e t e r m i n i n g  e x a c t  c e l l  phen o t y p e  and t he  way i n  wh i ch  gene 

e x p r e s s i o n  i s  c o n t r o l l e d .  The q u a l i t a t i v e  d i f f e r e n c e s  between 

c e l l  t y p e s  are  o b v i o u s  i n  many c a s e s ,  w i t h  t h e  p r esence  o r  

absence o f  s p e c i f i c  p r o t e i n s  e . g .  musc l e  c e l l s  p r oduce a c t i n  

and my o s i n ,  p i g me n t  c e l l s  p r oduce  t he  enzyme t r y o s i n a s e  and 

t he  g - i s l e t  c e l l s  o f  t he  panc r eas  produce i n s u l i n .  These 

un i q u e  c e l l  p r o d u c t s  p r o v i d e  d r a m a t i c  e v i d e n c e  o f  c e l l  d i f f 

e r e n t i a t i o n .  Many o f  t he  d i f f e r e n c e s  whi ch e x i s t  between 

d i f f e r e n t  c e l l  t y p e s ,  however ,  are q u a n t i t a t i v e  and t h e se  

are e q u a l l y  s i g n i f i c a n t  f o r  c e l l  s t r u c t u r e  and f u n c t i o n .

An exampl e o f  s p e c i f i c  genes whi ch  f u n c t i o n  t o  d i f f e r e n t  

e x t e n t s  i s  p r o v i d e d  i n  t he  case o f  l a c t a t e  dehydr ogenase  

(LDH) i s oe nz y me s .  In most  b i r d s  and mammals two d i f f e r e n t  

p o l y p e p t i d e  s u b u n i t s  a r e  t he  p r o d u c t s  o f  s e p a r a t e  genes and 

i t  i s  t he  p r o p o r t i o n  o f  t h ese  two s u b u n i t s  i n  t h e  LDH t e t r a m e r  

t h a t  d e t e r m i n e s  t he  m o l e c u l a r  f o r m and t hus  t h e  b i o c h e m i c a l  

a c t i v i t y  o f  t he  enzyme.  These two genes are  a c t i v e  t o  v a r i o u s  

degr ees  i n  d i f f e r e n t  c e l l  t y p e s  and a t  d i f f e r e n t  s t a g e s  o f  

c e l l  d i f f e r e n t i a t i o n  ( 6 6 ,  6 7 ) ,  i m p l y i n g  t h a t  e v o l u t i o n a r y  

d i v e r g e n c e  o f  t h e s e  genes e n a b l e s  each t o  f u l f i l l  a d i f f e r e n t
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p h y s i o l o g i c a l  f u n c t i o n .  Comp a r a t i v e  s t u d i e s  on p u r i f i e d  LDH 

i soenzymes o f  human u t e r u s ,  u t e r i n e  myoma, u t e r i n e  myosarcoma 

and c e r v i c a l  c a r c i n o m a ,  i n d i c a t e  a marked i n c r e a s e  o f  one 

p a r t i c u l a r  i soenzyme i n  c a nc e r o u s  t i s s u e  ( 6 8 ) .

Enzyme a d a p t a t i o n  i s  t h e  a b i l i t y  o f  a c e l l  t o  change 

enzyme l e v e l s  i n  r e s p on s e  t o  f l u c t u a t i o n s  i n  t he  chemi ca l  

e n v i r o n m e n t  o f  t he  c e l l .  The a l t e r a t i o n s  i n  t h e  l e v e l s  o f  

a c t i v e  enzymes r e s u l t i n g  f r om i n c r e a s e d  gene e x p r e s s i o n ,  as 

opposed t o  m e t a b o l i c  f l u c t u a t i o n  o f  enzyme a c t i v i t y ,  change 

t h e  n a t u r e  o f  c e l l  me t a b o l i s m  and have s i g n i f i c a n t  p h y s i o 

l o g i c a l  c onsequences .  The p r oc e s s  o f  d i f f e r e n t i a t i o n  must  

r e q u i r e  a v e r y  l a r g e  number  o f  enzyme changes bo t h  q u a l i t a t i v e  

and q u a n t i t a t i v e ,  o c c u r r i n g  i n  a s p e c i f i c  sequence l e a d i n g  

u l t i m a t e l y  t o  t he  p r o d u c t i o n  o f  a m a t u r e ,  h i g h l y  d i f f e r e n t i a t e d  

c e l l  .

Neopl a s i a

In most  c a s e s ,  n e o p l a s t i c  c e l l s  are a l s o  d e f i n e d  by t h e  

p a t t e r n  o f  m o l e c u l a r  gene a c t i v a t i o n  and " s i l e n c i n g " .  Wi t h  

t h e  e x c e p t i o n  o f  c e l l s  i n f e c t e d  by o n c oge n i c  v i r u s e s ,  n e o p l a s t i c  

c e l l s  p r oduce  no m o l e c u l e s  wh i ch  ar e  no t  a l s o  f ound  i n  some 

normal  c e l l s ,  e i t h e r  a d u l t  o r  e mb r y o n i c .  I f  t h i s  v i ew i s  

c o r r e c t  and n e o p l a s t i c  ce l l s  do n o t  e s t a b l i s h  u n i que  m e t a b o l i c  

p a t h wa y s ,  s t r u c t u r a l  p r o t e i n s  o r  f u n c t i o n s ,  t hen i t  i s  n e c e s s a r y  

t o  c o n s i d e r  t he  d i f f e r e n c e s  between t hese  c e l l s  and t h e i r  

normal  c o u n t e r p a r t s  i n  t e r ms  o f  t he  d e l e t i o n  o f  " s w i t c h i n g  

o f f "  o f  s p e c i f i c  genes and t h e  i n a p p r o p r i a t e  e x p r e s s i o n  o f  

o t h e r s .  The obser ved  e f f e c t  i s  t he  l o s s  o f  c e r t a i n  s p e c i f i c  

c e l l  p r o d u c t s  and t h e  ap pea r ance  o f  o t h e r s ,  wh i ch  ar e  no t  

n o r m a l l y  f ound  i n  t he  p a r t i c u l a r  c e l l  t y p e  o f  i n t e r e s t  a t
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t h a t  p a r t i c u l a r  s t a ge  i n  i t s  d i f f e r e n t i a t i o n  pa t hway .

These l a t t e r  p r o d u c t s  a re  o f t e n  a s s o c i a t e d  w i t h  n e o p l a s t i c  

b e h a v i o u r .

The a p p a r e n t  d i s t u r b e d  d i f f e r e n t i a t i o n ,  wh i ch  i s  e v i d e n t  

i n  many n e o p l a s t i c  c e l l s  c o u l d ,  i n  t h e o r y ,  o c c u r  i n  two ways ,  

each o f  wh i ch  m i g h t  o p e r a t e  i n  d i f f e r e n t  c i r c u m s t a n c e s : -

1 . The o n c o g e n i c  s t i m u l u s  c o u l d  a c t  on a normal  f u l l y  

d i f f e r e n t i a t e d  c e l l ( s )  c h a n g i n g  i t s  p r o p e r t i e s  i n  such a way 

as t o  cause r a p i d  p r o l i f e r a t i o n .  The r e s u l t i n g  r a p i d l y  

d i v i d i n g  p o p u l a t i o n  o f  c e l l s  m i g h t  l o s e  some d i f f e r e n t i a t e d  

f e a t u r e s  and so be l e s s  ma t u r e  t han  t h e  normal  c e l l ( s )  f r om 

wh i ch  t h e y  were d e r i v e d .

2 . The s t i m u l u s  m i g h t  a f f e c t  i mmat ur e  stem c e l l s  g i v i n g  r i s e  

t o  t h e i r  p r o p a g a t i o n .  F u r t h e r  d e ve l opmen t  o f  t h e s e  c e l l s  down 

t he  normal  d i f f e r e n t i a t i o n  pa t hway  m i g h t  t hen  o c c u r  w i t h  a 

p o s s i b l e  b l o c k  i n  a l a t e r  s t e p  o f  t he  pa t hwa y ,  r e s u l t i n g  i n

a p o p u l a t i o n  o f  c e l l s  wh i ch  have no t  been a b l e  t o  a c h i e v e  

c o mp l e t e  m a t u r i t y .  Th i s  " m a t u a t i o n - a r r e s t "  t h e o r y  o f  c a r c i n o 

g e n e s i s  i s  t h e  one t h o u g h t  t o  a p p l y  i n  t h e  case o f  human 

1eukaemi  a .

The F r i e n d  Ce l l  System

A u s e f u l  model  f o r  s t u d y i n g  t he  r e g u l a t i o n  o f  d i f f e r 

e n t i a t i o n  i n  n e o p l a s t i c  c e l l s  i s  p r o v i d e d  by t h e  F r i e n d  Ce l l  

System ( 6 9 ) .  F r i e n d  c e l l s  a r e  d e r i v e d  f r om t he  h a e m o p o i e t i c  

stem c e l l s ,  t r a n s f o r m e d  by t h e  F r i e n d  v i r u s  compl ex  a f t e r  

commi t ment  t o  t he  e r y t h r o i d  l i n e  ( 70 ,  7 1 ) ,  p r o b a b l y  a t  t he  

p r o e r y t h r o b l a s t  s t a ge  o f  e r y t h r o i d  m a t u r a t i o n .  A f t e r  t r a n s 

f o r m a t i o n ,  t he  c o mmi t t e d  stem c e l l s  are a b l e  t o  d i f f e r e n t i a t e  

i n d e p e n d e n t l y  o f  t h e  hormone e r y t h r o p o e t i n  ( 7 2 ) ,  u n l i k e
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normal  c ommi t t e d  stem c e l l s ,  by t r e a t m e n t  w i t h  d i m e t h y l - 

s u l p h o x i d e  (DMSO) ( 69)  o r  o t h e r  i n d u c i n g  a g e n t s .  The 

i n d u c t i o n  o f  d i f f e r e n t i a t i o n  r esemb l es  t he  normal  p r ocess  

f a i r l y  c l o s e l y  and mar ke r s  such as t he  s y n t h e s i s  o f  haemo

g l o b i n  ( 7 3 ) ,  membrane a n t i g e n s  ( 7 4 ) ,  a c e t y l c h o l i n e  (76)  and 

c a r b o n i c  anhy d r a s e  ( 76 )  a r e  u s e f u l  i n  i d e n t i f y i n g  v a r i o u s  

c e l l s  o f  t he  e r y t h r o c y t i c  s e r i e s ,  mak i ng t h i s  a u s e f u l  model  

sys t em f o r  s t u d y i n g  t he  r e l a t i o n s h i p  between d i f f e r e n t i a t i o n  

and m a l i g n a n c y .  P r i e s l e r  ejt ^  ( 77)  t r e a t e d  F r i e n d  l eu k a e mi a  

c e l l s  i j i  v i  t r o  w i t h  c h e mi c a l  a g en t s  known t o  i nduce  e r y t h r o i d  

d i f f e r e n t i a t i o n .  The c u l t u r e s  were h a r v e s t e d  and t he  degree 

o f  d i f f e r e n t i a t i o n  (as d e t e r m i n e d  by haem l e v e l s  and p r o p o r t i o n  

o f  b e n z i d i n e  p o s i t i v e  c e l l s ) , i n  v i t r o  c l o n o g e n i c i t y  and 

m a l i g n a n t  p o t e n t i a l  i n  m i c e ,  were measured.  The r e s u l t s  o f  

t h e s e  e x p e r i m e n t s  showed c l e a r l y  t h a t  t he  i n d u c t i o n  o f  F r i e n d  

c e l l  d i f f e r e n t i a t i o n  i s  a s s o c i a t e d  w i t h  a c o n s i d e r a b l e  d e c l i n e  

i n  c l o n o g e n i c i t y  and a more modest  d e c l i n e  i n  m a l i g n a n c y .

These o b s e r v a t i o n s  c o n f i r m  t h a t  i n  some s i t u a t i o n s  a t  l e a s t ,  

i n d u c t i o n  o f  d i f f e r e n t i a t i o n  i n  n e o p l a s t i c  c e l l s  i s  a s s o c i a t e d  

w i t h  changes i n o t h e r  a s p e c t s  o f  c e l l  pheno t ype  wh i ch  are  

r e l a t e d  t o  g r owt h  and m a l i g n a n t  b e h a v i o u r .

M e t a b o l i c  C o n t r o l s

When c e l l s  under go  n e o p l a s t i c  t r a n s f o r m a t i o n ,  d i f f e r e n t i a t e d  

m e t a b o l i c  c h a r a c t e r i s t i c s  a re  v e r y  o f t e n  d i m i n i s h e d  o r  l o s t .

In some c a s e s ,  howeve r ,  c e r t a i n  f u n c t i o n s  are  o f t e n  n o t  o n l y  

r e t a i n e d  bu t  g r e a t l y  enhanced .  Th i s  i s  v e r y  o f t e n  t r u e  o f  

t umour s  o f  t he  a d r e n a l  g l a n d  o r  e x t r a - a d r e n a l  c h r o m a f f i n  t i s s u e ,  

wh i ch  s e c r e t e  e x c e s s i v e  amounts o f  a d r e n a l i n e  and n o r - a d r e n a 1 i ne 

and so c a r r y  ou t  a l e t h a l  m e t a b o l i c  " a t t a c k "  on t he  h o s t ,  i n
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some cases w h i l e  t he  t umour  i s  s t i l l  v e r y  sma l l  ( 7 8 ) .  

S i m i l a r l y  i n s u l i n  s e c r e t i n g  i s l e t - c e l l  c a r c i n oma s  can 

p r oduce  e x c e s s i v e  amounts o f  i n s u l i n  and t h i s  r e p r e s e n t s  

a s e r i o u s  breakdown i n  t he  c o n t r o l  mechani sms r e g u l a t i n g  

d i f f e r e n t i a t e d  f u n c t i o n .

A l t h o u g h  n e o p l a s t i c  c e l l s  appear  t o  have l o s t  c o n t r o l  

o f  p r o l i f e r a t i o n  and e x p r e s s i o n  o f  d i f f e r e n t i a t e d  f u n c t i o n s ,  

i t  i s  c l e a r  t h a t  many c o n t r o l l e d  r esponses  a r e  no t  

f u n d a m e n t a l l y  d i f f e r e n t  f r o m t h o s e  o p e r a t i n g  i n  normal  

c e l l s .  The o p e r a t i o n  o f  c o n t r o l  mechani sms i n n e o p l a s t i c  

c e l l s  i s  s u b j e c t  t o  s e l e c t i o n  f o r  t he  most  b e n e f i c i a l  

m e t a b o l i s m  t o  t h e  r a p i d l y  p r o l i f e r a t i n g  c a n c e r  c e l l  

p o p u l a t i o n .  The m e t a b o l i c  p a t t e r n s  wh i ch  r e s u l t  a re  o f t e n  

h a r mf u l  t o  t h e  h o s t .  In some c a s e s , h o w e v e r ,  normal  

s y s t e m i c  c o n t r o l s  are  a b l e  t o  r e g u l a t e  n e o p l a s t i c  b e h a v i o u r  

e . g .  p r o s t a t i c  c a r c i n o ma s  show many d i f f e r e n t  r esponses  t o  

exogenous hormone ( 7 9 ) .  Some can be k e p t  i n  a s t a t e  o f  

a r r e s t e d  g r owt h  f o r  a l on g  p e r i o d  o f  t i m e ,  showi ng  t h a t  

some t umour s  a r e  s t i l l  a b l e  t o  r espond  t o  hormonal  

r e g u l a t i o n  o f  c e l l  d i v i s i o n ,  w h i l e  o t h e r s  a r e  u n r e s p o n s i v e  

t o  hormonal  t r e a t m e n t .  Hepatomas or  a n o t h e r  c l a s s  o f  

d i v e r s e  t umour s  w i t h  some d e v i a t i n g  o n l y  s l i g h t l y  f r om 

normal  l i v e r  c e l l s  w h i l e  o t h e r s  a re  h i g h l y  m a l i g n a n t  ( 8 0 ) .  

These o b s e r v a t i o n s  i m p l y  t h a t ,  i n  mak i ng g e n e r a l i s a t i o n s  

ab ou t  t he  l o s s  o f  g r owt h  c o n t r o l  and d i f f e r e n t i a t i o n  i n  

n e o p l a s i a ,  i t  i s  n e c e s s a r y  t o  be aware o f  t umour  d i v e r s i t y .  

Tumours are c a p a b l e  o f  e x h i b i t i n g  a f i n e  g r a d a t i o n  i n  

m e t a b o l i c  and b e h a v i o u r a l  p a t t e r n  f r om near  normal  t o  

h i g h l y  m a l i g n a n t .
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N e o p l a s i a  A r i s i n g  i n  Stem C e l l s  : Teratoma

In v i e w i n g  c a n c e r  as a d i s e a s e  o f  d i f f e r e n t i a t i o n  i t  

i s  u s e f u l  t o  c o n s i d e r  t he  case o f  t e r a t o m a s .  These t umours  

are  d i s o r g a n i s e d  a r r a n g e me n t s  o f  s e v e r a l  d i f f e r e n t  d i f f e r 

e n t i a t e d  c e l l  t y p e s  i m p l y i n g  t h a t  t h ey  p r o b a b l y  o r g i n a t e  

f r om e mb r y o n i c  m u l t i  p o t e n t i a l  c e l l s ,  such as t h e  p r i m o r d i a l  

germ c e l l s .  The d i f f e r e n t i a t e d  t i s s u e s  wh i ch  are  d e r i v e d  

f r om t e r a t o c a r c i n o m a  stem c e l l s  u s u a l l y  d i v i d e  s l o w l y  and 

are no t  m a l i g n a n t  u n l i k e  t h e  stem c e l l s  wh i ch  o f t e n  c o n t i n u e  

t o  p r o l i f e r a t e  r a p i d l y  t o  m a i n t a i n  t he  m a l i g n a n t  stem l i n e .  

S i n g l e  c e l l  c l o n i n g  e x p e r i m e n t s  f r om d i s s o c i a t e d  t e r a t o ma s  

have shown t h a t  s i n g l e  emb r y o n i c  ca r c i noma  c e l l s  can g i v e  

r i s e  t o  t e r a t o c a r c i n o m a s  composed o f  s e v e r a l  d i f f e r e n t  c e l l  

t y pe s  ( 8 1 ) .  In t h i s  t ype  o f  c a n c e r  t he  n e o p l a s t i c  e v e n t  

o c c u r s  a t  a v e r y  e a r l y  s t age  i n  t he d i f f e r e n t i a t i o n  p r o c e s s ,  

i n  t he  p r i m o r d i a l  germ c e l l  p r i o r  t o  embr yon i c  d e v e l o p me n t .  

Th i s  o b s e r v a t i o n  has p r o f o u n d  i m p l i c a t i o n s  f o r  bo t h  d e v e l o p 

ment a l  b i o l o g y  and o n c o l o g y  as i t  i m p l i e s  t h a t  s p e c i f i c  

r e g u l a t i o n  o f  gene f u n c t i o n  can pr oceed n o r m a l l y  i n  h i g h l y  

d i f f e r e n t i a t e d  c e l l s ,  once t he  i n i t i a l  m a l f u n c t i o n  i n  gene 

p r ogr ammi ng has been over come.

O n c o f o e t a l  Mar ker s  and N e o p l a s i a

There ar e  many exampl es  o f  a c t i v a t i o n  o f  d e v e l o p me n t a l  

genes o c c u r r i n g  i n  n e o p l a s t i c a l l y  t r a n s f o r m e d  c e l l s .  L i v e r  

mé t a s t a s é s  o f  c o l o n  and b r e a s t  ca r c i noma  ( 82)  and n e o p l a s i a  

o f  t h e  g a s t r o i n t e s t i n a l  t r a c t  ( 83 )  have been shown t o  p r oduce  

c a r c i n o e m b r y o n i c  a n t i g e n  (CEA) ,  a g l y c o p r o t e i n ,  d i s c o v e r e d  

i n  1965 by Gold and Freedman ( 8 4 ) ,  wh i ch  i s  n o r m a l l y  f ound  

i n  t i s s u e s  o f  t he  human f o e t u s  o f  up t o  s i x  months g e s t a t i o n .
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CEA i s  p r e s e n t  i n  t h e  g l y c o c a l y x  o f  t umour  c e l l s  t h a t  p r oduce  

i t  ( 8 5 ) .  A n o t h e r  p r o t e i n .  Al pha Foeto P r o t e i n  ( AF P) i s  f ound 

c i r c u l a t i n g  i n  t he  f o e t a l  serum a f t e r  t he  f o u r t h  week o f  

g e s t a t i o n  and was f ound  by T a t a r i n o v  i n  t he  serum o f  a 

p a t i e n t  w i t h  p r i m a r y  hepatoma ( 8 5 ) .  E x t e n s i v e  s t u d i e s  have 

a l s o  shown i t  t o  be p r e s e n t  i n  germ c e l l  t e r a t o c a r c i n o m a s  

( 8 7 ) .  Du r i n g  t he  g r owt h  o f  an AFP p r o d u c i n g  t umour  t he  serum 

c o n c e n t r a t i o n  o f  AFP maybe used as an i n d i c a t i o n  o f  t umour  

g r owt h  ( 8 8 ) .

There are  many o t h e r  t umour  a n t i g e n s  wh i ch  can be pu t  

i n t o  t he  c a t e g o r y  o f  r e - e x p r e s s e d  f o e t a l  a n t i g e n s ,  i n c l u d i n g  

some melanoma s u r f a c e  a n t i g e n s  and beta o n c o f o e t a l  a n t i g e n ,  

f ound  i n  s e v e r a l  t y p e s  o f  human c an c e r  i n c o n c e n t r a t i o n s  

s i g n i f i c a n t l y  h i g h e r  t han  i n  normal  a d u l t  t i s s u e s  ( 8 9 ) .  I t  

i s  a l s o  g e n e r a l l y  r e c o g n i s e d  t h a t  embr yon i c  i soenzyme p a t t e r n s  

o f t e n  r e - a p p e a r  i n  t umour  t i s s u e s  and d i f f e r  bo t h  q u a l i t a t 

i v e l y  and q u a n t i t a t i v e l y  f r om t h o s e  f ound  i n  t h e  a d u l t  t i s s u e  

o f  t umour  o r i g i n  ( 9 0 ) .  An exampl e o f  t h i s  i s  f ound  w i t h  t he  

s o l u b l e  esterases f r om v i r a l l y  t r a n s f o r m e d  3T3 c e l l s  wh i ch  

e x h i b i t  an i soenzyme p a t t e r n  s i m i l a r  t o  t h a t  e x h i b i t e d  by 

p r i m a r y  mouse embryo c e l l s  bu t  d i s t i n c t  f r om t h a t  seen i n  

normal  3T3 c e l l s  ( 9 1 ) .

An o t h e r  g r oup  o f  a n t i g e n s  s y n t h e s i s e d  by c a n c e r  c e l l s  

a r e  t he  p l a c e n t a l  a n t i g e n s ,  hormones such as human c h o r i o n i c  

g o n a d o t r o p h i n  (HCG) and p l a c e n t a l  l a c t o g e n  (PL)  ( 9 2 ) .

I t  woul d appear  t h a t  a c t i v a t i o n  o f  emb r y on i c  genes ,  

as seen by t h e  d e t e c t i o n  o f  t h e i r  p r o t e i n  p r o d u c t s ,  i s  a 

genu i n e  m a n i f e s t a t i o n  o f  n e o p l a s i a  and i n some cases p r o v i d e s  

u s e f u l  mar ker s  f o r  t he  c l i n i c i a n .  I t  a l s o  p r o v i d e s  s u p p o r t  

f o r  t he  c o n c e p t  t h a t  n e o p l a s t i c  t r a n s f o r m a t i o n  can o c c u r  a t
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t he  e a r l y  s t a g e s  o f  c e l l  d i f f e r e n t i a t i o n .

D i f f e r e n t i a t i o n  i n  Cancer  Ther apy

The p o s s i b i l i t y  o f  u s i n g  d i f f e r e n t i a t i o n  o f  t umour s  

i n  t r e a t m e n t  o f  d i s e a s e  i s  i n t r i g u i n g .  In 1978 Sachs 

p r oposed  t h i s  p o s s i b l e  appr oach  t o  t h e r a p y  o f  my e l o i d  

l e u k a e mi a  when he s t u d i e d  i n d u c t i o n  o f  d i f f e r e n t i a t i o n  and 

p h e n o t y p i c  r e v e r s i o n  o f  m a l i g n a n t  c e l l s  u s i n g  l e u k a e mi c  

c e l l s  ( 9 3 ) .  C e r t a i n  t umour s  have a l s o  been known t o  

d i f f e r e n t i a t e  s p o n t a n e o u s l y , e . g .  n e u r o b l a s t o ma  o f t e n  d i f f e r 

e n t i a t e s  t o  f o r m a n o n - m a l i g n a n t  g a n g l i o n e u r o ma  ( 9 4 ) .  The 

d i f f e r e n t i a t i o n  o f  n e u r o b l a s t o m a  c e l l s  i n  c u l t u r e  has been 

e x t e n s i v e l y  s t u d i e d  and can be p r omot ed by a number  o f  a g e n t s ,  

g i v i n g  r i s e  t o  w e l l  c h a r a c t e r i s e d  p h e n o t y p i c  changes ( 9 5 ) .  

I n c r e a s i n g  i n t r a c e l l u l a r  c y c l i c  AMP l e v e l s ,  by v a r i o u s  means,  

i n d u c e s  d i f f e r e n t i a t i o n  as d e f i n e d  by n e u r i t e  f o r m a t i o n ,  

membrane c hanges ,  i n c r e a s e d  l e v e l s  o f  n e u r o t r a n s m i t t e r  

m e t a b o l i s i n g  enzymes such as t y r o s i n e  h y d r o x y l a s e ,  a c e t y l 

c h o l i n e s t e r a s e ,  c h o l i n e - a c e t y l - t r a n s f e r a s e  and c a t e c h o l - o -  

m e t h y l t r a n s f e r a  s e . The e x a c t  r e l a t i o n s h i p  between d i f f e r e n t 

i a t i o n  and m a l i g n a n c y  i n  neurobl ast i c c e l l s  i s  no t  c l e a r  

b u t  Prasad and Si nha  ( 95 )  c o n c l u d e d  t h a t  d i f f e r e n t  d i f f e r e n t 

i a t e d  f u n c t i o n s  are  i n d e p e n d e n t l y  r e g u l a t e d  and t h a t  no 

i n d i v i d u a l  d i f f e r e n t i a t e d  f u n c t i o n  i s  l i n k e d  w i t h  m a l i g n a n c y .  

However ,  when s e v e r a l  d i f f e r e n t i a t e d  f u n c t i o n s  a r e  m a x i m a l l y  

e x p r e s s e d ,  t h e  t u m o r i g e n i c i t y  o f  such c e l l s  i s  a b o l i s h e d .

I t  wou l d  be o f  c o n s i d e r a b l e  v a l u e  t o  i d e n t i f y  d r ugs  

o r  che mi c a l  ag en t s  wh i ch  promot e  d i f f e r e n t i a t i o n  i n  p a r t i c u l a r  

t umour  t y p e s  and t o  a n a l y s e  changes i n  t umour  c e l l  p h e n o t y p i c
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b e h a v i o u r  wh i ch  accompany t h i s .  For  t he  c e l l  sys t em used 

i n  t h i s  p r o j e c t  i . e .  c e l l s  d e r i v e d  f r om normal  a d u l t  b r a i n ,  

f o e t a l  a s t r o c y t e s  and c e l l s  d e r i v e d  f r om m a l i g n a n t  a s t r o 

c y t o ma s ,  an a t t e m p t  was made t o  i d e n t i f y  agen t s  wh i ch  pr omot e 

d i f f e r e n t i a t i o n ,  as d e f i n e d  by c e l l  p r o d u c t s  and f u n c t i o n s  

known t o  be p a r t  o f  t he  s p e c i a l i s e d  make-up o f  a s t r o g l i a .

Assay sys t ems were d e v e l o p e d  t o  measure t he  l e v e l s  o f  t h e s e  

mar ker s  under  v a r i o u s  c o n d i t i o n s .

A c q u i s i t i o n  o f  M a l i g n a n t  P o t e n t i a l  by C e l l s

I f  n o n - v i r a l l y  i nduced  n e o p l a s t i c  c e l l s  do no t  s y n t h e s i s e  

u n i que  mo l e c u l e s  o r  e s t a b l i s h  m e t a b o l i c  pat hways wh i ch  are 

n o t  f ound  i n  some normal  c e l l ,  f o e t a l  o r  a d u l t ,  a t  some 

s t ag e  i n  t he  d e v e l o p me n t a l  p r o c e s s ,  t hen c l e a r l y  abnormal  

c e l l  b e h a v i o u r  must  be d e t e r m i n e d  by i n c o r r e c t  c o m b i n a t i o n s  

o f  gene p r o d u c t s  and f u n c t i o n s  no t  n o r m a l l y  f ound  i n  any 

one c e l l .  For  a m a l i g n a n t  c e l l  t o  s u r v i v e  and p r o s p e r  i t  

must  a c q u i r e  p r o d u c t s  and f u n c t i o n s  whi ch  e n ab l e  i t  t o  

grow and d i v i d e  r a p i d l y ,  i nvade  s u r r o u n d i n g  h o s t  t i s s u e  and 

i n  many cases m i g r a t e ,  v i a  t he  b l o o d  or  l y m p h a t i c  sys t em to 

o t h e r  s i t e s  i n  t he  h o s t  o r g a n i s m and e s t a b l i s h  new t umour  

g r o wt h  a t  t h e s e  s i t e s .  None o f  t h e s e  p r o c e s s e s  a r e ,  i n  

t h e m s e l v e s ,  b i o l o g i c a l l y  a b n o r ma l .  Rapi d c e l l  g r owt h  has 

a l r e a d y  been d e s c r i b e d  i n  t he  p r ocess  o f  t i s s u e  r e g e n e r a t i o n  

i n  r esponse  t o  p a r t i a l  removal  o r  i n j u r y .  " I n v a s i o n "  o r  

m i g r a t i o n  o f  many k i n d s  o f  c e l l s  o c c u r s  d u r i n g  e mb r yogenes i s  

and i n  t he  a d u l t ,  l e u k o c y t e s  p r o v i d e  exampl es o f  c e l l s  wh i ch  

i n v a d e  many t i s s u e s  i n  c a r r y i n g  o u t  t h e i r  p h y s i o l o g i c a l  r o l e .  

Wound h e a l i n g ,  a l s o  r e q u i r e s  c e l l  m i g r a t i o n  and l o c a l  move

ment  o f  c e l l s  o c c u r s  i n  t h e  e p i t h e l i a l  l i n i n g  o f  t he  g u t
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and i n  f o r m a t i o n  o f  s k i n  e p i d e r m i s .  Such b e h a v i o u r  i s  

e s s e n t i a l  t o  normal  d e v e l o p me n t  and s u r v i v a l .  I n v a s i o n  

and m i g r a t i o n ,  l i k e  r a p i d  c e l l  d i v i s i o n ,  a r e  n o t  abnormal  

b i o l o g i c a l  f u n c t i o n s  b u t  become abnormal  when t h e y  o c c u r  

i n  t h e  wrong c e l l s  a t  t h e  i n c o r r e c t  t i me s  and p l a c e s  w i t h i n  

t h e  o r g a n i s m ,  and ar e  n o t  s u b j e c t  t o  normal  r e g u l a t i o n .

I f  t h e s e  c o n c l u s i o n s  a r e  c o r r e c t ,  t hen  t he  a c q u i s i t i o n  

o f  m a l i g n a n t  p o t e n t i a l  by c e l l s  a r i s e s  by some s e l e c t i o n  

p r o c e d u r e  wh i ch  s e l e c t s  new b e n e f i c i a l  p r o d u c t s  and m e t a b o l i c  

p a t t e r n s  e n a b l i n g  t he  c e l l s  t o  c a r r y  o u t  e f f i c i e n t l y  t he  

p r o c e s s e s  i t  r e q u i r e s  t o  s u r v i v e ,  grow r a p i d l y ,  i nvade  

a d j a c e n t  t i s s u e  and o f t e n  m e t a s t a s i s e  t o  d i s t a n t  s i t e s .

The s e l e c t i o n  p r o c e d u r e  i s  n e a r l y  a l ways  h a r mf u l  t o  t h e  

h o s t .  In v i t r o  c r i t e r i a  o f  m a l i g n a n c y  o f  n e o p l a s t i c  c e l l s  

may be o b t a i n e d  by t he  q u a l i t a t i v e  o r  q u a n t i t a t i v e  d e t e c t i o n  

o f  c e l l  p r o d u c t s  o r  f u n c t i o n s  a s s o c i a t e d  w i t h  t h e i r  m a l i g n a n t  

b e h a v i o u r ,  wh i ch  a r e  no t  n o r m a l l y  f ound  i n  t h a t  c e l l  t y p e .

In t h i s  p r o j e c t  two such p r o d u c t s  were i d e n t i f i e d  and 

assays  de v e l o ped  t o  q u a n t i t a t e  t h e i r  l e v e l s  o f  p r o d u c t i o n .

In p h e n o t y p i c  m a n i p u l a t i o n  e x p e r i m e n t s ,  u s i n g  c h e mi c a l  a g en t s  

and c y t o s t a t i c  c o n d i t i o n s ,  t he  l e v e l s  o f  t h e s e  two c e l l  

p r o d u c t s  were measured i n  c o n j u n c t i o n  w i t h  t h e  l e v e l s  o f  

d i f f e r e n t i a t i o n  m a r k e r s .  Wh i l e  t h i s  p r o v i d e s  u s e f u l  i n f o r m a t i o n  

on t he  c o n t r o l  o f  e x p r e s s i o n  o f  d i f f e r e n t i a t e d  and m a l i g n a n t  

p r o p e r t i e s  i n a s t r o g l i a  and t h e  r e l a t i o n s h i p  between t h e s e ,  

i t  i s  r e c o g n i s e d  t h a t  t he  two mar ker s  chosen t o  r e p r e s e n t  

e x p r e s s i o n  o f  t h e  m a l i g n a n t  p h eno t ype  are  by no means t he 

o n l y  two p r o p e r t i e s  wh i ch  d e t e r m i n e  t he  j_n v i vo m a l i g n a n c y  

o f  t he  t umour  c e l l s .  Thus ,  assessmen t  o f  t he  degr ee  o f  

m a l i g n a n c y  o f  n e o p l a s t i c  c e l l s  by t h e s e  i n  v i t r o  c r i t e r i a
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does n o t  n e c e s s a r i l y  r e f l e c t  a c c u r a t e l y  t h e  ma l i g n a n c y  

o f  t he  t umour  i n  v i v o .
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PART I I

1 . 3  Normal  and N e o p l a s t i c  G l i a l  C e l l s  i n  C u l t u r e

The sys t em used i n  t h i s  i n v e s t i g a t i o n  i s  one wh i ch  

a l l o w s  d i r e c t  c o mp a r i s o n  o f  e a r l y  passage c e l l  l i n e s  d e r i v e d  

f r om m a l i g n a n t  a s t r o c y t o m a s  (Grades I I I  and I V ,  Kernohan 

and Sayre h i s t o l o g i c a l  g r a d i n g ) ,  normal  human a d u l t  b r a i n  

t i s s u e  and f o e t a l  b r a i n  t i s s u e ,  by c o l l a g e n a s e  d i g e s t i o n .  

M a l i g n a n t  g l i a l  c e l l s  can be grown i n  t i s s u e  c u l t u r e  w i t h  

r e l a t i v e  ease and some o f  t he  c e l l  l i n e s  d e r i v e d  f r om 

m a l i g n a n t  b r a i n  t i s s u e  became e s t a b l i s h e d  and appear ed  cap ab l e  

o f  i n d e f i n i t e  p r o l i f e r a t i o n .  T h i s  c o n f i r m s  t he  o b s e r v a t i o n s  

o f  Pontén and M c I n t y r e  ( 9 5 ) .  The normal  n on - n e o p l  a s t i c  c e l l s  

d e r i v e d  f r om a d u l t  b r a i n  show s l o w e r  i n i t i a l  growh i n  c u l t u r e  

and have a f i n i t e  i j i  v i  t r o  l i f e  span o f  abou t  40 - 60  g e n e r a t i o n s  

Normal  g l i a l  c e l l s  a re  s t a b l e  i n  c u l t u r e  and do n o t  undergo 

spon t aneous  t r a n s f o r m a t i o n  i n t o  c o n t i n u o u s  o r  m o r p h o l o g i c a l l y  

a l t e r e d  l i n e s  ( 9 5 ) .  Fo e t a l  g l i a l  c e l l s  adap t  v e r y  r a p i d l y  t o  

g r owt h  i n  t i s s u e  c u l t u r e  a l t h o u g h  t h e i r  ijn v i t r o  l i f e  span 

has p r oved  t o  be s h o r t ,  t h e  c u l t u r e s  s e n e s c i n g  a r ound  t h e  

8 t h - 1 2 t h  g e n e r a t i o n  i n  most  c ases .

The s u c c e s s f u l  g r owt h  o f  normal  and m a l i g n a n t  g l i a l  

c e l l s  p r o v i d e s  one o f  t he  few model  systems a v a i l a b l e  w i t h  

t he  p o t e n t i a l  f o r  comp ar i ng  c y t o l o g y , g r o w t h  k i n e t i c s ,  

b e h a v i o u r a l  c h a r a c t e r i s t i c s ,  b i o c h e m i s t r y  and i mmunol ogy 

o f  m a l i g n a n t  and normal  c e l l s  o f  s i m i l a r  l i n e a g e .  Most  

o f  t he  common s o l i d  t umour s  e . g .  b r e a s t  and c o l o n  ca r c i n oma s  

do n o t  y i e l d  a l a r g e  p o p u l a t i o n  o f  m a l i g n a n t  c e l l s  and t h e s e  

ar e  o f t e n  ove r g r own  by s t r o ma l  f i b r o b l a s t s .  Growth o f  

e q u i v a l e n t  normal  e p i t h e l i a l  t i s s u e  has a l s o  c o n s i d e r a b l e  

p r o b l e ms .  G l i o m a - d e r i v e d  c u l t u r e s  are v e r y  r a r e l y  over g r own
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w i t h  f i b r o b l a s t s  a l t h o u g h  b l o od  vesse l  e n d o t h e l i a l  c e l l s  

are  known t o  be a p o s s i b l e  s o u r ce  o f  c o n t a m i n a t i o n .  Onl y  

c e l l  l i n e s  wh i ch  have been shown i m m u n o l o g i c a l l y  t o  be 

n e g a t i v e  f o r  t he  s p e c i f i c  e n d o t h e l i a l  ma r k e r ,  c l o t t i n g  

f a c t o r  V I I I ,  were chosen f o r  s t u d y .  Neurona l  c e l l s  are 

n o t  a b l e  t o  d i v i d e  and grow i n  c u l t u r e  and any neur ones  

i s o l a t e d  i n  t he  p r i m a r y  c u l t u r e s  are s u b s e q u e n t l y  l o s t .

A c o n s i d e r a b l e  amount  o f  e f f o r t  has been expended i n  

r e c e n t  y e a r s  i n t he  s t u d y  o f  n e o p l a s t i c  human g l i a l  c e l l s  

i n  c u l t u r e .  Pontén has shown t h a t  g l i o ma  c e l l  l i n e s  i n  

c u l t u r e  can v a r y  q u i t e  c o n s i d e r a b l y  m o r p h o l o g i c a l l y  and 

g e n e r a l l y  f a l l  i n t o  one o f  f i v e  t y p e s ,  i . e .  a s t r o c y t o i d ,  

p l e o m o r p h i c ,  e p i t h e l i o i d ,  b i p o l a r  and b i m o r p h i c  ( 9 5 ) .

T h i s  i s  p r o b a b l y  an vn v i  t r o  m a n i f e s t a t i o n  o f  t he  f a c t  t h a t  

m a l i g n a n t  g l i o ma s  i_n v i vo a re  c h a r a c t e r i s e d  by many d i f f e r e n t  

f o r m s .  The h e t e r o g e n e i t y  o f  g e n o t y p i c  and p h e n o t y p i c  

c h a r a c t e r i s t i c s  o f  f i f t e e n  per manent  g l i o ma  l i n e s  has been 

r e p o r t e d  by B i g n e r  ^  ^  ( 9 7 ) .  They l ooked  a t  many d i f f e r e n t  

a s p e c t s  o f  g l i o ma  pheno t ype  and c o nc l u d ed  t h a t  g l i o ma s  

c o n s t i t u t e  a v e r y  d i v e r s e  group o f  neopl asms showi ng e x t e n s i v e  

p h e n o t y p i c  v a r i a t i o n s .  I t  i s  t h e r e f o r e  n e c e s s a r y ,  when 

maki ng c o mpar i s o ns  between t he  pheno t ypes  o f  m a l i g n a n t  and 

normal  g l i a ,  t o  use s e v e r a l  d i f f e r e n t  g l i o ma  l i n e s ,  t hus  

a l l o w i n g  f o r  p h e n o t y p i c  d i v e r s i t y  between g l i o m a s .

In 1971 Mark c a r r i e d  ou t  k a r y o t y p i c  a n a l y s i s  o f  f i f t y  

c e r e b r a l  a s t r o c y t i c  g l i o m a s ,  s t u d i e d  w i t h  c o n v e n t i o n a l  

s t a i n i n g  me t hods ,  and c o n c l u d e d  t h a t  abou t  t h r e e q u a r t e r s  

o f  t hese  were d i p l o i d  o r  n e a r - d i p l o i d  ( 9 8 ) .  Pon t én ,  

however ,  has r e p o r t e d  t h a t  most  e s t a b l i s h e d  g l i o ma  c e l l  l i n e s
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are h y p o t e t r a p l o i d w i t h  o n l y  one o u t  o f  a l a r g e  number  o f  

l i n e s  l oo k e d  a t  be i ng  near  d i p l o i d  i n  chromosome number  (99)  

D e t a i l e d  k a r y o t y p i c a n a l y s i s  has been c a r r i e d  ou t  on o n l y  a 

few o f  t he  c e l l  l i n e s  used i n  t h i s  s t u d y .  However ,  a n a l y s i s  

o f  e a r l y  passage l i n e s ,  d e r i v e d  i n  an i d e n t i c a l  manner  

f r om b i o p s i e s  o f  a n a p l a s t i c  a s t r o c y t o m a s  and normal  a d u l t  

p o s t - mo r t e m b r a i n  m a t e r i a l ,  have p r e v i o u s l y  been s t u d i e d  

( 1 0 0 ) .  The r e s u l t s  showed t h a t  i n  gene r a l  a s t r o c y t o m a  

d e r i v e d  c e l l  l i n e s  a r e  p r e d o m i n a n t l y  h y p o d i p l o i d ,  a l t h o u g h  

d i p l o i d  c e l l s  a re  a l s o  p r e s e n t .  A n a l y s i s  o f  normal  b r a i n  

c e l l s  has shown t he  d i p l o i d  chromosome number  o f  46 ( 1 0 0 ) .  

Two a s t r o c y t o m a  d e r i v e d  l i n e s  used c o n s i s t e n t l y  t h r o u g h o u t  

t h i s  i n v e s t i g a t i o n  have been a n a l y s e d  w i t h  r e s p e c t  t o  t h e i r  

chromsome numbers ( 1 0 1 ) .  One o f  t h e s e  G-CCM i s  h y p o t e t r a -  

p l o i d  w i t h  a modal  chromosome number  o f  62.  The o t h e r ,  

G- I J K  c o n s i s t s  o f  a dual  p o p u l a t i o n  o f  c e l l s ,  some o f  wh i ch  

a r e  near  d i p l o i d  and some n e a r - t e t r a p l o i d . A l t h o u g h  e a r l y  

passage c u l t u r e s  were used f o r  e x p e r i m e n t a l  p u r p o s e s ,  t hese  

two c e l l  l i n e s  a r e  p r o b a b l y  now e s t a b l i s h e d  i n  c u l t u r e .  In 

g e ne r a l  t he  a n e u p l o i d  k a r y o t y p e s  e x h i b i t e d  by a s t r o c y t o m a  

d e r i v e d  c e l l  c u l t u r e s  a r e  c o n s i s e n t  w i t h  t he  v i ew t h a t  t h e y  

ar e  p r e d o m i n a n t l y  n e o p l a s t i c .
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Model  and P r o j e c t  Aims

Norman Human 
Brain Derived 

Cel l s

Foetal

Ast rocytes

Pr o l i f e r a t i on  

Tumour Promoters/Carcinogens

Mal ignant  Ast rocytes

Cytostasi s 
D i f f e r e n t i a t i n g  Agents

Ant i -cancer  drugs

The main aim o f  t h i s  p r o j e c t  was t o  ga i n  knowl edge o f  t he  

r e l a t i o n s h i p  bet ween c e r t a i n  a s p e c t s  o f  g l i a l  c e l l  p h e n o t y p é ,  

i n  p a r t i c u l a r ,  a s p e c t s  o f  t h e  pheno t ype  a s s o c i a t e d  w i t h  

d i f f e r e n t i a t i o n  and m a l i g n a n t  b e h a v i o u r .  I t  was o f  p a r t i c u l a r  

i n t e r e s t  t o  d e t e r m i n e  w h e t h e r  o r  n o t ,  i n  a g roup  o f  m a l i g n a n t  

g l i o m a s ,  t h e r e  i s  a b a l a n c e  o r  e q u i l i b r i u m  between t he  

d i f f e r e n t i a t e d  p h eno t ype  and t he  ma l i g n a n c y  a s s o c i a t e d  

p h e n o t y p e .  The q u e s t i o n  was a l s o  asked as t o  w h e t h e r  o r  

n o t  c e l l s  can be pushed ,  on one hand,  i n  t h e  d i r e c t i o n  o f  

d i f f e r e n t i a t i o n  by c y t o s t a t i c  c o n d i t i o n s ,  d i f f e r e n t i a t i n g  

a g en t s  o r  a n t i - c a n c e r  d r ugs  and ,  on t h e  o t h e r  hand,  i n  t he  

d i r e c t i o n  o f  m a l i g n a n c y  by c o n d i t i o n s  o f  r a p i d  p r o l i f e r a t i o n ,  

t r e a t m e n t  w i t h  t umour  p r o mo t e r  o r  c hemi ca l  c a r c i n o g e n .

Mar ke r  p r o p e r t i e s  have been chosen t o  r e p r e s e n t  t h e  

d i f f e r e n t i a t e d  and m a l i g n a n t  a s t r o g l i a l  p h e n o t y p e s .  B i o l o g i c a l ,  

b i o c h e m i c a l  and i m m u n o l o g i c a l  assays  have been de v e l o p e d  t o  

d e m o n s t r a t e  t h e s e  p r o p e r t i e s  and t o  q u a n t i t a t e  t h e i r  l e v e l s  

o f  e x p r e s s i o n  unde r  v a r i o u s  c o n d i t i o n s .  An a t t e m p t  was made 

t o  i d e n t i f y  i n t r i n s i c  o r  exogenous f a c t o r s  wh i ch  were 

e f f e c t i v e  i n  m a n i p u l a t i n g  p h e n o t y p i c  ma r k e r s .  One appr oach
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was t o  exami ne t he  e f f e c t  o f  c e l l  d e n s i t y  on p h e n o t y p i c  

e x p r e s s i o n  o f  d i f f e r e n t i a t e d  and ma l i g n a n c y  a s s o c i a t e d  

p r o p e r t i e s .  An o t h e r  was t o  t r e a t  c e l l s  w i t h  chemi ca l  

a g e n t s ,  under  c o n d i t i o n s  o f  l ow serum,  t o  l o o k  a t  t h e i r  

e f f e c t  i n  m a n i p u l a t i n g  c e l l  ph e n o t y p e .

I t  i s  o b v i o u s l y  e s s e n t i a l  t o  an i_n v i t r o , c o m p a r a t i v e  

s t u d y  o f  m a l i g n a n t  and normal  c e l l s ,  wh i ch  ar e  b e l i e v e d  t o  

be o f  s i m i l a r  l i n e a g e ,  t h a t  t h e  i d e n t i t y  o f  t he  c e l l s  

i s  known.  For  t h i s  r eason  a c o n s i d e r a b l e  amount  o f  e f f o r t  

has been pu t  i n t o  t he  c h a r a c t e r i s a t i o n  o f  c e l l  l i n e s  used 

i n  t h i s  s t u d y .  Th i s  was done by l o o k i n g  f o r  s p e c i f i c ,  

d i f f e r e n t i a t e d  f e a t u r e s  c h a r a c t e r i s t i c  o f  mat u r e  a s t r o g l i a  

i n v i v o . Thus c e l l  c h a r a c t e r i s a t i o n  and t he  d e ve l opmen t  

o f  ma r ke r  assays  f o r  d i f f e r e n t i a t i o n  o v e r l a p p e d  a l mo s t  

c o m p l e t e l y .

1 . 4  Mar ker s  o f  A s t r o g l i a l  D i f f e r e n t i a t i o n

P r o p e r t i e s  a s s o c i a t e d  w i t h  a s t r o g l i a l  d i f f e r e n t i a t i o n  

are c l o s e l y  c o ncer ned  w i t h  t h e  s p e c i f i c  f u n c t i o n s  t hese  

c e l l s  p e r f o r m  i n  t he  b r a i n  j_n_ v i v o .

G l i a l  F u n c t i o n s

1.  S t r u c t u r a l  The p r esen ce  o f  g l i a l  c e l l s  i n  t he  

b r a i n  i s  i m p o r t a n t  t o  p r o v i d e  p h y s i c a l  s u p p o r t  

f o r  t he  more d e l i c a t e  n e u r o n e s .  In p a r t i c u l a r ,  

w i t h i n  t he  CNS, f i b r o u s  a s t r o c y t e s  p r o v i d e  

s u p p o r t  f o r  t he  axons wh i ch  are no t  s u r r o u n d e d ,  

as i n  t he  p e r i p h e r a l  n e r v e s ,  by t he  basa l  l ami n a e  

o f  t he  Schwann c e l l s .
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2. N e u r o t r a n s m i t t e r  Upt ake and Me t a b o l i s m  The g l i a l  

u p t ake  o f  c e r t a i n  p u t a t i v e  amino a c i d  n e u r o t r a n s 

m i t t e r s  by e f f i c e n t ,  h i g h - a f f i n i t y  p r o c es s e s  and 

t h e i r  s u b s e qu e n t  m e t a b o l i s m ,  a re  p r o c es s e s  whi ch  

i m p l y  t h e  i n v o l v e m e n t  o f  g l i a l  c e l l s  i n  t he  

p o s s i b l e  r e g u l a t i o n  o f  e x t r a c e l l u l a r  c o n c e n t r a t i o n s  

o f  t h e s e  s u b s t a n c e s .  Upt ake o f  amino a c i d  n e u r o 

t r a n s m i t t e r s  by g l i a l  c e l l s  i s  a p o s s i b l e  means

o f  r e d u c i n g  t h e i r  a c t i v e  c o n c e n t r a t i o n  a t  t he 

s y n a p s e ,

3.  N u t r i t i v e  Rol e G l i a l  c e l l s  a r e  a l s o  i n v o l v e d  

i n  t he  t r a n s f e r  o f  n u t r i t i v e  and r e g u l a t o r y  

sub s t a n c e s  f r om t he  b l o o d s t r e a m  t o  t h e  ne u r o n e s .

4.  R e p a i r  and R e g e n e r a t i o n  G l i a l  c e l l s  i n  t he  

b r a i n  a r e  a b l e  t o  d i v i d e  and t h i s  a l l o w s  

p r o v i s i o n  f o r  a n o t h e r  i m p o r t a n t  f u n c t i o n .

As neur ones  are l o s t  due t o  i n j u r y  o r  a g e i n g ,  

g l i a l  c e l l s  p r o l i f e r a t e  and occupy t he  v a c a n t  

s p a c e s , f o r m i n g  a s c a r  t i s s u e .

5.  Neurona l  O r g a n i s a t i o n  The h y p o t h e s i s  has been 

pu t  f o r w a r d  t h a t  g l i a l  c e l l s  are a b l e  t o  d e f i n e  

n e u r o n a l  o r g a n i s a t i o n  ( 1 0 2 ) .  I t  appear s  t h a t  

a t  some s t a g e s  i n  t he  g r owt h  and d e ve l opmen t

o f  t he  n e r vous  s y s t e m,  neur ones  m i g r a t e  a l o n g  

g l i a l  p r o c e s s e s .

Three mar ker s  o f  d i f f e r e n t i a t i o n  have been s e l e c t e d  

f o r  use i n  t he  i n v e s t i g a t i o n .
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1. Gl i a l  F i b r i l l a r y  Ac 1 d i e  P r o t e i n  (GFAP)

GFAP i s  a ma j o r  c o n s t i t u e n t  o f  a s t r o g l i a l  f i b r e s  

( 1 0 3 ,  104)  and i s  l o c a t e d  p r e d o m i n a n t l y  i n  f i b r i l l a r y  

a s t r o c y t e s  i n mat u r e  b r a i n  and s p i n a l  c o r d .  These a s t r o 

c y t e s  a r e  t h o u g h t  t o  be i m p o r t a n t  i n  m a i n t a i n i n g  t he 

s t r u c t u r a l  and m e t a b o l i c  i n t e g r i t y  o f  t h e  b r a i n  and 

t h e y  a r e  c h a r a c t e r i s e d  by t h e  p r esence  o f  l a r g e  numbers 

o f  i n t e r m e d i a t e  f i l a m e n t s  ( 8 - 1 0  nm) , c o n t a i n i n g  GFAP 

i n  t h e i r  p r o c e s s e s  and c e l l  b o d i e s .  Dahl  and Bi gnami  

( 105)  have p r oposed  t h a t  t h e  f u n c t i o n  o f  GFAP may be 

conce r ned  w i t h  t h e  s u p p o r t  f i b r i l l a r y  a s t r o c y t e s  p r o v i d e  

f o r  c e n t r a l  ne r ous  sys t em a x o n s ,  wh i ch  are  s u s c e p t i b l e  

t o  damage caused by t r a u ma .  The a s t r o g l i a l  f i b r e s ,  o f  

wh i ch  GFAP i s  a ma j o r  component  may p r o v i d e  t h i s  p h y s i c a l  

s u p p o r t .

O n t o g e n e t i c a l l y ,  t h e  o n s e t  o f  g l i a l  d i f f e r e n t i a t i o n  

i n  mi ce i s  accompan i ed  by t he  appear ance  o f  a r a d i a l  

sys t em o f  f i b r e s  c o n t a i n i n g  GFAP ( 1 0 6 ) .  In t h e  a d u l t  r a t ,  

t h e s e  f i b r e s  a r e  s t i l l  p r e s e n t  b u t  t h e y  become w i d e l y  

sp r ead  and l e s s  p r o m i n e n t  t han  i n  t he  i mmat ur e  an i ma l  

( 1 0 7 ) .  GFAP has a l s o  been o b s e r v e d  i n  i mmat ur e  human 

a s t r o c y t e s  i n  p r i m a r y  c u l t u r e  ( 108)  and i s  r e p o r t e d  t o  

be p r e s e n t  i n  bo t h  p r i m a r y  and l o n g  t e r m c u l t u r e s  o f  

a d u l t  b r a i n  c e l l s  e x p l a n t e d  f r o m n o r m a l ,  n e o p l a s t i c  and 

n o n - n e o p l a s t i c  CNS d i s e a s e s  ( 1 0 9 ) .  A l t h o u g h  GFAP i s  

t h e  most  u n i v e r s a l l y  r e c o g n i s e d  mar ker  f o r  a s t r o c y t e s  

i t  has been ob se r ve d  t h a t  o n l y  a few c e l l  l i n e s  d e r i v e d  

f r om human g l i o ma s  c o n t i n u e  t o  ex p r es s  i t  ( 1 1 0 ) .  In t he  

g l i o ma  h e t e r o g e n e i t y  s t u d i e s  o f  B i g n e r  e t  a l ,  t h e y
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o bs e r v e d  t h a t  o n l y  two o u t  o f  f i f t e e n  e s t a b l i s h e d  g l i o ma  

c e l l  l i n e s  had r e a d i l y  d e t e c t a b l e  l e v e l s  o f  GFAP (97)  

and work  by V i v a r d  ejt ^  has shown t h a t  many a s t r o c y t o m a  

d e r i v e d  c e l l  l i n e s  a r e  e n t i r e l y  GFAP n e g a t i v e  a f t e r  

r e p e a t e d  s u b c u l t u r i n g  ( 1 1 1 ) .  The r eason f o r  t h e s e  

o b s e r v a t i o n s  may l i e  i n  t h e  s t a t e  o f  d i f f e r e n t i a t i o n  and 

anap l as i . a  o f  t he  c e l l s  d e r i v e d  f r om t umour  m a t e r i a l .

Se v e r a l  g r oups  o f  w o r k e r s  ( 1 1 2 ,  113,  114,  115)  have shown 

t h a t  a l t h o u g h  GFAP can be d e t e c t e d  i n  c e l l s  i n  most  a s t r o 

c y t i c  g l i o m a s ,  o n l y  t h e  most  m o r p h o l o g i c a l l y  d i f f e r e n t i a t e d  

c e l l s  e x p r es s  GFAP, w h i l e  t he  more p r i m i t i v e  and a n a p l a s t i c  

c e l l s  do n o t  e x p r es s  i t .  GFAP n e g a t i v e  a s t r o c y t o m a  d e r i v e d  

c e l l  l i n e s  may t h e r e f o r e  be composed o f  t umour  c e l l s  wh i ch  

grew up f r o m c e l l  p o p u l a t i o n s  n o t  e x p r e s s i n g  GFAP i n  t he  

o r i g i n a l  t u mo u r .  The a n a p l a s t i c  GFAP n e g a t i v e  component  

o f  a s t r o c y t o m a  t umour s  may a r i s e  due t o  t he  l o s s  o f  c e l l  

s p e c i f i c ,  d i f f e r e n t i a t e d  f e a t u r e s  whi ch o f t e n  accompan i es  

n e op l a s  i a .

I n a p r e v i o u s  s t u d y  by R. Shaw (116)  on t he  GFAP 

c o n t e n t  o f  a number  o f  c e l l  l i n e s  d e r i v e d  f r om human g l i o ma s  

r a t  g l i o ma  and normal  human b r a i n ,  i t  was obser ved  t h a t  

o n l y  one r a t  g l i o ma  l i n e  (Cg)  ( P l a t e  1) and one human 

g l i o ma  l i n e  ( G - I J K )  had GFAP p o s i t i v e  c e l l s  p r e s e n t .  A l l  

t h e  o t h e r  l i n e s  l o o k e d  a t  were n e g a t i v e  f o r  t h e  a s t r o c y t i c  

m a r k e r .  (Some o f  t he  c e l l  l i n e s  t e s t e d  i n  t h i s  p r e v i o u s  

s t u d y  were used i n  t he  p r e s e n t  i n v e s t i g a t i o n ) .  I n d u c t i o n  

o f  d i f f e r e n t i a t i o n  e x p e r i m e n t s  i n  t he  r a t  Cg g l i o m a ,  as 

d e t e r m i n e d  by i n c r e a s e d  p r o p o r t i o n  o f  GFAP p o s i t i v e  c e l l s  

i n  t he  c u l t u r e ,  were c a r r i e d  o u t .  I t  was f o u nd  t h a t  as 

Cg c u l t u r e s  r eached  c o n f l u e n c e  t h e r e  was a d r a m a t i c  i n c r e a s e



PLATE I

£

#

Rat  Cg g l i o ma  c u l t u r e  s t a i n e d  f o r  GFAP 

by i mmu n o p e r o x i da s e . H a e ma t o x y l i n  

c o u n t e r s t a i n  (x 4 2 0 ) .
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i n  t he  p r o p o r t i o n  o f  c e l l s  e x p r e s s i n g  GFAP f r om l e s s  t han 

50% t o  a r ound  75% ( F i g u r e  2 a ) .  T h i s  was t h o u g h t  t o  be 

r e l a t e d  t o  t he  o n s e t  o f  c e l l - c e l l  c o n t a c t  f o r m a t i o n ,  wh i ch  

o c c u r s  a t  c o n f l u e n c e .  A s i m i l a r  i n c r e a s e  i n  GFAP p o s i t i v i t y  

i n  Cg c u l t u r e s  was seen by t r e a t m e n t  w i t h  c h e mi c a l  a g e n t s ,  

t h e  most  e f f e c t i v e  c o m b i n a t i o n  be i n g  d i b u t y r y I c y c l i c A M P  

and dexamet hasone ( F i g u r e  2 b ) .  These r e s u l t s  showed 

c l e a r l y  t h a t  i n  t he  case o f  Cg r a t  g l i oma  a t  l e a s t ,  

e x p r e s s i o n  o f  GFAP c o u l d  be a l t e r e d  by e n v i r o n m e n t a l  and 

chemi ca l  i n d u c i n g  f a c t o r s .

In t h i s  i n v e s t i g a t i o n  GFAP was d e t e c t e d  v i s u a l l y  i n

met hanol  o r  ace t o ne  f i x e d  c e l l  c u l t u r e s ,  by i mmunoper ox i dase

or  i m m u n o f l u o r e s c e n c e .  A more q u a n t i t a t i v e  assessment  o f

c e l l u l a r  gAFP c o n t e n t  was a l s o  a t t e m p t e d  u s i n g  t he  same

p r i m a r y  a n t i / GF AP  a n t i b o d y  and a second a n t i b o d y  l a b e l l e d  
1 2 5w i t h  I i s o t o p e .  These t e c h n i q u e s  were empl oyed i n  bo t h  

c e l l  c h a r a c t e r i s a t i o n  and p h e n o t y p i c  m a n i p u l a t i o n  e x p e r i m e n t s

2.  High A f f i n i t y  Amino Ac i d  Uptake

I t  i s  w e l l  e s t a b l i s h e d  t h a t  y* a m i n o b u t y r i c  a c i d  (GABA) 

f u n c t i o n s  as an i n h i b i t o r y  n e u r o t r a n s m i t t e r  i n  t he  mammal i an 

b r a i n  ( 1 1 7 ) .  There  i s  a l s o  s t r o n g  e v i d e n c e  f o r  t he  c o n c e p t  

t h a t  g l u t a m a t e  e x h i b i t s  e x i t a t o r y  e f f e c t s  on s p i n a l  co r d  

and c e r e b r a l  neur ones  ( 1 1 9 ) .  As d i s c u s s e d  p r e v i o u s l y ,  

i f  t h es e  amino a c i d s  f u n c t i o n  as n e u r o t r a n s m i t t e r s  t hen 

t h e r e  must  be a mechani sm f o r  t h e i r  i n a c t i v a t i o n  a t  t he  

synapse .  T h i s  c o u l d  be b r o u g h t  abou t  by r a p i d  u p t ake  i n t o  

s a t e l l i t e  g l i a l  c e l l s  and t h e i r  subsequen t  m e t a b o l i s m .

These c o n s i d e r a t i o n s  have p r ompt ed s t u d i e s  by v a r i o u s  

g r oups  o f  w o r k e r s  on t he  u p t a k e  o f  p u t a t i v e  amino a c i d  

n e u r o t r a n s m i t t e r s  i n t o  g l i a l  c e l l s  i n  v i v o  and i n  v i t r o .



FIGURE 2a

Cg c u l t u r e s  were grown i n  75cm^ f l a s k s  and 

s t a i n e d  f o r  GFAP by i mmunoper ox i dase  a t  t he  

d e n s i t i e s  i n d i c a t e d .  Between 200 t o  500 

c e l l s  were s co r ed  and t he  p e r c e n t a g e  GFAP 

p o s i t i v e  c e l l s  d e t e r m i n e d .  C o n t r o l  samp l es ,  

w i t h o u t  a n t i - GFAP a n t i b o d y ,  were u n i f o r m l y  

n e g a t i v e .  Each p o i n t  i s  t he  mean and 

s t a n d a r d  d e v i a t i o n  o f  10 t o  20 r e p l i c a t e  

f i e l d s  f r om d u p l i c a t e  samp l es .

FIGURE 2b

GFAP d e t e r m i n a t i o n  as above .  C u l t u r e s  were 

t r e a t e d  w i t h  dexamet hasone ( l Opgml  ^ ) and 

d i  b u t y r i  1 c y c l  i  cAMP (10 ‘*M) (dbcAMP + DX) 

and compared w i t h  c o n t r o l  c u l t u r e s .

These e x p e r i m e n t s  were p e r f o r me d  by 

R, Shaw and have been r e p o r t e d  ( 1 1 6 ) .
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In 1974 Schon and K e l l y  r e p o r t e d  t he  a u t o r a d i o g r a p h i c  

l o c a l i s a t i o n  o f  bo t h  [ ^ H ] - g l u t a m a t e  and [ ^H] -GABA i n 

s a t e l l i t e  g l i a l  c e l l s  s u r r o u n d i n g  t he  s e n s o r y  neur one  c e l l  

b o d i e s  i n  a d u l t  r a t  s e n s o r y  g a n g l i a ,  a f t e r  i_n v i t r o  i n c u b a t i o n  

( 1 2 0 ) .  More r e c e n t l y  McLennan has shown,  a l s o  by a u t o 

r a d i o g r a p h y ,  t h a t  g l u t a m a t e  i s  m a i n l y  a c c u mu l a t e d  i n t o  t he  

g l i a l  e l e me n t s  i n  b r a i n  c o r t e x  ( 1 2 1 ) ,  and H d s l i  and H d s l i  

have c o n f i r m e d  t h a t  i n  r a t  c e r e b e l l u m  grown i n  t i s s u e  c u l t u r e ,  

[- H]-G ABA i s  t a k en  up by g l i a l  c e l l s  ( 122)  as w e l l  as by 

P u r k i n j e  c e l l s  and i n t e r n e u r o n e s .

Gl u t ama t e  Upt ake K i n e t i c s

Schousboe L L  have s t u d i e d  t he  k i n e t i c s  o f  u p t a k e  

o f  g l u t a m a t e  i n  c u l t u r e s  o f  normal  a s t r o c y t e s  o b t a i n e d  

f r o m d i s s o c i a t e d  mouse b r a i n  hemi spher es  ( 1 2 3 ) .  They 

r e p o r t e d  t he  e x i s t e n c e  o f  a m i n o r ,  u n s a t u r a b l e  component  

t o g e t h e r  w i t h  an i n t e n s e  u p t a k e  wh i ch  f o l l o w e d  M i c h a e l i s -  

Menten k i n e t i c s .  G l u t a ma t e  t r a n s p o r t  i n t o  t h e s e  c e l l s  

i s  m a i n l y  v i a  a N a d e p e n d e n t ,  s a t u r a b l e ,  h i gh  a f f i n i t y  

p r o c e s s  whi ch c o u l d  be i n h i b i t e d  by a s p a r a t e  b u t  n o t  by 

GABA. A s i m i l a r  i n v e s t i g a t i o n  by Logan and Snyd,er has 

shown t h a t  g l u t a m i c  a c i d  i s  t ake n  i n t o  homogenat es and 

s l i c e s  o f  r a t  c e r e b r a l  c o r t e x  by bo t h  a l ow a f f i n i t y  and 

a un i qu e  h i gh  a f f i n i t y  mechani sm ( 1 2 4 ) .  Th i s  was d e mo n s t r a t e d  

by a b i p h a s i c  d o u b l e - r e c i p r o c a l  k i n e t i c  p l o t  wh i ch  c o u l d  

be r e s o l v e d  i n t o  two d i s t i n c t  components (Km^^^ 1 . 5 ” ^M,

Km^igh 0 . 4 x l 0 " ^ M ) .  I n h i b i t i o n  s t u d i e s  aga i n  showed t h a t  

g l u t a m i c  a c i d  and a s p a r t i c  a c i d ,  two c h e m i c a l l y  s i m i l a r  

s t r u c t u r e s ,  sha r e  t he  same up t a k e  sys t em.

GABA Upt ake

As w i t h  g l u t a m a t e ,  GABA i s  t aken  up i n t o  c u l t u r e d
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a s t r o c y t e s  by an e f f i c i e n t ,  h i g h  a f f i n i t y ,  sod i um d e p e n d e n t ,  

c a r r i e r - m e d i a t e d  mechani sm ( 1 2 5 ) .  Ot he r  s t u d i e s  have 

c o n f i r m e d  t he  u p t ake  o f  GABA by a h i g h  a f f i n i t y  p r ocess  i n  

g l i a l  c e l l s  s e p a r a t e d  f r om b r a i n  by a b u l k  g r a d i e n t  c e n t r i 

f u g a t i o n  t e c h n i q u e  ( 1 2 6 ) .  S i m i l a r  h i g h  a f f i n i t y  u p t ak e  

mechani sms f o r  GABA have been r e p o r t e d  i n v a r i o u s  g l i a l  

t umour  c e l l s  ( r a t  g l i o ma  c e l l s  Cg and ) m a i n t a i n e d  i n  

t i s s u e  c u l t u r e  ( 1 2 7 ) ,  and i n g l i a l  c e l l s  i n  c u l t u r e s  o f  

c e r e b e l l u m  t i s s u e  ( 1 2 8 ) .  As w e l l  as g l i a l  c e l l s ,  GABA- 

i n h i b i t o r y  neur ones  i_n v i v o  can ac c u mu l a t e  endogenous GABA 

and a u s e f u l  way o f  d i s t i n g u i s h i n g  between t he s e  up t ake  

sys t ems i s  by use o f  g - a l a n i n e  and,  f o r  examp l e ,  ami no-  

c y c l o h e x a n e  wh i ch  d i f f e r e n t i a l l y  i n h i b i t  t h e s e  p r o c es s e s  

( 1 2 9 ) .  The g l i a l  u p t a k e  mechani sm f o r  GABA i s  p r e f e r e n t 

i a l l y  i n h i b i t e d  by g - a l a n i n e  wh i ch  a c t s  as a s e l e c t i v e  

s u b s t r a t e  f o r  t h e  h i g h  a f f i n i t y  GABA u p t ake  s i t e s  i n  g l i a l  

c e l l s  ( 1 3 0 ) .  K i n e t i c  s t u d i e s  o f  [ ^ H ]  B - a l a n i n e  u p t ake  by 

b r a i n  s l i c e s  have shown i t  t o  be t aken  up by a h i g h  a f f i n i t y ,  

N a d e p e n d e n t  mechani sm w i t h  i d e n t i c a l  ' p r o p e r t i e s  t o  t he 

p r ocess  d e s c r i b e d  f o r  t he  g l i a l  up t ake  o f  GABA ( 1 3 1 ) .

The s e l e c t i v e  i n h i b i t i o n  o f  g l i a l  h i gh  a f f i n i t y  GABA 

t r a n s p o r t  by 8 - a l a n i n e  p r o v i d e s  a p o t e n t i a l l y  u s e f u l  means 

o f  q u a n t i t a t i n g  t h i s  h i g h  a f f i n i t y  p r o c e s s .  8 - A l a n i n e  

s e n s i t i v e  GABA u p t ake  i s  e a s i l y  measured i n  mo n o l a y e r  c e l l  

c u l t u r e s  and was used as a means o f  d e t e c t i n g  and q u a n t i t a t i n g  

a n o t h e r  d i f f e r e n t i a t e d  g l i a l  f u n c t i o n .

3 . G l u t a mi ne  S y n t h e t a s e

Gl u t a mi n e  s y n t h e t a s e  (GS) c a t a l y s e s  t he  ATP- dependent  

f o r m a t i o n  o f  g l u t a m i n e  f r om g l u t a m a t e  and ammoni a.  The 

r e a c t i o n  c a t a l y s e d  by t h i s  enzyme p r o v i d e s  a pat hway f o r
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t he  me t a b o l i s m o f  g l u t a m a t e  w h i l e ,  a t  t he  same t i m e ,  uses 

up f r e e  ammonia and produces  g l u t a m i n e .  The l a t t e r  two 

f e a t u r e s  o f  t he  r e a c t i o n  are  f a v o u r a b l e  as ammoni a,  a l t h o u g h  

a normal  b y p r o d u c t  o f  b r a i n  m e t a b o l i s m ,  i s  t o x i c  i n  h i g h  

c o n c e n t r a t i o n s  and g l u t a m i n e  i s  an i m p o r t a n t  b i o c h e m i c a l  

i n t e r m e d i a t e  p r o v i d i n g  t he  amino groups  f o r  t he  b i o s y n t h e s i s  

o f  v a r i o u s  i m p o r t a n t  m o l e c u l e s .  G l u t a mi n e  i s  i t s e l f  a 

b u i l d i n g  b l o c k  f o r  most  p r o t e i n s .

I t  i s  g e n e r a l l y  a c c e p t e d  t h a t  g l u t a m a t e  me t a b o l i s m 

i n  t he  b r a i n  i s  c o m p a r t m e n t a l i s e d  ( 1 3 2 ) .  A l a r g e  compar t men t  

has been a s s o i c a t e d  w i t h  ene r gy  me t a b o l i s m w h i l e  a smal l  

compar t men t  has been l i n k e d  w i t h  g l u t a m i n e  s y n t h e s i s ,  ammonia 

d e t o x i f i c a t i o n  and m e t a b o l i s m  o f  GABA. GS i s  an i m p o r t a n t  

enzyme o f  t he  s ma l l  g l u t a m a t e  compar t ment  and has been 

l o c a l i s e d  i n t he  g l i a l  c e l l s  i n  r a t  b r a i n  by i mmu n o h i s t o -  

c h e mi c a l  t e c h n i q u e s  ( 133)  w h i l e  n e u r o n e s ,  e n d o t h e l i a l  c e l l s  

and c h o r o i d  e p i t h e l i u m  c o n t a i n  no GS. These o b s e r v a t i o n s  

p r o v i d e  more e v i d e n c e  f o r  t he  r o l e  o f  g l i a l  c e l l s  i n  g l u t a m a t e  

and ammonia me t a b o l i s m  i n  t he  b r a i n .  F u r t h e r  s u p p o r t  comes 

f r om t he e f f e c t  o f  t h e  GS r e v e r s i b l e  i n h i b i t o r  m e t h i o n i n e  

s u l f o x i m i n e ,  wh i ch  when a d m i n i s t e r e d  t o  a number  o f  an i ma l  

s p e c i e s ,  causes c o n v u l s a n t  a c t i v i t y  ( 134 ,  1 3 5 ) .  Th i s  i s  

t h o u g h t  t o  be due p r i m a r i l y  t o  t h e  e f f e c t  on c e r e b r a l  GS

whi ch  r e s u l t s  i n  i n c r e a s e d  ammonia l e v e l s  and dec r eased

me t a b o l i s m  o f  t he  n e u r o t r a n s m i t t e r  g l u t a m a t e  p o o l .

In emb r yo n i c  n e u r a l  r e t i n a  GS can be i nduced  by c o r t i c o 

s t e r o i d s  ( 1 3 6 ) .  L i n s e r  and Moscona have f ound  t h a t  i n  t he  

c h i c k  embryo r e t i n a ,  GS b e g i n s  t o  r i s e  s h a r p l y  on t he  16th 

day o f  d e v e l o p me n t ,  a f t e r  e l e v a t i o n  o f  s y s t e m i c  c o r t i c o 

s t e r o i d s .  GS can be i nd uc ed  l ong  b e f o r e  i t s  normal  r i s e  i n



39

t h e  embryo ,  h o we v e r ,  by i n j e c t i o n  o f  c o r t i s o l  i n t o  t h e  egg 

i n  v i v o  o r  by a d d i t i o n  o f  t he  s t e r o i d  t o  c u l t u r e  medium 

i n  v i t r o  ( 1 3 6 ) .  T h i s  r e p r e s e n t s  a d e v e l o p me n t a l  f e a t u r e  o f  

r e t i n a l  t i s s u e  and p r o v i d e s  a u s e f u l  model  sys t em f o r  t he  

s t u d y  o f  n e u r a l  c e l l  d i f f e r e n t i a t i o n  and hormonal  c o n t r o l  o f  

gene e x p r e s s i o n  ( 1 3 7 ) .  The c e l l u l a r  l o c a l i s a t i o n  o f  t h e  GS 

i n d u c t i o n  by c o r t i s o l  was f ou n d  by L i n s e r  and Moscona,  t o  

be c o n f i n e d  t o  M ü l l e r  f i b e r s  ( r e t i n o g l i a ) ,  i n  bo t h  r e t i n a  

i n  v i v o  and i n  o r gan  c u l t u r e s  o f  r e t i n a l  t i s s u e  ( 1 3 6 ) .

The c e l l u l a r  l o c a l i s a t i o n  o f  GS i n p r i m a r y  c u l t u r e s  f r o m 

newborn mouse b r a i n  has been s t u d i e d ,  u s i n g  i n d i r e c t  i mmuno

f l u o r e s c e n c e ,  by H a l l e r m e y e r  e_t ^  ( 1 3 8 ) .  The enzyme was 

d e t e c t e d  i n  abou t  40% o f  a l l  c e l l s  i n c l u d i n g  t h o s e  o f  a s t r o 

c y t i c  m o r p h o l o g y .  T r e a t m e n t  w i t h  t he  g l u c o c o r t i c o i d  dexameth-  

asone l e d  t o  a marked i n c r e a s e  i n  p o s i t i v e l y  s t a i n e d  c e l l s  

and t he  GS s p e c i f i c  a c t i v i t y  was c o n s i d e r a b l y  i n c r e a s e d .  A 

c o mpa r i s on  o f  g l i a l  and n e u r o n a l  c e l l  l i n e s ,  by t h e  same 

a u t h o r s ,  showed t h a t  a l t h o u g h  GS was p r e s e n t  i n  bo t h  a t  a v e r y  

l ow s p e c i f i c  a c t i v i t y ,  i t  was i n d u c e d  t o  an e l e v a t e d  l e v e l  i n  

g l i a l  c e l l  l i n e s  by d e x a me t h a s o n e , b u t  n o t  i n  n e u r o n a l  c e l l  

l i n e s  ( 1 3 8 ) .  S t u d i e s  on dexamet hasone s t i m u l a t i o n  o f  GS have 

shown t h a t  i n  t h e  Cg r a t  g l i o ma  i n  c u l t u r e  t h e r e  i s  a 7 - 10 

f o l d  i n c r e a s e  i n  GS s p e c i f i c  a c t i v i t y  a f t e r  t r e a t m e n t  o f  t he  

c e l l s  w i t h  1pM dexamet hasone f o r  96 hours  ( 1 3 9 ) .  Both a c t i n o -  

myc i n D and eye 1o h e x a mi de b l o c k e d  t h i s  i n d u c t i o n ,  showi ng t h a t  

t r a n s c r i p t i o n  and t r a n s l a t i o n  ar e  n e c e s s a r y  f o r  t he  e f f e c t .

The s t i m u l a t i o n  o f  GS by g l u c o c o r t i c o i d s  i s  t h e r e f o r e  a r e s u l t  

o f  new enzyme s y n t h e s i s  r a t h e r  t han  f l u c t u a t i o n s  i n  m e t a b o l i c  

c o n t r o l  o f  t h e  enzyme.

A l t h o u g h  i t  i s  w i d e l y  r e p o r t e d  t h a t  GS i s  p r e s e n t  a t
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r e a s o n a b l e  l e v e l s  i n  o n l y  g l i a l  c e l l s  i n  n e u r a l  t i s s u e ,  t he 

q u e s t i o n  o f  w h e t h e r  o r  n o t  i t  i s  a r e l i a b l e  mar ker  o f  d i f f e r 

e n t i a t i o n  i s  open t o  some d o u b t .  Chi nese hams t e r  f i b r o b l a s t s  

(CHO) i n  c u l t u r e  have been shown t o  have r e a d i l y  d e t e c t a b l e  

l e v e l s  o f  GS wh i ch  a r e  i n d u c i b l e  by dexamet hasone ( 1 4 0 ) .  

S i m i l a r l y  V79 Chi nese hams t e r  l ung  c e l l s  ( 141)  and HTC r a t  

hepatoma c e l l s  ( 142)  have GS a c t i v i t i e s  wh i ch  a r e  a l s o  i n d u c i b l e  

by c o r t i c o s t e r o i d s . T h e s e  o b s e r v a t i o n s  c l e a r l y  d e mo n s t r a t e  

t h a t  many c e l l s  w i t h i n  t he  body o t h e r  t han g l i a ,  possess 

t h i s  enzyme w i t h  i t s  c a p a c i t y  t o  be i nduced  by g l u c o c o r t i c o i d s .  

However ,  w i t h  t h e  e x c e p t i o n  o f  g l i a ,  i t  i s  no t  g e n e r a l l y  

f ou n d  i n  c e l l s  o f  n e u r a l  t i s s u e .  Th i s  o b s e r v a t i o n  has l ed  

t o  i t s  use as a ma r k e r  o f  g l i a l  c e l l  f u n c t i o n ,  i n  c u l t u r e s  

d e r i v e d  f r om b r a i n  t i s s u e ,  w i t h  an a p p r o p r i a t e  degree o f  

c a u t i o n .  In t h i s  i n v e s t i g a t i o n  t he  GS s p e c i f i c  a c t i v i t i e s  

o f  i n t r a c e l l u l a r  e x t r a c t s  p r e p a r e d  f r om a v a r i e t y  o f  n o r ma l ,  

f o e t a l  and m a l i g n a n t  c e l l  l i n e s , g r o w n  under  va r ous  c o n d i t i o n s ,  

were d e t e r m i n e d  by b i o c h e m i c a l  means.

1 . 5  Mar ker s  o f  Ma l i g n a n c y

Two mar ker s  a s s o c i a t e d  w i t h  m a l i g n a n t  pheno t ype  were 

used i n  t h i s  i n v e s t i g a t i o n .

1.  P l asmi nogen  A c t i v a t o r

P l asmi nogen  a c t i v a t o r s  (PA) a r e  t h e  group o f  p r o t e a s e s  

wh i ch  c a t a l y s e  t h e  c o n v e r s i o n  o f  p l asmi n oge n  i n t o  t he  a c t i v e  

f i b r i n o l y t i c  enzyme p l a s m i n ,  wh i ch  e f f e c t s  t he  d i s s o l u t i o n  

o f  b l o o d  c l o t s .  I t  i s  w i d e l y  b e l i e v e d  t h a t  PA p l a y s  a 

p r o m i n e n t  r o l e  i n  m a l i g n a n t  t r a n s f o r m a t i o n  and i n  t he  g r owt h  

and sp r ead  o f  t umour s  i n  v i v o . I t  has been i m p l i c a t e d  

i n  t he  mechani sm o f  i n v a s i o n  a l o n g  w i t h  c e l l  p r o l i f e r a t i o n
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and l o c o m o t i o n  ( 1 4 3 ) ,  and a p o s s i b l e  mechani sm f o r  a c t i o n  

o f  PA i n  e n h a n c i ng  t he  p o t e n t i a l  o f  a t umour  c e l l  t o  e n t e r  

i n t o  t he  b l o o d s t r e a m ,  has a l s o  been p o s t u l a t e d  ( 1 4 4 ) .

C e l l s  t r a n s f o r m e d  by o n c o g e n i c  v i r u s e s  ( 145)  and 

c e l l s  t r e a t e d  w i t h  t umour  p r o mo t e r s  ( 146)  bo t h  show i n c r e a s e d  

c e l l u l a r  s y n t h e s i s  o f  PA. I n  a s t u d y  by C o r a s a n t i  ejt ^  

o f  PA c o n t e n t  i n  e x t r a c t s  o f  23 p a i r s  o f  s u r g i c a l l y  removed 

c o l o n  t umour s  and a d j a c e n t  normal  mucosa t i s s u e ,  i t  was 

f o u nd  t h a t  t he  t umour  m a t e r i a l  had on a v e r a g e ,  more t han 

f o u r  t i me s  t he  PA f o u n d  i n  t he  c o r r e s p o n d i n g  normal  t i s s u e  

( 1 4 7 ) .  They a l s o  no t e d  t h a t  t h e  enzyme c o n t e n t  o f  a g roup 

o f  t umour s  showi ng  i n v a s i v e  p r o p a g a t i o n  o r  m e t a s t a t i c  sp r ead  

was h i g h e r  t han  a g r oup  n o t  showi ng  t hese  t e n d e n c i e s .

I n c r e a s e d  PA has a l s o  been c o r r e l a t e d  w i t h  e x p r e s s i o n  o f  

t h e  m a l i g n a n t  phen o t y p e  i n  a number  o f  o t h e r  e x p e r i m e n t a l  

sys t ems ( 148 ,  149,  1 5 0 ) .  As w e l l  as q u a n t i t a t i v e  d i f f e r e n c e s  

i n  PA between normal  and n e o p l a s t i c  c e l l s ,  q u a l i t a t i v e  

d i f f e r e n c e s  i n  t he  m o l e c u l a r  f o r m o f  PA s y n t h e s i s e d ,  have 

a l s o  been r e p o r t e d  ( 1 5 1 ) .

D i f f e r e n c e s  i n  PA p r o d u c t i o n  by normal  and n e o p l a s t i c  

b r a i n  c e l l s  have a l s o  p r e v i o u s l y  been i n v e s t i g a t e d .  In 

1 976 Tu c k e r  ejb ^  r e p o r t e d  t h a t  l y s a t e s  o f  b r a i n  t umour  c e l l  

c u l t u r e s  c o n t a i n e d  f i b r i n o l y t i c  a c t i v i t y ,  w h i l e  t h o s e  f r om 

normal  a d u l t  b r a i n  m a t e r i a l  d i d  no t  ( 1 5 2 ) .  T h i s  c o u l d ,  i n  

t h e o r y ,  be due e i t h e r  t o  i n c r e a s e d  PA p r o d u c t i o n  o r  d e c r eased  

PA ( o r  p l a s m i n )  i n h i b i t o r  p r o d u c t i o n .  N a t u r a l  i n h i b i t o r s  

such as t ho se  f ound  i n  serum (153)  and t he  t r y p s i n  i n h i b i t o r  

f o u nd  i n  b r a i n  ( 154)  c o u l d  p l a y  an i m p o r t a n t  p a r t  i n  

c o n t r o l l i n g  t he  PA a c t i v i t y  o f  b r a i n  c e l l s .  The n e t  e f f e c t ,  

h owe v e r ,  i s  t h a t  g l i a l  t umour  c e l l s  i n  v i t r o ,  a r e  a s s o c i a t e d
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w i t h  i n c r e a s e d  f i b r i n o l y t i c  a c t i v i t y .  A s i m i l a r  s t u d y  by 

H i nce  and Roscoe has d e mo n s t r a t e d  h i gh  l e v e l s  o f  p l a s m i n o g e n -  

dependen t  f i b r i n o l y t i c  a c t i v i t y  i n  c e l l  l i n e s  d e r i v e d  f r om 

an e t h y l  n i t r o s o u r e a - i n d u c e d  r a t  g l i o ma  ( 1 5 5 ) .  Ce l l  l i n e s  

d e r i v e d  f r o m normal  a d u l t  r a t  b r a i n  showed o n l y  l ow l e v e l s  

o f  a c t i v i t y .  In many o f  t h e  c e l l  l i n e s  d e r i v e d  f r om b r a i n  

t i s s u e  a f t e r  111-112 days e x pos u r e  t o  e t h y l  n i t r o s o u r e a ,  t h e r e  

was a c l o s e  a s s o c i a t i o n  o f  PA w i t h  g r owt h  i n  aga r  and 

t u m o u r i g e n i c i t y . These o b s e r v a t i o n s  p r o v i d e  f u r t h e r  s u p p o r t  

f o r  t h e  p o s s i b l e  a s s o c i a t i o n  o f  h i g h  PA a c t i v i t y ,  i n  some 

cases a t  l e a s t ,  w i t h  e x p r e s s i o n  o f  t he  m a l i g n a n t  p h e n o t y p e .

These p r e v i o u s  o b s e r v a t i o n s  on PA a c t i v i t y  i n  normal  

and n e o p l a s t i c  b r a i n  c e l l s  i m p l i e d  t h a t  PA m i g h t  be a u s e f u l  

ma l i g n a n c y  ma r ke r  f o r  t h e  a s t r o c y t o m a  d e r i v e d  c e l l  l i n e s  

used i n  t h i s  s t u d y .  A v a r i e t y  o f  assays  e x i s t  f o r  d e t e c t i n g  

c e l l  PA, most  o f  wh i ch  i n v o l v e  t h e  g e n e r a t i o n  o f  p l a s m i n  f r om 

p l a s mi n og en  and t he  s u b s e qu e n t  m o n i t o r i n g  o f  f i b r i n o l y t i c  

a c t i v i t y .  An exampl e o f  t h e s e  i s  shown i n  ( P l a t e  I I ) .

Th i s  shows t he  f i b r i n o l y s i s  o f  a p r e f o r med  f i b r i n  c l o t  

c o n t a i n i n g  p l a s m i n o g e n ,  by a sma l l  amount  o f  h a r v e s t  medium 

c o n t a i n i n g  no serum,  f r om a v a r i e t y  o f  a s t r o c y t o m a  d e r i v e d  

c e l l  l i n e s .  A l t h o u g h  t h i s  t e c h n i q u e  d e m o n s t r a t e s  t he  

b i o l o g i c a l  a c t i v i t y  o f  PA i n  t h e s e  medium s a mp l e s ,  i t  does 

no t  t a k e  i n t o  a c c o u n t  PA a c t i v i t y  p r e s e n t  a t  t h e  c e l l  membrane.  

R e c e n t l y ,  c h r o mo g e n i c  p e p t i d e  s u b s t r a t e s ,  wh i ch  mi mi c  t he  

amino a c i d  sequence a t  t h e  s c i s s i l e  bond o f  n a t u r a l  s u b s t r a t e s  

have been s y n t h e s i s e d  ( 1 5 6 ) ,  and t h i s  has l e d  t o  t he  d e v e l o p 

ment  o f  a good q u a n t i t a t i v e  assay  system wh i ch  a l l o w s  me a s u r e 

ment  o f  t o t a l  c e l l  PA a c t i v i t y  ( 1 5 7 ) .  In t h i s  i n v e s t i g a t i o n ,  

a m o d i f i c a t i o n  o f  t h e  c h r o mog e n i c  assay  de v e l o p e d  by Whur ( 157)



PLATE I I

D e t e c t i o n  o f  P l asmi nogen  A c t i v a t o r  

a c t i v i t y  by f i b r i n o l y s i s  o f  a 

p r e f o r me d  f i b r i n  c l o t .
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was used t o  measure PA a c t i v i t y  o f  t he  c e l l s  grown unde r  

v a r i o u s  c o n d i t i o n s .  The PA a c t i v i t i e s  were r e l a t e d  t o  

u r o k i n a s e  s t a n d a r d s  and e x p r e s s e d  as u n i t s  o f  u r o k i n a s e  

a c t i v i t y .

2.  Tumour A n g i o g e n e s i s  F a c t o r

As t he  c e l l s  o f  s o l i d  t umour s  p r o l i f e r a t e  ijn v i vo 

t he  t umour  becomes v a s c u l a r i s e d  t o  f eed  t h e  g r o w i n g  c e l l  

mass.  The g r owt h  o f  new c a p i l l a r y  b l o od  v e s s e l s ,  a n g i o 

g e n e s i s ,  i s  i m p o r t a n t  i n  normal  p r o c es s es  such as e mb r y on i c  

d e v e l o p m e n t ,  f o r m a t i o n  o f  t h e  co r p us  l u t e um and wound 

h e a l i n g ,  as w e l l  as b e i n g  a component  i n  some p a t h o l o g i c a l  

p r o c e s s e s ,  i n c l u d i n g  n e o p l a s i a  ( 1 5 8 ) .  A n g i o g e n e s i s  i s  a 

p r o p e r t y  o f  most  s o l i d  t umour s  w h i c h ,  a t  a c e r t a i n  p o i n t  

i n  t h e i r  g r o w t h ,  a r e  c a p a b l e  o f  s t i m u l a t i n g  t he  g r owt h  

o f  new c a p i l l a r i e s  f r om t h e  v a s c u l a r  sys t em o f  t he  h o s t .

Th i s  p r o c e s s  i s  e s s e n t i a l  f o r  t h e  c o n t i n u e d  g r owt h  o f  

a t umour  ( 1 5 9 ) .

N e o v a s c u l a r i s a t i o n  r e s u l t s  i n  t he  f o r m a t i o n  o f  tum our 

b l o o d  v e s s e l s  wh i ch  do n o t  u s u a l l y  mat u r e  and t h e s e  r e p r e s e n t  

" t u b e s "  o f  u n d i f f e r e n t i a t e d  e n d o t h e l i u m  wh i ch  l a c k  smooth 

musc l e  ( 1 6 0 ) .  The p r o c es s  o f  a n g i o g e n e s i s  i s  t h o u g h t  t o  

c o n t r i b u t e  c o n s i d e r a b l y  t o w a r d s  t h e  k i n e t i c s  o f  tum our 

g r o w t h .  When a s ma l l  t umour  becomes v a s c u l a r i s e d  i n i t i a l l y ,  

g r owt h  i s  e x p o n e n t i a l .  However ,  i n  g e n e r a l ,  when t h e  t umour  

r eaches  a c e r t a i n  s i z e  t h e r e  i s  a g r a dua l  s l o w i n g  i n t h e  r a t e  

o f  g r o w t h ,  r e s u l t i n g  i n  a g e n e r a l  p a t t e r n  o f  d i m i n i s h i n g  

g r o wt h  r a t e  w i t h  i n c r e a s i n g  s i z e .  Two p o s s i b l e  e x p l a n a t i o n s  

f o r  t h i s ,  bo t h  o f  wh i ch  may be c o n t r i b u t o r y ,  a r e  t he  i n a b i l i t y  

o f  e n d o t h e l i a l  c e l l  p r o l i f e r a t i o n  t o  keep pace w i t h  t umour
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c e l l  p r o l i f e r a t i o n  ( 1 6 1 ) ,  and t h e  deat h  o f  e n d o t h e l i a l  c e l l s  

i n  t h e  dept h  o f  t h e  t umour  due t o  v a s c u l a r  c o mp r e s s i o n  ( 1 6 2 ) .  

Thus ,  a n g i o g e n e s i s  i n i t i a l l y  r e l e a s e s  a t umour  f r om dormancy 

i n t o  e x p o n e n t i a l  g r o wt h  b u t  l a t e r  may be r e s p o n s i b l e  f o r  

r e t a r d a t i o n  o f  g r o wt h  r a t e  as t h e  t umour  r eaches  a l a r g e r  

size.
In 1970 Fol kman r e p o r t e d  t h a t  t umour  c e l l s  r e l e a s e  

a d i f f u s i b l e  f a c t o r  (Tumour  A n g i o g e n e s i s  F a c t o r  ( T AP) ) w h i c h  

i s  m i t o g e n i c  f o r  c a p i l l a r y  e n d o t h e l i a l  c e l l s  ( 1 6 3 ) .  TAP 

a c t i v i t y  was f ound  t o  be p r e s e n t  bo t h  i n  t he  c y t o p l a s m  o f  

Wa l ke r  256 c a r c i n o ma  c e l l s  and i n  t he  h o n - h i s t o n e  p r o t e i n s  

a s s o c i a t e d  w i t h  c h r o m a t i n  i n  t h e  n u c l e u s  ( 1 6 4 ,  1 6 5 ) .  More 

r e c e n t l y  Schor  e t  ^  have i s o l a t e d  a l ow m o l e c u l a r  w e i g h t  

compound wh i ch  i s  c a p a b l e  o f  i n d u c i n g  n e o v a s c u l a r i s a t i o n  

i n v i v o  ( 166)  and Fense l au  e^  ^  have a l s o  p u r i f i e d  an 

a n g i o g e n i c  s u b s t a n c e  f r om t h e  Wa l ke r  256 r a t  a s c i t e s  t u mo u r ,  

wh i ch  s t i m u l a t e s  new b l o o d  v e s s e l  g r owt h  j_n v i v o , as w e l l  

as m i t o g e n e s i s  o f  f o e t a l  b o v i n e  a o r t i c  e n d o t h e l i a l  c e l l s  

i n  v i t r o  ( 1 6 7 ) .  T h i s  m a t e r i a l  has an a p p a r e n t  M.Wt.  o f  

400- 800  bu t  i t s  c h e mi c a l  n a t u r e  i s  as y e t  u n d e t e r m i n e d .

There are  a v a r i e t y  o f  b i o l o g i c a l  assay  sys t ems 

a v a i l a b l e  wh i ch  d e m o n s t r a t e  a n g i o g e n e s i s  i n  v i v o . These 

i n c l u d e  t he  r a t  d o r s a l  s ub c u t a ne ou s  pouch ,  r a b b i t  co r nea  

and c h i c k  embryo c h o r i o a l l a n t o i c  membrane (CAM),  a l l  o f  

wh i ch  show v a s o p r o l i t e r a t i o n  i n  r esponse  t o  TAP c o n t a i n i n g  

m a t e r i a l .  The CAM i s  p r o b a b l y  t h e  most  w i d e l y  used b i o a s s a y  

f o r  d e m o n s t r a t i o n  o f  a n g i o g e n i c  a c t i v i t y .  A c t i v e  TAP 

f r a c t i o n s  i m p l a n t e d  o n t o  t h e  CAM, exposed t h r o u g h  a h o l e  

i n  t he  s h e l l  o f  a 9 day o l d  embryo ,  r e s u l t  i n  t h e  appea r ance  

o f  a r a d i a l  sys t em o f  b l o o d  v e s s e l s  wh i ch  grow i n  t o wa r ds
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t he  s i t e  o f  i m p l a n t a t i o n .

In o r d e r  t o  q u a n t i t a t e  TAF more p r e c i s e l y ,  many groups 

o f  w o r k e r s  have c u l t u r e d  e n d o t h e l i a l  c e l l s  f rom v a r i o u s  

s o u r c e s ,  and a t t e m p t e d  t o  d e v e l o p  vn v i t r o  m i t o g e n e s i s  assays  

u s i n g  t h e s e  as t a r g e t  c e l l s .  Pure c u l t u r e s  o f  e n d o t h e l i a l  

c e l l s  have now been s u c c e s s f u l l y  o b t a i n e d  f r om human u m b i l i c a l  

v e i n  ( 1 6 8 ) ,  f o e t a l  b o v i n e  h e a r t  and a o r t a  ( 1 6 9 ) ,  b o v i n e  

a d r e n a l  c o r t e x  and human f o r e s k i n  ( 170)  and r a t  b r a i n  ( 17 1 ,

1 7 2 ) .  F e a t u r e s  s p e c i f i c  t o  e n d o t h e l i a l  c e l l s  e . g .  c l o t t i n g  

f a c t o r  V I I I ,  Wei b e l - P a l a d e  b o d i e s  ( r o d - s h a p e d  o r g a n e l l e s  

c o n s i s t i n g  o f  a b u nd l e  o f  f i n e  t u b u l e s  e nv e l oped  by a t i g h t l y  

f i t t i n g  membrane,  as seen by e l e c t r o n  m i c r o s c o p y )  ( 1 7 3 ) ,  

a n g i o t e n s i n  c o n v e r t i n g  enzyme and t i g h t  j u n c t i o n s  ( 1 7 1 ) ,  

have a l l  been u s e f u l  i n  i d e n t i f i c a t i o n  o f  e n d o t h e l i a l  c u l t u r e s .

S t i m u l a t i o n  o f  f o e t a l  b o v i n e  e n d o t h e l i a l  c e l l s  has been 

e x h i b i t e d  by c r ude  c e l l  e x t r a c t s  f r om Wal ker  2 5 6  t u mo u r s ,  

w h i l e  e x t r a c t s  f r om v a r i o u s  a d u l t  normal  t i s s u e s  are i n e f f e c t i v e  

( 1 6 9 ) .  I t  was a l s o  ob se r ve d  t h a t  t he  t umour  d e r i v e d  m a t e r i a l  

was u na b l e  t o  s t i m u l a t e  m i t o g e n e s i s  i n  n o n - e n d o t h e l i a l  c e l l s ,  

under  t he  same c o n d i t i o n s .  These r e s u l t s  l ed  Fense l au  and 

M e l l o  t o  c o n c l u d e  t h a t  t h i s  i_n v i t r o  system m i g h t  be a u s e f u l  

way o f  q u a n t i t a t i n g  t u m o u r - i n d u c e d  v a s c u l a r i s a t i o n .  Schor  

ejt ^  have shown s i m i l a r  s t i m u l a t i o n  o f  m i t o g e n e s i s  o f  b o v i n e  

b r a i n  d e r i v e d  e n d o t h e l i a l  c e l l s  by t he  l ow M . Wt . ,  p u r i f i e d  

compound i s o l a t e d  f r om W R C - 2 5 6  r a t  c a r c i n o m a ,  a l t h o u g h  t h e y  

d e mo n s t r a t e d  a r e q u i r e m e n t ,  i n  t h i s  s ys t em,  f o r  g r o wt h  o f  t he  

e n d o t h e l i a l  c e l l s  on c o l l a g e n .

In 1980 Fol kman and H a u d e n s c h i l d  r e p o r t e d  t h a t  under  

a p p r o p r i a t e  c u l t u r e  c o n d i t i o n s ,  c a p i l l a r y  e n d o t h e l i a l  c e l l s  

w i l l  f o r m t u b u l a r  n e t wo r k  s t r u c t u r e s  i n  v i t r o ,  wh i ch  v e r y
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c l o s e l y  r esemb l e  c a p i l l a r y  v a s c u l a r  beds i_n v i vo ( 1 7 0 ) .

As g r o w i n g  c o l o n i e s  o f  human c a p i l l a r y  c e l l s  reach a c e r t a i n  

s i z e ,  c a p i l l a r y  t ubes  beg i n  t o  f o r m i n t he  c e n t r a l ,  dense 

r e g i o n  o f  t he  c o l o n i e s  r e s u l t i n g  i n  t he  e v e n t u a l  f o r m a t i o n  

o f  a b r a n c h e d , n e t w o r k  o f  t u b es  wh i ch  r e p l a c e d  t he  dense 

r e g i o n s  o f  c o l o n i e s .  Th i s  shows c l e a r l y ,  t h a t  t he  i n f o r m a t i o n  

n e c e s s a r y  t o  c o n s t r u c t  c a p i l l a r y  t u b e s ,  make b r anches  and 

assembl e  an e n t i r e  c a p i l l a r y  n e t w o r k  j_n vi  t r o , can be 

e x p r es s e d  by a s i n g l e  c e l l  t y p e .  E n d o t h e l i a l  c e l l s  t hus  can 

be i nduced  t o  b u i l d  a compl ex  t h r e e - d i m e n s i o n a l  s t r u c t u r e  

wh i ch  i s  a m a n i f e s t a t i o n  o f  t h e i r  d i f f e r e n t i a t e d  f o r m .  The 

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

p r o v i d e  a s u i t a b l e  j_n v i  t r o  model  f o r  i n v e s t i g a t i n g  t he 

mechani sm o f  a n g i o g e n e s i s  and f o r  i d e n t i f y i n g  i n d u c e r s  and 

i n h i b i t o r s  o f  t h i s  p r o c e s s  and t h e i r  modes o f  a c t i o n .

The e n d o t h e l i a l  p r o l i f e r a t i o n  and n e o v a s c u l a r i s a t i o n  

a s s o c i a t e d  w i t h  CNS t umour s  i s  w e l l  e s t a b l i s h e d  ( 174 ,  175,  

176,  1 7 7 ) .  Ln v i t r o  s t i m u l a t i o n  o f  p r i m a r y  human u m b i l i c a l  

v e i n  e n d o t h e l i a l  c e l l s  by c o n d i t i o n e d  medium f r o m c u l t u r e s  

o f  c e n t r a l  ne r vous  sys t em t u m o u r s ,  has been d e mo n s t r a t e d  

( 1 7 8 ) .  Medium f r om a human a s t r o c y t o m a  t umour  c e l l  l i n e  

and t he  r a t  Cg g l i o ma  l i n e  i n c r e a s e d  t h e  l a b e l l i n g  i nd ex  o f  

t h e  e n d o t h e l i a l  c u l t u r e s  f r om 2.1% t o  30.1% and 96%. 

r e s p e c t i v e l y ,  w h i l e  medium f r o m f i b r o b l a s t s  showed o n l y  a 

v e r y  s l i g h t  i n c r e a s e .  These r e s u l t s  i mp l y  t he  p r o d u c t i o n  

by b r a i n  t u mo u r s ,  o f  a s p e c i f i c  chemi ca l  f a c t o r  wh i ch  

i n c r e a s e s  m i t o t i c  a c t i v i t y  o f  e n d o t h e l i a l  c e l l s .

In t h i s  p r o j e c t  t he  a i ms ,  w i t h  r e s p e c t  t o  u s i n g  a n g i o 

g e n i c  a c t i v i t y  as a ma r ke r  o f  m a l i g n a n t  pheno t ype  i n  

a s t r o c y t o m a s ,  were t h r e e f o l d : -
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1. An a t t e m p t  was made t o  d e m o n s t r a t e  a n g i o g e n i c  

a c t i v i t y  i n  i n t r a c e l l u l a r  e x t r a c t s  o f  a s t r o 

cytoma d e r i v e d  c e l l s  on t he  c h i c k  embryo CAM, 

and t o  q u a n t i t a t i v e l y  g rade t he  r e s p o n s e s .

2.  An e n d o t h e l i a l  c e l l  l i n e  was i s o l a t e d  and 

c h a r a c t e r i s e d  f r om human u m b i l i c a l  v e i n  

f o r  p o s s i b l e  use i n  an e n d o t h e l i a l  m i t o -  

g e n e s i s  a s s a y .

3.  An a t t e m p t  was made t o  d e v e l o p  an j j i  v i  t r o  

assay  s y s t e m,  u s i n g  t h e s e  e n d o t h e l i a l  c e l l s ,  

t o  q u a n t i t a t e  t h e  c e l l u l a r  l e v e l s  o f  m i t o 

g e n i c  f a c t o r s  i n  m a l i g n a n t  a s t r o c y t e s ,  

f o e t a l  a s t r o c y t e s  and normal  b r a i n  d e r i v e d  

c e l l s ,  and t o  d e t e r m i n e  w h e t h e r  o r  n o t  

e n d o t h e l i a l  m i t o g e n e s i s  a c t i v i t y  r e l a t e s  

d i r e c t l y  t o  a n g i o g e n i c  a c t i v i t y  on t he

CAM.

1 . 6  M a n i p u l a t i o n  o f  t he  G l i a l  Phenot ype

The t h r e e  ma r ke r  p r o p e r t i e s  o f  d i f f e r e n t i a t i o n  (GFAP, ,  

h i g h  a f f i n i t y  GABA t r a n s p o r t  and g l u t a m i n e  s y n t h e t a s e )  and 

t he  two p r o p e r t i e s  a s s o c i a t e d  w i t h  m a l i g n a n t  b e h a v i o u r  

( p l a s m i n o g e n  a c t i v a t o r  and t umour  a n g i o g e n e s i s  f a c t o r )  were 

used t o  i n v e s t i g a t e  p h e n o t y p i c  e x p r e s s i o n  and i t s  m a n i p u l a t i o n  

by e n v i r o n m e n t a l  and c h e mi c a l  f a c t o r s .

E x p e r i m e n t a l l y  t h r e e  appr oaches  t o  p h e n o t y p i c  ma n i p 

u l a t i o n  were c o n s i d e r e d : -
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1. C e l l  D e n s i t y

Mo n o l a y e r  C u l t u r e

D i f f e r e n t i a t i o n  and ma l i g n a n c y  mar ke r  assays  were 

c a r r i e d  ou t  a t  bo t h  t h e  e x p o n e n t i a l  and p l a t e a u  phases o f  

t h e  g r owt h  c u r v e .  D i f f e r e n c e s  between t h e s e  c o u l d  be due 

e i t h e r  t o  d i f f e r e n c e s  i n  t he  p r o l i f e r a t i v e  s t a t e  o f  c e l l s  

o r  c e l l - c e l l  c o n t a c t  f o r m a t i o n .  These two p o s s i b i l i t i e s  

can be d i s t i n g u i s h e d  by w i t h d r a w i n g  serum f r om e x p o n e n t i a l l y  

g r o w i n g  c u l t u r e s ,  t hus  i n d u c i n g  c y t o s t a s i s  w i t h o u t  c o n t a c t  

f o r m a t i o n .  Th i s  a l l o w e d  t he  e f f e c t  o f  r a p i d  p r o l i f e r a t i o n ,  

c y t o s t a s i s  and c e l l - c e l l  c o n t a c t s  on g l i a l  p h e n o t y p i c  

e x p r e s s i o n  t o  be s t u d i e d .

Three D i men s i o na l  C u l t u r e

Ex p e r i me n t s  were a l s o  c a r r i e d  o u t  u s i n g  a sys t em o f  

a r t i f i c i a l  c a p i l l a r i e s  wh i ch  a l l o w e d  c e l l s  t o  grow t o  v e r y  

h i g h ,  t i s s u e - l i k e  d e n s i t i e s .  As shown i n  P l a t e  I I I  medium 

was c o n t i n u a l l y  p e r f u s e d  t h r o u g h  t h e  c a p i l l a r y  bund l es  t hus  

a l l o w i n g  e l e c t r o l y t e  and n u t r i e n t  d i f f u s i o n  t o  and f r om 

t h e  c e l l s ,  p r o v i d i n g  f i r s t l y  a n e a r l y  c o n s t a n t  m i c r o 

e n v i r o n m e n t  f o r  c e l l  g r owt h  and s e c o n d l y  a l a t t i c e  on wh i ch  

c e l l s  can grow i n  t h r e e  d i m e n s i o n s ,  so i n t e n s i f y i n g  t he  

e f f e c t s  o f  c e l l u l a r  i n t e r a c t i o n s  l e s s  a p p a r e n t  i n  mo n o l a y e r  

c u l t u r e .  Two g r oups  o f  w o r k e r s  have p r e v i o u s l y  s u c c e s s 

f u l l y  used a r t i f i c i a l  c a p i l l a r i e s ,  Knazek ejË i l  have shown 

t h a t  c h o r i o c a r c i n o m a  c e l l s  behave d i f f e r e n t l y  w i t h  r e s p e c t  

t o  c h o r i o n i c  g o n a d o t r o p h i n  p r o d u c t i o n  when grown t o  h i gh  

d e n s i t i e s  on p e r f u s e d  c a p i l l a r i e s  ( 1 7 9 ) .  S i m i l a r l y  Rut zky  

e t  a 1 have grown human c o l o n  adenocar c i noma i n  h i g h  d e n s i t y  

c u l t u r e  and f ound  t h a t  t h e  k i n e t i c s  o f  CEA r e l e a s e  were
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q u i t e  d i f f e r e n t  f r o m t h a t  seen i n  mo no l ay e r  c u l t u r e  ( 1 8 0 ) .  

D i f f e r e n c e s  i n  c e l l  b e h a v i o u r  c o u l d  be due t o  o r g a n o i d  

t y p e  g r o w t h ,  more p h y s i o l o g i c a l  t h r e e  d i m e n s i o n a l  c o n t a c t s  

and p o s s i b l y  a l s o  t h e  c o n c e n t r a t i o n  o f  c e l l  p r o d u c t s  

( m a c r o m o l e c u l e s )  wh i ch  c o n t r o l  c e l l  b e h a v i o u r  i n  t he 

e x t r a c a p i 11a r y  c o mp a r t me n t .  C l e a r l y  a t h r e e  d i m e n s i o n a l ,  

a r t i f i c i a l  c a p i l l a r y  p e r f u s i o n  sys t em m i g h t  p r o v i d e  a 

b e t t e r  ^  v i t r o  mo d e l ,  more a c c u r a t e l y  r e f l e c t i n g  t he  

t r u e  p h y s i o l o g i c a l  b e h a v i o u r  o f  c e l l s .  C e r t a i n  a s p e c t s  

o f  g l i a l  p h e n o t y p i c  e x p r e s s i o n  were t h e r e f o r e  i n v e s t i g a t e d  

u s i n g  c e l l s  grown i n  such a s y s t em,  t o  d e t e r m i n e  i n  what  

way h i gh  c e l l  d e n s i t y  and t h r e e  d i m e n s i o n a l  c o n t a c t  f o r m a t i o n  

a f f e c t s  t he  p h e n o t y p e .

2.  Chemi ca l  Agent s

The e f f e c t  o f  c e l l  t r e a t m e n t  w i t h  v a r i o u s  che mi c a l  

a g e n t s ,  e i t h e r  a l o n e  o r  i n  c o m b i n a t i o n ,  on p h e n o t y p i c  

e x p r e s s i o n  was a l s o  i n v e s t i g a t e d .  Low serum c o n c e n t r a t i o n  

(1%) was used i n  o r d e r  t o  m i n i m i s e  serum f a c t o r  e f f e c t s .

The compounds used were dexamet hasone ,  i s o p r o t e r e n o l ,  

r e t i n o i d ,  i n t e r f e r o n ,  m i t o m y c i n  C, N- me t h y 1a c e t a m i de , p i g  

b r a i n  e x t r a c t ,  TPA and N - m e t h y l n i t r o s o u r e a .  The r easons  

f o r  i n t e r e s t  i n  t h e i r  p o s s i b l e  m a n i p u l a t o r y  e f f e c t s  on 

c e l l  pheno t ype  a r e  d i s c u s s e d  b e l o w.

Dexamethasone

G l u c o c o r t i c o i d s  a r e  used as a n t i - n e o p l a s t i c  agen t s  

i n  t he  t r e a t m e n t  o f  many t y p e s  o f  m a l i g n a n t  d i s e a s e  

i n c l u d i n g  l eu k a e mi a  and b r e a s t  c a r c i n o ma .  T h e i r  e f f e c t  

on h a e m o p o i e t i c  t umour s  i s  r e p o r t e d  t o  be c y t o t o x i c  ( 1 8 1 ) ,  

w h i l e  t he  e f f e c t  on s o l i d  t umour s  i s  t h o u g h t  t o  be c y t o 

s t a t i c  ( 1 8 2 , 1 8 3 ) .
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The s y n t h e t i c  c o r t i c o s t e r o i d  dexamet hasone (DX) i s  

f r e q u e n t l y  used i n  t h e  t r e a t m e n t  o f  p a t i e n t s  w i t h  b r a i n  

t u mo u r s .  The p r i m a r y  e f f e c t  o f  t h i s  drug i s  i n  r e l i e v i n g  

i n t r a c r a n i a l  p r e s s u r e  by r e d u c i n g  oedema i n  t he  normal  

b r a i n  t i s s u e  s u r r o u n d i n g  t h e  t umour  ( 1 8 4 ) .  A se c o nd a r y  

e f f e c t  i s  t h o u g h t  t o  be a r e s u l t  o f  i t s  g r owt h  i n h i b i t i n g  

p r o p e r t i e s .  The i n h i b i t o r y  e f f e c t  o f  DX on g l i o ma  c e l l s  

i n  c u l t u r e  i s  compl ex  ( 1 8 5 ) .  I t  a p p a r e n t l y  s t i m u l a t e s  

c l o n i n g  e f f i c i e n c y  and c e l l  p r o l i f e r a t i o n  i n  c l o n i n g  

e x p e r i m e n t s ,  w i t h  t h e  c y t o s t a t i c  e f f e c t  n o t  e v i d e n t  u n t i l  

a c e r t a i n  c o l o n y  s i z e  i s  r e a c h e d .  T r e a t me n t  o f  mo n o l a y e r  

c u l t u r e s  w i t h  DX, h owev e r ,  r e s u l t s  i n  a l o w e r  t e r m i n a l  

c e l l  d e n s i t y  ( F i g u r e  3) and r educed  l a b e l l i n g  i n d e x ,  t han  

i s  a c h i e v e d  i n  i t s  absence ( 1 8 5 ) .  DX has a l s o  been shown 

t o  i n h i b i t  g r owt h  o f  bo t h  human g l i o b l a s t o m a s  (186)  and 

S y r i a n  hams t e r  melanoma ( 187)  c e l l s  i n  c u l t u r e .  In t he  

l a t t e r  case i . e . R P M I  3460 melanoma c e l l s ,  t he  p r esence  o f  

a D X - b i n d i n g  ma c r o mo l e c u l e  has been l o c a t e d  i n  t h e  c y t o s o l  

o f  t h e s e  c e l l s  and t h i s  o b s e r v a t i o n  i s  c o n s i s t e n t  w i t h  t he  

v i ew t h a t  g r o wt h  i n h i b i t i o n  by DX i s  a r e c e p t o r  me d i a t e d  

e v e n t .

One o f  t he  w e l l  e s t a b l i s h e d  b i o l o g i c a l  e f f e c t s  o f  

g l u c o c o r t i c o i d s  i s  t h e  i n d u c t i o n  o f  d i f f e r e n t i a t i o n  i n  

many c e l l  t y p e s  i n c l u d i n g  hepatoma ( 1 8 8 ) ,  l i v e r  parenchyma 

( 1 8 9 ) ,  c e r e b r a l  c e l l  c u l t u r e s  ( 190)  and t h e  r a t  Cg g l i o ma  

( 1 9 1 ) .  More s p e c i f i c a l l y ,  DX i nduces  g l u t a m i n e  s y n t h e t a s e  

p r o d u c t i o n  i n  M u l l e r  g l i a l  c e l l s  i n  n e u r a l  r e t i n a  ( 136)  

and i n  c o m b i n a t i o n  w i t h  c y c l i c A M P ,  i t  has been f ound  t o  

i n d u c e  bo t h  h i g h  a f f i n i t y  GABA u p t a k e  i n  a number  o f  human 

g l i o ma  l i n e s  and GFAP p r o d u c t i o n  i n  Cg c u l t u r e s  ( 1 9 2 ) .



FIGURE 3

S e m i - l o g a r i t h m i c  p l o t  f o r  NOR-F c e l l s  grown i n  

2 4 - w e l l  p l a t e s  i n  t h e  p r e sence  0 - - 0  and absence 

• - - •  o f  dexamet hasone ( lOpg.ml  ^ ) .

C u l t u r e  medium was renewed e v e r y  2 t o  3 days .  

Each p o i n t  r e p r e s e n t s  t h e  mean o f  d u p l i c a t e  

c e l l  c o u n t s .  The d u p l i c a t e  v a l u e s  a r e  shown.
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DX has a l s o  been shown t o  be an e f f e c t i v e  i n h i b i t o r  o f  

p l a s mi n o g e n  a c t i v a t o r  p r o d u c t i o n  by human emb r y o n i c  l ung  

c e l l s  ( 193)  and r a t  hepatoma c e l l s  ( 194)  i n  c u l t u r e .

I t  i s  t h e r e f o r e  c l e a r  f r o m c o n s i d e r a t i o n  o f  t he  

b i o l o g i c a l  e f f e c t s  o f  DX t h a t  i t  has p r o f o u n d  e f f e c t s  on 

c e l l  p h e n o t y p e ,  i n c l u d i n g  a s p e c t s  o f  t h e  phen o t y pe  a s s o c 

i a t e d  w i t h  g r owt h  c o n t r o l  a t  h i gh  d e n s i t y ,  d i f f e r e n t i a t i o n  

and p o s s i b l y  a s p e c t s  a s s o c i a t e d  w i t h  m a l i g n a n t  b e h a v i o u r .

The p o s s i b i l i t y  t h e r e f o r e  e x i s t s  t h a t  s t e r o i d s  e x e r t  t h e i r  

c y t o s t a t i c  e f f e c t  by p r o m o t i n g  c e l l s  t o  d i f f e r e n t i a t e  and 

p o s s i b l y  " s w i t c h i n g  o f f "  m a l i g n a n t  ph e n o t y p e .

I s o p r o t e r e n o l

I s o p r o t e r e n o l  ( I P )  i s  a g - a d r e n e r g i c  a g o n i s t  wh i ch  

a c t s  t h r o u g h  c e l l  s u r f a c e  r e c e p t o r s  and adeny l  c y c l a s e ,  

r e s u l t i n g  i n  i n c r e a s e d  i n t r a c e l l u l a r  c y c l i c AMP l e v e l s  ( 1 95 ) ,  

The p r e sen ce  o f  a c y c l i c  AMP-dependent  p r o t e i n  k i n a s e  has 

been r e p o r t e d  i n  g l i a l  c e l l s  ( 196)  and p h o s p h o r y l a t i o n  o f  

a 1 0 0 , 000  dal  t o n  p r o t e i n  i n  appear s  t o  be r e l a t e d  t o  

n o r - a d r e n a 1 i ne s t i m u l a t i o n .  I n c r e a s e d  c y c l i c A M P  l e v e l s  

has i m p o r t a n t  b i o c h e m i c a l  consequences  i n c l u d i n g  i n c r e a s e d  

s y n t h e s i s  o f  g l i a l  s p e c i f i c  f a c t o r s .

In s t u d i e s  u s i n g  Cg g l i o m a ,  IP and d i b u t r y l  c y c l i c 

AMP (dbcAMP) p r oduced  a change i n  c e l l  mo r ph o l og y  r e s u l t i n g  

i n  t he  appea r nace  o f  l o n g ,  t h i n , b r a n c h e d  p r o c es s e s  a f t e r  

24-48 hour s  e x pos u r e  ( 1 1 6 ) .  Both IP and dbcAMP were 

e q u a l l y  e f f e c t i v e  i n  t h e i r  a b i l i t y  t o  i n d u c e  GFAP i n  Cg 

c u l t u r e s ,  w h i l e  n e i t h e r  ag en t  had any s i g n i f i c a n t  e f f e c t  

on t e r m i n a l  c e l l  d e n s i t y .  In t h i s  i n v e s t i g a t i o n  IP was 

used t o  exami ne t he  r éponse  o f  c e l l  p h e n o t y p i c  e x p r e s s i o n  

t o  r a i s e d  i n t r a c e l l u l a r  c y c l i c AMP l e v e l s  f o r  two r e a s o n s .
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F i r s t l y , u s e  o f  IP e x c l u d e s  any e f f e c t s  wh i ch  m i g h t  be caused 

by t he  b u t y r i c  a c i d  m o i e t y  o f  t h e  dbcAMP and s e c o n d l y ,  IP 

wou l d  be more f e a s i b l e  f o r  p r a c t i c a l ,  j ü  v i  vo use t han dbcAMP.

Most  o f  t he  l i t e r a t u r e  r e p o r t s  on i n d u c t i o n  o f  mor pho

l o g i c a l  and c h e mi c a l  d i f f e r e n t i a t i o n  i n  g l i a l  c e l l s ,  howeve r ,  

have been on o b s e r v a t i o n s  made u s i n g  dbcAMP. I n p a r t i c u l a r ,  

mouse g l i o b l a s t o m a  ( 1 9 7 ) ,  human g l i o ma  c e l l s  i n  c u l t u r e  ( 198)  

and r a t  a s t r o c y t e  p r e c u r s o r  c e l l s  ( 1 9 9 ) ,  a l l  show mor pho

l o g i c a l  change on dbcAMP t r e a t m e n t ,  t o  a mo r pho l og y  c h a r a c t e r 

i s t i c  o f  d i f f e r e n t i a t e d  a s t r o c y t e s  i n  v i v o . B i o c h e m i c a l  

d i f f e r e n t i a t i o n  o f  a s t r o b l a s t s  a l s o  o c c u r s  on dbcAMP t r e a t 

ment  e . g .  LDH a c t i v i t y  and i soenzyme d i s t r i b u t i o n  changes 

t o  r esemb l e  t h a t  o f  more ma t u r e  c e l l s  (200 ) .  In Cg , 

i n d u c t i o n  o f  m o r p h o l o g i c a l  d i f f e r e n t i a t i o n  i s  accompan i ed  

by i n c r e a s e d  c o n t e n t  o f  t he  ne r v ous  sys t em s p e c i f i c  p r o t e i n  

SI 00 and changes i n  t h e  con A b i n d i n g  p a t t e r n ,  t o  one wh i ch  

i s  more c h a r a c t e r i s t i c  o f  normal  c e l l s  ( 2 0 1 ) .  These o b s e r 

v a t i o n s ,  t o g e t h e r  w i t h  t he  f a c t  t h a t  c y c l i c AMP i s  p r e s e n t  

i n  a d u l t  r a t  b r a i n  a t  a much h i g h e r  l e v e l  t han  i t  i s  i n  

f o e t a l  b r a i n  ( 2 0 2 ) ,  s u g g e s t  t h a t  c y c l i c AMP i s  p r o b a b l y  an 

i m p o r t a n t  m e d i a t o r  o r  " second  messenger "  i n  many a s p e c t s  

o f  t h e  c o n t r o l  o f  s p e c i f i c  g l i a l  gene e x p r e s s i o n  and 

f u n c t i o n .  I P ,  as a m a n i p u l a t o r  o f  i n t r a c e l l u l a r  c y c l i c AMP 

l e v e l s ,  m i g h t  t h e r e f o r e  be a u s e f u l  agen t  i n  s t u d y i n g  

i n d u c t i o n  o f  d i f f e r e n t i a t i o n  i n  c e l l  l i n e s  o f  g l i a l  o r i g i n .  

Retinoids
V i t a m i n  A and i t s  d e r i v a t i v e s ,  t he  r e t i n o i d s , a r e  e s s e n t i a l  

t o  t he  g r o w t h ,  d i f f e r e n t i a t i o n ,  and f u n c t i o n  o f  s e c r e t o r y  

e p i t h e l i a .  T h e i r  e x a c t  mode o f  a c t i o n  i s  u n c l e a r  bu t  i t  i s  

t h o u g h t  t o  be v i a  i n t e r a c t i o n  w i t h  s p e c i f i c  r e c e p t o r s .
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I n v i v o  e x p e r i m e n t s  have shown t h e  e f f e c t i v e  a c t i o n  o f  

r e t i n o i d s  i n  r e d u c i n g  t he  d e v e l o p men t  o f  squamous m e t a p l a s i a ,  

h y p e r p l a s i a  and c a r c i n o ma s  i n  r o d e n t s  t r e a t e d  w i t h  c a r c i n o 

g e n i c  c y c l i c  h y d r o c a r b o n s  ( 2 0 3 ) .  S i m i l a r  i n h i b i t i o n  o f  

t umour  d e v e l o p men t  i n  o t h e r  t i s s u e s  has a l s o  been obser ved  

( 2 0 4 ,  205,  2 0 6 ) ,  as w e l l  as t h e r a p e u t i c  e f f e c t s  on 

e s t a b l i s h e d  t u mo u r s .  L a s n i t z k i  has shown t h a t  i n  v i t r o  

c a r c i n o g e n  i nduced  n e o p l a s i a  i n  organ c u l t u r e s  o f  mouse 

p r o s t a t e  can a l s o  be i n h i b i t e d  o r  r e v e r s e d  by r e t i n o i d s  

( 2 0 7 ) .

The p r e v e n t i o n  o f  h y p e r p l a s i a  caused by r e t i n o i d s  

i n  t h ese  systems and t h e  r e d u c t i o n  o f  t he  g r owt h  and 

i n c i d e n c e  o f  t umour s  i n  a n i ma l s  has l ed  t o  s p e c u l a t i o n  

ab ou t  t h e  mode o f  a c t i o n .  Todar o  ejt ^  have r e p o r t e d  t h a t  

r e t i n o i d s  i n h i b i t  t h e  m i t o g e n i c  a c t i o n  o f  a g r owt h  f a c t o r  

p r oduced  i n  c e l l s  t r a n s f o r m e d  by mouse sarcoma v i r u s  ( 2 0 8 ) ,  

p r o b a b l y  by b l o c k i n g  t he  i n t e r a c t i o n  o f  t he  g r o wt h  f a c t o r  

w i t h  i t s  membrane r e c e p t o r .

In t i s s u e  c u l t u r e ,  r e t i n o i c  a c i d  has been f ou nd  t o  

i n h i b i t  g r owt h  and i n d u c e  m o r p h o l o g i c a l  d i f f e r e n t i a t i o n  

i n  a human n e u r o b l a s t o ma  c e l l  l i n e  ( 201)  . I t  a l s o  

i n h i b i t e d  t h e  a b i l i t y  o f  t h e s e  c e l l s  t o  f o r m c o l o n i e s  i n  

s o f t  agar  and t h e s e  o b s e r v a t i o n s  ar e  c o n s i s t e n t  w i t h  t h e  

v i ew o f  Si  d e l l  ( 209 ) t h a t  r e t i n o i c  a c i d  i s  p r o mo t i n g  

d i f f e r e n t i a t i o n  i n  L A - N- I  n e u r o b l a s t o ma  c e l l s  and a l t e r i n g  

e x p r e s s i o n  o f  t he  m a l i g n a n t  p h e n o t y p e .  The d i r e c t  g r owt h  

i n h i b i t o r y  e f f e c t s  o f  r e t i n o i d s  have been d e mo n s t r a t e d  on 

a number  o f  o t h e r  human c e l l  t y p e s  i n  c u l t u r e  i n c l u d i n g  

b r e a s t ,  c e r v i c a l ,  l y m p h o b l a s t i c  and melanoma c e l l s  ( 210)  

and t h e i r  a c t i o n  i n  i n h i b i t i n g  g r owt h  i n  s u s p e n s i o n  and
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s t i m u l a t i n g  me l a n o g e n e s i s  i n  melanoma c e l l s  i n  v i t r o  

( 211 ,  212,  2 1 3 ) ,  l en d s  f u r t h e r  s u p p o r t  t o  t he  c o n c ep t  

t h a t  r e t i n o i d s  m i g h t  a c t  by p r o mo t i n g  d i f f e r e n t i a t i o n  as 

w e l l  as i n h i b i t i n g  t h e  g r o wt h  o f  c e l l s .

In a l i m i t e d  number  o f  c a s e s ,  however ,  r e t i n o i d s  

have shown e f f e c t s  t h a t  mi mi c  t h e s e  o f  t umour  p r o mo t i n g  

p h o r b o l  e s t e r s  ( 2 1 4 ,  2 1 5 ) .  I n p a r t i c u l a r  r e t i n o i c  a c i d  

has been r e p o r t e d  t o  i nduce  p l asmi nogen  a c t i v a t o r  s y n t h e s i s  

by c e l l s  o f  mesenchymal  o r i g i n  bu t  no t  by c e l l s  o f  e p i t h e l i a l  

o r i g i n  ( 2 1 6 ) .  F i b r o b l a s t s  were used t o  show s y n e r g i s m 

between t he  e f f e c t s  o f  r e t i n o i d s ,  TPA and Rous Sarcoma V i r u s  

i n  i n d u c t i o n  o f  PA s y n t h e s i s  ( 2 1 7 ) .  As a r e s u l t  o f  t h e s e  

o b s e r v a t i o n s  i t  has been s u g g e s t ed  t h a t  r e t i n o i d s ,  w h i l e  

p r e v e n t i n g  t umour s  o f  e p i t h e l i a l  o r i g i n ,  m i g h t  f u n c t i o n  

as p r o mo t e r s  i n  mesodermal  t i s s u e .

G l i a l  t u m o u r s ,  l i k e  melanoma and n e u r o b l a s t o m a ,  wh i ch  

have a f a v o u r a b l e  r esponse  t o  r e t i n o i d s ,  a r e  t umour s  o f  t h e  

n e u r a l  c r e s t .  R e t i n o i d s  m i g h t  t h e r e f o r e  prove t o  be u s e f u l  

i n  m a n i p u l a t i n g  t he  d i f f e r e n t i a t e d  and m a l i g n a n t  p h eno t ypes  

o f  g l i a l  c e l l s  i n  c u l t u r e .

I n t e r f e r o n

In a d d i t i o n  t o  i n h i b i t i n g  v i r a l  m u l t i p l i c a t i o n  

i n t e r f e r o n  ( I FN)  e x e r t s  a number  o f  o t h e r  e f f e c t s  on c e l l s  

i n c l u d i n g  i n h i b i t i o n  o f  m u l t i p l i c a t i o n  ( 2 1 8 ) ,  enhancement  

o f  s p e c i a l i s e d  f u n c t i o n s  and m o d i f i c a t i o n  o f  c e l l  s u r f a c e

( 2 1 9 ) .  IFN has a l s o  been shown t o  e x h i b i t  a marked a n t i -  

t umour  a c t i o n  and t o  i n f l u e n c e  t he  immune sys t em ( 2 1 9 ) .

In e x p e r i m e n t s  u s i n g  mouse l e u k a e mi a  LI  210 c e l l s ,  IFN was 

f ound  t o  i n c r e a s e  t he  i n t r a c e l l u l a r  c o n c e n t r a t i o n  o f  

cyc l i cGMP i n i t i a l l y  w i t h  a l a t e r  i n c r e a s e  i n  c y c l i c AMP

( 2 2 0 ) .  The t r a n s i t o r y  r a p i d  i n c r e a s e  i n  cyc l i cGMP i n  IFN
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t r e a t e d  c e l l s ,  has been p o s t u l a t e d  as t h e  m e d i a t o r y  

e v e n t  f o r  many o f  t he  d i v e r s e  e f f e c t s  o f  IFN on c e l l s ,  

seen w i t h i n  a few hour s  o f  t r e a t m e n t  e . g .  i n h i b i t i o n  o f  

c e l l  m u l t i p l i c a t i o n .  The l a t e r  r i s e  i n  c y c l i c A M P ,  p o s s i b l y  

a consequence o f  i n h i b i t i o n  o f  g r owt h  ( 2 2 0 ) ,  m i g h t  t hen 

be a s s o c i a t e d  w i t h  t he  l o n g e r  t e r m e f f e c t s  o f  IFN,  such 

as s w i t c h i n g  on and o f f  s p e c i f i c  c e l l  p r o d u c t s .  An 

exampl e o f  such an e f f e c t  i s  t h e  i n h i b i t i o n  o f  p l asmi nogen  

a c t i v a t o r  r e l e a s e  by SV40 t r a n s f o r m e d  3T3 c e l l s ,  a f t e r  

24 hour  t r e a t m e n t  w i t h  IFN.

I FN-3  ( p r o v i d e d  by Beechams P h a r m a c e u t i c a l s )  was 

used t o  s t u d y  i t s  l on g  t e r m e f f e c t  on t he  p h e n o t y p i c  

e x p r e s s i o n  o f  bo t h  normal  and m a l i g n a n t  c e l l s .  P r e 

l i m i n a r y  r e s u l t s  have shown I FN- 3  t o  cause dose dependent  

g r owt h  i n h i b i t i o n  o f  c e l l s  d e r i v e d  f r om m a l i g n a n t  g l i o ma s  

and normal  b r a i n ,  w i t h  t h e  g l i o ma  c e l l s  more s e n s i t i v e  

t o  i t s  a c t i o n .  At  c o n c e n t r a t i o n s  used i n  t h e  p h e n o t y p i c  

m a n i p u l a t i o n  e x p e r i m e n t s  I FN- 3  was f ound  t o  be c y t o s t a t i c .  

M i t o m y c i n  C

M i t o my c i n  C i s  an a n t i b i o t i c  wh i ch  a c t s  as an a l k y l a t i n g  

ag en t  o f  bo t h  DNA and RNA. I t  has d e mo n s t r a b l e  a n t i - t u m o u r  

a c t i v i t y  i n  a wi de  v a r i e t y  o f  an i ma l  t umour s  and i s  used 

o f t e n , i n  c o m b i n a t i o n  w i t h  o t h e r  a g e n t s ,  i n  t r e a t m e n t  o f  

m a l i g n a n t  d i s e a s e .

M i t o my c i n  C has been f ound  t o  i nduce  m o r p h o l o g i c a l  

d i f f e r e n t i a t i o n  i n  human n e u r o b l a s t o ma  c e l l s  (NB-1)  

i n v i t r o  as seen by t h e  e x t e n s i o n  o f  d e n d r i t e - l i k e  p r o c e s s e s _

( 2 2 1 ) .  A number  o f  o t h e r  ag en t s  i n c l u d i n g  dbcAMP, N - b u t y r i c  

a c i d  a l o n e ,  c h o l e r a  t o x i n ,  serum f r e e  medium and a s c i t e s  

o f  p a t i e n t s  t r e a t e d  w i t h  i n t e r f e r o n  i n d u c e r s ,  had s i m i l a r
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e f f e c t s .  At  a p p r o p r i a t e  c o n c e n t r a t i o n s  (as used i n  

m a n i p u l a t i o n  e x p e r i m e n t s )  m i t o m y c i n  C c o m p l e t e l y  i n h i b i t s  

c e l l  d i v i s i o n  o f  bo t h  normal  and m a l i g n a n t  g l i a l  c e l l s ,  

b u t  a l l o w s  t he  c e l l s  t o  s u r v i v e  and m e t a b o l i s e  f o r  s e v e r a l  

days a f t e r  t r e a t m e n t .  T h i s  e n ab l e s  i t s  e f f e c t  on t he 

e x p r e s s i o n  o f  d i f f e r e n t i a t e d  and m a l i g n a n t  pheno t ype  t o  

be s t u d i e d .

N - M e t h y l a c e t a m i d e

M u r i n e - v i r u s - i n f e c t e d  e r y t h r o l e u k a e m i a  c e l l s  can be 

i nd uc e d  t o  d i f f e r e n t i a t e  a l o n g  t h e  e r y t h r o i d  m a t u r a t i o n  

pat hway by t r e a t m e n t  w i t h  d i m e t h y l  s u l f o x i d e  (DMSO).  A 

number  o f  o t h e r  h i g h l y  p o l a r  compounds,  i n c l u d i n g  N - me t h y l -  

a c e t a mi d e  (NMA) have s i m i l a r  e f f e c t s  i n  i n d u c i n g  e r y t h r o i d  

d i f f e r e n t i a t i o n  o f  t h e  v i r u s - i n f e c t e d  c e l l s ,  as d e t e r m i n e d  

by t he  appear ance  o f  haemo g l ob i n  ( 2 2 2 ) .  NMA i s  g e n e r a l l y  

l e s s  t o x i c  t o  c e l l s  t han  DMSO. These agen t s  a r e  t h o u g h t  

t o  a c t  by c h a ng i n g  t h e  c o n f o r m a t i o n  o f  DMA or  D N A - p r o t e i n  

co mp l e x e s ,  i n i t i a t i n g  t r a n s c r i p t i o n  o f  t h e  gene o r  genes 

t h a t  r e g u l a t e  e x p r e s s i o n  o f  t he  e r y t h r o i d  c e l l  programme 

( 2 2 2  ) .

The p o s s i b l e  e f f e c t  o f  DMSO and r e l a t e d  compounds 

on t he  r e g u l a t o r  gene c o n t r o l l i n g  t he  e x p r e s s i o n  o f  

d i f f e r e n t i a t e d  f u n c t i o n  i n  e r y t h r o l e u k a e m i a  c e l l s ,  makes 

t h e s e  compounds o f  c o n s i d e r a b l e  i n t e r e s t  i n  t he  p o s s i b l e  

i n d u c t i o n  o f  d i f f e r e n t i a t i o n  i n  o t h e r  c e l l  t y p e s .  An o t h e r  

p o l a r  compound d i m e t h y l a c e t a m i  de., wh i ch  i s  e f f e c t i v e  i n  

d i f f e r e n t i a t i n g  e r y t h r o l e u k a e m i a  c e l l s ,  has been f ound  

t o  cause n e a r l y  c o mp l e t e  i n d u c t i o n  o f  m o r p h o l o g i c a l  

d i f f e r e n t i a t i o n  o f  a m a l i g n a n t  mouse mur i ne  embryona l  

ca r c i n oma  i n t o  n e u r o e p i t h e l i a l  and g l a n d u l a r  d e r i v a t i v e s ,
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when used i n  c o m b i n a t i o n  w i t h  r e t i n o i c  a c i d  ( 223 ) .  

D i f f e r e n t i a t i o n  was a s s o c i a t e d  w i t h  d ec r eased  t umour  

g r o wt h  r a t e ,  d e c r ea s ed  m i t o t i c  i n d e x  and i n c r e a s e d  

s u r i v i v a l  t i me  o f  t h e  h o s t s .

In t he  g l i a l  p h e n o t y p i c  m a n i p u l a t i o n  e x p e r i m e n t s  

t h e  p o l a r  compound s e l e c t e d  f o r  use was NMA, due m a i n l y  

t o  t h e  ex t r eme  t o x i c i t y  o f  DMSO t o  c u l t u r e d  g l i a l  c e l l s .

Pi g B r a i n  E x t r a c t

A c r u d e ,  p i g  b r a i n  e x t r a c t  p r e p a r a t i o n  (PBE) was used 

i n  t he  a t t e m p t s  t o  p r omot e  g l i a l  d i f f e r e n t i a t i o n  i n  normal  

and m a l i g n a n t  c e l l s  i n  c u l t u r e ,  as a r e s u l t  o f  t he  o b s e r 

v a t i o n s  o f  Lim e^  _aj_ ( 199)  on t h e  e f f e c t  o f  a p r o t e i n  

f a c t o r  p r e s e n t  i n  b r a i n  e x t r a c t s  i n  p r o mo t i n g  d i f f e r e n t 

i a t i o n  o f  d i s s o c i a t e d  f o e t a l  b r a i n  c e l l s .  T h i s  p r o t e i n .  

G l i a  M a t u r a t i o n  F a c t o r  (GMF) ,  i s  c a p ab l e  o f  t he  r e v e r s i b l e  

p r o m o t i o n  o f  m o r p h o l o g i c a l  and chemi c a l  m a t u r a t i o n  o f  

g l i o b l a s t s .  The a d d i t i o n  o f  GMF t o  a mo n o l a y e r  o f  g l i o b l a s t s  

r e s u l t s  i n  t h e  f o r m a t i o n  o f  m u l t i p o l a r ,  b r anched  p r o c es s e s  

g i v i n g  an o v e r a l l  appea r ance  o f  a n e t wo r k  o f  c e l l  p r o c e s s e s .  

The change i n  c e l l  shape ,  wh i ch  i s  due t o  a c t i v e  e x t e n s i o n  

o f  p r o c e s s e s ,  r a t h e r  t han  t h e  c y t o p l a s m i c  r e t r a c t i o n s  

seen w i t h  dbcAMP t r e a t m e n t ,  i s  c o r r e l a t e d  w i t h  a r e s t r u c t 

u r i n g  o f  c e l l  c omp on e n t s ,  as r e v e a l e d  by e l e c t r o n  m i c r o s c o p y  

( 2 2 4 ) .  Exposure  o f  g l i o b l a s t s  t o  GMF f o r  seven days l ea d s  

t o  t he  d i s a p p e a r a n c e o f  m i c r o f i l a m e n t s  (5nm) and an i n c r e a s e d  

number  o f  g l i a l  f i l a m e n t s  ( l Onm) .  A t en  f o l d  i n c r e a s e  i n  

t h e  n e u r a l  t i s s u e  s p e c i f i c  p r o t e i n  SlOO o c c u r s  on t r e a t m e n t  

w i t h  GMF ( 225)  as w e l l  as a c o n c o m i t a n t  i n c r e a s e  i n  i n t r a 

c e l l u l a r  c y c l i c AMP l e v e l  ( 2 2 5 ) .

The r e v e r s i b i l i t y  o f  t he  GMF e f f e c t  and t h e  f a c t  t h a t
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i t  i s  p r e s e n t  i n  much g r e a t e r  amounts i n  a d u l t  b r a i n  t han  

i n  e mb r y o n i c  b r a i n  ( 2 2 6 ) ,  s u g g e s t s  t h a t  t h i s  f a c t o r  has 

a r o l e  i n  m a i n t a i n i n g  g l i a l  d i f f e r e n t i a t i o n  i n  t h e  b r a i n .

GMF i s  t h o u g h t  t o  be a p r o t e i n  ( 227)  w i t h  an a p p a r e n t  

m o l e c u l a r  w e i g h t  o f  350 , 000  wh i ch  i s  composed o f  s m a l l e r  

s u b u n i t s .  A l t h o u g h  i t  i s  e f f e c t i v e  i n  s t i m u l a t i n g  c e l l  

d i v i s i o n  o f  c u l t u r e d  g l i o b l a s t s  ( 228)  (as w e l l  as i n d u c i n g  

d i f f e r e n t i a t i o n ) ,  i t  appear s  t o  be d i s t i n c t  i n  p h y s i c o 

c h emi c a l  p r o p e r t i e s  f r om o t h e r  g r owt h  f a c t o r s  r e p o r t e d .

Lim e^  ^  ( 199)  have p o s t u l a t e d  t h a t  GMF i s  n o t  a humoral  

f a c t o r ,  by i t s  absence f r om c o n d i t i o n e d  medium,  bu t  

p r o b a b l y  b i n d s  t o  c e l l  s u r f a c e  membranes,  o c c u p y i n g  r e c e p t o r  

s i t e s  whi ch  wou l d  be o c c u p i e d  i n v i v o . I f  g l i a l  c e l l s  

do n o t  p r oduce  and r e l e a s e  GMF, i t  seems p l a u s i b l e  t h a t  

neur ones  m i g h t  c o n t a i n  h i g h  l e v e l s  o f  t h e  f a c t o r  wh i ch  

can promot e  and m a i n t a i n  t h e  d i f f e r e n t i a t i o n  o f  g l i a l  c e l l s  

i n  t h e  b r a i n .  T h i s  wou l d  a l s o  e x p l a i n  t he  o n s e t  o f  g l i o s i s  

f o l l o w i n g  n e u r o n a l  i n j u r y .

The PBE p r e p a r e d  and used i n  t h i s  p r o j e c t  t o  m a n i p u l a t e  

g l i a l  p h eno t ype  was a c t i v e  i n i n d u c i n g  a p p a r e n t  mor pho

l o g i c a l  d i f f e r e n t i a t i o n  o f  normal  b r a i n  d e r i v e d  c e l l s .

The a s s u mp t i o n  was t h e r e f o r e  made t h a t  i t  c o n t a i n s  t he  

GMF d e s c r i b e d  above .

Tumour  Pr o mo t e r

The c o n c e p t  o f  two s t a ge  c a r c i n o g e n e s i s  i . e .  i n i t i a t i o n  

and p r o mo t i o n  o f  t u m o u r s ,  a r ose  f r om t he  o b s e r v a t i o n  t h a t  

t h e  a p p l i c a t i o n  o f  two a g e n t s  was o f t e n  r e q u i r e d  t o  p r oduce  

a t u mo u r .  Sk i n  t umour s  i n  mi ce have been p r oduced  by a 

s i n g l e  s u b c a r c i n o g e n i c  dose o f  an i n i t i a t o r  f o l l o w e d  by 

r e p e a t e d  a p p l i c a t i o n s  o f  a p r o m o t e r ,  c r o t o n  o i l  ( 2 2 9 ) .
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The t umour  p r o mo t i n g  compounds i n  c r o t o n  o i l  have been 

i d e n t i f i e d  as t he  p h o r b o l  e s t e r s  ( 2 3 0 ) .  These mo l e c u l e s  

have bo t h  h i g h l y  h y d r o p h i l i c  and l i p o p h i l i c  r e g i o n s ,  

e n h a n c i n g  t h e i r  a c t i o n  as p o t e n t  t umour  p r o m o t e r s .  Many 

model  sys t ems have now been s t u d i e d  j j i  v i v o  ( 2 3 1 ) ,  and 

t he  c o n c l u s i o n s  show t h a t  t h e  c o n c e p t  o f  two s t ag e  c a r c i n o 

g e n e s i s ,  as d e s c r i b e d  i n  mouse s k i n ,  i s  n o t  l i m i t e d  t o  

t h a t  s p e c i e s  and t i s s u e .  The number  and d i v e r s i t y  o f  

e x p e r i m e n t a l  model s  wh i c h  ar e  s u b j e c t  t o  p r o m o t i o n  s u g g e s t  

t h a t  e n v i r o n m e n t a l l y  i nd uc ed  human c a n c e r  m i g h t  a l s o  i n v o l v e  

s i m i l a r  s t a g e s  i n  i t s  d e v e l o p m e n t .

Most  J_n v i  t r o  s t u d i e s  w i t h  t umour  p r o mo t e r s  have 

used 12 - 0 - t e t r a d e c a n o y l p h o r b o l -1 3 - a c e t a t e  ( TPA) ,  t he  most  

p o t e n t  p r o mo t e r  i n  t he  p h o r b o l  d i e s t e r  s e r i e s .  Many a t t e m p t s  

t o  d e m o n s t r a t e  two s t ag e  t r a n s f o r m a t i o n  i n  c u l t u r e  sys t ems 

have been r e p o r t e d  and t h e  e f f e c t s  o f  TPA on c e l l  mo r ph o l og y  

and b i o c h e m i s t r y  have a l s o  been e x t e n s i v e l y  s t u d i e d  (231 ) .

TPA i nd u c e s  c o n s i d e r a b l e  m o r p h o l o g i c a l  changes i n  mouse 

3T3 and WÏ -38 human f i b r o b l a s t s  ('232 ) .  Growi ng  c u l t u r e s  

t r e a t e d  w i t h  TPA r each  a h i g h e r  d e n s i t y  t han  c o n t r o l  

c u l t u r e s  (232 , 2 3 3  ) and Diamond ejt ^  have s u g ge s t ed  t h a t  

t h i s  TPA i nd u c e d  i n c r e a s e  i n  f i n a l  c e l l  d e n s i t y  m i g h t  be 

due t o  d e l a y e d  o n s e t  o f  d e n s i t y  dependen t  g r owt h  i n h i b i t i o n  

(232 ) .  In c h i c k  embryo f i b r o b l a s t s ,  i n f e c t e d  w i t h  Rous 

Sarcoma V i r u s ,  TPA a c c e n t u a t e s  t he  m o r p h o l o g i c a l  a l t e r a t i o n s  

i n d u c e d  by v i r a l  t r a n s f o r m a t i o n  ( 2 3 4 ) .

TPA has many and v a r i e d  e f f e c t s  on t he  membranes o f  

i n t a c t  c e l l s  i n  c u l t u r e  (231. ) .  I t  a f f e c t s  t h e  t r a n s p o r t  

o f  s u b s t a n c e s ,  i n c l u d i n g  g l u c o s e ,  i n t o  and o u t  o f  c e l l s ,

( Na^ , ) -ATPas e , p h o s p h o l i p i d  a c y l a t i o n  and has an e f f e c t
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on hormone r e c e p t o r s  on t he  c e l l  s u r f a c e .  I t  has been 

p o s t u l a t e d  t h a t  t umour  p r o mo t e r s  may e x e r t  t h e i r  e f f e c t  

by u s i n g  t he  r e c e p t o r s  f o r  endogenous hormones e . g .  TPA 

has been shown t o  i n h i b i t  t he  b i n d i n g  o f  e p i d e r ma l  g r o wt h  

f a c t o r  t o  HeLa c e l l s  ( 2 3 5 ) .  However ,  dec r eased  a f f i n i t y  

o f  membrane r e c e p t o r s  f o r  t h e i r  l i g a n d s  i s  n o t  a g e ne r a l  

p r o p e r t y  o f  TPA t r e a t e d  c e l l s .

The e f f e c t s  o f  TPA on s p e c i f i c  p r o t e i n s  i n c l u d e  t he  

i n d u c t i o n  o f  o r n i t h i n e  d e c a r b o x y l a s e  i n mouse e p i d e r ma l  

c e l l s  ( 2 3 6 ) ,  de c r ea se  i n  f i b r o n e c t i n  on t he  c e l l  s u r f a c e  

o f  c h i c k  embryo f i b r o b l a s t s  ( 237)  and i n d u c t i o n  o f  p l a s m

i nogen  a c t i v a t o r  i n  a number  o f  c e l l  t y pe s  i n c l u d i n g  c h i c k  

embryo f i b r o b l a s t s ,  HeLa and HTC r a t  hepatoma c e l l s  ( 2 38 ) .

T h i s  i n d u c t i o n  r e q u i r e s  ^  novo RNA and p r o t e i n  s y n t h e s i s .  

Q u i g l e y  has r e p o r t e d  t h a t  PA i t s e l f  i s  t he  p r o t e a s e  

r e s p o n s i b l e  f o r  t h e  " s u p e r t r a n s f o r m e d "  mo r ph o l og y  o f  TPA- 

t r e a t e d ,  RSV i n f e c t e d  c h i c k  embryo f i b r o b l a s t s  ( 2 3 9 ) ,  by 

c a t a l y t i c a l l y  a c t i n g  on an unknown c e l l u l a r  p r o t e i n  s u b s t r a t e .  

E l e v a t e d  cyc l i c AMP l e v e l s  i n h i b i t  enzyme i n d u c t i o n  by TPA 

( 2 3 4 ) .

Much o f  t he  r e c e n t  i n t e r e s t  i n  t umour  p r o mo t e r s  has 

come f r om c o n s i d e r a t i o n  o f  t h e  p o s s i b i l i t y  t h a t  t h e s e  compounds 

i n h i b i t  t e r m i n a l  d i f f e r e n t i a t i o n  o f  c e l l s  i n  c u l t u r e .  A 

p o s i t i v e  c o r r e l a t i o n  has been shown between t he  t umour  

p r o m o t i n g  a c t i v i t y  o f  a p h o r b o l  e s t e r  i n  mouse s k i n  and 

t h e  a b i l i t y  o f  t h e  compound t o  i n h i b i t  spon t aneous  d i f f e r 

e n t i a t i o n  o f  F r i e n d  mu r i n e  e r y t h r o l e u k a e m i a  c e l l  c l o n e s ,  

wh i ch  n o r m a l l y  d i f f e r e n t i a t e  i n  t he absence o f  i n d u c i n g  

d r ugs  ( 2 4 0 ) .  S i m i l a r l y  i n  mouse p r e a d i p o s e  c e l l s  ( 2 4 1 ) ,  

mouse Cl 300 n e u r o b l a s t o ma  ( 2 4 2 ) ,  and p r i m a r y  c u l t u r e s  o f
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new born  mouse e p i d e r m i s  ( 243)  t h e r e  i s  e v i d e n c e  f o r  

i n h i b i t i o n  o f  d i f f e r e n t i a t i o n  by TPA. Rovera e_t aj_

( 240)  and Diamond ^  ^  ( 244)  have p r oposed  t h a t  t he  

i n h i b i t i o n  o f  d i f f e r e n t i a t i o n  i n  s e l f  r e n ew i ng  t i s s u e s ,  

such as s k i n ,  f a v o u r s  p r o l i f e r a t i o n  o f  a stem c e l l  p o p u l a t i o n  

i n  wh i ch  t he  p o t e n t i a l  f o r  m a l i g n a n c y  may have been i n i t i a t e d  

by a c a r c i n o g e n .

What ever  t h e  e x a c t  mechani sm o f  a c t i o n  o f  t umour  

p r o mo t e r s  i t  i s  c l e a r l y  a r e s u l t  o f  a l t e r e d  gene e x p r e s s i o n .

In t h i s  s t u d y ,  t he  e f f e c t  o f  t umour  p r o mo t e r  on t he 

e x p r e s s i o n  o f  t h e  d i f f e r e n t i a t e d  and ma l i g n a n c y  a s s o c i a t e d  

g l i a l  phenot ypes  was i n v e s t i g a t e d  i n  bo t h  normal  and 

n e o p l a s t i c  c e l l s  t o  d e t e r m i n e  w h a t ,  i f  any ,  a s p e c t s  o f  t he  

p h eno t ype  were a l t e r e d  by t r e a t m e n t  w i t h  t umour  p r o m o t e r s .

Ni t r o s o u r e a

Magee and Ba r n e s ,  i n  1956,  r e p o r t e d  t he  i n d u c t i o n  o f  

n e u r a l  t umour s  by t he  c a r c i n o g e n i c  a c t i o n  o f  n i t r o s o - c o m p o u n d s  

( 2 4 5 ) .  N i t r o s o a m i des e . g .  N - m e t h y l - N - n i t r o s o u r e a  (MNU) 

and N - e . t h y l - N - n i  t r o s o u r e a  ar e  s t r o n g l y  n e u r o t r o p i c ,  p r o d u c i n g  

t umour s  s e l e c t i v e l y  i n  n e r v o u s  t i s s u e  a f t e r  s y s t e m i c  

a d m i n i s t r a t i o n .  The neop l asms a r i s i n g  as a r e s u l t  o f  n 1 t r o 

soami  de i n d u c t i o n  ar e  m o r p h o l o g i c a l l y  and b i o l o g i c a l l y  

s i m i l a r  t o  n a t u r a l l y  o c c u r r i n g  t umour s  i n  man and a n i ma l s

The most  common have been h i s t o l o g i c a l l y  i d e n t i f i e d  as 

g l i o ma s  o f  t h e  CNS and schwannomas o f  t he  c r a n i a l  and 

p e r i p h e r a l  n e r v es  ( 2 4 6 ) .  A p o s s i b l e  mechani sm f o r  t he  

n e u r o s p e c i f i c i t y  o f  t h e s e  c h e mi c a l  c a r c i n o g e n s  has been 

sugge s t ed  by var ious g r oups  o f  w o r k e r s .  N i t r o s o u r e a s  

r e s u l t  i n  t h e  a l k y l a t i o n  o f  DNA bases and Goth and Raj ewsky  

have d e mo n s t r a t e d  c o n s i d e r a b l e  d i f f e r e n c e s  between t he
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" r e p a i r "  r a t e s  o f  d i f f e r e n t  t i s s u e s  e . g .  l i v e r  r e p a i r s  

0 ^ - e t h y l g u a n i n e  much more r a p i d l y  t han b r a i n  ( 2 4 7 ) .  De l ayed 

r e p a i r  o f  0 ^ - a l k y l g u a n i n e  appear s  t o  be a ma j o r  f a c t o r  i n  

s e n s i t i s i n g  t h e  n e r vous  sys t em t o  c a r c i n o g e n e s i s ,  a t  l e a s t  

i n  t he  r a t .  N i t r o s o u r e a s  are  a l s o  used i n  t he  c l i n i c a l  

t r e a t m e n t  o f  b r a i n  t umour s  as t h e y  c o n s t i t u t e  l i p i d  s o l u b l e  

a l k y l a t i n g  a gen t s  and can t h e r e f o r e  be a c t i v e l y  t r a n s p o r t e d  

i n t o  t he  b r a i n .

The s u s c e p t i b i l i t y  o f  t he  b r a i n ,  and i n  p a r t i c u l a r  g l i a l  

c e l l s  t o  n i t r o s o u r e a  i nd u c e d  c a r c i n o g e n e s i s ,  p rompt ed i n c l u s i o n  

o f  MNU i n  t he  g l i a l  p h e n o t y p i c  m a n i p u l a t i o n  e x p e r i m e n t s .  Very 

l i t t l e  e v i d e n c e  e x i s t s  f o r  any e f f e c t  o f  n i t r o s o u r e a s  i n  

a l t e r i n g  c e l l  p h e n o t y p e .  However ,  t he  i n f l u e n c e  o f  MNU on 

m a l i g n a n t  t r a n s f o r m a t i o n  o f  mouse embryo f i b r o b l a s t s  has 

been r e p o r t e d  (249 ) and t h e r e  i s  e v i d en c e  t h a t  J_n v i t r o  

t r e a t m e n t  o f  r a t  l i v e r  c e l l s  w i t h  MNU r e s u l t s  i n  some 

b i o c h e m i c a l  and a n t i g e n i c  changes i n t hese  c e l l s  ( 2 4 9 ) .

In a d d i t i o n  t o  t h e  e f f e c t  o f  t hese  agen t s  a l o n e  on 

t he  e x p r e s s i o n  o f  d i f f e r e n t i a t i o n  and ma l i g n a n c y  i n  g l i a l  

c e l l s ,  c e r t a i n  c o m b i n a t i o n s  o f  t hese  agen t s  e . g .  DX and 

I P ,  TPA and MNU were exami ned f o r  p o s s i b l e  s y n e r g i s m .

3.  H e t e r o l o g o u s  C e l l  I n t e r a c t i o n s

F i n a l l y , a n  a t t e m p t  was made t o  l o o k  a t  t he  p h e n o t y p i c  

e x p r e s s i o n  o f  a normal  b r a i n  d e r i v e d  and a g l i o ma  c e l l  l i n e  

wh i ch  have been c o - c u l t u r e d  w i t h  n e u r o b l a s t o ma  c e l l s .  Th i s  

t y p e  o f  c o - c u l t u r e  r e c r e a t e s  a m i x t u r e  o f  bo t h  ho mo t y p i c  

and h e t e r o t y p i c  c e l l  i n t e r a c t i o n s ,  as f ound  i n  v i v o , and 

m i g h t  be i m p o r t a n t  f o r  e x p r e s s i o n  o f  normal  d i f f e r e n t i a t e d  

c e l l  f u n c t i o n .  Ev i dence  f o r  t he  c l o s e  m o r p h o l o g i c a l  r e l a t i o n 

s h i p  between neur ones  and g l i a  has come f r om t he  o b s e r v a t i o n s
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o f  Al  1 i n  who r e p o r t e d  t h a t  c o - c u l t u r e  o f  r a t  g l i o ma  and 

mouse n e u r o b l a s t o ma  c e l l s  r e s u l t s  i n  r e c i p r o c a l  i n d u c t i o n  

o f  d i f f e r e n t i a t i o n  o f  bo t h  neur ones  and g l i a ,  d e s p i t e  t he  

s p e c i e s  d i f f e r e n c e  o f  t h e  two c e l l  l i n e s  ( 2 5 0 ) .

S i nce  neur ones  do n o t  grow i n  c u l t u r e ,  t he  human 

n e u r o b l a s t o ma  c e l l  l i n e s  TRK 14 and IMR-32 were used i n 

t h e  c o - c u l t u r e  s t u d i e s .  A f t e r  two weeks o f  c o - c u l t u r e  t h e  

c e l l s  were t r y p s i n i s e d  and s e p a r a t e d  by P e r c o l l  d e n s i t y  

g r a d i e n t  c e n t r i f u g a t i o n ,  f o r  d e t e r m i n a t i o n  o f  mar ke r  p r o p e r t i e s  

a s s o c i a t e d  w i t h  d i f f e r e n t i a t i o n  and m a l i g n a n c y  i n t he  g l i a l  

c e l l s .  E x p e r i me n t s  were a l s o  c a r r i e d  o u t  i n  wh i ch  n e u r o b l a s t o m a  

and g l i a l  c e l l s  were c u l t u r e d  on s e p a r a t e  c o v e r s ! i p s  i n  t he  

same v e s s e l ,  t hus  s h a r i n g  t he  same medium.  T h i s  a l l o w s  t he  

e f f e c t  on c e l l  ph en o t y p e  o f  any d i f f u s i b l e  f a c t o r s  p r oduced  

by t h e  n e u r o b l a s t o ma  c e l l s ,  t o  be d i s t i n g u i s h e d  f r om t he  e f f e c t  

o f  h e t e r o t y p i c  c e l l - c e l l  i n t e r a c t i o n s .
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2.1 T i s s u e  C u l t u r e  Methods

1 The C u l t u r e  o f  B r a i n  T i s s u e

( a )  B i opsy  M a t e r i a l  B i o p s i e s  o f  t umour  m a t e r i a l  were

a s e p t i c a l l y  c o l l e c t e d  i n t o  h o l d i n g  medium^ f o r  t r a n s p o r t a t i o n .  

The t i s s u e  was washed i n  d i s s e c t i o n  b a l a n c e  s a l t  s o l u t i o n ^  

(DBSS) ,  f i n e l y  chopped and t h e  p i e c e s  a l l o w e d  t o  s e t t l e  b e f o r e  

b e i ng  t r a n s f e r r e d  t o  a p l a s t i c  c u l t u r e  f l a s k  ( F a l c o n ) .  

C o l l a g e n a s e ,  a t  a f i n a l  c o n c e n t r a t i o n  o f  200 u n i t s  ml ~^ i n  

g r o wt h  medium^ was added f o r  24 hour s  a t  37^0 .  The t i s s u e  

f r a g m e n t s  were c e n t r i f u g e d  a t  150xg f o r  10 mi n u t e s  t o  remove 

c o l l a g e n a s e  and t he  p e l l e t  r esuspended  i n  f r e s h  g r owt h  medi um^.  

The s u s p e n s i o n  was i n c u b a t e d  a t  37°C i n  a c u l t u r e  f l a s k  and 

t he  p r o g r e s s  o f  t he  p r i m a r y  c u l t u r e  m o n i t o r e d  by phase-  

c o n t r a s t  m i c r o s c o p y .  A f t e r  a p e r i o d  o f  between 24 and 72 hour s  

a mo n o l a y e r  p r i m a r y  c u l t u r e  was g e n e r a l l y  o b t a i n e d .

( b ) Normal  A d u l t  Po s t - Mo r t e m M a t e r i a l  P i eces  o f  t i s s u e  

were d i s s e c t e d  f r om v a r i o u s  r e g i o n s  o f  f r e s h  p o s t - mo r t e m 

b r a i n  and t r a n s p o r t e d  i n  h o l d i n g  medium^.  Mo n o l a y e r  c u l t u r e s  

were o b t a i n e d  by f i n e  d i s s e c t i o n  f o l l o w e d  by c o l l a g e n a s e  

d i g e s t i o n  (200 u n i t s  m l " ^ )  f o r  48 - 72  hours  a t  37°C.  A f t e r  

removal  o f  t h e  t i s s u e  f r a g m e n t s  f r o m c o l l a g e n a s e  , a p e r i o d

o f  3 -4  weeks e l a p s e d  b e f o r e  p r o l i f e r a t i n g  p r i m a r y  c u l t u r e s  

were o b t a i n e d .

( c )  Fo e t a l  M a t e r i a l  P i eces  o f  f o e t a l  b r a i n  were

a s e p t i c a l l y  removed and t r a n s p o r t e d  i n  h o l d i n g  medi um^. The 

f o e t a l  m a t e r i a l  was h a nd l e d  i n  an i d e n t i c a l  manner  t o  t h a t  

d e s c r i b e d  f o r  t h e  b i o p s i e s .  Mon o l a y e r  p r i m a r y  c u l t u r e s  were 

o b t a i n e d  between 24 and 72 hour s  a f t e r  removal  f r om c o l l a g e n a s e

S u p e r s c r i p t s  a p p l y  t o  S o l u t i o n s  Append i x
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2.  Ce l l  Ma i n t en a nce

Mo no l aye r  c u l t u r e s  were f e d  w i t h  f r e s h  medium^ e v e r y

4 t o  5 days and r o u t i n e l y  passaged by wash i ng  i n  PBS/EDTA 

f o l l o w e d  by t r y p s i n i s a t i o n  f o r  10 t o  15 mi n u t e s  a t  37°C w i t h

0.25% t r y p s i n .  The t r y p s i n i s e d  c e l l s  were r esuspended  i n  

g r owt h  medium^ d i l u t e d  and i n o c u l a t e d  i n t o  new f l a s k s  or  

e x p e r i m e n t a l  c u l t u r e  d i s h e s .  E x p e r i me n t a l  c e l l s  i n  2 4 - w e l l  

p l a t e s  ( L i n b r o )  o r  m i c r o t i t r a t i o n  p l a t e s  ( L i n b r o )  were 

i n c u b a t e d  a t  37°C i n  a h u m i d i f i e d ,  i n c u b a t o r  w i t h  5% CO2 .

3.  Co u n t i ng  and V i a b i l i t y

S i n g l e  c e l l  s u s p e n s i o n s  were coun t ed  u s i n g  a C o u l t e r  

c o u n t e r  model  ZBl  ( C o u l t e r  E l e c t r o n c i s  L t d . )  o r  a haemo- 

c y t o m e t e r  c o u n t i n g  chamber .  C e l l  v i a b i l i t y  was d e t e r m i n e d  

by e x c l u s i o n  o f  0.1% t r y p a n  b l u e  dye.

4.  Ce l l  F r e e z i n g

Frozen s t o c k s  o f  a l l  c e l l  l i n e s  were m a i n t a i n e d  i n  

l i q u i d  n i t r o g e n .  C e l l  s u s p e n s i o n s  o f  g r e a t e r  t han 1 x 10^ 

c e l l s  ml  ̂ i n  c u l t u r e  medium^ c o n t a i n i n g  10% DMSO were 

f r o z e n  w i t h  an a p p r o x i m a t e  c o o l i n g  r a t e  o f  1°C m i n u t e ” ^.

5.  S t a i n i n g

Mo no l aye r  c e l l  p r e p a r a t i o n s  were washed w i t h  PBS, 

f i x e d  i n  met hanol  f o r  10 mi n u t e s  and s t a i n e d  w i t h  10% Giemsa 

i n  d i s t i l l e d  w a t e r .  Excess s t a i n  was removed w i t h  t a p  w a t e r  

and t he  s t a i n e d  p r e p a r a t i o n s  a i r  d r i e d .  M o r p h o l o g i c a l  

o b s e r v a t i o n s  were g e n e r a l l y  made by l i g h t  m i c r o s c o p y  o f  

g i emsa s t a i n e d  c e l l s  o r  p h a s e - c o n t r a s t  m i c r o s c o p y  o f  l i v i n g  

c u l t u r e s .

6.  Mycoplasma s t a i n i n g

C u l t u r e s  f i x e d  w i t h  25% a c e t i c  a c i d  i n  m e t h a n o l ,  were
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checked f o r  mycopl asma by i n c u b a t i n g  w i t h  t he  f l u o r e s c e n t  

DNA- s t a i n  Hoechs t  33258 a t  0 . 0 5 u gml ~ ^  f o r  15 m i n u t e s  a t  room 

t e m p e r a t u r e .  The d e t e c t i o n  o f  l a r g e  amounts o f  e x t r a - n u c l e a r  

DNA by f l u o r e s c e n c e  m i c r o s c o p y  was i n d i c a t i v e  o f  t he  p r e sen ce  

o f  mycopl asma i n f e c t i o n .

7.  C o - c u l t u r e  E x p e r i me n t s

Equal  numbers o f  bo t h  c e l l  t y p e s  i n  c o - c u l t u r e  e x p e r i m e n t s

i . e .  t h e  normal  c e l l  l i n e  NOR-F or  t he  m a l i g n a n t  l i n e  G-UVW 

and t he  n e u r o b l a s t o m a  l i n e s  TRK-14 o r  IMR-32 were seeded i n t o  

t i s s u e  c u l t u r e  f l a s k s  o r  on t o  15mm c o v e r s l i p s .  A f t e r  a f ew 

days t h e  c o - c u l t u r e d  c e l l s  were e i t h e r  f i x e d  i n  me t hano l  and 

s t a i n e d  o r  s e p a r a t e d  by P e r c o l l  d e n s i t y  g r a d i e n t s  f o r  i n d e p e n 

d e n t  b i o c h e m i c a l  i n v e s t i g a t i o n .

8 .  C e l l  S e p a r a t i o n

L i n e a r  i s o - o s m o t i c  P e r c o l l  g r a d i e n t s  i n  FI 0 medium w i t h o u t  

serum ( p H7 . 4 )  were f o r med  i n  p l a s t i c  un i  v e r s a i s  ( S t e r i l i n )  

s p a n n i n g  t he d e n s i t y  r ange  o f  1 . 03  t o  1 . 08  gm m l " i .  S o l u t i o n s  

w i t h  d e n s i t i e s  o f  1 . 08  and 1 . 03  gm ml  ̂ were mi xed i n  a dual  

chamber  g r a d i e n t  maker .  C e l l s  f r o m  7 day c o - c u l t u r e s  were 

t r y p s i n i s e d  and r e s u s pe n d ed  i n  c u l t u r e  medi um^,  spun a t  

400 X g f o r  5 m i n u t e s  and r es u s pe n ded  i n  0 . 5ml  medium c o n t a i n i n g  

no serum.  Su s p e n s i o n s  were l a y e r e d  on t o  t he  t o p  o f  t h e  

P e r c o l l  g r a d i e n t s  and spun a t  400 x g f o r  15 m i n u t e s .  A f t e r  

c e n t r i f u g a t i o n  two d i s t i n c t  bands o f  c e l l s  were o b s e r v e d .

0 . 5ml  f r a c t i o n s  were c a r e f u l l y  c o l l e c t e d  f r o m t he  bo t t o m o f  

t he  g r a d i e n t s  and p l a c e d  i n  s e p a r a t e  w e l l s  o f  2 4 - w e l l  p l a t e s  

w i t h  1 .5ml  o f  c u l t u r e  medi um^.  The r e c o v e r e d  c e l l s  were 

i n c u b a t e d  a t  37°C and 5% CO2 f o r  a few days ,  and were exami ned 

m i c r o s c o p i c a l l y .  M o r p h o l o g i c a l  i d e n t i f i c a t i o n  o f  t he  two c e l l  

t y p e s  showed t h a t  t he  n e u r o b l a s t o m a  s e d i me n t e d  t o  a l o w e r  p o i n t  

i n  t h e  d e n s i t y  g r a d i e n t  and t h u s  had a h i g h e r  b u o y a n t  d e n s i t y
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t han  t he  g l i a l  c e l l s .  A f t e r  r e c o v e r y  f r om P e r c o l l  g r a d i e n t s  

b o t h  TRK-14 and IMR-32 n e u r o b l a s t o ma  c e l l  l i n e s  o n l y  l o o s e l y  

a t t a c h e d  t o  t he  p l a s t i c  s u b s t r a t e  and d i d  no t  p r o l i f e r a t e .

G-UVW and NOR-F were u n a f f e c t e d  by P e r c o l l .

From i d e n t i c a l  g r a d i e n t s  NOR-F and G-UVW were r e c o v e r e d  

f r om c o - c u l t u r e s ,  seeded i n t o  24 w e l l  p l a t e s  and assayed f o r  

B a l a n i n e  s e n s i t i v e  GABA u p t a k e  and p l a s mi nog e n  a c t i v a t o r  

a c t i v i t y .  P e r c o l l  had no e f f e c t  on t he  c e l l u l a r  e x p r e s s i o n  o f  

t h e s e  p r o p e r t i e s .

2 . 2  B i o c h e m i c a l  P r o p e r t i e s

1.  GFAP

Fixation
For  i n v e s t i g a t i o n  o f  GFAP by i mrnunoperox i dase o r  i mmuno

f l u o r e s c e n c e  c e l l s  were seeded on t o  15mm d i a m e t e r  p l a s t i c  

c o v e r s l i p s  ( Ther manox)  i n  2 4 - w e l l  p l a t e s , a t  a c o n c e n t r a t i o n  o f  

a r ound  5 x 10^ c e l l s  cm ^ . A f t e r  2 days t h e  c e l l s  were washed 

w i t h  PBS and f i x e d  e i t h e r  i n  a c e t o ne  a t  2°C f o r  20 seconds o r  

me t hano l  f o r  10 m i n u t e s  a t  room t e m p e r a t u r e .  The c o v e r s l i p s  

were mounted on t o  g l a s s  m i c r o s c o p e  s l i d e s  w i t h  DPX mo un t an t  

and l e f t  t o  d r y  o v e r n i g h t .

I mmunoperox i  d a s e

The s o u r ce  o f  t h e  GFAP a n t i g e n  used t o  r a i s e  t he  a n t i  serum 

empl oyed her e  was GFAP e x t r a c t e d  f r om a f i b r i l l a r y  a s t r o c y t o m a  

r i c h  i n  g l i a l  f i l a m e n t s .  The a n t i  serum was r a i s e d  i n  a r a b b i t  

and i t s  s p e c i f i c i t y  has a l r e a d y  been r e p o r t e d  ( 2 5 1 ) .  The c o n t r o l  

serum was normal  r a b b i t  serum.  The f i x e d  c e l l  p r e p a r a t i o n s  

were i n c u b a t e d  f o r  30 m i n u t e s  w i t h  a 1 : 300 d i l u t i o n  o f  a n t i -  

GFAP a n t i  serum i n  t r i s / s a l i n e ^ ,  p r e v i o u s l y  absor bed  w i t h  

100 mgml  ̂ p i g  l i v e r  e x t r a c t  f o r  2 hours  a t  37°C t o  r educe  

n o n - s p e c i f i c  backg r ound  s t a i n i n g .  Unbound a n t i - GFAP was
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removed w i t h  s e v e r a l  t r i s / s a l i n e ^  washes and t he  c e l l s  

i n c u b a t e d  w i t h  a 1 : 20  d i l u t i o n  o f  ho r se  r a d d i s h  p e r o x i d a s e  - 

c o n j u g a t e d  swi ne a n t i - r a b b i t  serum ( I g G)  f o r  30 m i n u t e s .  

Unbound swi ne a n t i - r a b b i t  serum was removed w i t h  s e v e r a l  

t r i s / s a l i n e ^  washes and t h e  c e l l s  were immersed i n  f r e s h l y  

p r e p a r e d  d i ami  n o b e n z i d i n e  s o l u t i o n ^  (DAB) c o n t a i  n i n i n g  H2 O2 

f o r  5 m i n u t e s .  Excess DAB was removed w i t h  t a p  w a t e r  and 

t h e  s l i d e s  a i r  d r i e d .  The p r e s en c e  o f  c e l l u l a r  GFAP was 

d e t e c t e d  by an i n s o l u b l e  brown po l y me r  o c c u r r i n g  as a r e s u l t  

o f  t he  e l e c t r o n  t r a n s f e r  f r om DAB t o  H2 O2 v i a  t he  p e r o x i d a s e  

enzyme.

Immunof 1u o r e s c en c e

For  f 1u r o r e s c e n c e  d e t e c t i o n  o f  GFAP t he  second a n t i b o d y  

was a 1 : 10  d i l u t e d  r h o d a m i n e - c o n j u g a t e d  swi ne a n t i - r a b b i t  

serum.  In t h i s  case GFAP was d e t e c t e d  by f l u o r e s c e n c e  

m i c r o s c o p y .  I mmu n o f l u o r e s c e n c e  has t he  ad v an t ag e  o f  n o t  

r e q u i r i n g  DAB, b e l i e v e d  t o  be a p o t e n t  c a r c i n o g e n ,  b u t  has 

t h e  d i s a d v a n t a g e  o f  t h e  r e l a t i v e  i n s t a b i l i t y  o f  t h e  r hodami ne  

l a b e l  .

I Q u a n t i t a t i o n  o f  GFAP

In o r d e r  t o  a t t e m p t  t o  q u a n t i t a t e  GFAP, n o t  p o s s i b l e  by 

i mmun o pe r ox i d ase  o r  f l u o r e s c e n c e ,  t he  GFAP assay  was m o d i f i e d  

and a r a d i o l a b e l l e d  g o a t  a n t i - r a b b i t  IgG empl oyed as t he  

second a n t i b o d y .  To i n v e s t i g a t e  t he  e f f e c t  o f  d r ugs  on GFAP 

e x p r e s s i o n ,  c e l l s  were grown t o  c o n f l u e n c e  i n  m i c r o t i t r a t i o n  

p l a t e s ,  washed w i t h  PBS and f i x e d  w i t h  met hano l  f o r  10 m i n u t e s  

The f i x e d  c e l l s  were i n c u b a t e d  w i t h  a 1 : 100  d i l u t i o n  o f  t h e  

r a b b i t  a n t i - GFAP a n t i  serum f o r  1 h o u r ,  washed s e v e r a l  t i me s  

w i t h  PBS and i n c u b a t e d  w i t h  t h e  l a b e l l e d  g o a t  a n t i - r a b b i t

IgG f o r  1 h o u r .  A f t e r  r emova l  o f  unbound l a b e l  w i t h  s e v e r a l  

PBS w a s h e s , t h e  c e l l s  were d i s s o l v e d  i n  1% SOS i n  0 . 3  N NaOH
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and t h e  amount  o f  I ^   ̂  ̂ bound t o  t he  c e l l s  d e t e r m i n e d  by gamma 

c o u n t i n g .  The i o d i n e  c o u n t s  were c o r r e c t e d  f o r  n o n - s p e c i f i c  

b i n d i n g  and c e l l  number .  R e p l i c a t e s  o f  t e s t  m i c r o t i t r a t i o n  

w e l l s  were a s s a y e d .

2.  Amino Ac i d  Upt ake

C e l l s  f o r  t he  k i n e t i c  a n a l y s i s  o f  g l u t a m i c  a c i d  and y - ami no  

b u t y r i c  a c i d  (GABA) u p t a k e  were grown i n  2 4 - w e l l  p l a t e s .  A f t e r  

t h r e e  PBS washes t h e  c e l l s  were i n c u b a t e d  i n  amino a c i d  f r e e  

medium? (AAFM) f o r  2 hour s  p r i o r  t o  assay  t o  a v o i d  i n t e r f e r e n c e  

f r om o t h e r  amino a c i d s .  The v e l o c i t y  o f  u p t a k e  o f  v a r i o u s  

c o n c e n t r a t i o n s  o f  GABA was d e t e r m i n e d  i n  t he  f o l l o w i n g  way.  

D u p l i c a t e  w e l l s  were i n c u b a t e d  f o r  40 mi n u t e s  a t  37°C ( d u r i n g  

wh i ch  t i me  t he  u p t a k e  was l i n e a r )  w i t h  0 .5ml  o f  a r ange o f  

GABA c o n c e n t r a t i o n s  f r om 25pM t o  ImM i n  AAFM? c o n t a i n i n g  a 

known amount  o f  C^H] -GABA (5pCi  ml ^ ) .  A f t e r  t h e  i n c u b a t i o n ,  

f r e e  GABA was removed by s e v e r a l  PBS washes and t h e  i n t r a 

c e l l u l a r  GABA e x t r a c t e d  i n  t h e  a c i d  s o l u b l e  c e l l  f r a c t i o n  

w i t h  1 ml o f  i c e  c o l d  10% TCA. The TCA e x t r a c t  was d i s s o l v e d  

i n  5ml i n s t a g e l  s c i n t i l l a t i o n  f l u i d  and t he  [ ^ H ]  c o n t e n t  

d e t e r m i n e d  by l i q u i d  s c i n t i l l a t i o n  c o u n t i n g .  The v e l o c i t y  o f  

u p t a k e  was c a l i b r a t e d  i n  t he  f o l l o w i n g  w a y ; -

V̂  = cpm X 100 X 10  ̂ X 10"3 x D i l . F a c .

% e f f . c e l l  number 

t i m e  X S p . A c t .  x 2 . 2  x 10^^

V. = i n i t i a l  v e l o c i t y  o f  up t ake  i n  moles
 ̂ m i n ‘ MO® c e l l s ' ^

cpm = c o u n t s  per  m i n u t e

% e f f  = e f f i c i e n c y  o f  s c i n t i l l a t i o n  c o u n t i n g

t i me  ( m i n s )  = i n c u b a t i o n  t i m e  i n  mi nu t es

c e l l  number  = t o t a l  c e l l  number  per  w e l l

S p . A c t .  = s p e c i f i c  a c t i v i t y  o f  [ ^H] -GABA i n  Ci mmole ^
2 . 2  X 10^2 = number  o f  d i s i n t e g r a t i o n s  per  m i n u t e  pe r  Ci

D i l . F a c .  = [ t o t a l  GABA]

[^H-GABA]
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n v' n r a 1 n 1 n f  c r\ f

[GABA]
were c o n s t r u c t e d  f o r  v a r i o u s  c e l l  l i n e s .

G l u t a m i c  a c i d  u p t a k e  k i n e t i c s  were c a r r i e d  o u t  i n  t he  

same way w i t h  t h e  e x c e p t i o n  t h a t  t h e  t i me  o f  i n c u b a t i o n  w i t h  

v a r i o u s  c o n c e n t r a t i o n s  o f  g l u t a m i c  a c i d  c o n t a i n i n g  [ ^ H ]  g l u t a m i c  

a c i d  was o n l y  20 m i n u t e s .

To d e t e r m i n e  t h e  e f f e c t  o f  c o mp e t i n g  amino a c i d s  on t he  

u p t a k e  k i n e t i c s  o f  GABA and g l u t a m i c  a c i d ,  t he  a n a l y s e s  were 

c a r r i e d  ou t  u s i n g  a r ange o f  amino a c i d  c o n c e n t r a t i o n s  w i t h  

and w i t h o u t  2mM g a l a n i n e  and a s p a r t i c  a c i d  r e s p e c t i v e l y .

B A l a n i n e  S e n s i t i v e  GABA Upt ake

I n h i b i t i o n  o f  t he  u p t a k e  o f  25uM GABA by 2mM B a l a n i n e  

was used as a measure o f  o p e r a t i o n  o f  t he  h i g h  a f f i n i t y  GABA 

u p t a k e  sys t em.  D u p l i c a t e  w e l l s  o f  2 4 - w e l l  p l a t e s  c o n t a i n i n g  

p o s t - c o n f l u e n t  c e l l s  were i n c u b a t e d  f o r  40 m i n u t e s  a t  37°C 

w i t h  0.5ml  o f  25pM GABA c o n t a i n i n g  5pCi  m l " ^  [ ^H] -GABA i n  AAFM?, 

w i t h  and w i t h o u t  2mM B a l a n i n e .  A f t e r  t h r e e  PBS washes t he  

[ *H] - GABA was e x t r a c t e d  i n  10% c o l d  TCA and c o u n t e d .  D u p l i c a t e  

v a l u e s  f o r  t h e  u p t a k e  v e l o c i t i e s  i n  t h e  p r e s en c e  o f  B a l a n i n e  

were s u b s t r a c t e d  f r o m t h e  mean u p t ak e  v e l o c i t y  i n  t he  absence 

o f  B a l a n i n e .  The s u b s t r a c t e d  v a l u e s  r e p r e s e n t e d  a measure o f  

GABA u p t a k e  by t he  B a l a n i n e  s e n s i t i v e  pa t hway .

3.  G l u t a mi n e  S y n t h e t a s e  ( G S )

C e l l s  were grown t o  h i gh  d e n s i t y  i n  75cm^ p l a s t i c  f l a s k s  

i n  t h e  p r esence  o f  e i t h e r  2mM g l u t a m i n e  ( s t a n d a r d  c u l t u r e  

c o n d i t i o n s )  o r  2mM g l u t a m i c  a c i d .  The c e l l s  were h a r v e s t e d  

by t r y p s i n i s a t i o n  and r esu spe n d ed  i n  g r owt h  medi um^,  a l l o w i n g  

t h e  i n a c t i v a t i o n  o f  r e m a i n i n g  t r y p s i n  by serum componen t s .

A f t e r  a f i n a l  PBS wash t he  c e l l s  were s t o r e d  f o r  GS assay  

a t  - 20°C as a f r o z e n  p e l l e t .
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The GS assay  was a m o d i f i e d  p r o c e d u r e  o f  t h a t  d e s c r i b e d  

by L e h r e r  i n  1971 ( 2 5 2 ) .  C e l l  p e l l e t s  were t a k e n  up i n  160mM 

t r i s  mal a t e  b u f f e r ( p H  7 . 5 )  c o n t a i n i n g  ImM EGTA and 4mM MgCl ,  

and homogeni sed i n  1 ml v o l u me s .  In t he  p r e sen ce  o f  66mM sodi um 

a c e t a t e  and 13mM h y d r o x y l  ami  ne,  GS i n  t h e  c e l l  homogenat es 

c o n v e r t s  g l u t a m i n e  ( p r e s e n t  a t  0.103M)  t o  t h e  a c t i v e  i n t e r 

me d i a t e  g l u t a m i c  a c i d  monohydr oxymat e . The i n c u b a t i o n  t i me  i s  

15 m i n u t e s  a t  37°C.  The a d d i t i o n  o f  excess  f e r r i c  c h l o r i d e  

i n  40mM HCl and 15% TCA r e s u l t s  i n  t he  appea r ance  o f  a r e d / b r o w n  

c o l o u r .  The o p t i c a l  d e n s i t y  a t  500nm i s  t hus  d i r e c t l y  r e l a t e d  

t o  GS a c t i v i t y ,  e x p r e s s e d  i n  t e r ms  o f  nmol es p r o d u c t  f o r med 

mi n ^mg p r o t e i n  " ^ .

GS assays  were c a r r i e d  o u t  by Mr Andy W i l s o n ,  Depa r t me n t  

o f  B i o c h e m i s t r y ,  Gl asgow U n i v e r s i t y .

4.  Pl as mi n o gen  A c t i v a t o r  (PA)

F i b r i n  P l a t e  Assay

The f i b r i n o l y s i s  assay  i l l u s t r a t e d  i n  P l a t e  11 o f  1 . 5 . 1  

was c a r r i e d  ou t  by f o r m i n g  an vi  t r o  f i b r i n  c l o t .  10 mls 

o f  a 0.4% f i b r i n o g e n  s o l u t i o n  i n  sodi um b a r b i t o n e  b u f f e r ®  

c o n t a i n i n g  0.05% p l a s m i n o g e n  was s t i r r e d  g e n t l y  a t  37°C f o r  

15 m i n u t e s .  0 . 3ml  o f  a 50 u n i t s  ml  ̂ t h r o m b i n  s o l u t i o n  i n

0.15M s a l i n e  was p l a c e d  i n  t h e  c e n t r e  o f  a 9cm p l a s t i c  p e t r i  

d i s h  ( S t e r i l i n )  and t h e  f i b r i n o g e n  s o l u t i o n  p i p e t t e d  r a p i d l y  

o n t o  t he  s u r f a c e  o f  t h e  p e t r i  d i s h .  The m i x t u r e  was s w i r l e d  

f i l l i n g  o u t  t he  p l a t e  u n i f o r m l y  and t he  gel  a l l o w e d  t o  s e t  

o v e r n i g h t .  l Op l  sampl es  o f  c e l l  sp e n t  medium ( serum f r e e )  

were p l a c e d  on t h e  gel  and l e f t  o v e r n i g h t  a t  room t e m p e r a t u r e  

f o r  l y s i s  t o  o c c u r .
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Chromogen1c assay

The ch r o mo ge n i c  assay  used i n  t h i s  i n v e s t i g a t i o n  was a 

m o d i f i c a t i o n  o f  t h a t  d e v e l o p e d  by Whur ejb ^  ( 157)  u s i n g

SV40 t r a n s f o r m e d  3T3 c e l l s  and Lewi s  l ung  c a r c i n o ma  c e l l s .

C e l l s  grown i n  2 4 - w e l l  p l a t e s  were i n c u b a t e d  w i t h  a 0.5ml  

s o l u t i o n  c o n t a i n i n g  BSS ( w i t h o u t  phenol  r e d ) / g l u c o s e / v i t a m i n s ® ,  

ImM c h r o mo ge n i c  s u b s t r a t e ,  1 C . U . m l ”  ̂ p l a s mi n o g e n  and 0 . 15  

mgml  ̂ p o l y - D - l y s i n e . The assay  was a two s t e p  p r o c e s s :

Mo n o l a y e r  ----------------- -----^PA
c e l l s

P l asmi nogen - ^P l  asmin

s u b ^ t r a t e ^ ^  -------— ^ P ^ P t i d e  + p n i t r o a n a l i n e

The ch r omog e n i c  s u b s t r a t e s  empl oyed here were : $2302 , H- D-  

P r o l y l - L - p h e n y l a l a n y l - L - a r g i n i n e - p - n i t r o a n i l i d e .

S-2251 , H - D - V a l y l - L - l e u c y l - L - l y s i n e - p - n i t r o a n i l i d e  d i h y d r o c h l o r i d e  

S-2238 , H - D - P h e n y l a l a n y l - L - p i p e c o l y l - L - a r g i n i n e - p - n i t r o a n i l i d e  

d i  h y d r o c h l o r i  d e .

The assay was t e r m i n a t e d  a f t e r  2 hours  w i t h  t h e  a d d i t i o n  o f  5% 

a c e t i c  a c i d .  The ÛD a t  405 nm was a mesure o f  t he  amount  o f  

pa r a n i t r o a n a 1i ne p r oduced  and hence d i r e c t l y  r e l a t e d  t o  t he  

amount  o f  PA r e l e a s e d  by t he  c e l l s .  The OD 405 nm was 

c o r r e c t e d  f o r  c e l l  number  and endogenous p i a s m i n  i n  t he  

p l a s mi n oge n  p r e p a r a t i o n ,  e i t h e r  as a r e s u l t  o f  i m p u r i t y  o r  

a u t o c a t a l y t i c  d e g r a d a t i o n .  The p r o t e o l y t i c  enzyme u r o k i n a s e ,  

wh i ch  a l s o  a c t i v a t e s  p l a s m i n o g e n ,  was used as a s t a n d a r d .

PA a c t i v i t i e s  were e x p r e s s e d  as Pl ough u n i t s  ml  ̂ e q u i v a l e n t s  

o f  u r o k i n a s e / 1 0 ®  c e l l s .

5.  Tumour  A n g i o g e n e s i s  F a c t o r  (TAF)

Ch i ck  c h o r i o a l l a n t o i c  membrane( CAM)

The CAM was exposed t h r o u g h  a sma l l  h o l e  i n  t he  s h e l l
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o f  a 9 day o l d  c h i c k  embryo and a sma l l  p i e c e  o f  M i l l i p o r e  

f i l t e r  paper  ( a b o u t  I mm^) ,  soaked i n  c e l l  e x t r a c t ,  p l a c e d  

on t h e  CAM. The h o l e  was s e a l e d  w i t h  t ape  and t he  egg 

i n c u b a t e d  a t  37°C un de r  humid c o n d i t i o n s  f o r  6 days .  The 

CAM was d i s s e c t e d  o u t  o f  t he  egg a t  day 15 and p l a c e d  i n  

f o r mo l  s a l i n e  f o r  s t o r a g e .  The e x t e n t  o f  v a s o p r o l i f e r a t i o n  

was exami ned u s i n g  a d i s s e c t i o n  m i c r o s c o p e .

C u l t i v a t i o n  o f  E n d o t h e l i a l  c e l l s

Human u m b i l i c a l  c o r d  was o b t a i n e d  a t  d e l i v e r y ,  and 

p r o c es s e d  w i t h i n  a few h o u r s .  A p i e c e  o f  c o r d  ( a b o u t  10cm 

i n  l e n g t h )  wh i ch  was f r e e  f r om any damage was c a n n u l a t e d  a t  

bo t h  ends and t he  v e i n  t h o r o u g h l y  washed by p e r f u s i o n  w i t h  

PBS. The c o r d  was suspended i n  a ba t h  o f  s a l i n e  a t  37°C 

and t h e  v e i n  l umen f i l l e d  w i t h  c o l l a g e n a s e  a t  2000 u n i t s  

ml ^ . A f t e r  10-15 m i n u t e s  t h e  c o l l a g e n a s e  was d i s c a r d e d  and 

t he  v e i n  lumen r i n s e d  t w i c e  w i t h  PBS, f i l l e d  w i t h  c u l t u r e  

medium and a g i t a t e d  g e n t l y  f o r  1 m i n u t e .  The c e l l s  s t r i p p e d  

f r o m t he  l umen o f  t h e  v e i n  were t hen  t r a n s f e r r e d  i n t o  c u l t u r e  

f l a s k s  and f r e s h  medium added w i t h  lOOpgml   ̂ E n d o t h e l i a l  C e l l  

Growth Supp l ement  (ECGS).  W i t h i n  24 hours  e n d o t h e l i a l  s t r i p s  

and s i n g l e  c e l l s  had a t t a c h e d  and were p r o l i f e r a t i n g .

HUV c e l l  c h a r a c t e r i s a t i o n  

F a c t o r  V I I I

Mo n o l a y e r  c e l l s  on 15mm p l a s t i c  c o v e r s l i p s  o r  p l a s t i c  

c u l t u r e  f l a s k s  were t h o r o u g h l y  washed w i t h  PBS and f i x e d  f o r  

2 m i n u t e s  i n  a 5% a c e t i c  a c i d / 9 5 % met hano l  m i x t u r e .  C o v e r s l i p s  

were mounted on g l a s s  s l i d e s  u s i n g  DPX and a l l o w e d  t o  d r y  

o v e r n i g h t .  I m m e d i a t e l y  p r i o r  t o  s t a i n i n g  t he  f i x e d  c e l l s  

were i n c u b a t e d  f o r  5 m i n u t e s  w i t h  a f r e s h l y  p r e p a r e d  0.005% 

t r y p s i n  s o l u t i o n  (Si gma Type 111)  i n  PBS a t  room t e m p e r a t u r e .  

The c e l l s  were t h o r o u g h l y  washed w i t h  PBS o r  t r i s / s a l i n e ®
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and i n c u b a t e d  f o r  30 m i n u t e s  w i t h  a 1: 200 d i l u t i o n  o f  r a b b i t  

a n t i - h u m a n  f a c t o r  V I 11 a n t i s e r u m  i n  t r i s / s a l i n e .  A f t e r  r emoval  

o f  excess  a n t i b o d y  w i t h  t r i s / s a l i n e ,  a 1: 10 d i l u t i o n  o f  HRPO 

c o n j u g a t e d  swi ne  a n t i - r a b b i t  serum was a p p l i e d  t o  t he  c e l l s  

f o r  30 m i n u t e s .  Excess second a n t i b o d y  was removed by t r i s /  

s a l i n e  washes a f t e r  wh i ch  t he  c e l l s  were i mmersed i n  f r e s h  

DAB® s o l u t i o n  c o n t a i n i n g  NgOg. The s t a i n e d  c e l l s  were 

t h o r o u g h l y  washed w i t h  t ap  w a t e r  and a i r  d r i e d .

E l e c t r o n  M i c r o s c o p y

T r a n s m i s s i o n  e l e c t r o n  m i c r o s c o p y  was c a r r i e d  o u t  on p o s t  

c o n f l u e n t  e a r l y  passage c u l t u r e s  o f  HUV c e l l s  i n  c o n j u n c t i o n  

w i t h  Dr D . I .  Graham and Shahi da  Abraham ( S o u t h e r n  Genera l  

H o s p i t a l ,  G l a s g o w) .  Growth medium^ was removed and t he  e n d o t h e l i a l  

c e l l  s h e e t ,  wh i ch  d e t a c h e d  f r om t h e  p l a s t i c  c u l t u r e  f l a s k  w i t h  

a g i t a t i o n ,  was f i x e d  i n  1% g l u t a r a i dehyde i n  PBS f o r  30 

m i n u t e s  a t  room t e m p e r a t u r e .  The sampl es were r i n s e d  i n  

PBS and p l a c e d  i n  a 1 : 1 ,  1% osmium t e t r o x i de : PBS s o l u t i o n  f o r

15 m i n u t e s .  A f t e r  PBS washes t he  c e l l  l a y e r  was d e h y d r a t e d  u s i n g  

2 changes each o f  25%, 50%, 75% and 95% a l c o h o l  , f o l 1 owed by

4 t o  5 changes o f  100% a b s o l u t e  a l c o h o l .  The c e l l s  were 

t r a n s f e r r e d  i n t o  p r o p y l e n e  o x i d e  i n  g l a s s  c e n t r i f u g e  t ubes  

f o r  5 - 7  m i n u t e s .  The p r o p y l e n e  o x i d e  was r e p l a c e d  by 1:1 

p r o p y l e n e  o x i d e : a r a l d i t e  r e s i n  and spun f o r  1 t o  2 h o u r s .  Th i s  

m i x t u r e  was r e p l a c e d  by pure  a r a l d i t e  r e s i n  and spun f o r  1 t o  

2 h o u r s .  The sampl es were f i n a l l y  t r a n s f e r r e d  t o  moul ds wh i ch  

were f i l l e d  w i t h  a r a l d i t e  r e s i n  and p o l y m e r i s e d  a t  60°C f o r

16 h o u r s .  S e c t i o n s  ( a b o u t  lOOnm t h i c k )  were c u t  and s t a i n e d  

w i t h  u r a n y l  a c e t a t e  and l e a d  c i t r a t e .  The p r e p a r a t i o n s  were 

exami ned i n  a P h i l i p s  201 T r a n s m i s s i o n  E l e c t r o n  M i c r o s c o p e .
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2 . 3  Drugs empl oyed i n P h e n o t y p i c  M a n i p u l a t i o n  Ex p e r i me n t s

The drugs  used t o  c h e m i c a l l y  modu l a t e  t he  a s t r o g l i a l  

p heno t ype  a r e  l i s t e d  i n  Tab l e  8 and t he  r easons  f o r  i n t e r e s t  

i n  t h e i r  e f f e c t s  were d i s c u s s e d  i n  1 . 6 . 2 .  The drug c o n c e n 

t r a t i o n s  empl oyed were as f o l l o w s :

1. Dexamethasone (DX)

DX was used a t  a f i n a l  c o n c e n t r a t i o n  o f  lOpgml  ^ , t he  

p r e v i o u s l y  d e t e r m i n e d  opt i mum c o n c e n t r a t i o n  f o r  s t i m u l a t i o n  

o f  c l o n i n g  e f f i c i e n c y  o f  g l i o ma  c e l l s  and r e d u c t i o n  i n  t e r m i n a l  

c e l l  d e n s i t y .

2.  I s o p r o t e r e n o l  ( I P )

IP was used a t  1 x 10 ®M, t h e  c o n c e n t r a t i o n  p r e v i o u s l y  

used t o  i ndu c e  GFAP i n  c u l t u r e s  ( 116)  and t h a t  r e p o r t e d  t o  

be o p t i m a l  f o r  a c t i v a t i o n  o f  a d e n y l a t e  c y c l a s e  and e l e v a t i o n  

o f  i n t r a c e l l u l a r  c y c l i c A MP  ( 2 7 4 ) .

3.  R e t i n o i c  Ac i d  ( R e t . A c . )

Ret .  Ac.  was used a t  a f i n a l  c o n c e n t r a t i o n  o f  1 x 10 ®M, 

t h e  c o n c e n t r a t i o n  a t  wh i ch  t he  c l o n i n g  e f f i c i e n c i e s  o f  two 

a s t r o c y t o m a  d e r i v e d  c e l l  l i n e s  G-ATA and G-CCM, were r e duced  

by 50%. R e t . A c .  was made up a t  1 x 10 ^M i n  d i m e t h y l s u l p h o x i de 

and s t o r e d  a t  4°C.  The c o n c e n t r a t e  was d i l u t e d  1 : 1000  w i t h  

c u l t u r e  medium f o r  e x p e r i m e n t a l  use.  The e x pos u r e  o f  p o s t  

c o n f l u e n t  c e l l s  t o  0.1% DMSO a l o n e ,  had no e f f e c t  on c e l l  

number  o r  any o f  t h e  p a r a me t e r s  measured.

4.  I n t e r f e r o n  ( I F N - B )

IFN-B was used a t  100 l uml  ^ , t h e  c o n c e n t r a t i o n  a t  wh i ch  

t h e  c l o n i n g  e f f i c i e n c i e s  o f  t h r e e  o u t  o f  f o u r  a s t r o c y t o m a  

d e r i v e d  l i n e s  t e s t e d  i . e .  G-ATA,  G-CCM and G-RAT were r educed  

by 50%. Freeze d r i e d  IFN was r e c o n s t i t u t e d  a t  10000 I ' umV^ ’
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i n  lOmM g l y c i n e / H C l  b u f f e r  (PH 3 . 5 ) c o n t a i n i n g  Human Serum 

A l bumi n  a t  lOmgml  ̂ and s t o r e d  a t  4°C.

5.  M i t o m y c i n  C ( M i t . C )

M i t . C  was used a t  O.OBpgml  \  a c o n c e n t r a t i o n  whi ch  

c o m p l e t e l y  i n h i b i t e d  c e l l  d i v i s i o n  w h i l e  c o n t i n u i n g  t o  a l l o w  

c e l l s  t o  m e t a b o l i s e ,

6.  Pi g B r a i n  E x t r a c t  (PBE)

PBE was p r e p a r e d  by h o mon g e n i s i n g  f r e s h  p i g  b r a i n s  i n  

t r i s - s a l i n e ®  and s p i n n i n g  a t  23 , 000  x g f o r  15 h o u r s .  The 

s u p e r n a t a n t  was f i l t e r e d  u s i n g  0 . 2p  M i l l i p o r e  f i l t e r s  and 

s t o r e d  a t  - 2 0 * 0 .  For  e x p e r i m e n t a l  pu r poses  t he  c r u d e  e x t r a c t  

was d i l u t e d  1 : 32  i n  c u l t u r e  medium,  t he  t i t r e  f ound  t o  be 

o p t i m a l  f o r  t he  m o r p h o l o g i c a l  t r a n s f o r m a t i o n  o f  NOR-T and 

NOR-F c e l l s .

7.  N - Me t h y 1ace t ami  de (NMA)

NMA was used a t  a f i n a l  c o n c e n t r a t i o n  o f  15mM, t he 

c o n c e n t r a t i o n  p r e v i o u s l y  used f o r  i n d u c i n g  e r y t h r o i d  

d i f f e r e n t i a t i o n  i n  v i r u s - i n f e c t e d  e r y t h r o l e u k a e m i a  c e l l s  

i n v i t r o  ( 222 ) .

8.  1 2 - T e t r a d e c a n o y l  p h o r b o l - 1 3 - a c e t a t e  (TPA)
_ 1

TPA was used a t  4ugml  , t h e  c o n c e n t r a t i o n  wh i ch  r educed  

t he  c l o n i n g  e f f i c i e n c y  o f  G-ATA c e l l s  by 50%.

9.  Met hy l  n i t r o s o u r e a  (MNU)
-1MNU was used a t  15pgml  , t h e  c o n c e n t r a t i o n  wh i ch  

r educed  t he  c l o n i n g  e f f i c i e n c y  o f  G-ATA c e l l s  by 50%.

Un l ess  o t h e r w i s e  s t a t e d  t h e  dr ugs  were made up as 100 X 

c o n c e n t r a t e s  i n  c u l t u r e  medium c o n t a i n i n g  no serum or  g l u t a m i n e  

and s t o r e d  a t  - 2 0 ° C .  S t ock  s o l u t i o n s  were t hawed and d i l u t e d  

i m m e d i a t e l y  p r i o r  t o  use .  A f t e r  exp osu r e  o f  p o s t - c o n f l u e n t  

c u l t u r e s  t o  t he  above dr ug  c o n c e n t r a t i o n s  f o r  6 - 7  d a y s ,  more 

t han  90% o f  t h e  c e l l s  r ema i n e d  v i a b l e  as d e t e r m i n e d  by t r y p a n
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b l u e  dye e x c l u s i o n .  C e l l  m e t a b o l i s m  c o n t i n u e d  t h r o u g h o u t  t h e  

p e r i o d  o f  d rug  e x p o s u r e  as o bs e r v e d  by t he  d r op  i n  pH o f  t he  

c u l t u r e  medium.
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3.1 C h a r a c t e r i s a t i o n  and Assay Deve l opmen t .

The c e l l  l i n e s  used i n  t h i s  p r o j e c t  and t h e i r  d e r i v a t i o n  

ar e  l i s t e d  i n  Tab l e  1.  The c h a r a c t e r i s t i c s  o f  many o f  t he s e  

c e l l  l i n e s  a r e  p r e s e n t e d  b e l o w.

Mor pho l og y

C e l l s  c u l t i v a t e d  f r o m normal  b r a i n  t i s s u e  had,  i n  g e n e r a l ,  

a f l a t t e n e d ,  p o l y g o n a l  mo r p h o l o g y  ( P l a t e  I Va) f o r m i n g  a 

c o n t i n u o u s  c e l l  s h e e t  a t  h i g h  d e n s i t y .  T r e a t me n t  o f  t hese  

c e l l s  w i t h  d i b u t r y l  c y c l i c A MP  (dbcAMP) or  p i g  b r a i n  e x t r a c t  

(PBE) r e s u l t e d  i n  t h e  a p pea r ance  o f  m u l t i p o l a r  b r anched  

p r o c e s s e s  g i v i n g  a m o r p h o l o g i c a l  appear ance  more r e m i n i s c e n t  

o f  ma t u r e  a s t r o c y t e s  i n  v i v o  ( P l a t e s  IVb and I V c ) .  However ,  

t he  changes i n  mo r ph o l og y  i n  r esponse  t o  dbcAMP and PBE 

d i f f e r e d  i n  t h e i r  e x a c t  n a t u r e .  PBE i nduced  a c t i v e  e x t e n s i o n  

o f  p r oc es s e s  as w e l l  as r e t r a c t i o n  o f  c e l l  b o d i e s  w h i l e  t he  

dbcAMP e f f e c t  was m a i n l y  due t o  c y t o p l a s m i c  r e t r a c t i o n  a l o n e .  

P l a t e s  Va,  b and c r e s p e c t i v e l y  show t he  mo r ph o l og y  o f  l ow 

d e n s i t y  u n t r e a t e d  NOR-T c e l l s ,  dbcAMP t r e a t e d  NOR-T c e l l s  and 

PBE t r e a t e d  NOR-T c e l l s  a t  h i g h e r  m a g n i f i c a t i o n . T h e s e  f i n d i n g s  

are s i m i l a r  t o  t he  o b s e r v e d  e f f e c t s  o f  t h e se  a gen t s  on c u l t u r e d  

r a t  g l i o b l a s t s  ( 2 0 2 ) .  The e x t e n t  t o  wh i ch  c e l l s  r esponded  t o  

PBE t r e a t m e n t  v a r i e d  between c e l l  l i n e s  e . g .  i n  NOR-F and 

NOR-T c u l t u r e s ,  more t han  75% o f  t he  c e l l s  were m o r p h o l o g i c a l l y  

a l t e r e d  whereas i n  GDU-T c u l t u r e s  l e s s  t han  30% o f  t he  c e l l s  

r e s p o n d e d .

The c e l l  l i n e s  d e r i v e d  f r om a n a p l a s t i c  a s t r o c y t o m a s  f e l l  

i n t o  s e v e r a l  c a t e g o r i e s  w i t h  r e s p e c t  t o  mo r p h o l o g y .  An exampl e 

o f  each o f  t h e s e  c a t e g o r i e s  i . e .  l a r g e  a s t r o c y t i c ,  s ma l l  

a s t r o c y t i c ,  f l a t t e n e d  p o l y g o n a l ,  e l o n g a t e d  p o l y g o n a l  and



Table 1 CELL LINES AND DERIVATIONS

..  CELL LINE SPECIES TISSUE.O F ORIGIN

NÛR-T Human ( A d u lt ) B ra in  (Tem poral Lobe)

GOU-T

NMB-C ” (Corpus C a llosu m )
NMB-F " (F r o n ta l  Lobe)

NOR-F

NAB-P " ( P a r ie t a l  Lobe)
NBL

NMN

NFF Human ( F o e t a l ) B ra in
NFH

NFJ

NFM

NFO "

NFP

NFQ

NFR

NFS

NFT

NFU

G-CCM Human (A d u l t ) A n a p la s t ic  A strocytom a
G -IO K "

G-RAT

G-ATA

G-UVW

G-MCN

G-EME "

G-ARY "

G-JPT

G-ROG "

G-VAG "

QMS

^6

CELL LINE SPECIES CELL TYPE

HUV Human U m b ilic a l V e in  E n d o th e lia l

WRC-256 Rat Carcinom a

HES Human ( F o e t a l ) S k in  F ib r o b la s ts

MRC-5 Human F ib r o b la s ts '

FHI Human ( F o e t a l ) In t e s t i n a l  E p i t h e l i a l

M-Bro Human Melanoma
M-ERS "

M-AVO "

CHB Human Colon Carcinom a
CSM ■1 l(



PLATE IVa

NOR-F c o n t r o l  c u l t u r e .  Giemsa s t a i n e d  
(x 275)

PLATE IVb

NOR-F c u l t u r e  t r e a t e d  w i t h  O. lmM 
d i b u t y r i 1c y c l i c AMP f o r  48 hours  
Giemsa s t a i n e d  (x 275}

PLATE IVc

NOR-F c u l t u r e  t r e a t e d  w i t h  1 : 32  s o l u t i o n  
o f  Pi g B r a i n  E x t r a c t  f o r  48 hour s  
Giemsa s t a i n e d  (x 275)



PLATE IVa 1 % % .'.»
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t. %  . mm
PLATE IVb M

PLATE IVc



PLATE Va

Low d e n s i t y  c o n t r o l  NOR-F. Phase c o n t r a s t  

(x 540)

PLATE Vb

Low d e n s i t y  NOR-F c e l l s  t r e a t e d  w i t h

O. lmM d i b u t y r i 1c y c l i c AMP f o r  48 hour s  
Phase c o n t r a s t  (x 540)

PLATE Vc

Low d e n s i t y  NOR-F c e l l s  t r e a t e d  w i t h  

1 : 32  d i l u t i o n  o f  Pig B r a i n  E x t r a c t  

f o r  48 h o u r s .  Phase c o n t r a s t  (x 540)
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f i b r o b l a s t i c  i s  shown i n  P l a t e s  V i a ,  b,  c ,  d and e r e s p e c t i v e l y  

and t he  t y p e s  o f  mo r pho l ogy  e x h i b i t e d  by a range o f  g l i oma  l i n e s ,  

a t  h i gh  c e l l  d e n s i t y ,  are l i s t e d  i n  Tab l e  2.

The f o e t a l  b r a i n  d e r i v e d  c e l l s  were g e n e r a l l y  composed o f  

one o r  bo t h  o f  two c e l l  t y p e s .  One was " a s t r o c y t i c "  and t he 

o t h e r  " e l o n g a t e d  p o l y g o n a l " .  These c e l l s  were o n l y  s u c c e s s 

f u l l y  c u l t u r e d  t o  t he  t h i r d  o r  f o u r t h  passage ,  by wh i ch  t i m e ,  

t he l a t t e r  c e l l  t y p e  n e a r l y  a l ways  p r e d o m i n a t e d .

G l i a l  S p e c i f i c  Mar ker s  

GFAP

GFAP was c o n s i s t e n t l y  v i s u a l i s e d  i n o n l y  f o u r  o f  t he g l i oma 

l i n e s  i n v e s t i g a t e d .  Of t h e s e ,  G-CCM was 100% GFAP p o s i t i v e  

( P l a t e  V i l a ) ,  G-ROG was abou t  80% p o s i t i v e ,  Cg was 50-60% 

p o s i t i v e  under  s t a n d a r d  c u l t u r e  c o n d i t i o n s  ( P l a t e  1) and G- I JK 

had o n l y  a mi no r  component  o f  GFAP p o s i t i v e  c e l l s .  Of  t he 

r e m a i n i n g  a s t r o c y t o m a  d e r i v e d  l i n e s ,  some had GFAP p o s i t i v e  

c e l l s  p r e s e n t  i n  p r i m a r y  c u l t u r e ,  wh i ch  were s u b s e q u e n t l y  

l o s t  on s u b c u l t u r i n g .  A l l  t he  f o e t a l  b r a i n  d e r i v e d  c e l l  l i n e s  

were GFAP p o s i t i v e ,  e i t h e r  p a r t i a l l y ,  as i n  t he  case o f  NFM 

( P l a t e  V l l b ) ,  o r  e n t i r e l y ,  as i n  t he  case o f  NFQ ( P l a t e  V I I c ) .

The GFAP p e r s i s t e d  i n  t he se  c u l t u r e s  o v e r  t he  f i r s t  f ew 

g e n e r a t i o n s ,  d u r i n g  wh i ch  t i me  t h e y  were used e x p e r i m e n t a l l y .

The normal  b r a i n  d e r i v e d  c u l t u r e s  were GFAP n e g a t i v e  and 

d e s p i t e  a p p a r e n t  m o r p h o l o g i c a l  and b i o c h e m i c a l  i n d u c t i o n  o f  

d i f f e r e n t i a t i o n  i n  t hese  c e l l s ,  GFAP was never  d e t e c t e d  by 

i mmunoper ox i dase  or  i m m u n o f l u o r e s c e n c e .  Th i s  l a t t e r  o b s e r v a t i o n  

and t he p r esence  o f  GFAP n e g a t i v e  c e l l s  i n  t he  f o e t a l  and 

a s t r o c y t o m a  d e r i v e d  l i n e s ,  prompt ed f u r t h e r  b i o c h e m i c a l  

c h a r a c t e r i s a t i o n  o f  t he  c e l l s .



PLATE V i a

" L a r g e  a s t r o c y t i c " ,  G-ARY c e l l s .  P h a s e  c o n t r a s t  
( x  3 0 0 )

PLATE VIb
" S m a l l  a s t r o c y t i c " ,  G - I J K  c e l l s .  P h a s e  c o n t r a s t  
(x 3 0 0 )



v i a

VIb



PLATE V i c

" F l a t  p o l y g o n a l " ,  G-ATA c e l l s .  Giemsa s t a i n e d  

(x 300)

PLATE VId

" E l o n g a t e d  p o l y g o n a l " ,  G-EME c e l l s .  
Giemsa s t a i n e d  (x 3 00)

PLATE Vi e

" F i b r o b l a s t i c " ,  G-UVW c e l l s .  Giemsa s t a i n e d  

(x 300)



Vi c

VId

VlQ * . - 4



Ta b l e  2 G l i orna Mo rpho l ogy

DESCRIPTION CELL LINES

Large A s t r o c y t i c G-ROG, G-ARY, G-JPT

Smal l  A s t r o c y t i c G - I J K ,

F l a t t e n e d  Po l y go n a l G-ATA, G-RAT

E l o ng a t e d  Po l y go na l G-CCM, G-EME, G-MCN

F i b r o b l a s t i c G-UVW



PLATE V i l a

G-CCM c e l l s  p o s i t v e l y  s t a i n e d  f o r  GFAP 
by i mmunoper ox i da  se (x 250)

C o n t r o l

G-CCM c e l l s  s t a i n e d  u s i n g  normal  r a b b i t  

serum as p r i m a r y  a n t i b o d y  (x 250)



PLATE V l l b

\

f t
i

NFM c u l t u r e  s t a i n e d  f o r  GFAP by 

i mmunoper ox i dase  (x 250)

PLATE VI le

NFQ c e l l s  s t a i n e d  f o r  GFAP by 
i mmu n o f l u o r e s c e n c e  u s i n g  rhodami ne 
c o n j u g a t e d  a n t i b o d y  (x 320)
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Hi gh A f f i n i t y  Amino Ac i d  T r a n s p o r t

1. G l u t a m i c  Ac i d

The up t a k e  k i n e t i c s  o f  g l u t a m i c  a c i d  was s t u d i e d  f o r  a 

v a r i e t y  o f  c e l l  l i n e s .  The v e l o c i t y  o f  g l u t a m i c  a c i d  u p t ake  

was d e t e r m i n e d  f o r  a r ange o f  s u b s t r a t e  c o n c e n t r a t i o n s  u s i n g  

r a d i o l a b e l l e d  g l u t a m i c  a c i d ,  as d e s c r i b e d  i n  t he  M a t e r i a l s  

and Methods s e c t i o n .  C o n f l u e n t  c e l l s  were used f o r  t he  

u p t a k e  s t u d i e s .  The r e s u l t s  were a n a l y s e d  by d oub l e  

r e c i p r o c a l  ( L i n e w e a v e r  - Bu r k )  p l o t s  as shown f o r  t he  r a t  

Cg g l i o ma  i n F i g u r e  4a and f o r  e n d o t h e l i a l  GMS c e l l s  i n  

F i g u r e  4b.  The b i p h a s i c  n a t u r e  o f  t he  p l o t  f o r  Cg i m p l i e d  

t he  e x i s t e n c e  o f  a dual  a f f i n i t y  mechani sm o f  g l u t a m i c  a c i d  

u p t a k e ,  one l ow a f f i n i t y  (Km 0.4mM) and t he  o t h e r  r e l a t i v e l y  

h i g h  a f f i n i t y  (Km O.OSmM). The h i gh  a f f i n i t y  mechani sm 

c o u l d  be compet ed o u t  by 2mM a s p a r t a t e  ( F i g u r e  5 ) .  The 

d oub l e  r e c i p r o c a l  p l o t  f o r  GMS was monophas i c  w i t h  o n l y  t he  

l ow a f f i n i t y  (Km 0,25mM) u p t a k e  p r ocess  e v i d e n t .  These Km 

v a l u e s  are  comp ar a b l e  w i t h  t h o s e  o b t a i n e d  by Logan and Snyder  

( 124)  f o r  t he  l ow a f f i n i t y  (Km O. lBmM) and h i g h  a f f i n i t y  

(Km 0.04mM) g l u t a m a t e  u p t a k e  i n t o  homogenat es and s l i c e s  o f  

r a t  c e r e b r a l  c o r t e x .

The s p e c i f i c i t y  o f  h i g h  a f f i n i t y  g l u t a m i c  a c i d  u p t ake  

w i t h  r e s p e c t  t o  c e l l  t y p e  i s  shown i n  Tab l e  3.  Normal  b r a i n  

d e r v i e d ,  g l i o ma  and melanoma c e l l  l i n e s  were a b l e  t o  t a k e  

up g l u t a m i c  a c i d  by bo t h  a l ow and h i gh  a f f i n i t y  p r o c e s s ,  

wherease f a c t o r  V I I I  p o s i t i v e  GMS e n d o t h e l i a l  c e l l s ,  human 

and mouse f i b r o b l a s t s  and f o e t a l  human i n t e s t i n e  c e l l s  

possessed  o n l y  t he  l ow a f f i n i t y  mechani sm o f  u p t a k e .  These 

o b s e r v a t i o n s  c l e a r l y  showed t h a t  h i gh  a f f i n i t y  g l u t a m i c  a c i d

u p t a k e  was n o t  r e s t r i c t e d  t o  c e l l s  o f  g l i a l  o r i g i n .  Melanoma
1



FIGURE 4a and b

1
L i n e w e a v e r - B u r k  p l o t s  o f  V i ~  a g a i n s t  

1
[ G l u t a m i c  A c i d ]  f o r  t h e  u p t a k e  o f  

g l u t a m i c  a c i d  i n t o  p o s t - c o n f l u e n t  and Cg 

GMS c e l l s  r e s p e c t i v e l y .  I n i t i a l  

v e l o c i t i e s  ( V i )  were d e t e r m i n e d  as 

d e s c r i b e d  i n  M a t e r i a l s  and Methods 

s e c t i o n  o v e r  a r ange o f  s u b s t r a t e  

c o n c e n t r a t i o n s ,

D u p l i c a t e  v a l u e s  a r e  shown.



FIGURE 4a DOUBLE RECIPROCAL PLOT FOR GLUTAMIC
ACID UPTAKE IN C.CELLS

(moles min"^ l O^cel l s " ^ )
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FIGURE 4b DOUBLE RECIPROCAL PLOT FOR GLUTAMIC 
ACID UPTAKE IN GMS CELLS
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FIGURE 5

L i n e w e a v e r - B u r k  p l o t s  f o r  t h e  u p t a k e  o f  

g l u t a m i c  a c i d  i n t o  Cg c e l l s  i n  t he  

p r esence  and absence o f  2mM a s p a r t a t e .



FIGURE 5

THE EFFECT OF 2mM ASPARTIC ACID ON GLUTAMIC 
ACID UPTAKE KINETICS IN Cg CELLS
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Tab l e  3 SPECIFI CI TY OF DUAL AFFINITY GLUTAMATE UPTAKE

CELL LINE CELL TYPE DOUBLE RECIPROCAL PLOT 

MONOPHASIC BIPHASIC

NMB-C Norma 1 Human B r a i n +

NAB-P Normal Human B r a i n +

G-ARY Human Gl i oma +

G-EME Human Gl i oma +

G-CCM Human G l 1 oma +

G- I JK Human G l i  oma +

G-ATA Human Gl i oma +

G-RAT Human G l 1 oma +

M-BRO Human Mel a noma +

M-AVO Human Melanoma +

Rat  Gl i oma +

GMS Human Gl i oma w i t h  
p r o b a b l e  l a r g e  
e n d o t h e l i a l  component

+

MRC-5 Human D i p l o i d  F i b r o b l a s t +

3T3 Mous e F i b r o b l a s t +

FHI F o e t a l Human I n t e s t i n e +
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were a l s o  c a p a b l e  o f  t h i s  p r o c e s s .  Th i s  ma r k e r  i s  p o s s i b l y ,  

t h e r e f o r e ,  a ma r ke r  f o r  c e l l s  o f  n e u r o e c t o d e r ma l  o r i g i n ,  

r a t h e r  t han  b e i n g  r e s t r i c t e d  t o  c e l l s  o f  g l i a l  o r i g i n .

2.  GABA Upt ake

The u p t a k e  o f  GABA was s t u d i e d  f o r  a v a r i e t y  o f  c e l l  

l i n e s  i n  a manner  s i m i l a r  t o  t h a t  d e s c r i b e d  f o r  g l u t a m a t e .

The r e s u l t s ,  h o we v e r ,  were more comp l ex .  Many c e l l  l i n e s  

were e i t h e r  c o n s t i t u t i v e  f o r  h i g h  a f f i n i t y  GABA u p t a k e  or  

c o u l d  be i n d u c e d  by s t e r o i d  (3 o r  dexamet hasone)  a l o n e ,  by 

dbcAMP i n  t he  absence o f  ser um,  o r  by a c o m b i n a t i o n  o f  bo t h  

s t e r o i d  and dbcAMP, f o r  a b ou t  7 days .  The c o m b i n a t i o n  o f  

dexamet hasone ( l O p g m l ” ^)  and dbcAMP (O. lmM)  i n t he  absence 

o f  serum,  had been p r e v i o u s l y  d e t e r m i n e d  t o  be t he  maximum 

i n d u c i n g  c o n d i t i o n s  f o r  GFAP i n  Cg c e l l s  ( F i g u r e  2 b ) .  Some 

c e l l  l i n e s ,  howeve r ,  c o u l d  n o t  be i n d u c e d .  An exampl e o f  

a b i p h a s i c  d ou b l e  r e c i p r o c a l  p l o t  f o r  GABA u p t a k e  i n  t he 

absence o f  i n d u c e r s ,  by t h e  GFAP p o s i t i v e  c e l l  l i n e  G-CCM, 

i s  shown i n F i g u r e  6a.  The Km v a l u e  o f  0.038mM f o r  t h e  h i gh  

a f f i n i t y  up t ake  o f  GABA by G-CCM was s i m i l a r  t o  t he  r ange o f  

Kms. 0 . 013  - O.OSmM p r e v i o u s l y  ob se r ve d  f o r  h i g h  a f f i n i t y  

u p t a k e  i n t o  v a r i o u s  g l i a l  t umour s  m a i n t a i n e d  i n  t i s s u e  c u l t u r e  

( 1 3 1 ) .

The s p e c i f i c i t y  o f  h i g h  a f f i n i t y  GABA u p t a k e  and t he  

i n d u c t i o n  r e q u i r e m e n t s  f o r  a v a r i e t y  o f  c e l l  l i n e s  a r e  shown 

i n  Tab l e  4.  Of t h e  normal  b r a i n  d e r i v e d  l i n e s  o n l y  NOR-F 

was c o n s t i t u t i v e .  NMB-C, GDU-T and NOR-T r e q u i r e d  i n d u c t i o n .  

The two f o e t a l  l i n e s  NFF and NFQ were a l s o  c o n s t i t u t i v e ,  

a l o n g  w i t h  t h e  two GFAP p o s i t i v e  g l i o ma  l i n e s  G-CCM and r a t  

Cg. The o t h e r  g l i o m a s ,  w i t h  t he  e x c e p t i o n  o f  G-ATA and G-ARY,
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were i nd u c e d  f o r  h i g h  a f f i n i t y  GABA t r a n s p o r t  by t h e  s t e r o i d /  

dbcAMP c o m b i n a t i o n .  The f a c t o r  V I I I  p o s i t i v e  e n d o t h e l i a l  c e l l  

l i n e  GMS, t h e  human melanoma l i n e  M-ERS and MRC-5 f i b r o b l a s t s  

were n o t  i n d u c i b l e .  Hi gh a f f i n i t y  GABA u p t a k e  t h e r e f o r e  

appea r ed  t o  be a more s e l e c t i v e  mar ke r  f o r  c e l l s  o f  g l i a l  

o r i g i n  t han h i gh  a f f i n i t y  g l u t a m i c  a c i d  u p t a k e .

R e s u l t s  o b t a i n e d  i n  r e p e a t i n g  some o f  t h e  GABA up t a k e  

k i n e t i c  e x p e r i m e n t s  i m p l i e d  t h a t  t h e  b a t c h  o f  serum used i n  

t h e  c u l t u r e  medium f o r  c e l l  g r o w t h ,  c o u l d  a f f e c t  t h e  a b i l i t y  

o f  c e l l s  t o  e x p r e s s  h i g h  a f f i n i t y  GABA u p t a k e .  In Cg c e l l s ,  

i n  p a r t i c u l a r ,  t he  b a t c h  o f  serum d e t e r m i n e d  w h e t h e r  o r  no t  

t h e  c e l l s  were c o n s t i t u t i v e  o r  r e q u i r e d  i n d u c t i o n .  The 

i m p o r t a n c e  o f  k e e p i n g  t h e  b a t c h  o f  serum c o n s t a n t  t h r o u g h o u t  

a s e r i e s  o f  e x p e r i m e n t s  and o f  d e c r e a s i n g  t h e  serum c o n c e n t r a t i o n  

as much as p o s s i b l e ,  was t h e r e f o r e  r e c o g n i s e d .

The e f f e c t  o f  3 a l a n i n e ,  r e p o r t e d  t o  compet e s p e c i f i c a l l y  

f o r  t h e  g l i a l  GABA h i g h  a f f i n i t y  u p t a k e  s y s t e m,  on t h e  u p t a k e  

k i n e t i c s  o f  a f ew c e l l  l i n e s  was i n v e s t i g a t e d .  F i g u r e  6 b shows 

t h a t  2mM 3 a l a n i n e  compet es  o u t  t h e  h i g h  a f f i n i t y  u p t a k e  p r o c e s s  

f o r  NFF, r e s u l t i n g  i n  a monophas i c  d o ub l e  r e c i p r o c a l  p l o t  w i t h  

o n l y  t he  l ow a f f i n i t y  u p t a k e  a p p a r e n t .  T h i s  s e l e c t i v e  

i n h i b i t i o n  by 3  a l a n i n e  p r o v i d e d  a u s e f u l  means o f  q u a n t i t a t i n g  

t he  h i g h  a f f i n i t y  GABA u p t a k e  sy s t e m.  In f u r t h e r  e x p e r i m e n t s ,

t h e  s e n s i t i v i t y  o f  u p t a k e  o f  25 pM GABA t o  i n h i b i t i o n  by 2mM

3  a l a n i n e  was used t o  q u a n t i t a t e  t h i s  p r o c e s s .

T r e a t m e n t  o f  c e l l s  w i t h  s t e r o i d  ( 3  o r  d e x a me t h a s o n e ) ,

o f t e n  p a r t  o f  t h e  i n d u c t i o n  p r o c e d u r e ,  had a n o t h e r  s i g n i f i c a n t

e f f e c t  on t h e  u p t a k e  k i n e t i c s  o f  GABA. F i g u r e  6 c shows t h e  

d o u b l e  r e c i p r o c a l  p l o t  f o r  G-EME u s i n g  u n t r e a t e d  c e l l s  and



FIGURE 6a
1

L i n e w e a v e r - B u r k  p l o t s  o f  Vi  a g a i n s t  

1
[ GABA] f o r  t h e  u p t a k e  o f  GABA i n t o  

p o s t - c o n f l u e n t  G-CCM c e l l s .  I n i t i a l  

v e l o c i t i e s  ( V i )  were d e t e r m i n e d  as 

d e s c r i b e d  i n  M a t e r i a l s  and Methods 

s e c t i o n  o v e r  a r ange  o f  s u b s t r a t e  

c o n c e n t r a t i  o n s .

D u p l i c a t e  v a l u e s  ar e  shown.

FIGURE 6 b

L i n e w e a v e r - B u r k  p l o t s  f o r  t h e  up t a k e  o f  

GABA i n t o  NFF c e l l s  i n  t h e  p r e s en c e  and 

absence o f  2mM g a l a n i n e .

D u p l i c a t e  v a l u e s  a r e  shown.



FIGURE 6a

DOUBLE RECIPROCAL PLOT FOR GABA UPTAKE 
IN G-CCM CELLS
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Ta b le  4 SPECIFICITY OF HIGH AFFINITY GABA UPTAKE

CELL LINE CELL TYPE INDUCER TRANSPORT
Low

A f f in i t y

Low and 

High A f f in i t y

NOR-F Normal Human Brain - +

NMB-C Normal Human Brain - +
11 n II II II g methasone +
n II II II II dbcAMP (-serum) +

GOUT Normal Human Brain - +
II II II II g methasone
II II II II dbcAMP (-serum) +

NOR-T
II n

Normal Human Brain
II II II dbcAMP+gmethasone

(-serum)

+

+
NFF Foetal Brain -
NFQ II 11 - +

Rat Glioma - 4

G-CCM Human Glioma - 4

G-EME Human Glioma - +
II II II II g methasone +

II II 

II It

I I  II 

I I  II

dbcAMP (-serum)
dbcAMP+gmethasone

(-serum)

+

4

G-ARY
II II

Human Glioma
II II dbcAMP+gmethasone

(-serum)

+

+

G-ATA
II  II

Human Glioma
II  II dbcAMP+gmethasone

(-serum)

+

+

G-RAT Human Glioma - +

II II II II dbcAMP+Dmethasone
(-serum)

4

M-ERS Human Melanoma - +

II II El II dbcAMP+Dmethasone
(-serum)

+

MRC-5 Human D ip lo id  
F ib rob las ts

- +

II II II II dbcAMP+Dmethasone
(-serum)

+

GMS Endothelia l 
(Fac. V I I I  +ve)

dbcAMP+Dmethasone +



FIGURE 6c

L i n e w e a v e r - B u r k  p l o t s  f o r  t he  up t ake  o f  

GABA i n t o  G-EME c e l l s  i n  t h e  p r e sen ce  

and absence o f  dexamet hasone ( l Opgml  ^ ) 

D u p l i c a t e  v a l u e s  a r e  shown.



FIGURE 6c
EFFECT OF STEROID ON MAXIMUM 
VELOCITY OF GABA UPTAKE 
INTO G-EME CELLS
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c e l l s  t r e a t e d  w i t h  s t e r o i d  f o r  s e v e r a l  days p r i o r  t o  k i n e t i c  

a n a l y s i s .  Dexamethasone a l o n e ,  i n  t h i s  ca s e ,  does no t  i n d u c e  

h i g h  a f f i n i t y  t r a n s p o r t  b u t  i n c r e a s e s  t h e  maximum v e l o c i t y  o f  

u p t a k e  (V max) .  The a f f i n i t y  ( ^ / k m)  i s  u n a f f e c t e d .  These 

r e s u l t s  s u g g e s t  t h a t  dexamet hasone i n c r e a s e s  t he  u p t a k e  o f  

GABA by t he  u n s a t u r a b l e ,  d i f f u s i v e ,  l ow a f f i n i t y  p r o c e s s ,  

p r o b a b l y  by a g e n e r a l  e f f e c t  on t he  c e l l  membrane,  i n c r e a s i n g  

t he p e r m e a b i l i t y  o f  c e l l s  t o  GABA and o t h e r  sma l l  compounds.  

Th i s  c o m p l i c a t e s  a n a l y s i s  o f  s p e c i f i c  i n d u c t i o n  o f  t h e  h i g h  

a f f i n i t y  u p t a k e  by d e xamet hasone ,  as t he  s t e r o i d  no t  o n l y  

i n c r e a s e s  t he  3  a l a n i n e  s e n s i t i v e  GABA u p t a k e ,  bu t  a l s o  

i n c r e a s e s  t he  l ow a f f i n i t y  u p t a k e .  The o t h e r  compounds used 

f o r  i n d u c t i o n  e x p e r i m e n t s  d i d  n o t  show t h i s  e f f e c t .

G l u t a m i n e  S y n t h e t a s e

The g l u t a m i n e  s y n t h e t a s e  (GS) a c t i v i t i e s  o f  e x t r a c t s  

p r e p a r e d  f r o m v a r i o u s  c e l l  l i n e s  grown i n  FI 0 w i t h  10% serum 

and 2niM g l u t a m i n e  a r e  l i s t e d  i n Tab l e  5.  The normal  b r a i n  

d e r i v e d  c e l l s  had l ow l e v e l s  o f  t h e  enzyme.  The f o e t a l  l i n e s  

had ab ou t  2-3 t i me s  g r e a t e r  a c t i v i t y  t han t h e  normal  a d u l t  

l i n e s  and t he  g l i o ma s  had v a r i a b l e  amounts o f  GS a c t i v i t y  

w i t h  G-CCM h a v i n g  t he  h i g h e s t  l e v e l  d e t e c t e d .  Rep l acement  

o f  g l u t a m i n e  w i t h  e q u i m o l a r  amounts o f  g l u t a m a t e  i n  t he 

c u l t u r e  medium,  s t i m u l a t e d  c e l l u l a r  GS a c t i v i t y  i n  bo t h  

normal  a d u l t  and most  g l i o ma  c e l l  l i n e s  by a b o u t  2-5 f o l d .  

Th i s  i m p l i e d  t h a t  t he  g l u t a m i n e / g l u t a m a t e  r a t i o  i n  t he 

e n v i r o n m e n t  was i m p o r t a n t  i n d e t e r m i n i n g  GS a c t i v i t y .

Ma l i g n a n c y  A s s o c i a t e d  P r o p e r t i e s

The d e v e l o p me n t  o f  ma r ke r  assays  f o r  m a l i g n a n t  pheno t ype  

was c a r r i e d  o u t  u s i n g  normal  a d u l t  b r a i n  and g l i oma  d e r i v e d



T a b l e  5 GLUTAMINE SYNTHETASE SPECIFIC ACTI VI T I ES 

( nmo l es  p r o d u c t  f o r me d  min mg p r o t e i n  )

CELL LINE DERIVATION GS ACTIVITY

GDUT Normal Brain 16.8, 5.6
NOR-T II II

1 0 . 0 ± 5.0

NBL II II
6 . 0 ± 2.4

NMM II II
8 . 6 ± 3.3

NFH Foetal Brain 36.0 ± 27.0
NFJ-BG II II 20.4 ± 15.1
NFJ-C II II 29.9 ± 19.0
NFO-BG II II 39 .0 , 32.0
NFO-C II 11

2 0 . 0 , 39.0
NFP-BG 11 II 19 .0 , 32.0
NFP-C II II 29.0 , 1 1 . 0

Rat Glioma 4.0 ± 0.5

G-IJK Human Astrocytoma 24.0 ± 1 0 , 6

G-CCM II II 45.0 ± 15.0
G-RAT II II

2 2 . 0 ± 1 2 . 0

G-ATA II II
1 0 . 0 ± 4.7

Results courtesy o f Dr P.F.T.  Vaughan and Mr A. Wilson 

Department o f B iochem is try , U n iv e rs ity  o f Glasgow.
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ce l l  l i ne s .

Pl a s mi n o gen  A c t i v a t o r

The c h r o mo g e n i c  assay  s y s t e m o f  Whur ejt aj^ ( 1 5 7 ) ,  as

d e s c r i b e d  i n  M a t e r i a l s  and Me t h o d s ,  was m o d i f i e d  and used

t o  d e t e c t  PA p r od u c e d  by t h e  nor mal  and m a l i g n a n t  b r a i n  c e l l s ,

- 1The a d d i t i o n  o f  O. l mgml  p o l y - D - l y s i n e  i n c r e a s e d  t he  

d e t e c t a b l e  PA l e v e l s  2-3  f o l d ,  p r o b a b l y  by b i n d i n g  t o  bo t h  

a c t i v a t o r  and p l a s m i n o g e n ,  a l t e r i n g  t h e i r  c o n f o r m a t i o n  i n  

such a way as t o  i n c r e a s e  e f f i c i e n c y  o f  a c t i v a t i o n .  The 

s y n t h e t i c  s u b s t r a t e  used f o r  d e t e c t i o n  o f  p l a s m i n  was S - 2 3 0 2 ,  

t h e  p r e f e r r e d  s u b s t r a t e  f o r  bo t h  normal  and m a l i g n a n t  b r a i n  

c e l l s .  E x p e r i m e n t s  wh i c h  t e s t e d  t h e  p r e f e r e n c e  o f  a v a r i e t y  

o f  g l i o m a  and c o l o n  c a r c i n o m a  c e l l  l i n e s  f o r  c h r o mo g e n i c  

s u b s t r a t e s ,  showed a s ig n i f ic a n t  d i f ^ f e r e n c e  bet ween t h e  two 

c e l l  t y p e s .  I n  p a r t i c u l a r .  F i g u r e  7 shows t h e  PA a c t i v i t i e s  

o f  g l i o m a  and c o l o n  c a r c i n o m a  c e l l  l i n e s  d e t e c t e d  u s i n g  t h e  

c h r o mo g e n i c  s u b s t r a t e s  S-2251 and S - 2238 ,  The two c e l l  t y p e s  

d i f f e r e d  i n  t h e i r  r e l a t i v e  a c t i v i t i e s  w i t h  t h e  two s u b s t r a t e s  

i m p l y i n g  t h a t  t h e  m o l e c u l a r  f o r ms  o f  PA p r o d u c e d  by t h e  two 

c e l l  t y p e s  d i f f e r e d .  T h i s  i n  t u r n  r e s u l t e d  i n  a v a r i a t i o n  

i n  p l a s m i n o g e n  c l e a v a g e  p a t t e r n s  and hence m o l e c u l a r  f o r ms  

o f  p l a s m i n  w h i c h  were  n o t  i d e n t i c a l .  T h i s  was c o n s i s t e n t  w i t h  

t h e  f i n d i n g s  o f  T u c k e r  ^  _al_, t h a t  human b r a i n  tu m o u r PA i s  

d i f f e r e n t  f r o m t h e  PA o f  o t h e r  human normal  and n e o p l a s t i c  

c e l l  t y p e s  ( 1 5 2 ) .

In t h e  i n i t i a l  e x p e r i m e n t s ,  c o n f l u e n t  c e l l s  were washed 

t h r e e  t i me s  w i t h  Ca^^ ,  Mg^^ - f r e e  PBS, i n c u b a t e d  i n  a 833 /  

g l u c o s e / v i t a m i n  s o l u t i o n  f o r  1 h o u r  and washed a g a i n  i n  PBS



FIGURE 7

The c l e a v a g e  o f  c h r o mo g e n i c  s u b s t r a t e s  S-2238 

and S-2251 ( K a b i v i t r u m )  as a r e s u l t  o f  

p l a s m i n o g e n  a c t i v a t o r  (PA)  p r o du c e d  by 4 g l i o ma  

c e l l  l i n e s  and 2  c o l o n  c a r c i n o ma  c e l l  l i n e s  a t  

p o s t - c o n f l u e n t  d e n s i t i e s .  PA assays  were 

c a r r i e d  o u t  as d e s c r i b e d  i n  M a t e r i a l s  and Met hods 

s e c t i o n .  The OD 405nm i s  a measure o f  p a r a -  

n i t r o p h e n o l  r e l e a s e d  by c h r o mo g e n i c  s u b s t r a t e  

c l e a v a g e .
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p r i o r  t o  t h e  i n c u b a t i o n  w i t h  p l a s m i n o g e n  and c h r o mo g e n i c  

s u b s t r a t e .  F i g u r e  8  shows t h e  l e v e l s  o f  PA a c t i v i t y  f o r  a 

number  o f  c e l l  l i n e s  as d e t e c t e d  by o p t i c a l  d e n s i t y  and 

r e l a t e d  t o  u r o k i n a s e  s t a n d a r d s .  In g e n e r a l ,  t h e  normal  

a d u l t  c e l l  l i n e s  had l o w e r  l e v e l s  o f  a c t i v i t y  t han  t h e  

GFAP n e g a t i v e  g l i o m a s .  The GFAP p o s i t i v e  g l i o m a s ,  h o we v e r ,

G-CCM and r a t  Cg,  had v e r y  l ow PA l e v e l s .

The e f f e c t s  o f  serum on t h e  PA p r o d u c t i o n  o f  c e l l s ,  as 

d e t e c t e d  i n  t h e  ass a y  s ys t e m d e s c r i b e d  abov e ,  i s  shown i n  

F i g u r e  9.  A c o n s i d e r a b l e  i n c r e a s e  i n t h e  PA l e v e l  o f  G-ATA 

was a p p a r e n t  when t h e  c e l l s  were m a i n t a i n e d  i n  medium 

c o n t a i n i n g  serum r e p l a c e m e n t  ( V e n t r e x  L a b o r a t o r i e s )  as 

opposed t o  f o e t a l  c a l f  serum i t s e l f .  The i n h i b i t o r y  e f f e c t  

o f  serum i s  p r o b a b l y  due t o  t h e  p r e s e n c e  o f  p l a s m i n  i n h i b i t o r s  

i n  serum e . g .  a 2 - m a c r o g l o b u l i n  and a 2 - a n t i p l a s m i n ,  wh i c h  

r e ma i n e d  bound t o  t h e  c e l l  s u r f a c e  d e s p i t e  t h e  was h i ng  

p r o c e d u r e  d e s c r i b e d  a bove .  These r e s u l t s  a g a i n  emphas i sed  

t h e  need t o  d e c r e a s e  t h e  e x p e r i m e n t a l  serum c o n c e n t r a t i o n  

as much as p o s s i b l e .  The PA l e v e l s  shown i n  F i g u r e  8  w e r e ,  

t h e r e f o r e ,  n o t  a b s o l u t e  measures  o f  t h e  c e l l u l a r  p r o d u c t i o n  

o f  PA s i n c e  a p r o p o r t i o n  o f  t h a t  p r oduced  wou l d  be masked 

by serum i n h i b i t o r s  on t h e  c e l l  s u r f a c e .  The e x t e n t  t o  wh i c h  

serum masked t h e  d e t e c t i o n  o f  PA a l s o  v a r i e d  f r o m  b a t c h  t o  

b a t c h  ( F i g u r e  9 ) .  I n  most  o f  t h e  f u r t h e r  e x p e r i m e n t s  i n v o l v i n g  

PA d e t e r m i n a t i o n s ,  c e l l s  were grown t o  c o n f l u e n c e  and m a i n t a i n e d  

i n  serum f r e e  medium f o r  one week p r i o r  t o  PA a s s a y .  The e f f e c t  

o f  c e l l  d e n s i t y  on PA a c t i v i t y  i s  p r e s e n t e d  l a t e r ,  i n  3 . 2 .



FIGURE 8

P l a s mi n o g e n  a c t i v a t o r  a c t i v i t i e s  o f  a v a r i e t y  

o f  GFAP n e g a t i v e  a s t r o c y t o m a s ,  GFAP p o s i t i v e  

g l i o m a s  and c e l l  l i n e s  d e r i v e d  f r o m  normal  

a d u l t  b r a i n .  PA assays  were c a r r i e d  o u t  on 

p o s t  c o n f l u e n t  c u l t u r e s  as d e s c r i b e d  i n  

M a t e r i a l s  and Methods s e c t i o n  u s i n g  t he  

c h r o mo g e n i c  s u b s t r a t e  S2251.  OD 405nm v a l u e s  

were c o n v e r t e d  t o  e q u i v a l e n t s  o f  u r o k i n a s e  

( P l o u g h  U n i t s  (PU) ) f r o m a s t a n d a r d  c u r v e .  

D u p l i c a t e  PA v a l u e s  a r e  shown.
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FIGURE 9

P l as mi n o gen  a c t i v a t o r  a c t i v i t i e s  o f  G-ATA 

grown i n  t h e  p r e s e n c e  o f  v a r i o u s  b a t c h e s  o f  

f o e t a l  c a l f  serum and serum r e p l a c e m e n t  

( V e n t r e x  L a b o r a t o r i e s )  a t  10%.

D u p l i c a t e  v a l u e s  a r e  shown.



FIGURE 9
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Tumour  A n g l o g e n e s i s  F a c t o r  ( T A F )

Ch i c k  c h o r i o a l l a n t o i c  membrane (CAM)

I n t r a c e l l u l a r  e x t r a c t s  o f  no r ma l  a d u l t  b r a i n  and g l i o ma  

d e r i v e d  c e l l  l i n e s  were p r e p a r e d  by r e p e a t e d  f r e e z i n g  and 

t h a w i n g  o f  s i n g l e  c e l l  s u s p e n s i o n s  f o l l o w e d  by c e n t r i f u g a t i o n  

a t  4 8 , 0 0 0  X g f o r  30 m i n s ,  a t  4° C.  The s u p e r n a t a n t s  were 

t hen  t e s t e d  f o r  a n g i o g e n i c  a c t i v i t y  on t h e  CAM, as d e s c r i b e d  

i n  t h e  M a t e r i a l s  and Me t h o ds .  P l a t e s  V i l l a ,  b and c show 

CAMs on wh i c h  s ma l l  p i e c e s  o f  M i l l i p o r e  f i l t e r s  soaked i n  

2mg ml  ̂ p r o t e i n  e x t r a c t s  o f  NOR-F,  Cg and G-RAT c e l l s  

r e s p e c t i v e l y ,  were i m p l a n t e d .  These t h r e e  sampl es  showed 

a g r a d a t i o n  i n  r e s p o n s e  f r o m  no o b v i o u s  v a s o p r o l i f e r a t i o n  

f o r  NOR-F t o  c o n s i d e r a b l e  a c t i v i t y  f o r  G-RAT.  I n  t h i s  c a s e ,

Cg showed an i n t e r m e d i a t e  r e s p o n s e .

An a t t e m p t  was made t o  g r a de  a n g i o g e n i c  r e s p o n s e s  on 

t h e  CAM. The n e g a t i v e  r e s p o n s e  o f  Bo v i n e  Serum A l bumi n  

(BSA) p r o t e i n  c o n t r o l  a t  2mg ml  ̂ was d e s i g n a t e d  as 0 ; t h e  

a l m o s t  c o m p l e t e  s u r r o u n d i n g  o f  Wa l k e r  Rat  Car c i noma - 256 

e x t r a c t  soaked f i l t e r s  by r a d i a l  b l o o d  v e s s e l s  was d e s i g n a t e d  

as 4 and i n t e r m e d i a t e  r e s p o n s e s  were d e s i g n a t e d  as 1,  2 o r  3.  

For  e x a m p l e , t h e  r e s p o n s e s  shown i n  P l a t e s  V i l l a ,  b a n d  c wou l d  

be d e s i g n a t e d  0 ,  2 and 4 r e s p e c t i v e l y .  S e v e r a l  eggs were 

used f o r  each c e l l  e x t r a c t  and r e s p o n s e s  on t h e  6 t h  day a f t e r  

i m p l a n t a t i o n  were r e c o r d e d .  The means and s t a n d a r d  d e v i a t i o n s  

o f  t h e  a n g i o g e n i c  r e s p o n s e s  a r e  shown i n  F i g u r e  10.  Spen t  

medium f r o m WRC-256 showed no a n g i o g e n i c  a c t i v i t y  on t h e  CAM.

T h i s  t e c h n i q u e  c l e a r l y  d e m o n s t r a t e d  t h a t  t h e  g l i o ma

c e l l  l i n e s  were a b l e  t o  i n d u c e  a n g i o g e n e s i s  a l t h o u g h  t h e  

r e s p o n s e s  were d i f f i c u l t  t o  q u a n t i t a t e  p r e c i s e l y .  The l a r g e  

s t a n d a r d  d e v i a t i o n s  w e r e ,  i n  p a r t ,  due t o  u n a v o i d a b l e  

v a r i a t i o n  i n  t h e  s i t e  o f  i m p l a n t a t i o n  o f  t h e  e x t r a c t - s o a k e d



PLATE V i l l a

M i l l i p o r e  f i l t e r  soaked i n  NOR-F c e l l  e x t r a c t  
(2mgml   ̂ j p l a c e d  on 9 day o l d  c h i c k  CAM. A f t e r  
a 6  day i n c u b a t i o n  no o b v i o u s  v a s o p r o l i t e r a t i o n  
was e v i d e n t .

D e s i g n a t e d  0 i n  r e s p o n s e  g r a d a t i o n .

PLATE V l l l b

M i l l i p o r e  f i l t e r  soaked i n  Ce g l i o ma  c e l l  e x t r a c t  
p l a c e d  on c h i c k  CAM. A f t e r  6  days some r a d i a l  
v a s o p r o l i t e r a t i o n  was seen t o w a r d s  t h e  s i t e  o f  
f i l t e r  i m p l a n t a t i o n .

I n t e r m e d i a t e  r e s p o n s e  d e s i g n a t e d  2 i n  g r a d a t i o n .

PLATE VI  l i e

M i l l i p o r e  f i l t e r  soaked i n  G-RAT g l i o m a  c e l l  
e x t r a c t  p l a c e d  on c h i c k  CAM. A f t e r  6  days 
e x t e n s i v e  r a d i a l  v a s o p r o l i t e r a t i o n  was e v i d e n t

Compl e t e  r e s p o n s e  d e s g i n a t e d  4  i n  g r a d a t i o n .



v i l l a

V l l l b

VI  l i e



FIGURE 10

S e m i - q u a n t i t a t i v e  g r a d a t i o n  o f  t h e  a n g i o g e n i c  

r e s p o n s e  o f  e x t r a c t s  p r e p a r e d  f r o m v a r i o u s  

c e l l  l i n e s  as measured by v a s o p r o l i t e r a t i o n  

on t h e  c h i c k  c h o r i o a l l a n t o i c  membrane.  The 

p r e p a r a t i o n  o f  c e l l  e x t r a c t s  and t h e  method 

o f  q u a n t i t a t i o n  a r e  d e s c r i b e d  i n  t h e  T e x t .

The means and s t a n d a r d  d e v i a t i o n  o f  7 t o  10 

r e p l i c a t e s  a r e  shown.
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f i l t e r  on t h e  CAM. In p a r t i c u l a r ,  t h e  p r o x i m i t y  o f  t h e  

f i l t e r  t o  ma j o r  b l o o d  v e s s e l s  o f t e n  a f f e c t e d  t h e  ma g n i t u d e  

o f  a n g i o g e n i c  r e s p o n s e  f o r  a p a r t i c u l a r  c e l l  e x t r a c t .  The 

g r a d a t i o n  o f  r e s p o n s e s  was a l s o  s u b j e c t i v e  and t h i s  i n t r o 

duced f u r t h e r  v a r i a t i o n  t o  t h e  r e s u l t s .

These f i n d i n g s  p r omp t ed  an a t t e m p t  t o  f i n d  an i_n v i t r o  

assay  f o r  TAP wh i c h  wou l d  a l l o w  more p r e c i s e  q u a n t i t a t i o n  o f  

t h e  m a l i g n a n c y  a s s o c i a t e d  m a r k e r .  The r a t i o n a l e  b e h i n d  t he  

d e v e l o p m e n t  o f  t h i s  assay  was t h a t  a s i g n i f i c a n t  p r o p o r t i o n  

o f  t h e  c e l l s  U\_ v i vo wh i c h  r es pon d  t o  t h e  m i t o g e n i c  e f f e c t  

o f  TAF a r e  l i k e l y  t o  be h o s t  v a s c u l a r  e n d o t h e l i a l  c e l l s .

The f a c t  t h a t  t u mo u r  b l o o d  v e s s e l s  o f t e n  l a c k  t h e  normal  

smooth musc l e  c o mp on e n t ,  f o r m i n g  t u be s  o f  u n d i f f e r e n t i a t e d  

e n d o t h e l i u m  ( 1 6 0 ) ,  seems t o  c o n f i r m  e n d o t h e l i a l  c e l l s  as 

t h e  p r i m a r y  t a r g e t  f o r  TAF.  A t t e m p t s  were t h e r e f o r e  made 

t o  i s o l a t e  and c h a r a c t e r i s e  e n d o t h e l i a l  c e l l  c u l t u r e s  f r o m 

a v a r i e t y  o f  s o u r c e s .

1.  GMS Human G1 i oma

A human g l i o m a  d i g e s t e d  w i t h  c o l l a g e n a s e  (as d e s c r i b e d  

i n  t he  M a t e r i a l  and Me t ho ds )  and s u b s e q u e n t l y  s u b c u l t u r e d  

w i t h  t r y p s i n ,  y i e l d e d  a f a c t o r  V I I I  p o s i t i v e  c e l l  l i n e .

P l a t e  IXa shows i mmu n o p e r o x i d a s e  s t a i n e d  f a c t o r  V I I I  a n t i g e n  

i n  GMS c e l l s  w i t h  i t s  c h a r a c t e r i s t i c  g r a n u l a r  s t a i n i n g .  T h i s  

o b s e r v a t i o n  e mphas i sed  t h e  p o s s i b i l i t y  t h a t  c u l t u r e s  d e r i v e d  

f r o m human g l i o ma  c o u l d  be c o n t a m i n a t e d  w i t h  e n d o t h e l i a l  c e l l s

2.  Rat  B r a i n  Wh i t e  M a t t e r

Rat  B r a i n  Wh i t e  M a t t e r  was c u l t u r e d  a c c o r d i n g  t o  t h e  

method o f  P h i l l i p s  ejk (253 ) .  Wh i t e  m a t t e r  f r o m  a d u l t  r a t s ,  

k i l l e d  by o v e r a n a e s t h e t i s a t i o n  , was f i n e l y  d i s s e c t e d  and
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t r y p s i n i s e d  (0,5% t r y p s i n )  f o r  5 m i n u t e s .  The m o n o l a y e r  c e l l  

c l o n e s  wh i c h  were seen a f t e r  s e v e r a l  days i n  c u l t u r e  were 

exami ned  f o r  mo r p h o l o g y  and f a c t o r  V I I I  a n t i g e n .  P l a t e  IXb 

shows t h e  m o r p h o l o g y  o f  f a c t o r  V I I I  p o s i t i v e  c l o n e s  d e r i v e d  

f r o m t h e  r a t  b r a i n  w h i t e  m a t t e r .  However ,  a l s o  p r e s e n t  i n  

t h e s e  c u l t u r e s  were l a r g e  f a c t o r  V I I I  n e g a t i v e  p u t a t i v e  

smooth musc l e  c e l l s  ( P l a t e  I X c ) .  These o b s e r v a t i o n s  d i f f e r e d  

f r o m t h o s e  o f  P h i l l i p s  ^  £l_ who o b t a i n e d  pu r e  e n d o t h e l i a l  

c u l t u r e s  by t h i s  t e c h n i q u e .

3 . Human U m b i l i c a l  Ve i n

C o l l a g e n a s e  d i g e s t i o n  o f  t h e  l umen o f  human u m b i l i c a l  

v e i n  (HUV) was c a r r i e d  o u t  as d e s c r i b e d  i n  t h e  M a t e r i a l s  and 

Me t h o d s .  The p r i m a r y  d i s a g g r e g a t e s  c o n s i s t e d  o f  s ma l l  s t r i p s  

o f  t h e  e n d o t h e l i u m  l i n i n g  t h e  i n t e r i o r  o f  t h e  v e i n  wh i c h  

a t t a c h e d  t o  p l a s t i c  o r  g e l a t i n  s u b s t r a t e  and grew t o  f o r m 

c o l o n i e s  o f  e n d o t h e l i a l  c e l l s .  P l a t e  Xa shows t h e  t y p i c a l  

m o r p h o l o g y  o f  p r i m a r y  HUV c e l l s  i n  c u l t u r e .  The r e q u i r e m e n t  

o f  HUV c e l l  p r o l i f e r a t i o n  f o r  e n d o t h e l i a l  g r o w t h  s u p p l e me n t  

(EGGS, C o l l a b o r a t i v e  Res e a r c h )  i s  shown i n  F i g u r e  11.  EGGS 

was c l e a r l y  an i m p o r t a n t  medium c o n s t i t u e n t  f o r  t h e  g r o w t h  

and m a i n t e n a n c e  o f  t h e s e  c e l l s  i n  c u l t u r e  and was r o u t i n e l y  

used a t  1 0 0  ug ml ^ .

HUV C e l l  C h a r a c t e r i s a t i o n

HUV c u l t u r e s  were e n t i r e l y  f a c t o r  V I I I  p o s i t i v e ,  by 

i mmu n o p e r o x i d a s e  s t a i n i n g ,  when t e s t e d  a t  t h e  f i r s t ,  t h i r d  

and f i f t h  p a s s ag e s .  P l a t e  Xb shows f a c t o r  V I I I  p o s i t i v e l y  

s t a i n e d  HUV c e l l s .  T r a n s m i s s i o n  e l e c t r o n  m i c r o s c o p y  o f  

p o s t  c o n f l u e n t  c u l t u r e s  r e v e a l e d  t h e  p r e s e n c e  o f  Wei be l  

Pa l ade  B o d i e s ,  e l e c t r o n  dense o r g a n e l l e s  c o n s i s t i n g  o f  a



PLATE IXa

GMS c e l l s  p o s i t i v e l y  s t a i n e d  f o r  f a c t o r  V I I I  
by i mmu n o p e r o x i d a s e .
(x 320)

PLATE IXb

E n d o t h e l i a l  c l o n e s  c u l t u r e d  f r o m r a t  b r a i n  
w h i t e  m a t t e r .  Phase c o n t r a s t .
(x  180)

PLATE IXc

P u t a t i v e  smooth musc l e  c e l l s  p r e s e n t  i n  
p r i m a r y  c u l t u r e s  f r o m r a t  b r a i n  w h i t e  
m a t t e r .  Phase c o n t r a s t .
(x 180)



I Xb

I Xc



PLATE Xa

P r i m a r y  c l o n e  o f  
d e r i v e d  f r o m  t h e  
umb i l i c a l  v e i n ,  
(x 1 8 0 )

e n d o t h e l i a l  HUV c e l l s  
l u me n  o f  human

PLATE Xb

HUV c e l l s  p o s i t i v e l y  s t a i n e d  f o r  f a c t o r  V I I I  
by i m m u n o p e r o x i d a s e .  C h a r a c t e r i s t i c  g r a n u l a r  
s t a i n i n g  i s  e v i d e n t .
( x 3 2 0 )



FIGURE 11

S e m i - l o g a r i t h m i c  p l o t  o f  c e l l  d e n s i t y  a g a i n s t  

t i me  f o r  HUV e n d o t h e l i a l  c e l l s  grown i n  c u l t u r e  

medium c o n t a i n i n g  v a r i o u s  c o n c e n t r a t i o n s  o f  

E n d o t h e l i a l  C e l l  Growt h Supp l emen t  (EGGS).

The c e l l s  were grown i n  2 4 - w e l l  p l a t e s  and 

c u l t u r e  medium renewed e v e r y  2 t o  3 d a y s .

Each t i me  p o i n t  r e p r e s e n t s  t h e  mean o f  c e l l  

c o u n t s  f r o m  4 r e p l i c a t e  w e l l s .



FIGURE 11

GROWTH FACTOR DEPENDENCE OF HUV CELLS

300ug m l ' t  ECGS

Cel  1 
D e n s i t y

lOOug m l ' i  ECGS 

—  o 33ug m l" i ECGS
( C e l l s  

cm"  ̂ )

DAY OF GROWTH
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membrane bound t u b u l a r  m a t r i x ,  as shown i n  P l a t e  Xc and 

t i g h t  j u n c t i o n s  be t ween c e l l s  as shown i n  P l a t e  Xd.  P l a t e  

Xe shows t h e  way i n  wh i c h  t h e  c e l l s  t i g h t l y  pack a t  

c o n f l u e n c e  f o r m i n g  t h e  " p a v e me n t "  p a t t e r n  o b s e r v e d  m i c r o 

s c o p i c a l l y .  When HUV c u l t u r e s  were m a i n t a i n e d  a t  h i g h  

d e n s i t y  f o r  a f ew weeks ,  w i t h  c o n t i n u a l  medium r e n e w a l ,  

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

and were r e l e a s e d  i n t o  t h e  medi um.  Accompany i ng  t h i s  were 

m o r p h o l o g i c a l  a l t e r a t i o n s  o f  t h e  r e m a i n i n g  c e l l s ,  many o f  

wh i c h  f u s e d  t o g e t h e r  and f o r med  a t u b u l a r  n e t w o r k  s t r u c t u r e  

o v e r  t h e  g r o w t h  s u r f a c e .  P l a t e s  Xf  and g show t h e  i n i t i a l  

and l a t e r  s t a g e s  o f  t u b e  f o r m a t i o n  r e s p e c t i v e l y .

M i t o g e n e s i s  o f  HUV c e l l s  i n  C u l t u r e

In a p r e l i m i n a r y  e x p e r i m e n t ,  t h e  a b i l i t y  o f  t h e  Wa l k e r

Rat  C a r c i n o m a - 2 5 6 (WRC-256)  c e l l  e x t r a c t ,  t o  s t i m u l a t e

e n d o t h e l i a l  c e l l  m i t o g e n e s i s ,  was i n v e s t i g a t e d .
4 -  2C e l l s  were seeded a t  l ow d e n s i t y  (2 x 10 c e l l s  cm”  )

i n t o  w e l l s  o f  p l a s t i c  m i c r o t i t r a t i o n  d i s h e s ,  h a l f  o f  wh i c h

had been c o a t e d  i n  c o l l a g e n  and a l l o w e d  t o  d r y .  The c e l l s

were f e d  e v e r y  2 - 3  days w i t h  200p l  f r e s h  medium (FI  0/20%

f o e t a l  c a l f  serum/ 1OOpg ml ^ECGS) and t h e  c e l l s  c o u n t e d  by

t r y p s i n i s a t i o n  a t  t h e  t i m e s  i n d i c a t e d  i n F i g u r e  12a.  The

c e l l s  grown on p l a s t i c  r e a c he d  a much h i g h e r  d e n s i t y  
5 - 2( 2 . 5  X 10 c e l l s  cm ) t h a n  t h o s e  grown on c o l l a g e n  

( 7 . 5  X 10 c e l l s  cm” ) .  Howeve r ,  on r e a c h i n g  t h e s e  d e n s i t i e s ,  

many o f  t he  c e l l s  grown on p l a s t i c  began t o  shed i n t o  t h e  

medium and s t r u c t u r e  f o r m a t i o n  t o o k  p l a c e ,  w h i l e  t h o s e  grown 

on c o l l a g e n  c o u l d  be m a i n t a i n e d  as a c o m p l e t e  m o n o l a y e r  

w i t h o u t  any c e l l  l o s s  o r  m o r p h o l o g i c a l  a l t e r a t i o n .



PLATE Xc

E l e c t r o n  m i c r o g r a p h  r e v e a l i n g  t h e  p r e s e n c e  o f  
Wei b e l - P a l a d e  b o d i e s  i n  t h e  c y t o p l a s m  o f  HUV 
c e l l s .
M a g n i f i c a t i o n  75 , 0 00

PLATE Xd

Membrane c o n t a c t s  be t ween HUV c e l l s .  
M a g n i f i c a t i o n  3 3 , 3 3 3



Xc

I

Xd ^



PLATE Xe

E l e c t r o n  m i c r o g r a p h  s howi ng  t h e  t i g h t l y  
packed " p a v e me n t "  p a t t e r n  o f  c o n f l u e n t  
HUV c e l l s .
M a g n i f i c a t i o n  1 1 , 6 6 6



PLATE Xf

i .

HUV c e l l s  a f t e r  21 days a t  h i g h  d e n s i t y .  The 
i n i t i a l  s t a g e s  o f  r e o r g a n i s a t i o n  and s t r u c t u r e  
f o r m a t i o n  a r e  e v i d e n t .  Giemsa s t a i n e d .
(x 2 0 0 )

PLATE Xg

L a t e r  s t a g e s  o f  s t r u c t u r e  f o r m a t i o n .  HUV c e l l  
s h e d d i n g  has t a k e n  p l a c e  and t he  f o r m a t i o n  o f  
" t u b e s "  o r  j_n v i t r o  " c a p i l l a r i e s " , i s  e v i d e n t .
(x 2 2 0 )



90

The a d d i t i o n  o f  WRC-256 e x t r a c t  t o  HUV c e l l s  grown 

on c o l l a g e n ,  a t  t h e  p l a t e a u  phase o f  t h e  g r o w t h  c u r v e ,  

s t i m u l a t e d  f u r t h e r  p r o l i f e r a t i o n  as seen i n  F i g u r e  12b.

T h i s  i n d i c a t e d  t h a t  t h e  WRC-256 e x t r a c t  c o n t a i n e d  a f a c t o r  

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

t o  p r o l i f e r a t e  i n  v i t r o . Whe t he r  t h i s  e f f e c t  o f  WRC-256 

e x t r a c t  was due t o  t h e  p r e s e n c e  o f  a c t i v e  TAP i n  t h e  e x t r a c t  

o r  t o  some l e s s  s p e c i f i c  m i t o g e n i c  f a c t o r ( s )  r e q u i r e d  f u r t h e r  

e x p e r i m e n t a t i o n .  E x t r a c t s  f r o m a v a r i e t y  o f  normal  b r a i n  

and m a l g i n a n t  g l i o m a  d e r i v e d  c e l l  l i n e s ,  some o f  whose 

a n g i o g e n i c  a c t i v i t y  on t h e  CAM were known,  were t h e r e f o r e  

t e s t e d  f o r  t h e i r  a b i l i t y  t o  s t i m u l a t e  e n d o t h e l i a l  m i t o g e n e s i s .  

The r e s u l t s ,  p r e s e n t e d  i n  F i g u r e  12c ,  showed t h a t  e x t r a c t s  

f r o m  most  c e l l  l i n e s ,  b o t h  nor ma l  and m a l i g n a n t ,  were a b l e  

t o  s t i m u l a t e  HUV c e l l  d i v i s i o n  t o  v a r i o u s  e x t e n t s .  However ,  

t h e  r e l a t i v e  a b i l i t i e s  o f  c e l l  l i n e  e x t r a c t s  t o  i n d u c e  a n g i o -  

g e n e s i s  on t h e  CAM ( F i g u r e  10)  was n o t  t h e  same as t h e i r  

r e l a t i v e  a c t i v i t i e s  i n  s t i m u l a t i n g  HUV m i t o g e n e s i s .  A 

p a r t i c u l a r  exampl e  o f  t h i s  was seen w i t h  G-RAT and G-CCM 

whose r e l a t i v e  a c t i v i t i e s  were r e v e r s e d  i n  t h e  two assay  

s y s t e m s .  The nor ma l  b r a i n  d e r i v e d  c e l l  l i n e  GDU-T,  wh i c h  

showed v e r y  l i t t l e  a n g i o g e n i c  a c t i v i t y  on t h e  CAM, was 

a b l e  t o  s t i m u l a t e  m i t o g e n e s i s  c o n s i d e r a b l y .  These r e s u l t s  

i m p l i e d  t h a t  e n d o t h e l i a l  c e l l  m i t o g e n e s i s  v i  t r o  d i d  n o t  

r e l a t e  d i r e c t l y  t o  a n g i o g e n i c  a c t i v i t y ,  as d e t e r m i n e d  by 

v a s o p r o l i t e r a t i o n  on t h e  CAM. However ,  t h e r e  were some 

s i m i l a r i t i e s .  Wi t h  t h e  e x c e p t i o n  o f  GDU-T,  a l l  t h e  e x t r a c t s  

o f  t h e  m a l i g n a n t  g l i o m a s  and WRC-256 c e l l s ,  p r e v i o u s l y  shown 

t o  i n d u c e  a n g i o g e n e s i s  on t h e  C A M , s t i m u l a t e d  HUV t o  a g r e a t e r



FIGURE 12a

Semi - l o g a r i t h m i c  p l o t  o f  HUV c e l l  g r o w t h  

t o  s a t u r a t i o n  d e n s i t y  on p l a s t i c  and 

c o l l a g e n - c o a t e d  p l a s t i c  i n  m i c r o t i t r a t i o n  

p l a t e s .  C u l t u r e  medium was renewed e v e r y  

2 t o  3 d a y s .  P o i n t s  r e p r e s e n t  t h e  means 

and s t a n d a r d  d e v i a t i o n s  o f  c e l l  c o u n t s  

f r o m 6  r e p l i c a t e  w e l l s .

FIGURE 12b

I n d u c t i o n  o f  m i t o g e n e s i s  i n  d e n s i t y  l i m i t e d  

c u l t u r e s  o f  HUV c e l l s  grown i n  c o l l a g e n  

c o a t e d  m i c r o t i t r a t i o n  p l a t e s .  R e p l i c a t e  

sampl es  f r o m p l a t e a u  phase ( F i g u r e  12a)  were 

t r e a t e d  w i t h  Bo v i ne  Serum A l b u mi n  (BSA) o r  

WRC-256 c e l l  e x t r a c t  as i n d i c a t e d .  F u r t h e r  

g r o w t h  was measured by c e l l  c o u n t s .  Time 

p o i n t s  r e p r e s e n t  t h e  means and s t a n d a r d  

d e v i a t i o n  o f  6  r e p l i c a t e  w e l l s .



FIGURE 12a

10% HUV CELL GROWTH ON COLLAGEN AND PLASTIC

PLASTIC

Cell Density 

(Cel l s cm ^ ) COLLAGEN 
COATED PLASTIC

DAY OF GROWTH

FIGURE 12b

EFFECT OF PROTEIN ADDITIONS ON HUV CELLS 
AT PLATEAU ON COLLAGEN SUBSTRATE2 x 1 0

Img ml ^
WRC-256 Extrac tCel l Density 

(Cel l s cm ^ ) "TO.Img ml ^
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FIGURE 12c

S t i m u l a t i o n  o f  HUV c e l l  g r o w t h  a t  h i gh,  

d e n s i t y  by e x t r a c t s  o f  v a r i o u s  c e l l  

l i n e s .  The s t i m u l a t i o n  f a c t o r  a s s i g n e d  

t o  a c e l l  l i n e  was t h e  p l a t e a u  d e n s i t y  

a f t e r  e x p o s u r e  t o  i t s  e x t r a c t  a t  Imgml  ̂

d i v i d e d  by t h e  HUV p l a t e a u  d e n s i t y  u n d e r  

s t a n d a r d  c u l t u r e  c o n d i t i o n s .  The mean 

and s t a n d a r d  d e v i a t i o n s  o f  6  r e p l i c a t e  

m i c r o t i t r a t i o n  w e l l s  a r e  shown.
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e x t e n t  t h a n  t h e  f o e t a l  and nor ma l  a d u l t  b r a i n  d e r i v e d  c e l l s .  

G-MCN, a g l i o ma  c e l l  l i n e  n o t  p r e v i o u s l y  t e s t e d  on t h e  CAM, 

had no s t i m u l a t o r y  e f f e c t  on HUV.

3 . 2  C e l l  D e n s i t y

Mo n o l a y e r  C u l t u r e

The e f f e c t  o f  i n c r e a s i n g  c e l l  d e n s i t y  on t h e  e x p r e s s i o n  

o f  GFAP i n  r a t  Cg c u l t u r e s  i s  shown i n  F i g u r e  2a.  As t he  

c e l l s  r eac hed  c o n f l u e n c e  and c e l l - c e l l  c o n t a c t s  were f o r m e d ,  

t h e  p r o p o r t i o n  o f  GFAP p o s i t i v e  c e l l s  i n c r e a s e d  d r a m a t i c a l l y  

f r o m  l e s s  t h a n  50% t o  a r ound  75%. Cg was t h e  o n l y  c e l l  l i n e  

wh i c h  showed d e n s i t y  i n d u c t i o n  o f  GFAP. I t  was p a r t i c u l a r l y  

s u i t a b l e  s i n c e , i n  c o n t r o l  p o p u l a t i o n s  a b o u t  h a l f  t h e  c e l l s  

were GFAP p o s i t i v e .  The human g l i o m a  c e l l  l i n e s  s t u d i e d  were 

e i t h e r  100% GFAP p o s i t i v e  i n  c o n t r o l  c u l t u r e s  (G-CCM) o r  

were p r e d o m i n a n t l y  o r  e n t i r e l y  GFAP n e g a t i v e .  I n  t h e  l a t t e r  

case t h e r e  was no v i s u a l l y  d e t e c t e d  i n c r e a s e  i n  t h e  number 

o f  GFAP p o s i t i v e  c e l l s  w i t h  i n c r e a s i n g  c e l l  d e n s i t y .

E x p e r i m e n t s  w h i c h  s t u d i e d  t h e  e f f e c t  o f  m o n o l a y e r  c e l l  

d e n s i t y  on t h e  e x p r e s s i o n  o f  g - a l a n i n e  s e n s i t i v e  GABA (BASG) 

u p t a k e  and p l a s m i n o g e n  a c t i v a t o r  (PA) p r o d u c t i o n  were a l s o  

c a r r i e d  o u t .  The r e s u l t s  f o r  BASG u p t a k e  by NOR-F and Cg 

p r e s e n t e d  i n  F i g u r e  13a and b ,  showed a s i m i l a r ,  b u t  l e s s  

d r a m a t i c  e f f e c t  t o  t h a t  seen f o r  GFAP i n  Cg c u l t u r e s .

As t h e  NOR-F c e l l s  r e a c h e d  c o n f l u e n c e  BASG u p t a k e  i n c r e a s e d  

i m p l y i n g  enhanced a c t i v i t y  o f  t h e  h i g h  a f f i n i t y  GABA u p t a k e  

s y s t e m.  S i m i l a r  r e s u l t s  were o b t a i n e d  f o r  NOR-T and G- I J K  

c u l t u r e s .

I n c r e a s i n g  m o n o l a y e r  c e l l  d e n s i t y  a l s o  d e c r e a s e d  

c e l l u l a r  PA p r o d u c t i o n .  T h i s  was t r u e  f o r  a l l  t h e  c e l l  l i n e s



FIGURES 13a and 13b

Semi - l o g a r i t h m i c  p l o t s  o f  NOR-F and 

Ce ( r e s p e c t i v e l y )  mean c e l l  d e n s i t i e s  

a g a i n s t  day o f  g r o w t h  i n  2 4 - w e l l  p l a t e s .  

C u l t u r e  medium was renewed e v e r y  2 t o  3 

d a ys .  3 A l a n i n e  s e n s i t i v e  GABA u p t a k e  

(BASG) measur ement s  were made a t  v a r i o u s  

t i m e  p o i n t s  as d e s c r i b e d  i n  M a t e r i a l s  

and Methods s e c t i o n .  BASG p o i n t s  a r e  t h e  

means and s t a n d a r d  d e v i a t i o n  o f  4 

r e p l i c a t e  w e l l s .



FIGURE 13a

EFFECT OF CELL DENSITY ON 6 ALANINE 
SENSITIVE GABA UPTAKE
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FIGURE 13b
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i n v e s t i g a t e d  t o  d i f f e r e n t  e x t e n t s ,  a l t h o u g h  t h e  e f f e c t  was 

most  c l e a r l y  d e m o n s t r a t e d  by c e l l  l i n e s  w h i c h  e x h i b i t e d  h i g h  

PA l e v e l s .  F i g u r e  14 shows t h e  d e c l i n e  i n  PA p r o d u c t i o n  by 

G-ATA w i t h  i n c r e a s i n g  c e l l  d e n s i t y .  These r e s u l t s  c l e a r l y  

showed t h e  i m p o r t a n c e  o f  c a r r y i n g  o u t  c h e mi c a l  p h e n o t y p i c  

m a n i p u l a t i o n  e x p e r i m e n t s  on p o s t  c o n f l u e n t  c u l t u r e s ,  when t he  

l e v e l s  o f  e x p r e s s i o n  o f  a t  l e a s t  t h r e e  o f  t h e  p a r a m e t e r s  used 

t o  r e p r e s e n t  t h e  d i f f e r e n t i a t e d  and m a l i g n a n c y - a s s o c i a t e d  

p h e n o t y p e s  were s t a b l e .

The a l t e r a t i o n s  i n  p h e n o t y p i c  e x p r e s s i o n  as a r e s u l t  o f  

c e l l  c u l t u r e s  r e a c h i n g  a h i g h  d e n s i t y ,  c o u l d  be due t o  one o r  

bo t h  o f  t he  c o n s eq u en c es  o f  dense mo n o l a y e r  c u l t u r e  i . e .  

r e d u c t i o n  i n  c e l l  p r o l i f e r a t i o n  and t he  f o r m a t i o n  o f  c e l l - c e l l  

c o n t a c t s .  I n o r d e r  t o  d i s t i n g u i s h  bet ween t h e s e ,  serum was 

w i t h d r a w n  f r o m  e x p o n e n t i a l l y  g r o w i n g  c u l t u r e s  and BASG u p t a k e  

assayed  p r i o r  t o ,  and a f ew days a f t e r ,  serum w i t h d r a w a l ,  NOR-F 

c e l l s ,  a t  a d e n s i t y  o f  5 . 2  x 10** c e l l s  cm"% when t h e  c e l l s  were 

r a p i d l y  d i v i d i n g ,  t o o k  up 1 . 3 0  x 10  ̂  ̂ mo l es  m i n ”  ̂ pe r  m i l l i o n  

c e l l s  by t h e  3 a l a n i n e  s e n s i t i v e  p a t h wa y .  At  a d e n s i t y  o f  

5 . 9  X 1 0 “̂ c e l l s  cm  ̂ , when t h e  c u l t u r e s  had s t o p p e d  d i v i d i n g  

as a r e s u l t  o f  serum w i t h d r a w a l ,  t h e  3  a l a n i n e  s e n s i t i v e  u p t a k e  

o f  GABA was 1 . 33  x 10  ̂  ̂ mo l es  mi n  ̂ pe r  m i l l i o n  c e l l s .  T h i s  

s u g g e s t e d  t h a t  t h e  i n c r e a s e  i n  BASG u p t a k e  as c e l l s  r e ac he d  

c o n f l u e n c e  was n o t  due t o  r e d u c t i o n  i n  p r o l i f e r a t i o n  and t h e  

o n s e t  o f  c y t o s t a s i s .  In b o t h  t h e s e  c a s e s ,  c u l t u r e s  were p r e 

c o n f l u e n t  and f ew c e l l  c o n t a c t s  f o r m e d .

A d i f f e r e n t  a p p r o a c h  was n e c e s s a r y  t o  s t u d y  t h e  a l t e r a t i o n  

i n  c e l l u l a r  PA p r o d u c t i o n  w i t h  i n c r e a s i n g  c e l l  d e n s i t y ,  due t o  

t h e  c o m p l i c a t i n g  e f f e c t  o f  ser um.  As d i s c u s s e d  p r e v i o u s l y ,  serum 

w i t h d r a w a l  f o r  s e v e r a l  d a y s ,  a u t o m a t i c a l l y  i n c r e a s e s  t h e  d e t e c t e d  

l e v e l s  o f  PA by r emova l  o f  c e l l  s u r f a c e  bound i n h i b i t o r s .  A



FIGURE 14

Semi - l o g a r i t h m i c  p l o t  o f  G-ATA mean c e l l  

d e n s i t y  a g a i n s t  day o f  g r o w t h  i n  2 4 - w e l l  

p l a t e s .  At  each d e n s i t y  p o i n t  c e l l s  were 

assayed  f o r  p l a s m i n o g e n  a c t i v a t i o n  (PA)  

by t h e  c h r o mo g e n i c  assay  d e s c r i b e d  i n  

M a t e r i a l s  and Methods s e c t i o n .  The s u b s t r a t e  

was S- 23 02 .  PA measur ement s  a r e  t h e  means 

and s t a n d a r d  d e v i a t i o n  o f  4 r e p l i c a t e  w e l l s
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EFFECT OF CELL DENSITY ON PA ACTIVI TY
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c o m p a r i s o n  o f  c e l l s  a t  h i g h  and l ow d e n s i t i e s ,  u n d e r  p r o l i f 

e r a t i n g  and n o n - p r o l i f e r a t i n g  c o n d i t i o n s  was made i n  t he  

f o l l o w i n g  way : -

I .  C e l l s  seeded a t  l ow d e n s i t y  and a l l o w e d  t o  p r o l i f e r a t e  

t o  h i g h  d e n s i t y  i n  medium c o n t a i n i n g  1 0 % ser um.

I I .  C e l l s  seeded a t  l ow d e n s i t y  i n  serum f r e e  medium and 

c e l l s  seeded a t  p o s t  c o n f l u e n t  d e n s i t y  i n  serum f r e e  medi um.

PA as s a y s  were c a r r i e d  o u t  on l ow and h i g h  d e n s i t y  c e l l s  

u n d e r  c o n d i t i o n s  1 and 11 a b o v e .  The r e s u l t s  f o r  G-ATA a r e  

shown i n  F i g u r e  15.  In 1 t h e  a b s o l u t e  d i f f e r e n c e  i n  PA 

p r o d u c t i o n  pe r  m i l l i o n  c e l l s  be t ween  l ow and h i g h  d e n s i t y  

c u l t u r e s  was 322 PU ml  ̂ and c o u l d  have been due t o  r e duc ed  

c e l l  p r o l i f e r a t i o n  a n d / o r  c o n t a c t  f o r m a t i o n .  I n  11,  h o we v e r ,  

a l t h o u g h  d e t e c t e d  PA l e v e l s  were  g r e a t e r ,  as e x p e c t e d ,  t h e  

a b s o l u t e  d i f f e r e n c e  be t ween l ow and h i g h  d e n s i t y  c u l t u r e s  was 

r e duc ed  t o  110 PU ml ^ . As c e l l s  were n o t  d i v i d i n g  a t  e i t h e r  

l ow d e n s i t y  o r  h i g h  d e n s i t y  i n  1 1 , due t o  t he  absence o f  se r um,  

t h e  r e d u c t i o n  i n  d e t e c t e d  PA a t  h i g h  d e n s i t y  was p r o b a b l y  t h e  

r e s u l t  o f  f o r m a t i o n  o f  c e l l - c e l l  c o n t a c t s .  The v a l u e s  f o r  t h e  

d i f f e r e n c e s  i n  PA a c t i v i t i e s  f o r  l ow and h i g h  d e n s i t y  c u l t u r e s  

i n  1 and 1 1 , i m p l i e d  t h a t  a l t h o u g h  c e l l - c e l l  c o n t a c t s  p l a y e d  a 

p a r t  i n  t h e  c o n s i d e r a b l e  r e d u c t i o n  i n  c e l l u l a r  PA p r o d u c t i o n  

a t  h i g h  d e n s i t y ,  t h e  d e c r e a s e  i n  t h e  r a t e  o f  c e l l  p r o l i f e r a t i o n  

was a l s o  i m p o r t a n t .

Th r ee  Demens i ona l  P e r f u s i o n  C u l t u r e

The V i t a f i b e r  c u l t u r e  s y s t e m,  as d e s c r i b e d  i n  1 . 6 . 1  

and i l l u s t r a t e d  i n  P l a t e  I I I  was used t o  grow normal  b r a i n  

(NOR-F)  and g l i o m a  (G-RAT)  c e l l s  i n  h i g h  d e n s i t y ,  t h r e e  

d i m e n s i o n a l  c l u s t e r s .  The c a p i l l a r y  u n i t s  were assemb l ed  

i n  a L a mi n a r  Fl ow c a b i n e t  a f t e r  s t eam s t e r i l i s a t i o n  and 

t h e  p o l y c a r b o n a t e  f i b r e  b u n d l e s  c o a t e d  i n  f o e t a l  c a l f  serum



.FIGURE 15

P l a s mi n o g e n  a c t i v a t o r  (PA)  a c t i v i t i e s  

o f  G-ATA c u l t u r e s  u n d e r  l ow and h i g h  

d e n s i t y  c o n d i t i o n s  and

I i n  t he  p r e s e n c e  o f  se r um,  and

I I  i n  t h e  absence  o f  serum.

PA assays  as d e s c r i b e d  i n  M a t e r i a l s  and 

Methods s e c t i o n  u s i n g  t h e  c h r o mo g e n i c  

s u b s t r a t e  S - 2 3 0 2 .  P o i n t s  a r e  t h e  mean 

and s t a n d a r d  d e v i a t i o n  o f  4 r e p l i c a t e  

w e l l s  o f  2 4 - w e l l  p l a t e s .
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t o  enhance c e l l  a t t a c h m e n t .  C e l l s  were i n o c u l a t e d  by i n j e c t i n g  

a s i n g l e  c e l l  s u s p e n s i o n  c o n t a i n i n g  5 x 10^ c e l l s  i n  1ml 

o f  medium (FI  0/10% ser um)  t h r o u g h  t he  t o p  p o r t s  i n t o  t h e  

e x t r a c a p i l l a r y  spa c e .  The s u s p e n s i o n  was f l u s h e d  back and 

f o r w a r d s  by two s y r i n g e s  f o r  a f ew seconds and t h e  c e l l s  

a l l o w e d  t o  s e t t l e  f o r  two h o u r s .  The chambers were t hen  

r o t a t e d  t h r o u g h  180°  t o  a l l o w  any u n a t t a c h e d  c e l l s  t o  s e t t l e  

i n  t h e  o p p o s i t e  d i r e c t i o n .  The r o t a t i o n  was c a r r i e d  o u t  

e v e r y  f o u r  ho u r s  f o r  24 ho u r s  a t  wh i c h  t i m e  t h e  p e r i s t a l t i c  

pump was s w i t c h e d  on and t h e  medium a l l o w e d  t o  c i r c u l a t e  

c o n t i n u o u s l y .  These c o n d i t i o n s  were f ound  t o  be op t i mum f o r  

" l o a d i n g "  c e l l s  on t o  t h e  p o l y c a r b o n a t e  f i b r e  b u n d l e s  t o  

a c h i e v e  maximum a t t a c h m e n t .

A f t e r  an i n i t i a l  l a g  p e r i o d  o f  a b o u t  2 - 3  d a y s ,  t h e  

c e l l s  began t o  d i v i d e  and e v e n t u a l l y  f o r med  dense masses 

o f  c e l l s  a t  p a r t i c u l a r  a r e as  on t h e  c a p i l l a r y  b u n d l e s ,  

n o t a b l y  d i r e c t l y  be l ow t h e  t o p  p o r t s .  Medium i n  t h e  p e r f u s a t e  

r e s e r v o i r  ( 250 ml ) was r e p l a c e d  w i t h  f r e s h  medium e v e r y  

4 - 5  d a y s .  C e l l  g r o w t h  was m o n i t o r e d  by t h e  r a t e  o f  g l u c o s e  

u t i l i s a t i o n  wh i ch  r e ac he d  a s t e a d y  s t a t e  l e v e l  a f t e r  a b o u t  

21 days o f  g r o w t h .  The c e l l s  were m a i n t a i n e d  i n  t h e  h i g h  

d e n s i t y  c l u s t e r s  f o r  a f ew days a f t e r  t h e  r a t e  o f  medium 

g l u c o s e  u t i l i s a t i o n  had become c o n s t a n t ,  b e f o r e  r emova l  

f r o m  t h e  c a p i l l a r y  b u n d l e s  by d i g e s t i o n  w i t h  t r y p s i n  and 

c o l l a g e n a s e .  The r e s u l t i n g  c e l l  s u s p e n s i o n ,  c o n t a i n i n g  

b o t h  s i n g l e  c e l l s  and c e l l s  wh i c h  r ema i ned  c l u mp e d ,  was 

t h e n  seeded i n t o  a 24 w e l l  p l a t e ,  a l l o w e d  t o  s e t t l e  and 

a t t a c h ,  and exami ned  f o r  BASG u p t a k e  and PA p r o d u c t i o n .

A f t e r  t h e  c e l l s  had a t t a c h e d  t o  t h e  w e l l s  o f  t h e  24 w e l l  

p l a t e ,  f u r t h e r  t r y p s i n i s a t i o n  y i e l d e d  s i n g l e  c e l l  s u s p e n s i o n s
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wh i c h  were used t o  o b t a i n  c e l l  c o u n t s .

The i n i t i a l  i n o c u l u m  f o r  b o t h  NOR-F and G-RAT was 

5 X 10^ c e l l s .  The f i n a l  y i e l d  o f  c e l l s  f r o m t h e  c u l t u r e

chambers  o b t a i n e d  a f t e r  two e n z y m a t i c  d i g e s t i o n  s t e p s ,  was
7 7

a p p r o x i m a t e l y  2 . 9  x 10 and 3 . 5  x 10 f o r  NOR-F and G-RAT

r e s p e c t i v e l y .  The r e s u l t s  f o r  BASG u p t a k e  and PA p r o d u c t i o n ,

a f t e r  t h e  h i g h  d e n s i t y  c e l l  masses were removed f r o m t h e

p e r f u s i o n  c u l t u r e  chambers  and seeded i n t o  t he  24 w e l l  d i s h e s ,

a r e  shown i n  T a b l e  6 . The v a l u e s  were compared w i t h  t h o s e

o b s e r v e d  i n  h i g h  d e n s i t y  m o n o l a y e r  c u l t u r e .  BASG u p t a k e  o f

c e l l s  grown i n  t h r e e  d i m e n s i o n a l  c e l l  masses was g r e a t e r  by

a f a c t o r  o f  a b o u t  1 . 4  i n  t h e  case o f  NOR-F and a f a c t o r  o f

2 i n  t h e  case o f  G-RAT,  t h a n  e q u i v a l e n t  c e l l s  i n  h i g h

d e n s i t y  mo n o l a y e r  c u l t u r e .  T h i s  i m p l i e d  t h a t  r i s e s  i n  c e l l

d e n s i t y  o v e r  t h e  mo n o l a y e r  t e r m i n a l  c e l l  d e n s i t y  as a c h i e v e d

i n  t h e  t h r e e  d i m e n s i o n a l  p e r f u s i o n  c u l t u r e  s y s t e m,  f u r t h e r

i n c r e a s e d  h i g h  a f f i n i t y  GABA u p t a k e  i n  t h e s e  c e l l s .  Ther e

was no d e t e c t a b l e  d i f f e r e n c e ,  h o we v e r ,  be t ween PA p r o d u c t i o n

by c e l l s  grown t o  h i g h  d e n s i t y  i n  a mo n o l a y e r  o r  i n  t h r e e

d i m e n s i o n a l  c l u s t e r s  f o r  e i t h e r  o f  t h e  c e l l  l i n e s  l o o k e d  a t .

3 . 3  H e t e r o l o g o u s  C o - c u l t u r e

Two c e l l  l i n e s ,  one nor mal  b r a i n  d e r i v e d  (NOR-F)  and 

one g l i o m a  (G-UVW) were grown i n  two d i s t i n c t  c o - c u l t u r e  

sys t ems  w i t h  t h e  human n e u r o b l a s t o m a  c e l l  l i n e s  TRK-14 and 

I MR- 32.  In t h e  f i r s t  o f  t h e s e  t h e  g l i a l  and t h e  n e u r o b l a s t o m a  

c e l l s  were grown on s e p a r a t e  p l a s t i c  c o v e r s l i p s ,  p l a c e d  i n  

t he  same p e t r i  d i s h  c o n t a i n i n g  20ml medium (FI  0/10% s e r u m ) .  

A l t h o u g h  no h e t e r o l o g o u s  c o n t a c t s  were f o r med  t h e  two c e l l  

t y p e s  sh a r ed  t h e  same c u l t u r e  medi um.  In t h e  second c o - c u l t u r e  

s ys t e m g l i a l  c e l l s  were grown on t h e  same s u b s t r a t e  as t h e



T a b l e  6  E f f e c t  o f  t h r e e  d i m e n s i o n a l  h i g h  d e n s i t y  p e r f u s i o n

c u l t u r e  on BASG u p t a k e  and PA

MONOLAYER VITAFIBER PERFUSION

CULTURE CELLS CULTURE CELLS

(24 wel l  p la te ) (24 wel l  p la te  a f t e r  
removal from f i b r e s )

CELL DENSITY
5 _ i

1.9x10 cm
... .............ï>...  '1 %............ -

6 . 0 x 1 0  cm

NOR-F
BASG UPTAKE

_ 1 2
2.3x10 moles 

1 6 

min / lO  c e l l s

_ 1 2

3.26x10" moles
_ 1  6

min" / lO  c e l l s

lA 20.6±3.2PUmrV 
1 0  c e l l s

22.3±4.6PUml“ V
1 0  c e l l s

CELL DENSITY
5 _2

2.3x10 cm"
5 _2

7.2x10 cm"

G-RAT

BASG UPTAKE
_ 1  2

0.098x10 moles 
_ 1  6

min / l O ce l l s

1.87x10" moles 
_ 1  6

min / lO c e l l s

_PA 85.3±9.2PUml"V 
1 0  c e l l s

83.7±12.1PUml“ V
1 0 '  c e l l s
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n e u r o b l a s t o m a  c e l l s , i n  75 cm.  ̂ p l a s t i c  c u l t u r e  f l a s k s ,  t hus  

a l l o w i n g  b o t h  homol ogous  and h e t e r o l o g o u s  c e l l - c e l l  c o n t a c t s  

t o  be f o r m e d .

The nor ma l  and m a l i g n a n t  g l i a l  c e l l s  were m a i n t a i n e d  

i n  c o - c u l t u r e  w i t h  n e u r o b l a s t o m a  f o r  be t ween 7 - 1 0  d a y s .  

A f t e r  t h i s  t i m e  t h e  m o r p h o l o g i e s  o f  t he  c e l l s  were o b s e r v e d  

and BASG u p t a k e  and PA a c t i v i t i e s  o f  NOR-F and G-UVW 

d e t e r m i n e d .  I n  t h e  case o f  t h e  h e t e r o l o g o u s  c o n t a c t  c o 

c u l t u r e ,  p r i o r  s e p a r a t i o n  o f  t h e  c e l l s  on P e r c o l l  g r a d i e n t s  

was c a r r i e d  o u t .  BASG u p t a k e  and PA a c t i v i t i e s  were compared 

w i t h  t h e s e  f o r  NOR-F and G-UVW grown i n  homol ogous  c u l t u r e .  

Mo r p h o l o g y

When TRK-14 and IMR-32 c e l l s  were c o - c u l t u r e d  w i t h  

NOR-F,  a c t i v e  e x t e n s i o n  o f  n e u r o b l a s t o m a  p r o c e s s e s  were 

seen g i v i n g  r i s e  t o  v e r y  l o n g  t h i n  c e l l  e x t e n s i o n s  ( P l a t e  

X I a )  n o t  e v i d e n t  i n  t h e  n e u r o b l a s t o m a  c e l l s  c u l t u r e d  a l o n e  

o r  w i t h  G-UVW ( P l a t e  X l b ) .  T h i s  change i n  mo r p h o l o g y  was 

n o t  r e c i p r o c a l  i . e .  t h e  p r e s e n c e  o f  n e u r o b l a s t o m a  caused 

no m o r p h o l o g i c a l  a l t e r a t i o n  o f  NOR-F c e l l s ,  and was n o t  seen 

when t h e  c e l l s  were c u l t u r e d  s e p a r a t e l y  i n  t h e  same medi um.  

These o b s e r v a t i o n s  i m p l i e d  t h a t  NOR-F c e l l s ,  when i n  c o n t a c t  

w i t h  TRK-14 and IMR-32 i n d u c e d  m o r p h o l o g i c a l  d i f f e r e n t i a t i o n  

i n  t h e  n e u r o b l a s t o m a  c e l l s  wh i c h  was n o t  seen when i n  c o n t a c t  

w i t h  G-UVW.

BASG Upt ake

Ther e  was no d e t e c t a b l e  d i f f e r e n c e  i n  BASG u p t a k e  by 

NOR-F o r  G-UVW bet ween  c e l l s  grown i n  homol ogous  c u l t u r e  

and t h o s e  grown s e p a r a t e l y  i n  t h e  same c u l t u r e  v e s s e l ,  

s h a r i n g  t h e  same medium as t h e  n e u r o b l a s t o m a s .  When t h e  c e l l s



PLATE XI a

IMR-32 n e u r o b l a s t o m a  ( d e n s e l y  s t a i n e d )  
c o - c u l t u r e d  w i t h  NOR-F c e l l s  ( l i g h t l y  
s t a i n e d ) .  The n e u r o b l a s t o m a  c e l l s  
f o r med  dense a g g r e g a t e s  when seeded w i t h  
c e l l s  o f  a d i f f e r e n t  t y p e .  IMR-32 - NOR-F 
c o - c u l t u r e s  l e d  t o  t h e  e x t e n s i o n  o f  l o n g  
t h i n  p r o c e s s e s  by t h e  n e u r o b l a s t o m a  c e l l s .  
Gi emsa s t a  i ned .
(x 360)

PLATE Xl b

IMR-32 n e u r o b l a s t o m a  c o - c u l t u r e d  w i t h  
G-UVW c e l l s .  Giemsa s t a i n e d .
( x  360)



IMR-32 n e u r o b l a s t o m a  homol ogous  
c u l t u r e .  C e l l s  a t t a c h e d  and g r o w i n g  as 
s i n g l e  c e l l s .  The f o r m a t i o n  o f  dense 
a g g r e g a t e s  by n e u r o b l a s t o m a ,  as seen 
i n  c o - c u l t u r e s ,  i s  n o t  e v i d e n t .
Giemsa s t a i n e d .
(x 360)



were grown i n  c o n t a c t  w i t h  TRK-14 o r  IMR-32 t h e  BASG u p t a k e  

by NOR-F c e l l s  i n c r e a s e d  f r o m  2 . 4  x 10 ^ ^ u n i t s  t o  3 . 1 7  x 10  ̂ ^ 

u n i t s  (1 u n i t  5  1 mol  e / m i n  pe r  10^ c e l l s ) .  Ther e  was no

i n c r e a s e  i n  t he  BASG u p t a k e  by G-UVW c e l l s  c o - c u l t u r e d  w i t h  

n e u r o b l a s t o m a .

P l a s mi n o ge n  A c t i v a t o r  (PA)

The PA a c t i v i t i e s  o f  b o t h  NOR-F and G-UVW c e l l s  were 

n o t  s i g n i f i c a n t l y  a l t e r e d  by g r o w t h  i n  e i t h e r  o f  t h e
-1 6c o - c u l t u r e  sys t ems  d e s c r i b e d .  A c t i v i t i e s  o f  47 PU ml / 1 0

- 1  6c e l l s  and 115 PU ml / 1 0  c e l l s  r e s p e c t i v e l y ,  were v e r y  

c l o s e  t o  t h e  v a l u e s  o b t a i n e d  f o r  NOR-F and G-UVW grown i n  

homol ogous  c u l t u r e .

3 . 4  Chemi ca l  Agen t s  : E f f e c t  on p h e n o t y p i c  e x p r e s s i o n  

A number o f  c e l l  l i n e s  ( n o r ma l  a d u l t ,  f o e t a l  and 

m a l i g n a n t  b r a i n  d e r i v e d )  were grown t o  c o n f l u e n c e  i n  mono

l a y e r  c u l t u r e  sys t ems  i . e .  m i c r o t i t r a t i o n  p l a t e s ,  24 w e l l  

d i s h e s  o r  p l a s t i c  f l a s k s ,  and t r e a t e d  f o r  6 - 7  days w i t h  

medium c o n t a i n i n g  1 0 % se r um,  1 % ser um,  and 1 % serum p l u s  

a v a r i e t y  o f  c h e m i c a l  a g e n t s .  L i s t s  o f  t h e  c e l l  l i n e s  

and t h e  c u l t u r e  c o n d i t i o n s  t o  wh i c h  t h e s e  were s u b j e c t e d  

a r e  p r e s e n t e d  i n  T a b l e s  7 and 8  r e s p e c t i v e l y .  The c e l l u l a r  

l e v e l s  o f  d i f f e r e n t i a t i o n  ma r k e r s  i . e .  GFAP, h i g h  a f f i n i t y  

GABA u p t a k e ,  g l u t a m i n e  s y n t h e t a s e ,  and m a l i g n a n c y  a s s o c i a t e d  

ma r k e r s  i . e .  p l a s m i n o g e n  a c t i v a t o r  and e n d o t h e l i a l  c e l l  

m i t o g e n i c  a c t i v i t y ,  were t h e n  d e t e r m i n e d .  Owing t o  t h e  l a r g e  

number  o f  c e l l  l i n e s  and c h e m i c a l  c o n d i t i o n s  i n v e s t i g a t e d  

f o r  t h e  f i v e  m a r k e r  p r o p e r t i e s ,  i t  was n o t  p o s s i b l e  t o  use 

l a r g e  sampl e numbers i n  each a s s a y .  S t a t i s t i c a l  a n a l y s e s  

were t h e r e f o r e  o n l y  c a r r i e d  o u t  f o r  each c e l l  l i n e  unde r  

c o n t r o l  c o n d i t i o n s  i . e .  FI 0 me d i u m, l o w  serum.  T h i s  s e r i e s



T a b l e  7 C e l l  L i n e s  used i n  Chemi ca l  I n d u c t i o n  S t u d i e s

ADULT BRAIN (NORMAL)

NOR-T,  NOR-F,  GDU-T

FOETAL BRAIN

NFQ, NFR, NFS, NFT,  NFU

ASTROCYTOMA

G-CCM, G-UVW, G-MCN, G-RAT,  G- JPT,  G - I J K ,  C^

CONTROLS

WRC-256,  HUV



T a b l e  8 CHEMICAL AGENTS/DRUGS

1.  FI 0/10% f c s  ( f o e t a l  c a l f  serum)

2.  FI 0/1% f c s

3.  FI 0/1 + DEXAMETHASONE (OX)

4.  F l O/ 1  + ISOPROTERENOL ( I P )

5.  FI 0 / 1  + DX + IP

6 . F l O/ 1  + RETINOIC ACID ( RET. AC. )

7.  FI 0/1 + INTERFERON ( I FN p)

8 . FI 0 / 1  + MITOMYCIN C( MI T . C)

9.  FI 0/1 + PIG BRAIN EXTRACT (PBE)

10.  FI 0/1 + N-METHYL ACETAMIDE (NMA)

11.  F l O/ 1  + PHORBOL MYRISTATE ACETATE (TPA)

12.  FI 0/1 + METHYL NITROSOUREA (MNU)

13.  FI 0 /1  + TPA + MNU



y «

o f  e x p e r i m e n t s  was t h u s  r e g a r d e d  as a s c r e e n i n g  s y s t e m,  

l o o k i n g  f o r  c h e m i c a l l y  i n d u c e d  changes  i n  p h e n o t y p i c  

e x p r e s s i o n ,  c o n s i s t e n t  f o r  a number o f  c e l l  l i n e s  and 

l e a d i n g  t o  i d e n t i f i c a t i o n  o f  a g e n t s  o f  p a r t i c u l a r  i n t e r e s t  

f o r  f u r t h e r  s t u d y .

6 FAP

GFAP was q u a n t i t a t i v e l y  a s s e s s e d  a f t e r  t h e  c e l l s  had

been grown and t r e a t e d  w i t h  d r u g s  i n  m i c r o t i t r a t i o n  p l a t e s ,

by f i x i n g  t h e  c e l l s  i n  me t h a no l  and t r e a t i n g  w i t h  f i r s t l y

a r a b b i t  a n t i - h u m a n  GFAP a n t i s e r u m  f o l l o w e d  by a g o a t  a n t i -
12 Fr a b b i t  I gG,  p r e v i o u s l y  l a b e l l e d  w i t h  I . The unbound 

a n t i s e r a  were washed o f f  w i t h  s e v e r a l  PBS washes and t h e  

l a b e l l e d  c e l l s  d i s s o l v e d  i n  0 . 3N/ Na0H/ l %SDS.  The i o d i n e  

c o u n t s  were d e t e r m i n e d  by gamma c o u n t i n g  and c o r r e c t e d  f o r  

c e l l  number .  The r e s u l t s  f o r  t h e  GFAP c o n t e n t  o f  t h e  WRC-256 

n e g a t i v e  c o n t r o l ,  NOR-T,  NFQ and G-CCM u nd e r  v a r i o u s  

c o n d i t i o n s  o f  d r u g  t r e a t m e n t  a r e  shown i n  F i g u r e  16.  The 

t h r e e  normal  l i n e s  NOR-F,  NOR-T and GDU-T a l l  had c o n t r o l  

GFAP l e v e l s  wh i c h  were o n l y  s l i g h t l y  h i g h e r  t h a n  t h o s e  

d e t e c t e d  f o r  t h e  WRC-256 n e g a t i v e  c o n t r o l .  T h i s  was c o n s i s t e n t  

w i t h  t h e  l a c k  o f  v i s u a l  d e t e c t i o n  o f  GFAP i n  t h e s e  c e l l s  by 

i mmu n o p e r o x i d a s e  o r  i m m u n o f l u o r e s c e n c e .  The f o e t a l  c e l l  l i n e ,  

NFQ, p r e v i o u s l y  f o u n d  t o  be GFAP p o s i t i v e  by i mmu n o f 1u o r e s e n c e , 

had a c o n t r o l  GFAP l e v e l  wh i c h  was i n t e r m e d i a t e  be t ween t he  

l e v e l  d e t e c t e d  i n  nor ma l  a d u l t  c e l l s  and t h a t  i n  G-CCM.

G-CCM had t h e  h i g h e s t  d e t e c t e d  l e v e l  o f  any c e l l  l i n e  s t u d i e d  

and t h i s  was a g a i n  c o n s i s t e n t  w i t h  v i s u a l  o b s e r v a t i o n s .

Wi t h  t h e  e x c e p t i o n  o f  Pi g  B r a i n  E x t r a c t  ( PBE) ,  t r e a t m e n t  

o f  c e l l  l i n e s  w i t h  t h e  v a r i o u s  d r u g s  had no s i g n i f i c a n t  e f f e c t  

on t h e  GFAP c o n t e n t  o f  any o f  t h e  c e l l  l i n e s  s t u d i e d .  The



FIGURE 16

H i s t o g r a m s  showi ng  c e l l u l a r  GFAP c o n t e n t  

o f  WRC-256,  NOR-T,  NFQ and G-CCM c e l l s .  

C o n d i t i o n s  1 t o  13 r e f e r  t o  t h e  c u l t u r e  

c o n d i t i o n s  t o  wh i c h  t h e  c e l l s  were 

exposed  f o r  6  t o  7 days p r i o r  t o  a s s a y ,  

as d e s c r i b e d  i n  T a b l e  8 . Each v a l u e  i s  

t h e  mean o f  d u p l i c a t e s .
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l e v e l  o f  GFAP r e ma i n e d  r e l a t i v e l y  c o n s t a n t  o v e r  t h e  r ange  

o f  t r e a t m e n t  c o n d i t i o n s .  The a p p a r e n t  s t i m u l a t i o n  o f  c e l l u l a r  

GFAP by PBE t r e a t m e n t  was p r o b a b l y  a consequence  o f  p i g  GFAP 

b e i n g  p r e s e n t  i n  t h e  c r u d e  PBE p r e p a r a t i o n ,  w h i c h  c r o s s  

r e a c t e d  w i t h  r a b b i t  a n i t - h u m a n  GFAP. The c r o s s  r e a c t i v i t y  

o f  t h e  c r u d e  PBE w i t h  t h e  a n t i - s e r u m  was t e s t e d  u s i n g  a l a s e r  

nephe 1 omet e r . T h i s  measur es  t h e  amount  o f  l i g h t  s c a t t e r  

p r o d u c e d  as a r e s u l t  o f  an i n c i d e n t  beam o f  l i g h t  s t r i k i n g  

a n t i  g e n - a n t i  body c o m p l e x e s ,  w h i l e  s e l e c t i v e l y  m i n i m i s i n g  

l i g h t  s c a t t e r  p r o du c e d  by i n t e r f e r i n g  s u b s t a n c e s .  Wi t h  t he  

n e p h e l o m e t e r  s e t  t o  z e r o  w i t h  a 1 : 1 0 0  d i l u t i o n  o f  a n t i - s e r u m  

i n  p o l y m e r i c  b u f f e r  s o l u t i o n ,  t h e  sampl e  b l a n k  o f  1 : 2 0  

PBE i n  p o l y m e r i c  b u f f e r  gave a mean r e a d i n g  o f  37 a r b i t r a r y  

u n i t s .  The c o m b i n a t i o n  o f  a n t i - s e r u m  and a n t i g e n  c o n t a i n i n g  

e x t r a c t ,  a t  1 : 1 0 0  and 1 : 2 0  r e s p e c t i v e l y  gave a mean r e a d i n g  

o f  178 a r b i t r a r y  u n i t s ,  s ho wi ng  t h a t  an a n t i b o d y - a n t i  gen 

comp l ex  had been f o r m e d .  PBE t h u s  c o n t a i n e d  GFAP, i n d i c a t i n g  

t h a t  t he  p r o t e i n  i s  n o t  s p e c i e s  s p e c i f i c .  The a c t u a l  e f f e c t  

o f  PBE on t h e  l e v e l  o f  e x p r e s s i o n  o f  c e l l u l a r  GFAP t h e r e f o r e  

r e ma i n e d  u n d e t e r m i n e d .  F u r t h e r  a n a l y s i s  wou l d  r e q u i r e  t he  

GFAP i n  t h e  PBE t o  be a b s o r b e d  o u t  o r  f u r t h e r  p u r i f i c a t i o n  

o f  t h e  component  i n  PBE r e s p o n s i b l e  f o r  t h e  m o r p h o l o g i c a l  

d i f f e r e n t i a t i o n  o f  p r e c u r s o r  g l i a l  c e l l s .  

g A l a n i n e  S e n s i t i v e  GABA (BASG) Upt ake

H i s t o g r a m s  r e p r e s e n t i n g  t h e  u p t a k e  o f  GABA ( 2 5 pM) ,  

wh i c h  was s e n s i t i v e  t o  2 mM g a l a n i n e  f o r  v a r i o u s  c e l l  l i n e s  

( one e n d o t h e l i a l ,  one f o e t a l ,  one normal  a d u l t ,  and t h r e e  

g l i o m a s )  u n d e r  t h e  d r ug  c o n d i t i o n s  d e s c r i b e d ,  a r e  shown i n  

F i g u r e  17.  I n t h i s  c a s e ,  t h e  n o n - g l i a l  c o n t r o l  was t h e

e n d o t h e l i a l  c e l l  l i n e  HUV, w h i c h  had BASG u p t a k e  o f  l e s s



FIGURE 17

H i s t o g r a m s  s howi ng  h i g h  a f f i n i t y  GABA 

u p t a k e  o f  HUV, NOR-T,  NFT,  G-RAT,

G-CCM and G-UVW c e l l s ,  a f t e r  6 - 7  

days e x p o s u r e  t o  c o n d i t i o n s  1 t o  13 

( T a b l e  B ) .  Each v a l u e  i s  t h e  mean o f

d u p l i c a t e s .  V a r i a t i o n  be t ween d u p l i c a t e  

sampl es  was a l wa y s  l e s s  t h a n

4 . 4  X 10  ̂  ̂ mo l es  mi n ^ / l O® c e l l s .
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I v u

t h a n  0 . 5  x 10  ̂  ̂ u n i t  (1 u n i t  h 1 mole mi n ^ / l O ^  c e l l s )  and 

was u n a f f e c t e d  by t h e  v a r i o u s  d r ug  t r e a t m e n t s .

The f o e t a l  c e l l  l i n e s  NFT and NFR b o t h  had c o n s t i t u t i v e  

BASG u p t a k e  o f  2 . 4  x 10  ̂  ̂ and 2 . 5  x 10  ̂  ̂ u n i t s  r e s p e c t i v e l y ,  

r e d u c e d  s l i g h t l y  by t r e a t m e n t  w i t h  t h e  p h r o b o l  e s t e r  (TPA)  

a l o n e  and i n  t he  case o f  NFT by N - me t h y l  n i t r o s o u r e a  (MNU) 

a l s o .  The o t h e r  d r u g s  and c h e m i c a l  a g e n t s  had no s i g n i f i c a n t  

e f f e c t .  The nor ma l  a d u l t  c e l l  l i n e  NOR-T,  u n d e r  c o n t r o l  

c o n d i t i o n s ,  had BASG u p t a k e  o f  a b o u t  2 x I C T i ^ u n i t s , w h i c h  

was i n c r e a s e d  by t r e a t m e n t  w i t h  p i g  b r a i n  e x t r a c t  ( PBE) ,  

me t h y l  n i t r o s o u r e a  (MNU) ,  dexamet hasone  ( DX) ,  m i t o m y c i n  C 

( M i t . C ) ,  r e t i n o i c  a c i d  ( R e t . A c . ) , N - m e t h y l  a c e t a m i d e  (NMA) ,  

and i n t e r f e r o n  ( I F ) ,  i n  o r d e r  o f  ma g n i t u d e  o f  s t i m u l a t i o n .

S i m i l a r  r e s u l t s  were o b t a i n e d  f o r  NOR-F,  w i t h  t h e  e x c e p t i o n  

t h a t  NMA caused no s i g n i f i c a n t  i n c r e a s e  f o r  t h i s  c e l l  l i n e .

W i t h i n  t h e  g r o up  o f  g l i o m a  c e l l  l i n e s  t e s t e d  t h e  

r e s u l t s  were more v a r i a b l e .  C e r t a i n  t r e n d s  i n  r e s p o n s e  t o  

d r u g s ,  h o we v e r ,  were e v i d e n t .  I n a l m o s t  a l l  cases  DX, i s o p r o t e r e n o l  

( I P ) ,  I FN,  R e t . A c . ,  PBE, M i t . C  and MNU i n c r e a s e d  BASG u p t a k e  

w i t h  t h e  g r e a t e s t  s t i m u l a t i o n  by PBE. A c t i n o m y c i n  D i n h i b i t e d  

t h e  PBE i n d u c e d  i n c r e a s e  i n  BASG u p t a k e  f r o m  2 . 2 8  x l O " ^ ^  u n i t s  

t o  l e s s  t h a n  1 x 10  ̂  ̂ u n i t s ,  i n  G-RAT c e l l s .  I n t e r f e r o n  ( I F N )

i n  each c a s e ,  gave a s ma l l  i n c r e a s e  i n  BASG u p t a k e .  G-UVW,

h o w e v e r ,  d i f f e r e d  i n  d r ug  r e s p o n s e  f r o m most  o f  t h e  o t h e r  

g l i o m a s .  T h i s  c e l l  l i n e  had a h i g h  c o n s t i t u t i v e  BASG u p t a k e  

o f  a b o u t  2 . 6  x 10  ̂  ̂u n i t s  wh i c h  was o n l y  s l i g h t l y  i n c r e a s e d

by I P ,  R e t . A c . ,  I FN,  PBE,MNU and DX.



Gl u t a m i n e  S y n t h e t a s e  (GS)

D e t e r m i n a t i o n  o f  c e l l u l a r  GS l e v e l s  was c a r r i e d  o u t  

u s i n g  homogenat es  o f  p o s t  c o n f l u e n t  c u l t u r e s ,  t r e a t e d  w i t h  

d r u gs  as f o r  GFAP and BASG u p t a k e  s t u d i e s ,  e x c e p t  t h a t  

g l u t a m i n e  i n  t h e  c u l t u r e  medium was r e p l a c e d  w i t h  an 

e q u i m o l a r  amount  o f  g l u t a m a t e .  T h i s  was t o  a l l o w  d e t e r m i n a t i o n  

o f  GS l e v e l s  i n  t h e  absence  o f  any r e p r e s s i o n  by g l u t a m i n e  

as p r e v i o u s  wor k  by De Mars ( 2 5 4 )  and F o t t r e l l  and Paul  ( 265 )  

has shown t h a t  t h e  g r o w t h  o f  some c e l l s  i n  t h e  p r e s e n c e  o f  

g l u t a m a t e  r a t h e r  t h a n  g l u t a m i n e ,  r e s u l t e d  i n  an i n c r e a s e  

i n  GS a c t i v i t y .

In a l l  cases  DX t r e a t m e n t  s t i m u l a t e d  t h e  l e v e l s  o f  

GS d e t e c t e d  i n  c e l l  homogenat es  by bet ween 2 - 10  f o l d  i n  

g l i o m a s ,  a b o u t  1 . 4  f o l d  i n  f o e t a l  l i n e s  and o n l y  v e r y  s l i g h t l y ,  

1 . 0 5 - 1 . 1 9  f o l d ,  i n  no r ma l  a d u l t  l i n e s .  The DX s t i m u l a t i o n s  

a r e  shown i n  T a b l e  9.  A c t i n o m y c i n  D c o m p l e t e l y  a b o l i s h e d  t h e  

DX s t i m u l a t i o n  o f  GS i n  G-UVW and NOR-F c e l l s .  The c o m b i n a t i o n  

o f  DX and IP s t i m u l a t e d  GS a c t i v i t y  t o  a b o u t  t h e  same l e v e l  

as DX a l o n e ;  IP a l o n e  had no e f f e c t  on GS. For  t h e  r e s t  o f  

t he  d r ugs  used i n  t h i s  s e r i e s  o f  e x p e r i m e n t s ,  t h e r e  was no 

o b v i o u s  g e n e r a l  p a t t e r n  f o r  t h e  e f f e c t  on c e l l u l a r  GS a c t i v i t y .  

In some c e l l  l i n e s  a f ew o f  t h e  compounds ,  n o t a b l y  I F N, a n d  

M i t . C .  and MNU caused s ma l l  i n c r e a s e s  i n  GS l e v e l s .  In a l l  

t h e  c e l l  l i n e s  i n v e s t i g a t e d  PBE caused bet ween 1 . 2 - 1 . 8  f o l d  

s t i m u l a t i o n  o f  GS a c t i v i t y .

P l a s mi n o g e n  A c t i v a t o r  (PA)

C e l l s  grown i n  24 w e l l  d i s h e s  f o r  PA a n a l y s i s  were 

t r e a t e d  w i t h  d r u gs  i n  serum f r e e  medium as opposed t o  t he  

medium c o n t a i n i n g  1% serum used f o r  GFAP, BASG and GS a n a l y s i s .



T a b l e  9

DX S t i m u l a t i o n  o f  G l u t a m i n e  S y n t h e t a s e  A c t i v i t y

_ 1 __ 1
( nmo l es  p r o d u c t  f o r med  m i n ”  mg p r o t e i n  )

Cel l  Line GS A c t i v i t y  
(FlO/1% f cs)

GS A c t i v i t y  
(FlO/1% fcs + DX)

DX St i mul at i on

G-MCN 23.3 51 .9 2.2

G-UVW 68.8 156.7 2.3

G-CCM 20,9 89.5 4.3

G.IJK 92.6 843.3 9.1

^6 13.8 56.9 4.1

NOR-F 47.4 50.0 1.05

GDU-T 45.0 53.5 1.19

NFU 57.2 79.1 1.38

NFT 25.5 36.0 1.41
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The c o m p l e t e  absence  o f  serum was r e q u i r e d ,  t o  a v o i d  t h e  

r e duc ed  d e t e c t i o n  o f  PA a c t i v i t y  caused by serum i n h i b i t o r s .

The r e s u l t s  f o r  PA l e v e l s  i n  p o s t  c o n f l u e n t ,  d r ug  

t r e a t e d  c e l l s  a r e  shown f o r  f o u r  c e l l  l i n e s  ( one e n d o t h e l i a l ,  

one f o e t a l ,  one normal  a d u l t  and one g l i o m a )  i n  F i g u r e  18,

HUV e n d o t h e l i a l  c e l l s  had v e r y  l ow PA a c t i v i t y  wh i c h  d i d  

n o t  a l t e r  i n  r e s p o n s e  t o  any o f  t h e  d r u g s .  The f o e t a l  c e l l  

l i n e ,  NFT,  had a c o n t r o l  PA l e v e l  above t h a t  o f  t h e  nor ma l  

a d u l t  l i n e s ,  DX a l o n e  and i n  c o m b i n a t i o n  w i t h  IP d e c r e a s e d  

a c t i v i t y  by a b o u t  50%. Wi t h  t h e  e x c e p t i o n  o f  s ma l l  i n c r e a s e s  

i n  PA by M i t . C  and MNU i n  f o e t a l  c e l l  l i n e s ,  t h e  o t h e r  d r u g s  

had no e f f e c t .

The PA a c t i v i t y  o f  nor mal  b r a i n  d e r i v e d  c e l l  l i n e s ,  

o f  wh i c h  NOR-T was t y p i c a l ,  was s i g n i f i c a n t l y  d e c r e a s e d  

by DX, IFN and PBE and i n c r e a s e d  by I P ,  R e t . A c . ,  M i t . C ,  MNU 

and MNU i n  c o m b i n a t i o n  w i t h  TPA. TPA i t s e l f  had no e f f e c t .

The o b s e r v a t i o n s  on d r ug  r e s p o n s e s  o f  g l i o ma  c e l l  l i n e s  were 

s i m i l a r  t o  t h o s e  f o r  t h e  nor ma l  a d u l t  l i n e s ,  PA a c t i v i t y  

was a l m o s t  a b o l i s h e d  by DX and DX and IP i n  c o m b i n a t i o n ,  

s l i g h t l y  by IFN and q u i t e  c o n s i d e r a b l y  by PBE. I P ,  M i t . C ,

TPA,  MNU and MNU and TPA i n  c o m b i n a t i o n  a l l  s i g n i f i c a n t l y  

i n c r e a s e d  a c t i v i t y .

E n d o t h e l i a l  C e l l  M i t o g e n i c  A c t i v i t y ,

The e f f e c t  o f  d r u g s  on t h e  m i t o g e n i c  a c t i v i t y  o f  m a l i g n a n t

g l i o m a  c e l l  e x t r a c t s  on HUV e n d o t h e l i a l  c e l l s  was i n v e s t i g a t e d .

Two c e l l  l i n e s ,  G-CCM and G-RAT,  were grown t o  c o n f l u e n c e  i n

75cm^ f l a s k s ,  t r e a t e d  w i t h  d r u g s  i n  FI 0/1% serum f o r  6 - 7  d a y s ,

h a r v e s t e d  and c e l l  e x t r a c t s  p r e p a r e d  by r e p e a t e d  f r e e z i n g

and t h a w i n g  f o l l o w e d  by c e n t r i f u g a t i o n  f o r  30 m i n u t e s  a t  

48 ,000 X g .



FIGURE 18

H i s t o g r a m s  showi ng  c e l l u l a r  p l a s m i n o g e n  

a c t i v a t o r  p r o d u c t i o n  by HUV, NOR-T,  NFT 

and G-RAT c e l l s  a f t e r  6 t o  7 days e x p o s u r e  

t o  c o n d i t i o n s  1 t o  13 ( T a b l e  8 ) .  Each 

v a l u e  i s  t h e  mean o f  d u p l i c a t e s .

V a r i a t i o n  be t ween  d u p l i c a t e  samp l es  was 

a l wa y s  l e s s  t h a n  46 Puml ^ / l O® c e l l s .
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The s u p e r n a t a n t s  were d i l u t e d  t o  Imgml   ̂ i n  FI 0/10% serum

and added t o  p l a t e a u  phase HUV c e l l s  grown on c o l l a g e n .

The c e l l s  were c o u n t e d  a f t e r  f i v e  days and t h e  e x t e n t  t o

wh i c h  t h e  e x t r a c t s  i n d u c e d  c e l l  p r o l i f e r a t i o n  r e c o r d e d .

The s t i m u l a t o r y  a c t i v i t y  o f  c e l l  e x t r a c t s  was d e s i g n a t e d

as t h e  f i n a l  HUV c e l l  d e n s i t y  i n  t h e  p r e s e n c e  o f  1 mg ml 

e x t r a c t ,  d i v i d e d  by t h a t  a c h i e v e d  i n  t h e  absence  o f  e x t r a c t .

The r e s u l t s  a r e  shown i n  F i g u r e  19.  I n b o t h  cases  DX

and PBE r e s u l t e d  i n  a s ma l l  r e d u c t i o n  i n  t h e  a b i l i t y  o f

t r e a t e d  g l i o m a  e x t r a c t s  t o  i n d u c e  mi t o  g e n e s i s  o f  HUV c u l t u r e s .

M i t . C . ,  TPA,  MNU and TPA i n  c o m b i n a t i o n  w i t h  MNU caused

s ma l l  i n c r e a s e s .  The o t h e r  d r u g s  used i n  t h i s  s e r i e s  had

no d e t e c t a b l e  e f f e c t .  The d r ug  i n d u c e d  f l u c t u a t i o n s  i n

m i t o g e n e s i s ,  as d e t e c t e d  by t h e  i n c r e a s e  i n  HUV c e l l  number

a t  t e r m i n a l  c e l l  d e n s i t y ,  were s m a l l ,  and t h e i r  s i g n i f i c a n c e

t h e r e f o r e  open t o  d o u b t .  I n c o mp a r i s o n  w i t h  t h e  a l m o s t

c o m p l e t e  a b o l i t i o n  o f  PA a c t i v i t y  i n  g l i o ma  c e l l s ,  o b s e r v e d

as a r e s u l t  o f  DX and PBE t r e a t m e n t ,  t h e  d e c r e a s e  i n  t h e

e n d o t h e l i a l  m i t o g e n i c  a c t i v i t y  o f  t r e a t e d  g l i o m a  e x t r a c t s ,

was v e r y  s l i g h t .  Howeve r ,  t h e s e  sma l l  d r ug  f l u c t u a t i o n s

were c o n s i s t e n t  f o r  b o t h  t h e  g l i o m a  l i n e s  s t u d i e d  i n  d e t a i l .

Time c o u r s e s  o f  Dexamet hasone  and Pi g B r a i n  E x t r a c t  e f f e c t s .

Dexamet hasone (DX) and p i g  b r a i n  e x t r a c t  (PBE) had 

q u a l i t a t i v e l y  s i m i l a r  e f f e c t s  on t h e  p h e n o t y p i c  e x p r e s s i o n  

o f  m a l i g n a n t  g l i a l  c e l l s  i_n̂  v i t r o  and p r o v i d e d  p o t e n t i a l l y  

u s e f u l  c o n d i t i o n s  f o r  m o d u l a t i n g  t umour  c e l l  p h e n o t y p e .  The 

t i m e  c o u r s e s  f o r  t h e  e f f e c t s  o f  t h e s e  a g e n t s ,  a l o n e  and i n  

c o m b i n a t i o n ,  on h i g h  a f f i n i t y  GABA u p t a k e ,  g l u t a m i n e  s y n t h e t a s e  

and p l a s m i n o g e n  a c t i v a t o r ,  were i n v e s t i g a t e d  f o r  t h e  c e l l  l i n e s  

G-UVW and NOR-F,  The r e s u l t s  a r e  p r e s e n t e d  i n  f i g u r e s  20 ,  21 

and 22 r e s p e c t i v e l y .



FIGURE 19

H i s t o g r a m s  s howi ng  t h e  m i t o g e n i c  e f f e c t  

o f  G-CCM and G-RAT c e l l  e x t r a c t s  on 

HUV e n d o t h e l i a l  c e l l s  a t  h i g h  d e n s i t y .

C e l l  e x t r a c t s  were p r e p a t e d  f r o m  c e l l s  

a f t e r  6 - 7  days t r e a t m e n t  w i t h  c o n d i t i o n s  

1 t o  13 ( T a b l e  8 ) .  Each v a l u e  i s  t h e  mean 

o f  d u p l i c a t e s .  V a r i a t i o n  be t ween d u p l i c a t e  

s t i m u l a t i o n  f a c t o r  v a l u e s  was a l way s  l e s s  t han  

0 . 2 2 .
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FIGURES 20a and 20b

P o s t - c o n f l u e n t  c u l t u r e s  o f  G-UVW and 

NOR-F r e s p e c t i v e l y  were exposed  t o  

dexamet hasone  { l O p g m l ” ^)  • — • ,  p i g  

b r a i n  e x t r a c t  ( 1 : 3 2 )  a— ▲ and a 

c o m b i n a t i o n  o f  dexame t hasone  and p i g  

b r a i n  e x t r a c t  ■— ■ i n  FI 0 c o n t a i n i n g  

1 % f o e t a l  c a l f  ser um.  BASG u p t a k e  

was assayed  a t  v a r i o u s  t i m e s  a f t e r  d r ug  

e x p o s u r e  and t h e  i n c r e a s e d  BASG u p t a k e  

o v e r  t h a t  o b s e r v e d  f o r  c o n t r o l  c u l t u r e s  

p l o t t e d  a g a i n s t  t i m e .  P o i n t s  r e p r e s e n t  

means and s t a n d a r d  d e v i a t i o n  o f  4 

r e p l i c a t e  w e l l s .



TIME COURSE OF DRUG
IN HIGH AFFINITY GABA UPTAKE

G-UVW
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FIGURE 20b

NOR-F

Increase in 
BASG uptake 
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FIGURES 21a and 21b

P o s t - c o n f l u e n t  c u l t u r e s  o f  G-UVW and 

NOR-F r e s p e c t i v e l y  were exposed  t o

dexamet hasone  ( l Opgml  i )  I I, p i g

b r a i n  e x t r a c t  ( 1 : 3 2 )  ▲ i and a

c o m b i n a t i o n  o f  dexame t hasone  and p i g

b r a i n  e x t r a c t  m ■ , i n  FI 0

c o n t a i n i n g  no ser um.  At  v a r i o u s  

t i me s  a f t e r  d r ug  e x p o s u r e  c e l l s  were 

h a r v e s t e d  and assayed  f o r  g l u t a m i n e  

s y n t h e t a s e  (GS) a c t i v i t y .  GS was a l s o  

measured f o r  c o n t r o l  c u l t u r e s  i n

Flo (no serum)  w i t h  no d r u g  0------0.

P o i n t s  r e p r e s e n t  i n d i v i d u a l  measur emen t s
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FIGURES 22a and 22b

P o s t - c o n f l u e n t  c u l t u r e s  o f  G-UVW and 

NOR-F r e s p e c t i v e l y  were exposed t o

dexamet hasone  ( I Dpgml  ^ ) #------ 1 ,  p i g

b r a i n  e x t r a c t  ( 1 : 3 2 )  i i and a

c o m b i n a t i o n  o f  dexame t hasone  and p i g

b r a i n  e x t r a c t  m « i n  FI 0 c o n t a i n i n g

no f o e t a l  c a l f  se r um.  P l a s mi n o g e n  

a c t i v a t o r  was a s sayed  a t  v a r i o u s  t i me s  

a f t e r  d r ug  e x p o s u r e  and t h e  d e c r e a s e  

i n  c e l l u l a r  PA p r o d u c t i o n  o v e r  t h a t  

o b s e r v e d  f o r  c o n t r o l  c u l t u r e s  p l o t t e d  

a g a i n s t  t i m e .  P o i n t s  r e p r e s e n t  means 

and s t a n d a r d  d e v i a t i o n  o f  4 r e p l i c a t e  

w e l l s .
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For  b o t h  c e l l  l i n e s  t h e  i n d u c t i o n  o f  h i g h  a f f i n i t y  

GABA u p t a k e  by PBE was g r e a t e r  and more r a p i d  t h a n  t h e  DX 

i n d u c t i o n .  The t i m e  c o u r s e  f o r  t h e  c o m b i n a t i o n  o f  t h e  two 

a g e n t s  p a r a l l e d  t h a t  f o r  PBE a l o n e ,  a l t h o u g h  t h e  e f f e c t  o f  

PBE was enhanced by t h e  p r e s e n c e  o f  DX, Ther e  a p p e a r e d  t o  

be a d e g r e e  o f  s y n e r g i s m  be t ween  t h e  two a g e n t s ,  a l t h o u g h  

t h e  e f f e c t s  were n o t  a d d i t i v e .

I n  t h e  case o f  g l u t a m i n e  s y n t h e t a s e ,  DX p r o d u c e d  t h e  

g r e a t e s t  s t i m u l a t i o n ,  p a r t i c u l a r l y  i n  t h e  g l i o m a  l i n e  G-UVW.

The c o m b i n a t i o n  o f  DX and PBE r e s u l t e d  i n  c o n s i d e r a b l e  

enhancemen t  o f  t h e  g l u t a m i n e  s y n t h e t a s e  s t i m u l a t i o n  caused  

by e i t h e r  a g e n t  a l o n e .

The r e d u c t i o n  i n  p l a s m i n o g e n  a c t i v a t o r  a c t i v i t y  o f  

b o t h  G-UVW and NOR-F by DX was g r e a t e r  and more r a p i d  t h a n  

t h e  PBE r e d u c t i o n ,  t h e  o p p o s i t e  s i t u a t i o n  t o  t h a t  o b s e r v e d  

f o r  t h e  i n d u c t i o n  o f  h i g h  a f f i n i t y  GABA u p t a k e  by t h e s e  a g e n t s .  

The t i m e  c o u r s e  f o r  t h e  two a g e n t s  i n  c o m b i n a t i o n  p a r a l l e l e d  

t h a t  f o r  DX a l o n e ,  w i t h  t h e  p r e s e n c e  o f  PBE e n h a n c i n g  t h e  

r e d u c t i o n  i n  c e l l u l a r  p l a s m i n o g e n  a c t i v a t o r  a c t i v i t y  by DX.

In t h e  case o f  DX a l o n e  and DX i n  c o m b i n a t i o n  w i t h  PBE, t h e r e  

was l i t t l e  f u r t h e r  r e d u c t i o n  i n  p l a s m i n o g e n  a c t i v a t o r  a c t i v i t y  

a f t e r  48 h o u r s .  The PBE r e d u c t i o n ,  h o w e v e r ,  c o n t i n u e d  f o r  more 

t h a n  150 ho u r s  .

From t h e  t i m e  c o u r s e  and s y n g e r g i s m  s t u d i e s  u s i n g  t h e  

t h r e e  ma r k e r  p r o p e r t i e s  d e s c r i b e d  ab o v e ,  i t  was c o n c l u d e d  

t h a t  DX and PBE were a c t i n g  i n  a d i s s i m i l a r  manne r ,  a t  l e a s t  

w i t h  r e s p e c t  t o  t h e  t i m i n g  o f  t h e  o b s e r v e d  i n d u c t i o n s  and 

r e p r e s s i o n s .  The c o m b i n a t i o n  o f  t h e  two a g e n t s  enhanced'  t h e  

e f f e c t  o f  e i t h e r  a g e n t  a l o n e  i n  m o d u l a t i n g  p h e n o t y p i c  e x p r e s s i o n
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PART I

1.  Normal  A d u l t  B r a i n  C u l t u r e s

1.  Mo r p h o l o g y  .

The t y p i c a l  f l a t  p o l y g o n a l  shape o f  c e l l s  f r o m  normal  

a d u l t  p o s t - m o r t e m  b r a i n  m a t e r i a l  was s i m i l a r  t o  t h a t  d e s c r i b e d  

by Lim ejt ^  ( 202 ) f o r  g l i  o b l a s t s  c u l t u r e d  f r o m 17 day f o e t a l  

r a t s .  The g l i o b l a s t s  o b s e r v e d  i n  t h i s  s t u d y  r es p on de d  

m o r p h o l o g i c a l l y  t o  G l i a  M a t u r a t i o n  F a c t o r  (GMF) ,  a p r o t e i n  o f  

a p p a r e n t  m o l e c u l a r  w e i g h t  3 5 0 , 0 0 0  p u r i f i e d  f r o m p i g  b r a i n ,  

and t o  d i b u t y r i l c y c l i c  AMP ( dbcAMP) ,  by f o r m i n g  m u l t i p o l a r ,  

b r a nc h e d  p r o c e s s e s .  The d i f f e r e n c e s  bet ween GMF and dbcAMP 

i n  e l i c i t i n g  p r o c e s s  f o r m a t i o n  i n  g l i o b l a s t s  (dbcAMP caused 

m a i n l y  r e t r a c t i o n  o f  c e l l  b o d i e s  a t  s e l e c t e d  p o i n t s  wher eas  

GMF r e s u l t e d  i n  a c t i v e  e x t e n s i o n  o f  p r o c e s s e s  as w e l l  as 

r e t r a c t i o n  o f  c e l l  b o d i e s )  was s i m i l a r  t o  t h e  d i f f e r e n c e s  i n  

t h e  e f f e c t s  o f  t h e  t wo a g e n t s  on t h e  normal  a d u l t  b r a i n  

d e r i v e d  c u l t u r e s .  L i m e_t ^  a l s o  o b s e r v e d  a t i me  d i f f e r e n c e  

be t ween t h e  two e f f e c t s .  T r e a t m e n t  w i t h  dbcAMP r e s u l t e d  i n  

m o r p h o l o g i c a l  a l t e r a t i o n  o f  t h e  c e l l s  w i t h i n  a f ew m i n u t e s  

w h e r e a s ,  w i t h  GMF, t h e r e  was a l a g  p e r i o d  o f  a b o u t  12 h o u r s .

One i m p o r t a n t  d i f f e r e n c e  be t ween t h e  nor mal  a d u l t  b r a i n  

c u l t u r e s  and t he  r a t  g l i o b l a s t s  d e s c r i b e d  a b o v e ,  was t h e  

p r e s e n c e  o f  GFAP i n  t h e  l a t t e r  c e l l s .  The normal  a d u l t  c u l t u r e s ,  

d e s p i t e  a m o r p h o l o g y  wh i c h  c l o s e l y  r e s e mb l e d  t h a t  o f  r a t  g l i o 

b l a s t s  and a s i m i l a r  r e s p o n s e  t o  t r e a t m e n t  w i t h  dbcAMP and PBE, 

l a c k e d  GFAP. GFAP- cont a i n 1ng c e l l  c u l t u r e s ,  d e r i v e d  f r o m  human 

a d u l t  b r a i n ,  have been d e s c r i b e d  by G i l  den ejt £]_ ( 1 0 9 ) .  They 

r e p o r t e d  t h a t  by t h e  3 r d  t o  5 t h  s u b c u l t u r e ,  c u l t u r e s  d e r i v e d  

f r o m c e r e b r a l  w h i t e  m a t t e r  had a r e l a t i v e l y  homogenous a p p e a r 

ance w i t h  one o r  two c e l l  t y p e s  p r e d o m i n a t i n g .  I n  t h e s e



c u l t u r e s  30-50% o f  t h e  c e l l s  e x p r e s s e d  GFAP, w h i c h  r ema i ne d  

t h r o u g h o u t  t h e i r  i_n v i t r o  l i f e s p a n .  These o b s e r v a t i o n s  i m p l i e d  

t h a t  i t  was p o s s i b l e  t o  grow GFAP p o s i t i v e  c e l l s  f r o m human 

a d u l t  b r a i n  t i s s u e .  However ,  d e s p i t e  many a t t e m p t s , u s i n g  

d i f f e r e n t  c u l t u r e  t e c h n i q u e s ,  t o  d e r i v e  c e l l  l i n e s  f r o m normal  

b r a i n ,  no GF A P - e x p r e s s i n g  c e l l s  were o b t a i n e d  f o r  s t u d y  i n  t h i s  

i n v e s t i g a t i o n .  The p r o c e d u r e s  us ed ,  i n c l u d i n g  c o l l a g e n a s e  

d i g e s t i o n ,  c o l d  t r y p s 1n i s a t i o n  and p r i m a r y  e x p l a n t a t i o n  a l l  

gave r i s e  t o  c u l t u r e s  w i t h  t h e  c h a r a c t e r i s t i c  f l a t  p o l y g o n a l  

m o r p h o l o g y  and no d e t e c t a b l e  GFAP.

The d e v e l o p m e n t  o f  a s e r i e s  o f  s e r u m - f r e e  medi a f o r  t h e  

c u l t u r e  o f  v a r i o u s  c e l l  t y p e s  f r o m  newborn r a t  b r a i n  by Lang 

and B r u n n e r  ( 2 5 6 ) ,  l e d  t o  t h e  o b s e r v a t i o n  t h a t  c u l t u r e  

c o n d i t i o n s  c o u l d  s e l e c t  n o t  o n l y  f o r  d i s t i n c t  c e l l  t y p e s ,  b u t  

a l s o  f o r  c e l l s  a t  v a r i o u s  s t a g e s  o f  d i f f e r e n t i a t i o n .  I n p a r t i c u l a r ,  

t h e y  i d e n t i f i e d  f o u r  c e l l s  o f  t h e  a s t r o g l i a l  c e l l  l i n e a g e  i n  

d i f f e r e n t  h o r m o n a l l y - s u p p l e m e n t e d ,  s e r u m - f r e e  me d i a .  The f o u r  

c e l l  t y p e s  i . e .  p r i m i t i v e  a s t r o g l i a ,  i n t e r m e d i a t e  a s t r o g l i a ,  

a s t r o c y t e s  and a s t r o b l a s t s  e x i s t e d  as homogeneous p o p u l a t i o n s  

i n  t h e  d i f f e r e n t  me d i a .  On a d d i t i o n  o f  serum t o  t h e i r  g r o w t h  

medi um,  t h e  a s t r o c y t e s ,  wh i c h  had l o n g  b r a n c h e d  p r o c e s s e s ,  

m o r p h o l o g i c a l l y  a l t e r e d  t o  a f l a t  f o r m r e m i n i s c e n t  o f  a s t r o b l a s t s  

and t h e  nor mal  a d u l t  b r a i n  c u l t u r e s  used i n  t h i s  p r o j e c t .  These 

o b s e r v a t i o n s ,  t o g e t h e r  w i t h  t h e  o b s e r v a t i o n s  on a l t e r a t i o n s  

i n  m o r p h o l o g y  a f t e r  dbcAMP and PBE t r e a t m e n t ,  i n d i c a t e d  t h a t  

t h e  s t a t e  o f  g l i a l  d i f f e r e n t i a t i o n  was a t  l e a s t  p a r t l y  d e t e r m i n e d  

by t h e  m i c r o e n v i r o n m e n t  o f  t h e  c e l l s .  The m o r p h o l o g i c a l  

o b s e r v a t i o n s  s u p p o r t  t h e  h y p o t h e s i s  t h a t  t h e  nor mal  a d u l t  b r a i n  

d e r i v e d  c u l t u r e s  c o n s i s t e d  o f  a s t r o g l i a l  p r e c u r s o r  c e l l s .

However ,  m o r p h o l o g i c a l  c r i t e r i a  a l o n e ,  a r e  n e v e r  s u f f i c i e n t  t o  

d e t e r m i n e  t he  i d e n t i t y  o f  c e l l s  i n  c u l t u r e .



2.  B1ochémi  s t r y

As d i s c u s s e d  a b ov e ,  t h e  normal  a d u l t  b r a i n  c u l t u r e s  

l a c k e d  GFAP, p r e s e n t  i n  t h e  r a t  a s t r o b l a s t s  and a s t r o c y t e s  

d e s c r i b e d  by Lang and B r u n n e r  ( 2 5 6 )  and i n  t h e  f o e t a l  r a t  

g l i  o b l a s t s  d e s c r i b e d  by Lim e_t £l_ (202 ) .  T h i s  o b s e r v a t i o n  

i m p l i e d  one o f  s e v e r a l  p o s s i b i l i t i e s ;

1.  t h e  c e l l s  were n o t  g l i a l  i n  o r i g i n ,

2.  t h e  c e l l s  were n o n - G F A P - e x p r e s s i n g  g l i a l  
c e l l s  e . g .  o l i g o d e n d r o g 1 i a  o r ,

3.  t h e  c e l l s  were g l i a l  p r e c u r s o r s .  The i m m u n o l o g i c a l  

and b i o c h e m i c a l  c h a r a c t e r i s t i c s  o f  t h e s e  c u l t u r e s ,  w h i l e  n o t  

p r o v i d i n g  u n e q u i v o c a l  p r o o f ,  t h r e w  f u r t h e r  l i g h t  on t h e i r  

i d e n t i t y .

The f i r s t  p o s s i b i l i t y ,  t h a t  t h e  normal  a d u l t  b r a i n  c e l l s  

were n o t  g l i a l ,  was e x c l u d e d  f o r  s e v e r a l  r e a s o n s .  Of  t h e  

p o s s i b l e  c e l l u l a r  c o n t a m i n a n t s  neu r o n e s  do n o t  d i v i d e  i n  c u l t u r e  

and t h e  absence o f  f a c t o r  V I 11 and me r o c y a n i n  ( 2 57 )  a n t i g e n s  

r e s p e c t i v e l y ,  i n d i c a t e d  t h a t  no e n d o t h e l i a l  o r  c e l l s  w i t h  

e x c i t a b l e  me mb r a n e s ( e . g .  smooth mu s c l e )  were p r e s e n t .  T h i s  

t o g e t h e r  w i t h  t h e  a b i l i t y  o f  t h e s e  c u l t u r e s  t o  t a k e  up t h e  

p u t a t i v e  n e u r o t r a n s m i t t e r s g l u t a m a t e  and GABA by s a t u r a b l e ,  

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

The second p o s s i b i l i t y ,  t h a t  t h e  c e l l s  were o l i g o d e n d r o -  

g l i a ,  was e x c l u d e d  f o r  two mai n r e a s o n s .  S u c c e s s f u l  b o v i n e  

o l i g o d e n d r o g l i a l  c u l t u r e s  have been o b t a i n e d  by Po dus l o  e t  a l  

( 2 5 8 )  and shown t o  p r o d u c e  w h o r l s  o f  membrane l a m e l l a e  a d j a c e n t  

t o  t h e  c e l l  body .  They a l s o  had h i g h  l e v e l s  o f  t h e  enzyme 

2 ' ,  3 '  -  c y c l i c  n u c l e o t i d e  3 ‘ - p h o s p h o d i e s t e r a s e  ( CNPase) ,  

wh i c h  i s  a s s o c i a t e d  w i t h  m y e l i n  i n  t he  membrane l a m e l l a e .

The normal  a d u l t  b r a i n  c u l t u r e s  used i n  t h i s  p r o j e c t  showed 

no unusual  membrane p r o d u c t i o n  and c o n t a i n e d  l ow l e v e l s  o f  

CNPase ( 2 5 9 ) .



The t h i r d  p o s s i b i l i t y ,  t h a t  t h e  c e l l s  were u n d i f f e r e n t i a t e d  

o r  p r e c u r s o r  a s t r o g l i a  was t h e  most  f a v o u r a b l e  e x p l a n a t i o n  

o f  t h e i r  i d e n t i t y .  The t i m e  t a k e n  f o r  mo n o l a y e r  c u l t u r e s  t o  

grow f r o m human a d u l t  b r a i n  t i s s u e  was 3- 4  weeks a f t e r  d i s s 

e c t i o n  and e n z y m a t i c  d i g e s t i o n .  T h i s  compared w i t h  t h e  

24 - 72  hour s  t a k e n  t o  o b t a i n  m o n o l a y e r  c u l t u r e s  f r o m  f o e t a l  

and m a l i g n a n t  b r a i n  t i s s u e ,  and i m p l i e d  t h a t  t h e  f l a t ,  p o l y g o n a l  

c e l l s  wh i c h  grew f r o m t h e  nor mal  a d u l t  t i s s u e  c o n s t i t u t e d  a 

s ma l l  p r o p o r t i o n  o f  t h e  o r i g i n a l  c e l l  mass.  These c e l l s  were 

s e l e c t e d  by b e i n g  a b l e  t o  grow i n  c u l t u r e ,  pe r haps  as a r e s u l t  

o f  t h e i r  p r e c u r s o r  o r  u n d i f f e r e n t i a t e d  s t a t u s .

The u p t a k e  o f  g l u t a m i c  a c i d  and GABA by s a t u r a b l e ,  h i g h  

a f f i n i t y  p r o c e s s e s  was p r o b a b l y  t h e  a c t i o n  o f  s p e c i f i c  membrane 

pe r me a s e s ,  a c t i n g  i n  a d d i t i o n  t o  t h e  n o n - s a t u r a b l e , d i f f u s i v e  

u p t a k e  o f  t h e s e  ami no a c i d s .  T h i s  r e f l e c t e d  one o f  t h e  s u g g e s t e d  

f u n c t i o n a l  r o l e s  o f  g l i a  i n  t h e  c e n t r a l  n e r v o u s  sys t em t o  

remove n e u r o t r a n s m i t t e r s  f r o m  t h e  s y n a p t i c  c l e f t ,  t h u s  r e d u c i n g  

t h e i r  c o n c e n t r a t i o n  a t  t h e  p o s t  s y n a p t i c  r e c e p t o r  s i t e s .  Hi gh 

a f f i n i t y  g l u t a m i c  a c i d  u p t a k e  was a l e s s  s p e c i f i c  e v e n t  t han  

t he  h i g h  a f f i n i t y  GABA u p t a k e .  I t  was c o n s t i t u t i v e l y a c t i v e  i n  

normal  a d u l t  b r a i n  c u l t u r e s ,  m a l i g n a n t  a s t r o c y t o m a  and melanoma 

c u l t u r e s ,  wh i c h  l i k e  g l i a l  c e l l s  a r e  n e u r o e c t o d e r m a l  i n  o r i g i n .  

T h i s  p r o v i d e d  one o f  t h e  f i r s t  p i e c e s  o f  e v i d e n c e  t h a t  t h e  

normal  a d u l t  c e l l s  were n e u r o e c t o d e r m a l l y  d e r i v e d .  The s p e c i f i c i t y  

o f  h i g h  a f f i n i t y  GABA u p t a k e  was more c o mp l e x .  One o f  t he  

normal  a d u l t  l i n e s ,  NOR-F,  was c o n s t i t u t i v e ;  t h e  o t h e r s ,

NOR-T and GDU-T,  r e q u i r e d  i n d u c t i o n  by s t e r o i d  a n d / o r  dbcAMP 

i n  t h e  absence o f  ser um.  Melanoma c e l l s ,  f i b r o b l a s t s  and 

e n d o t h e l i a l  c e l l s  c o u l d  n o t  be i n d u c e d  t o  t a k e  up GABA by t h e  

h i g h  a f f i n i t y  p r o c e s s  and L i n e w e a v e r - B u r k  k i n e t i c s  f o r  t h o s e  

c e l l s  i n d i c a t e d  o p e r a t i o n  o f  o n l y  t h e  l ow a f f i n i t y  d i f f u s i v e



mechani sm o f  u p t a k e .  The i n d u c t i o n  r e q u i r e m e n t  f o r  e x p r e s s i o n  

o f  h i g h  a f f i n i t y  GABA u p t a k e  by some o f  t h e  nor ma l  a d u l t  c e l l  

l i n e s  s u p p o r t e d  t h e  h y p o t h e s i s  t h a t  t h e s e  were u n d i f f e r e n t i a t e d ,  

a b l e  t o  e x p r e s s  s p e c i f i c  a s t r o g l i a l  p r o p e r t i e s  o n l y  i n  t h e  

p r e s e n c e  o f  a p p r o p r i a t e  i n d u c e r s .  D i f f e r e n c e s  i n  t h e  i n d u c t i o n  

r e q u i r e m e n t  f o r  v a r i o u s  nor ma l  a d u l t  l i n e s  m i g h t  r e f l e c t  t h e i r  

d i f f e r e n t  s t a t e s  o f  d i f f e r e n t i a t i o n  i . e .  t h e  c e l l s  s e l e c t e d  

f o r  g r o w t h  i n  c u l t u r e  m i g h t  be a t  d i f f e r e n t  s t a g e s  i n  an a s t r o 

g l i a l  d i f f e r e n t i a t i o n  p a t h wa y .

The nor mal  a d u l t  c u l t u r e s  a l s o  possessed  much l o w e r  

l e v e l s  o f  g l u t a m i n e  s y n t h e t a s e  a c t i v i t y ,  u n d e r  s t a n d a r d  c u l t u r e  

c o n d i t i o n s ,  t h a n  t h e  f o e t a l  and some o f  t h e  g l i o m a  l i n e s .  T h i s  

c o u l d  a l s o  be a r e f l e c t i o n  o f  t h e i r  u n d i f f e r e n t i a t e d  s t a t u s .  

P r e c u r s o r  o r  u n d i f f e r e n t i a t e d  c e l l s  i n  c u l t u r e  c o u l d  have 

a r i s e n ,  e i t h e r  by p r o p a g a t i o n  o f  a pool  o f  i mmat u r e  p r e c u r s o r  

c e l l s  o r  by s e l e c t i o n  f o r  m a t u r e ,  f u l l y  d i f f e r e n t i a t e d  c e l l s  

wh i c h  u n d e r w e n t  s p o n t a n e o u s  d e - d i f f e r e n t i a t i o n  i n  c u l t u r e .

I t  was i m p o s s i b l e  t o  d i s t i n g u i s h  be t ween t h e s e  two p o s s i b i l i t i e s  

and seems f e a s i b l e  t h a t  e i t h e r  c o u l d  have o c c u r r e d .  A p o s s i b l e  

d i f f e r e n t i a t i o n  p a t h w a y , i n c o r p o r a t i n g  t he  chosen ma r k e r s  o f  

a s t r o g l i a l  d i f f e r e n t i a t i o n  w i l l  be d e s c r i b e d  l a t e r ,  by c o n s i d 

e r i n g  t h e  p h e n o t y p i c  e x p r e s s i o n  o f  many c e l l  l i n e s ,  i n c l u d i n g  

t h o s e  f r o m normal  a d u l t ,  f o e t a l  and m a l i g n a n t  b r a i n  t i s s u e .

2,  F o e t a l  B r a i n  C u l t u r e s

The absence o f  GFAP f r o m  nor mal  a d u l t  c u l t u r e s ,  and t he  

c o n s e q u e n t  d o u b t  a b o u t  t h e i r  i d e n t i t y ,  l e d  t o  c o n s i d e r a t i o n  

o f  c e l l s  d e r i v e d  f r o m  f o e t a l  b r a i n  as more a p p r o p r i a t e  c o n t r o l s  

f o r  m a l i g n a n t  a s t r o g l i a .  P r e v i o u s  work  has shown t h a t  a l t h o u g h  

mo n o l a y e r  c u l t u r e s  d e r i v e d  f r o m f o e t a l  mouse b r a i n  were o r i g i n a l l y



no

s m a l l ,  f l a t  p o l y g o n a l  c e l l s  w h i c h  d i d  n o t  e x p r e s s  GFAP, t h e y  

a c q u i r e d  GFAP a f t e r  a b o u t  10 - 13  days i n  c u l t u r e  ( 1 1 6 ) .  At  

t h i s  t i m e  t h e r e  was a l s o  a m o r p h o l o g i c a l  change wh i c h  

r e s u l t e d  i n  t h e  a p p e a r a n c e  o f  m u l t i p l e  b r a n c h e d  p r o c e s s e s .  The 

s p o n t a n e o u s  d i f f e r e n t i a t i o n  i_n v i t r o  o c c u r r e d  a t  t h e  same 

t i m e  as t h e  peak GFAP c o n t e n t  and e x p r e s s i o n  o f  a s t r o c y t i c  

d i f f e r e n t i a t i o n  j_n v i v o , i n  12 day n e o n a t a l  mouse b r a i n  ( 2 6 0 ) .  

These c e l l s  senesced  a f t e r  50 - 70  days i n  c u l t u r e .

C u l t u r e s  d e r i v e d  f r o m  human f o e t a l  b r a i n  ( 1 2 - 1 6  weeks 

p o s t - c o n c e p t i o n ) ,  c o n t a i n e d  c e l l s  wh i ch  e x p r e s s e d  GFAP. The 

p r o p o r t i o n  o f  GFAP p o s i t i v e  c e l l s  v a r i e d  be t ween f o e t a l  l i n e s ,  

f r o m  a r ound  30% t o  100%, a l t h o u g h  i t  r e ma i n e d  c o n s t a n t  i n  any 

one c u l t u r e  t h r o u g h o u t  t h e  f i n i t e  l i f e s p a n  o f  t h e  c e l l s  o f  

8 t o  12 g e n e r a t i o n s .  Two d i s t i n c t  m o r p h o l o g i c a l  c e l l  t y p e s  

were i d e n t i f i e d  i n  f o e t a l  c u l t u r e s ;  a s t r o c y t i c  c e l l s ,  wh i c h  

were g e n e r a l l y  GFAP p o s i t i v e  and e l o n g a t e d  p o l y g o n a l  c e l l s ,  

wh i c h  c o n t a i n e d  no GFAP. I n  t h e  i n i t i a l  s t a g e s  o f  c u l t u r e  

t h e  f o e t a l  c e l l s  grew v e r y  r a p i d l y .  They s l owed  down and 

senesced  a t  a r o u n d  t h e  8 t h  - 12 t h  g e n e r a t i o n s .  The s h o r t  l i f e 

span o f  t h e  f o e t a l  c e l l s  i n  c u l t u r e  and t h e i r  poo r  r e c o v e r y  

a f t e r  s t o r a g e  i n  l i q u i d  n i t r o g e n ,  n e c e s s i t a t e d  a c o n t i n u a l  

s u p p l y  o f  f r e s h  f o e t a l  m a t e r i a l  f r o m wh i c h  f r e s h  c u l t u r e s  

c o u l d  be o b t a i n e d .

The f o e t a l  c e l l  l i n e s  a l l  e x p r e s s e d  h i g h  a f f i n i t y  GABA

u p t a k e  c o n s t i t u t i v e l y and e x p r e s s e d  h i g h  l e v e l s  o f  g l u t a m i n e

s y n t h e t a s e  a c t i v i t y  when grown u n d e r  s t a n d a r d  c u l t u r e  c o n d i t i o n s .

These p r o p e r t i e s ,  t o g e t h e r  w i t h  t h e  e x p r e s s i o n  o f  GFAP, i n d i c a t e d

t h a t  h i g h l y  d i f f e r e n t i a t e d  a s t r o g l i a l  c e l l s ,  c a p a b l e  o f  r a p i d

p r o l i f e r a t i o n  Jjn v i t r o , c o u l d  be d e r i v e d  f r o m  f o e t a l  b r a i n

t i s s u e .  The i d e n t i t y  o f  t h e  c e l l s  n o t  e x p r e s s i n g  GFAP i n  t he

f o e t a l  c u l t u r e s  r e ma i n e d  u n c e r t a i n .  They d i d  n o t  c o n t a i n  f a c t o r  
V l l l .



The s u c c e s s f u l  g r o w t h  o f  d i f f e r e n t i a t e d  a s t r o g l i a  f r o m 

f o e t a l  b r a i n  t i s s u e ,  u s i n g  an i d e n t i c a l  c u l t u r e  p r o c e d u r e  t o  

t h a t  used f o r  t h e  nor ma l  a d u l t  t i s s u e ,  showed an o b v i o u s  

d i f f e r e n c e  be t ween  t h e  f o e t a l  and a d u l t  s y s t e m s ,  t h e  l a t t e r  

y i e l d i n g  l e s s  d i f f e r e n t i a t e d  c e l l s .  An i n t e r e s t i n g  and 

p e r haps  r e l e v a n t  o b s e r v a t i o n  was made by Li m ^  ^  ( 2 0 2 )  on 

t h e  GMF c o n t e n t  o f  b o t h  f o e t a l  and a d u l t  r a t  b r a i n  t i s s u e .

They f o u n d  t h a t  t h i s  f a c t o r  was p r e s e n t  a t  a h i g h  l e v e l  i n  

a d u l t  b r a i n  b u t  a t  a l ow l e v e l . i n  f o e t a l  b r a i n ,  and p o s t u l a t e d  

t h a t  GMF had a r o l e  i n  t h e  ma i n t e n a n c e  o f  g l i a l  c e l l  d i f f e r 

e n t i a t i o n  i n  t h e  a d u l t .  Rat  f o e t a l  g l i a l  c e l l s  d i d  n o t  a p pe a r  

t o  r e q u i r e  GMF f o r  m a i n t a i n a n c e  o f  t he  d i f f e r e n t i a t e d  p h e n o t y p e  

i n  v i v o . These o b s e r v a t i o n s ,  i f  a l s o  t r u e  f o r  t h e  human s y s t e m,  

c o u l d  e x p l a i n  t h e  m a t u r i t y  o f  f o e t a l  g l i a l  c e l l  c u l t u r e s  i n  

t h e  absence  o f  GMF, w h i l e  t h e  m o r p h o l o g i c a l  and b i o c h e m i c a l  

d i f f e r e n t i a t i o n  o f  c e l l s  d e r i v e d  f r o m nor mal  a d u l t  t i s s u e  

r e q u i r e d  t h i s ,  o r  o t h e r  d i f f e r e n t i a t i n g  a g e n t s .  The p h e n o t y p i c  

e x p r e s s i o n  o f  t h e  f o e t a l  c u l t u r e s  was i n s e n s i t i v e  t o  t r e a t m e n t  

w i t h  Pi g B r a i n  E x t r a c t .

3.  Gl i oma C u l t u r e s

1 . C h a r a c t e r i  s a t i o n

The p r i m a r y  c u l t u r e s  d e r i v e d  f r o m a n a p l a s t i c  a s t r o c y t o m a s  

c o n t a i n e d  a h e t e r o g e n e o u s  m i x t u r e  o f  c e l l  m o r p h o l o g i e s .  I n 

most  cases  a p r o p o r t i o n  o f  t h e  c e l l s  e x p r e s s e d  GFAP. By t he  

second o r  t h i r d  s u b c u l t u r e  one o f  t h e  c e l l  t y p e s  g e n e r a l l y ,  

p r e d o m i n a t e d ,  and w i t h  t h e  e x c e p t i o n  o f  G-CCM and G-ROG, t h e  

s e l e c t i o n  p r o c e d u r e  f a v o u r e d  c e l l s  wh i c h  d i d  n o t  e x p r e s s  GFAP. 

A l t h o u g h  GFAP can be d e t e c t e d  i n  most  a s t r o c y t i c  g l i o m a s ,  o n l y  

t h e  most  m o r p h o l o g i c a l l y  d i f f e r e n t i a t e d  c e l l s  e x p r e s s  i t ;  t he



more p r i m i t i v e  and a n a p l a s t i c  c e l l s  do n o t  ( 1 1 2 ,  113,  1 1 4 ) .

Thus t h e  GFAP n e g a t i v e  c e l l  l i n e s  were composed o f  t umo u r  

c e l l s  w h i c h  grew o u t  f r o m  t h e  more p r i m i t i v e  o r  a n a p l a s t i c  

c e l l s  i n  t h e  t u mo u r  c e l l  p o p u l a t i o n .  The d i f f e r e n t  m o r p h o l o g i e s  

e x h i b i t e d  by a r an ge  o f  g l i o m a  l i n e s  was c o n s i s t e n t  w i t h  t h e  

h e t e r o g e n e o u s  m o r p h o l o g i c a l  p h e n o t y p e s  o f  a number  o f  e s t a b l i s h e d  

g l i o m a  l i n e s  p r e v i o u s l y  r e p o r t e d  ( 9 7 ) .  T h i s  p r o b a b l y  r e f l e c t e d  

t h e  h e t e r o g e n e o u s  n a t u r e  o f  t h e  c e l l s  i n  m a l i g n a n t  a s t r o c y t o m a s  

and a s e l e c t i o n  p r o c e d u r e  w h i c h  f a v o u r e d  t h e  c e l l s  most  s u i t e d  

t o  2 _n v i  t r o  g r o w t h .  The r e s u l t  was a s t r o c y t o m a  d e r i v e d  c u l t u r e s  

wh i c h  e x h i b i t e d  m o r p h o l o g i c a l  h o mo g e n e i t y  w i t h i n  a c u l t u r e  

b u t  c o n s i d e r a b l e  h e t e r o g e n e i t y  bet ween c u l t u r e s .

The absence  o f  GFAP f r o m  most  o f  t h e  a s t r o c y t o m a  d e r i v e d  

c e l l  l i n e s ,  as was t h e  case w i t h  t h e  normal  a d u l t  b r a i n  d e r i v e d  

l i n e s ,  n e c e s s i t a t e d  f u r t h e r  i m m u n o l o g i c a l  and b i o c h e m i c a l  

c h a r a c t e r i s a t i o n .  Wi t h  t h e  e x c e p t i o n  o f  GMS, an a s t r o c y t o m a  

d e r i v e d  l i n e  f o u n d  t o  be p r e d o m i n a n t l y  e n d o t h e l i a l  by v i r t u e  

o f  t h e  d e t e c t a b l e  p r e s e n c e  o f  f a c t o r  V l l l ,  t h e  g l i o m a  c e l l  

l i n e s  d i d  n o t  e x p r e s s  t h e  e n d o t h e l i a l  m a r k e r .  They were a b l e  

t o  t a k e  up g l u t a m i c  a c i d  by t h e  h i g h  a f f i n i t y  p r o c e s s  i m p l y i n g  

t h e i r  n e u r o e c t o d e r m a l  o r i g i n .  The two GFAP p o s i t i v e  g l i o m a  

l i n e s  G-CCM and r a t  Ce a l s o  e x p r e s s e d  h i g h  a f f i n i t y  GABA u p t a k e  

c o n s t i t u t i v e l y ,  i m p l y i n g  t h a t  t h e  c e l l s  pos s es s e d  an a c t i v e  

f o r m  o f  t h e  h i g h  a f f i n i t y  a s t r o g l i a l  GABA c a r r i e r  ( 2 6 1 ) ,  as a 

component  o f  t h e i r  membranes.  T h i s  was c o n s i s t e n t  w i t h  t h e  

d i f f e r e n t i a t e d  n a t u r e  o f  t h e i r  p h e n o t y p i c  e x p r e s s i o n .  Of  t h e  

non GFAP- e x p r e s s i n g  g l i o m a  l i n e s  i n v e s t i g a t e d  by L i n e w e a v e r -  

Burk  a n a l y s i s ,  G-RAT and G-EME were i n d u c e d  f o r  h i g h  a f f i n i t y  

GABA u p t a k e  by t h e  c o m b i n a t i o n  o f  s t e r o i d  ( 3 - o r  d e x ame t h a s o ne )



1 1 o

and dbcAMP ( i n  t h e  absence  o f  s e r u m) .  In t h e  case o f  G-EME,

s t e r o i d  o r  dbcAMP a l o n e  was n o t  s u f f i c i e n t  f o r  i n d u c t i o n .  Two

c e l l  l i n e s ,  G-ARY and G-ATA were n o t  i n d u c e d  f o r  GABA u p t a k e  

by t h e  c o m b i n a t i o n .

Under  s t a n d a r d  c u l t u r e  c o n d i t i o n s ,  t he  g l i o m a  c e l l  l i n e s  

e x h i b i t e d  a w i d e  r ange  o f  g l u t a m i n e  s y n t h e t a s e  a c t i v i t i e s ,  

r a n g i n g  f r o m a v a l u e  h i g h e r  t h an  t h e  f o e t a l  c u l t u r e s  f o r  

G-CCM t o  a v a l u e  e q u i v a l e n t  t o  t h a t  f o r  t h e  nor mal  a d u l t  

c u l t u r e s  f o r  G-ATA.  T h i s  a g a i n  emphas i sed  t h e  h e t e r o g e n e i t y  

o f  p h e n o t y p i c  e x p r e s s i o n  be t ween  g l i o ma  c u l t u r e s .  The human 

a s t r o c y t o m a  d e r i v e d  c e l l  l i n e s  used i n  t h i s  p r o j e c t  e x h i b i t e d  

a r ange  o f  d i f f e r e n t i a t e d  s t a t e s  w i t h  r e s p e c t  t o  t h e  chosen

ma r k e r s  o f  a s t r o g l i a l  d i f f e r e n t i a t i o n .  In p a r t i c u l a r ,  G-CCM

showed a h i g h l y  d i f f e r e n t i a t e d  p h e n o t y p i c  e x p r e s s i o n ,  G-RAT 

showed i n t e r m e d i a t e  and G-ATA r e l a t i v e l y  u n d i f f e r e n t i a t e d  

p h e n o t y p i c  p r o p e r t i e s .  The r e  was no o b v i o u s  c o r r e l a t i o n  bet ween 

t h e  m o r p h o l o g i c a l  c h a r a c t e r i s t i c s  o f  c e l l  l i n e s  and t h e i r  

l e v e l s  o f  e x p r e s s i o n  o f  d i f f e r e n t i a t e d  p r o p e r t i e s .

4.  A s t r o g l i a l  M a t u r a t i o n  Pathway

The e x p r e s s i o n  o f  d i f f e r e n t i a t e d  a s t r o g l i a l  p r o p e r t i e s  

by t h e  normal  a d u l t ,  f o e t a l  and a s t r o c y t o m a  d e r i v e d  c u l t u r e s  

a l l o w e d  a m a t u r a t i o n  pa t hway  t o  be p o s t u l a t e d .  T h i s  i s  p r e s e n t e d  

b e l o w w i t h  t h e  p r o p e r t i e s  e x p r e s s e d  by v a r i o u s  c e l l  l i n e s .
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T h i s  p o s s i b l e  m a t u r a t i o n  pa t hway  c o n s i d e r s  o n l y  a f ew o f  

t h e  d i f f e r e n t i a t e d  a s t r o g l i a l  f e a t u r e s .  I f  such a pa t hway  e x i s t s  

t h e n  c e l l s  wou l d  a c q u i r e  t h e s e  p r o p e r t i e s  i n  t h e  sequence  shown.  

The r e  was no e v i d e n c e  t o  s u g g e s t  w h e t h e r  GFAP was a c q u i r e d  b e f o r e ,  

a f t e r  o r  a t  t h e  same t i m e  i n  t h e  sequence as h i g h  g l u t a m i n e  

s y n t h e t a s e  a c t i v i t y .  These two p r o p e r t i e s  were a l wa y s  c o - e x p r e s s e d



i n  t h e  more d i f f e r e n t i a t e d  c u l t u r e s .  Out  o f  a l a r g e  number 

o f  c e l l  l i n e s  i n v e s t i g a t e d  t h e r e  were none whose p h e n o t y p i c  

e x p r e s s i o n  d i d  n o t  c o n f o r m  t o  t h e  above pa t hway  e . g .  t h e r e  

were no GFAP p o s i t i v e  c e l l  l i n e s  wh i c h  d i d  n o t  e x p r e s s  t h e  

p r o p e r t i e s  p r o c e e d i n g  GFAP i n  t h e  above p a t h wa y .

Normal  a d u l t  c e l l  l i n e s  appea r e d  t o  be b l o c k e d  a t  s t a g e  

2 o r  3 i n  t h e  h y p o t h e t i c a l  d i f f e r e n t i a t i o n  p a t h wa y .  Less 

d i f f e r e n t i a t e d  g l i o m a  l i n e s  were b l o c k e d  a t  1 o r  2.  G-CCM 

and t h e  f o e t a l  b r a i n  d e r i v e d  c u l t u r e s  were n o t  b l o c k e d  a t  any 

p o i n t  i n  t h e  pa t hway  and were a p p a r e n t l y  h i g h l y  d i f f e r e n t i a t e d  

w h i l e  c o n t i n u i n g  t o  p r o l i f e r a t e  r a p i d l y  i n  c u l t u r e .

The b i o c h e m i c a l  d i f f e r e n t i a t i o n  pa t hway  h y p o t h e s i s e d  

a b o v e ,  m i g h t  be c o n s i d e r e d  a n a l o g o u s  t o  t h a t  d e s c r i b e d  f o r  t h e  

h a e mo p o e t i c  s ys t em ( 6 9 ) .  I n t h i s  case compounds such as 

d i m e t h y l s u l p h o x i de and N - m e t h y 1 a c e t a m i de i n d u c e  e r y t h r o c y t e  

p r e c u r s o r  c e l l s  t o  d i f f e r e n t i a t e  a l o n g  t h e  pa t hway  r e s u l t i n g  

i n  t h e  g e n e r a t i o n  o f  ma t u r e  e r y t h r o c y t e s .  P o t e n t i a l  i n d u c e r s  

o f  a s t r o g l i a l  d i f f e r e n t i a t i o n ,  such as dbcAMP,  dexamet hasone  

and Pi g  B r a i n  E x t r a c t ,  h o we v e r ,  d i d  n o t  s t i m u l a t e  c e l l s  b l o c k e d  

a t  any s t a g e  i n  t h e  a s t r o g l i a l  p a t h w a y ,  t o  d i f f e r e n t i a t e  

t e r m i n a l l y .  GFAP was n o t  d e t e c t e d  i n  such c e l l s  t r e a t e d  w i t h  

i n d u c e r s ,  a l t h o u g h  t h e y  showed enhanced e x p r e s s i o n  o f  o t h e r  

d i f f e r e n t i a t e d  c h a r a c t e r i s t i c s .

5.  Ma r k e r  P r o p e r t i e s  a s s o c i a t e d  w i t h  M a l i g n a n t  B e h a v i o u r  

Pl a s m i n o g e n  A c t i v a t o r  (PA)

I n c r e a s e d  PA a c t i v i t y  has been c o r r e l a t e d  w i t h  e x p r e s s i o n  

o f  t he  m a l i g n a n t  p h e n o t y p e  i n  a number o f  e x p e r i m e n t a l  sys t ems  

( 1 4 8 ,  149,  1 5 0 ) ,  and i s  w i d e l y  b e l i e v e d  t o  have a r o l e  i n  t he  

g r o w t h  and s p r e ad  o f  t u m o u r s .  Pea r l  s t e i n  ejt ^  (262 ) h o we v e r ,  

have r e p o r t e d  t h a t  h i g h  l e v e l s  o f  f i b r i n o l y t i c  a c t i v i t y  can



be d e m o n s t r a t e d  i n  some t u mou r  c e l l s ,  n o t a b l y  s a r c o ma s ,  b u t  

n o t  i n  a l l .  They o b s e r v e d  h i g h  l e v e l s  i n  some normal  c e l l s ,  

i n  p a r t i c u l a r  l u n g  and b l a d d e r .  T h i s  was c o n s i s t e n t  w i t h  r e p o r t s  

by o t h e r  i n v e s t i g a t o r s  ( 2 6 3 ,  264 ,  2 6 5 ) .

The a p p a r e n t  i n c o n s i s t e n c i e s  i n  d e c i d i n g  w h e t h e r  o r  n o t  

PA was a u s e f u l  m a l i g n a n c y  a s s o c i a t e d  m a r k e r ,  p r omp t ed  

c o m p a r i s o n s  bet ween nor mal  c e l l  l i n e s  and t h o s e  d e r i v e d  f r o m 

m a l i g n a n t  t i s s u e .  The r e s u l t s  f o r  c o l o n  c a r c i n o ma  and c e l l s  

d e r i v e d  f r o m p a t h o l o g i c a l l y  normal  c o l o n  showed no o b v i o u s  

c o r r e l a t i o n .  In some cases  nor ma l  c o l o n  l i n e s  p r o d u c e d  h i g h  

PA and c a r c i n o ma  l i n e s  o n l y  l ow amounts  o f  PA, i m p l y i n g  t h a t  

f o r  t h e  c o l o n  c u l t u r e s  i n v e s t i g a t e d  PA was n o t  a u s e f u l  m a l i g 

nancy  a s s o c i a t e d  m a r k e r .  Howeve r ,  t h e r e  r e ma i n e d  some d o u b t  

a b o u t  t h e  n a t u r e  o f  t h e  nor mal  c o l o n  c u l t u r e s .  These were 

d e r i v e d  f r o m r e s s e c t e d  c o l o n ,  a t  r e g i o n s  d i s t a n t  t o  t h e  s i t e  

o f  t h e  t u mo u r  and m i g h t  n o t  r e p r e s e n t  t r u l y  nor ma l  t i s s u e .

The r e s u l t s  f o r  c e l l s  d e r i v e d  f r o m nor mal  a d u l t  b r a i n  

and a n a p l a s t i c  a s t r o c y t o m a s  were more e n c o u r a g i n g .  I n  t h i s  

s y s t e m PA was i n v e r s e l y  c o r r e l a t e d  w i t h  t h e  d e g r e e  o f  c e l l u l a r  

d i f f e r e n t i a t i o n .  The G F A P - e x p r e s s i n g  g l i o m a  l i n e s ,  G-CCM and 

CG, had l ow PA a c t i v i t y .  The n o n - G F A P - e x p r e s s i n g  g l i o m a s  had 

PA l e v e l s  wh i c h  were h i g h e r  t h a n  t h o s e  f o r  t h e  normal  a d u l t  

l i n e s ,  wh i c h  i n  t u r n  were h i g h e r  t h a n  G-CCM and C&. W i t h i n  

t h e  g r o u p  o f  GFAP n e g a t i v e  g l i o m a  l i n e s ,  t h e  h i g h e s t  PA 

a c t i v i t i e s  were a t t r i b u t a b l e  t o  t he  l e a s t  d i f f e r e n t i a t e d  l i n e s ,  

n o t a b l y  G-ATA.  G-RAT,  a c e l l  l i n e  o f  i n t e r m e d i a t e  d i f f e r e n t 

i a t i o n  s t a t u s ,  a l s o  had i n t e r m e d i a t e  PA a c t i v i t y .

The i_n v i v o  t u m o u r i g e n i c i t y  o f  t h e  a s t r o c y t o m a  d e r i v e d  

c e l l  l i n e s  was n o t  d e t e r m i n e d .  Thus t h e  r e l a t i o n s h i p  bet ween 

d i f f e r e n t i a t i o n  and t u m o u r i g e n i c i t y  was unknown.  However  t h e



d e gr ee  o f  d i f f e r e n t i a t i o n  o f  a p a r t i c u l a r  c e l l  l i n e  was 

i n v e r s e l y  r e l a t e d  t o  i t s  PA e x p r e s s i o n ,  a p r o p e r t y  o f t e n  

a s s o c i a t e d  w i t h  m a l i g n a n t  b e h a v i o u r  { 1 5 2 ,  1 5 5 ) .  The PA 

a c t i v i t y  o f  t h e  nor mal  a d u l t  l i n e s ,  wh i c h  was g r e a t e r  t h a n  

t h e  GF A P - e x p r e s s i n g  g l i o m a  l i n e s ,  was c o n s i s t e n t  w i t h  t h e  

v i ew  t h a t  t h e s e  c u l t u r e s  were l e s s  w e l l  d i f f e r e n t i a t e d  t h a n  

t h e  GFAP p o s i t i v e  g l i o m a s .

The c h r o mo g e n i c  s u b s t r a t e  p r e f e r e n c e s  o f  a v a r i e t y  o f  

c o l o n  and b r a i n  d e r i v e d  c e l l  l i n e s  showed an o b v i o u s  d i f f e r e n c e  

be t ween t h e  two c e l l  t y p e s .  The i m p l i c a t i o n  was t h a t  t he  

m o l e c u l a r  f o r ms  o f  PA p r o d u c e d  by b r a i n  and c o l o n  d i f f e r e d ,  

r e s u l t i n g  i n  d i f f e r e n t  p l a s m i n o g e n  c l e a v a g e  p a t t e r n s  and 

hence m o l e c u l a r  f o r ms  o f  p l a s m i n  wh i ch  were a l s o  d i f f e r e n t .  

T u c k e r  £_t ^  had p r e v i o u s l y  r e p o r t e d  t h a t  human b r a i n  t u mo u r  

PA was d i f f e r e n t  f r o m  t h e  PA o f  o t h e r  normal  and n e o p l a s t i c  

c e l l  t y p e s  ( 1 5 2 ) .

Tumour  A n g i o g e n e s i s  F a c t o r  ( T A F )

The n e o v a s c u 1 a r i s a t i o n  r e q u i r e m e n t  f o r  t h e  s u r v i v a l  and 

g r o w t h  o f  a l l  s o l i d  t umo u r s  i m p l i e s  t h a t  t u mo u r  c e l l s  e x p r e s s  

t h e  p o t e n t i a l  t o  i n d u c e  a n g i o g e n e s i s  i . e .  t h e  g r o wt h  o f  new 

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

t o  t u mo u r  p r o d u c e d  s t i m u l u s .  The a n g i o g e n i c  s u b s t a n c e ,  TAF,  

has been p a r t i a l l y  p u r i f i e d  by s e v e r a l  g r o u p s  o f  w o r k e r s  

( 1 6 6 , 1 6 7 ) ,  and has been shown t o  s t i m u l a t e  e n d o t h e l i a l  c e l l  

g r o w t h  vn v i t r o  ( 1 6 3 ,  1 6 7 ) .

The c h i c k  c h o r i o a l l a n t o i c  membrane (CAM) has p r o v i d e d  a 

u s e f u l  b i o l o g i c a l  s ys t e m f o r  d e m o n s t r a t i n g  a n g i o g e n e s i s .  In 

t h e  p r e s e n t  s t u d y  t u mo u r  c e l l  e x t r a c t s  c o n t a i n i n g  a c t i v e  TAF 

r e s u l t e d  i n  v i s u a l l y  o b v i o u s  v a s o p r o l i t e r a t i o n  when p l a c e d  on



t he  CAM. Normal  a d u l t  b r a i n  c e l l  e x t r a c t s  showed no a n g i o 

g e n i c  r e s p o n s e .  T h i s  t e c h n i q u e  p r o v ed  d i f f i c u l t  t o  q u a n t i t a t e  

and an a t t e m p t  t o  g r a de  t u mo u r  c e l l  e x t r a c t  r e s p o n s e s ,  r e l a t i v e  

t o  t h e  p o s i t i v e  r e s p o n s e  o f  a WRC-256 c e l l  e x t r a c t  and t h e  

n e g a t i v e  r e s p o n s e  o f  BSA, r e s u l t e d  i n  l a r g e  s t a n d a r d  d e v i a t i o n s  

bet ween s a mp l e s .  The s u b j e c t i v e  n a t u r e  o f  t h e  g r a d a t i o n  and 

t h e  u n c o n t r o l l e d  v a r i a t i o n  i n  t h e  assay  due t o  e n v i r o n m e n t a l  

f a c t o r s  e . g .  t h e  s i t e  o f  i m p l a n t a t i o n  o f  t h e  TAF f r a c t i o n  on 

t h e  CAM, were p r o b a b l e  e x p l a n a t i o n s  f o r  t he  o b s e r v e d  v a r i a t i o n s  

i n  r e s p o n s e .

D e s p i t e  t h e  d i f f i c u l t i e s  i n  q u a n t i t a t i n g  t h e  a n g i o g e n i c  

r e s p o n s e  on t h e  CAM, TAF p r o d u c t i o n  by t he  a s t r o c y t o m a  d e r i v e d  

c e l l  l i n e s  ap pe a r e d  t o  be a good t umour  m a r k e r .  R e g a r d l e s s  

o f  t h e i r  degr ee  o f  m o r p h o l o g i c a l  o r  b i o c h e m i c a l  d i f f e r e n t i a t i o n  

t h e  g l i o m a  l i n e s  a l l  p r o d u c e d  TAF. There  was no i n v e r s e  

c o r r e l a t i o n  bet ween d i f f e r e n t i a t i o n  and TAF p r o d u c t i o n ,  as 

was t h e  case w i t h  PA. T h i s  m i g h t  r e f l e c t  t h e  a b s o l u t e  r e q u i r e 

ment  o f  a t umo u r  f o r  TAF and s u g g e s t e d  t h a t  pe r haps  a l l  t h e  

c e l l s  o f  a h e t e r o g e n o u s  t u mo u r  c e l l  p o p u l a t i o n  p r odu c e  an 

a n g i o g e n i c  f a c t o r .

E n d o t h e l i a l  C e l l  Growt h

The poor  q u a n t i t a t i o n  o f  t h e  TAF me d i a t e d  r e s p o n s e  on 

t h e  CAM and t he  c o n s e q u e n t  l a r g e  numbers o f  c h i c k  embryos 

r e q u i r e d ,  p r omp t ed  t h e  d e v e l o p m e n t  o f  an assay  wh i c h  m i g h t  be 

more p r e c i s e  and p r a c t i c a l l y  f e a s i b l e  f o r  l a r g e  numbers o f  

s a mp l e s .  The p r i m a r y  a s s u m p t i o n  was t h a t  e n d o t h e l i a l  c e l l s  

a r e  t he  j_n v i t r o  t a r g e t s  f o r  TAF p r o du c e d  by t umour  c e l l s ,  

w h i c h  i n d u c e s  t h e i r  p r o l i f e r a t i o n  r e s u l t i n g  i n  t h e  f o r m a t i o n  

o f  b l o o d  c a p i l l a r i e s .  A t t e m p t s  were t h e r e f o r e  made t o  c u l t u r e



e n d o t h e l i a l  c e l l s ,  and t h e i r  p o s s i b l e  use i n  an j_n v i t r o  assay  

f o r  TAF was i n v e s t i g a t e d .

As d i s c u s s e d  p r e v i o u s l y ,  e n d o t h e l i a l  c e l l s  were c u l t u r e d  

f r o m  an a s t r o c y t o m a  by c o l l a g e n a s e  d i g e s t i o n .  However ,  t h e  

f a c t o r  V l l l  p o s i t i v e  c e l l  l i n e ,  GMS, c o u l d  n o t  be s u c c e s s f u l l y  

p r o p a g a t e d  f o r  more t h a n  a f ew g e n e r a t i o n s .  A t t e m p t s  t o  c u l t u r e  

e n d o t h e l i a l  c e l l s  f r o m  r a t  b r a i n  w h i t e  m a t t e r ,  by t h e  method 

o f  P h i l l i p s  ( 2 5 3 ) ,  y i e l d e d  c l o n e s  o f  f a c t o r  V l l l  p o s i t i v e

c e l l s  s u r r o u n d e d  by l a r g e  c e l l s ,  p r o b a b l y  smooth m u s c l e .  The 

e n d o t h e l i a l  c e l l s  r e ma i n e d  i n  s ma l l  d i s c r e t e  c o l o n i e s  and c o u l d  

n o t  be p r o p a g a t e d .  These o b s e r v a t i o n s  d i f f e r e d  f r o m t h o s e  o f  

P h i l l i p s  ejb who o b t a i n e d  p u r e  e n d o t h e l i a l  c u l t u r e s  f r o m  

r a t  b r a i n .

The most  s u c c e s s f u l  met hod f o r  c u l t u r i n g  e n d o t h e l i a l  c e l l s  

was f o u n d  t o  be c o l l a g e n a s e  d i g e s t i o n  o f  t h e  i n t e r n a l  s u r f a c e  

o f  human u m b i l i c a l  v e i n  (HUV) .  The e n d o t h e l i a l  c o l o n i e s  grew

up a f t e r  a f ew days i n  c u l t u r e  t o  f o r m c o m p l e t e  m o n o l a y e r s .

A f t e r  t h e  f i r s t  f ew s u b c u l t u r e s  t h e  i n t e g r a l  " p a v e me n t "  s t r u c t u r e  

o f  t h e  m o n o l a y e r  was l o s t  and t h e  i n d i v i d u a l  c e l l  mo r p h o l o g y  

a l t e r e d .  These c e l l s ,  w h i c h  were f a c t o r  V l l l  p o s i t i v e  t h r o u g h 

o u t  t h e i r  i n  v i t r o  l i f e s p a n ,  r e q u i r e d  E n d o t h e l i a l  C e l l  Growt h 

Su p p l e me n t  (EGGS, C o l l a b o r a t i v e  Res e a r c h )  t o  p r o l i f e r a t e .

F u r t h e r  i n d i c a t i o n  o f  t h e  e n d o t h e l i a l  n a t u r e  o f  t h e  HUV c u l t u r e s  

came f r o m s c a n n i n g  e l e c t r o n  m i c r o g r a p h s ,  i n  wh i c h  Wei b e ! - P a l a d e  

b o d i e s  and t i g h t  j u n c t i o n s  be t ween  c e l l s  were i d e n t i f i e d .

The m o r p h o l o g i c a l  t r a n s i t i o n  o b s e r v e d  i n  HUV c u l t u r e s ,  

w h i c h  had been m a i n t a i n e d  a t  h i g h  d e n s i t y  f o r  a f ew weeks ,  was 

s i m i l a r  t o  t h e  t r a n s i t i o n  o b s e r v e d  by a n o t h e r  g r o u p  o f  w o r k e r s .

I n  p a r t i c u l a r ,  t h e  c e l l  f u s i o n s  and f o r m a t i o n  o f  a t u b u l a r  

n e t w o r k  s t r u c t u r e  o v e r  t h e  g r o w t h  s u r f a c e  was r e m i n i s c e n t  o f  t he



c a p i l l a r y  t u b e s  f o r me d  s p o n t a n e o u s l y  by b o v i n e  c a p i l l a r y  

e n d o t h e l i a l  c e l l s  j_n v i t r o  ( 1 7 0 ) .  The s t r u c t u r e  f o r m a t i o n  

p r o b a b l y  r e p r e s e n t s  a p r e - p r o g r a mme d  c e l l u l a r  e v e n t  wh i c h  

r e s u l t s  i n  t h e  c e l l  o r i e n t a t i o n s  and i n t e r a c t i o n s  r e q u i r e d  

t o  f o r m  d i f f e r e n t i a t e d  e n d o t h e l i u m .  The s t i m u l u s  f o r  t h i s

i . e .  t h e  t r i g g e r ,  a t  h i g h  c e l l  d e n s i t y ,  r e ma i n e d  u n c e r t a i n .

One p o s s i b i l i t y  was t h e  d e p r i v a t i o n  o f  an e s s e n t i a l  medium 

n u t r i e n t  a f t e r  c o n t i n u e d  m a i n t e n a n c e  a t  h i g h  d e n s i t y .  An 

a n a l o g o u s  s i t u a t i o n  e x i s t s  w i t h  t h e  c e l l u l a r  s l i m e  moul d 

D i c t y o s t e l i u m  d i s c o i d e u m .  I n  t h i s  c a s e ,  f r e e  l i v i n g  amoebae 

grow and d i v i d e  by b i n a r y  f i s s i o n  u n t i l  a h i g h  d e n s i t y  i s  

r e a c he d  and t h e  l o c a l  e n v i r o n m e n t  i s  d e p l e t e d  o f  e s s e n t i a l  

n u t r i e n t s .  T h i s  p r o v i d e s  t h e  s i g n a l  f o r  c e l l  a g g r e g a t i o n ,  t h e  

f i r s t  s t e p  i n  t h e  d i f f e r e n t i a t i o n  p r o c e s s ,  wh i c h  f i n a l l y  

c u l m i n a t e s  i n  t h e  f o r m a t i o n  o f  ma t u r e  f r u i t i n g  b o d i e s .  As 

w i t h  t h i s  e u k a r y o t i c  amoeba,  t h e  i n f o r m a t i o n  f o r  t h e  f o r m a t i o n  

o f  d i f f e r e n t i a t e d  e n d o t h e l i a l  s t r u c t u r e s  i s  e n t i r e l y  c o n t a i n e d  

w i t h i n  t h e  e n d o t h e l i a l  c e l l s ;  t h e  s t i m u l u s  i s  e n v i r o n m e n t a l .

E n d o t h e l i a l  C e l l  M i t o g e n e s i s

When HUV c u l t u r e s  were grown t o  h i g h  d e n s i t y  i n  m i c r o 

t i t r a t i o n  d i s h e s ,  c e l l s  were shed i n t o  t h e  medium and s t r u c t u r e  

f o r m a t i o n  o c c u r r e d  w i t h i n  a f ew d a y s .  When t h e  c e l l s  were 

grown on c o l l a g e n ,  h o we v e r ,  a l o w e r  p l a t e a u  d e n s i t y  was a t t a i n e d  

and t h e  c e l l s  c o u l d  be m a i n t a i n e d  as a c o n f l u e n t  m o n o l a y e r ,  

w i t h o u t  s t r u c t u r e  f o r m a t i o n ,  f o r  a f ew weeks .  HUV g r o w t h  on 

c o l l a g e n  t h e r e f o r e  p r o v i d e d  a more s u i t a b e  s ys t e m f o r  i n v e s t 

i g a t i n g  m i t o g e n e s i s .  Schor  e_t p r e v i o u s l y  r e p o r t e d  t h a t  

m i t o g e n e s i s  o f  e n d o t h e l i a l  c e l l s  i n  c u l t u r e  by a p u r i f i e d  

component  f r o m  WRC-256 c e l l s  r e q u i r e d  g r o w t h  o f  t h e  t a r g e t



c e l l s  on co l  1 agen ( 1 6 6 ) .

A p r e l i m i n a r y  e x p e r i m e n t  d e m o n s t r a t e d  t h a t  a d d i t i o n  o f  

a c r u d e  WRC-256 e x t r a c t  t o  HUV g r o w t h  medium s i g n i f i c a n t l y  

i n c r e a s e d  t h e  p l a t e a u  d e n s i t y  a t t a i n e d  by t h e s e  c e l l s .  The 

t u mo u r  c e l l  e x t r a c t  c l e a r l y  c o n t a i n e d  a f a c t o r  ( o r  f a c t o r s )  

wh i c h  s t i m u l a t e d  e n d o t h e l i a l  c e l l  g r o wt h  a t  h i g h  d e n s i t y .

The q u e s t i o n  o f  w h e t h e r  o r  n o t  t h i s  e f f e c t  was p a r t l y  o r  

w h o l l y  due t o  TAF i n  t h e  c r u d e  e x t r a c t  was c o n s i d e r e d  by 

i n v e s t i g a t i n g  t he  s t i m u l a t i o n  o f  HUV c e l l s  by e x t r a c t s  f r o m 

normal  a d u l t ,  f o e t a l  and m a l i g n a n t  b r a i n  d e r i v e d  c e l l  l i n e s .  

The r e s u l t s  d e m o n s t r a t e d  t h a t  many c e l l  l i n e s  had t h e  a b i l i t y  

t o  s t i m u l a t e  e n d o t h e l i a l  c e l l  g r o w t h ,  and t h a t  t h i s  a b i l i t y  

was n o t  r e s t r i c t e d  t o  t u mo u r  c e l l s .  E x t r a c t s  o f  t h e  normal  

a d u l t  l i n e ,  GDU-T,  and t h e  f o e t a l  l i n e ,  NFU, a l s o  s t i m u l a t e d  

HUV g r o w t h .  Two o t h e r  nor ma l  a d u l t  l i n e s ,  NOR-T and NOR-F,  

t h e  f o e t a l  l i n e  NFT and t h e  g l i o m a  l i n e ,  G-MCN (whose a n g i o 

g e n i c  r e s p o n s e  on t h e  CAM was n o t  k n o wn ) ,  d i d  n o t  s t i m u l a t e  

g r o w t h  a p p r e c i a b l y .

A c o mp a r i s o n  o f  t h e  r e l a t i v e  a c t i v i t i e s  o f  c e l l  e x t r a c t s  

i n  i n d u c i n g  a n g i o g e n e s i s  on t h e  CAM and m i t o g e n e s i s  o f  e n d o 

t h e l i a l  c e l l s  i_n v i t r o , i n d i c a t e d  t h a t  t h e  two assay  sys t ems  

were n o t  m e a s u r i n g  t h e  same e v e n t .  However ,  t h e r e  were 

s i m i l a r i t i e s ;  i n  b o t h  cases  t h e  WRC-256 c e l l  e x t r a c t  had t h e  

h i g h e s t  a c t i v i t y  a n d ,  w i t h  t h e  e x c e p t i o n  o f  GDU-T,  t h e  nor mal  

a d u l t  c e l l  e x t r a c t s  had l ow a c t i v i t i e s .

S t i m u l a t i o n  o f  e n d o t h e l i a l  c e l l  p r o l i f e r a t i o n  by e x t r a c t s  

o f  GDU-T and NFU i m p l i e d  t h a t  TAF was p r o b a b l y  n o t  t h e  o n l y  

m i t o g e n i c  f a c t o r  i n  t h e  c e l l  e x t r a c t s .  I t  seems l i k e l y  t h a t  

i n  a c r u d e  e x t r a c t  many f a c t o r s ,  wh i ch  s t i m u l a t e  HUV non-  

spec i f i  ca 1 1 y , m i g h t  be p r e s e n t .  E n d o t h e l i a l  c e l l  s t i m u l a t i o n



i n v i t r o  c a n n o t  t h e r e f o r e  be c o n s i d e r e d  a measure o f  TAF 

a c t i v i t y  a l o n e ,  b u t  o f  t h e  much l e s s  s p e c i f i c  e v e n t  o f  

e n d o t h e l i a l  c e l l  m i t o g e n e s i s  (ECM) ,  wh i c h  i t s e l f  m i g h t  be a 

u s e f u l  m a l i g n a n c y  a s s o c i a t e d  m a r k e r .  I n c r e a s e d  p r o d u c t i o n  

o f  g r o w t h  f a c t o r s  i s  a p r o b a b l e  f e a t u r e  o f  many t u mou r  c e l l s ,  

i m p l i e d  f r o m t h e i r  r e l a t i v e  i nde p e n d e n c e  o f  serum 1 n v i t r o  

( 4 6 ,  47 ,  4 8 ) .  I n o r d e r  t o  use e n d o t h e l i a l  c e l l  m i t o g e n e s i s  

as a measure o f  TAF a c t i v i t y ,  p u r i f i c a t i o n  o f  t h e  l a t t e r  

component  f r o m t h e  c r u d e  e x t r a c t  wou l d  be r e q u i r e d

Conc l us  i ons

S e v e r a l  c o n c l u s i o n s  can be drawn f r o m t h e  c e l l  c h a r a c t 

e r i s a t i o n s  and d e v e l o p m e n t  o f  t h e  ma r k e r  p r o p e r t i e s  a s s o c i a t e d  

w i t h  d i f f e r e n t i a t i o n  and m a l i g n a n c y :

1 . H i g h l y  d i f f e r e n t i a t e d  a s t r o g l i a l  c e l l s  can be d e r i v e d  

f r o m  m a l i g n a n t  and f o e t a l  b r a i n  t i s s u e  and a r e  a b l e  t o  p r o l i f - .  

e r a t e  i n  c u l t u r e .  I n t h e  m a l i g n a n t  and f o e t a l  s i t u a t i o n  

d i f f e r e n t i a t i o n  and p r o l i f e r a t i o n  may be u n c o u p l e d .

2.  Ma r k e r s  o f  d i f f e r e n t i a t i o n  a r e  n o t  a l wa y s  c o - o r d i n a t e l y  

e x p r e s s e d .

3.  Ma r k e r s  o f  m a l i g n a n c y  a r e  a l s o  n o t  c o - o r d i n a t e l y  e x p r e s s e d

4.  Ther e  i s  an i n v e r s e  c o r r e l a t i o n  bet ween d i f f e r e n t i a t i o n  

and p r o d u c t i o n  o f  p l a s m i n o g e n  a c t i v a t o r .

5.  A l l  g l i o m a  c e l l  l i n e s  p r o d u c e  TAF as d e t e c t e d  by v a s o -  

p r o l i t e r a t i o n  on t h e  c h i c k  CAM.

L



PART I I

E n v i r o n m e n t a l  M a n i p u l a t i o n  o f  P h e n o t y p i c  E x p r e s s i o n

6 . Serum E f f e c t s

The normal  a d u l t ,  f o e t a l  and m a l i g n a n t  c e l l  l i n e s  used 

i n  t h i s  p r o j e c t  were d e p e n d e n t  on serum f o r  g r o w t h  i n  F I 0 

medi um.  Serum u n d o u b t e d l y  a f f e c t s  many a s p e c t s  o f  c e l l u l a r  

p h e n o t y p i c  e x p r e s s i o n .  P a r t i c u l a r  exampl es  i n  t h e  g l i a l  c e l l  

s ys t em were t h e  v a r i a t i o n  w i t h  s e r u m - b a t c h  i n  t h e  d e t e c t i o n  

o f  h i g h  a f f i n i t y  GABA u p t a k e  by r a t  Ce c e l l s ,  and t h e  v a r i a t i o n  

i n  d e t e c t a b l e  l e v e l s  o f  p l a s m i n o g e n  a c t i v a t o r  p r o d u c e d  by t h e  

g l i o m a  l i n e  G-ATA.  The l a t t e r  o b s e r v a t i o n ,  a l t h o u g h  a c o n s e 

quence o f  serum p l a s m i n  i n h i b i t o r s  bound t o  t h e  c e l l  s u r f a c e  

d u r i n g  t h e  PA a s s a y ,  r a t h e r  t h a n  a d i r e c t  e f f e c t  on p h e n o 

t y p i c  e x p r e s s i o n ,  p r o b a b l y  c o n t r i b u t e d  t o  t h e  c h a r a c t e r i s t i c s  

o f  t h e  c u l t u r e d  c e l l s .  S e r i n e  p r o t e a s e s  a r e  i n v o l v e d  i n  t h e  

p o s t  t r a n s c r i p t i o n a l  p r o c e s s i n g  o f  membrane p r o t e i n s  and 

g l y c o p r o t e i n s .  T h e i r  i n h i b i t i o n  by serum component s  i n  t h e  

i mme d i a t e  e n v i r o n m e n t  o f  t he  c e l l s  m i g h t  t h e r e f o r e  change t h e  

c e l l  s u r f a c e  p r o p e r t i e s  e . g .  c e l l  a d h e s i o n  and a n t i g e n i c  

d e t e r m i n a n t s ,  t h u s  a l t e r i n g  t h e i r  b i o c h e m i c a l  and b e h a v i o u r a l  

c h a r a c t e r i  s t i e s .

The c omp l ex  n a t u r e  o f  serum component s  and t h e i r  e f f e c t s  

on c e l l s  i n  c u l t u r e ,  i n d i c a t e s  t he  p o t e n t i a l  b e n e f i t s  o f  

g r o w i n g  c e l l s  i n  s e r u m - f r e e ,  d e f i n e d  medi um.  C o m m e r c i a l l y  

p r e p a r e d ,  p o o l e d ,  f o e t a l  c a l f  serum c o n t a i n s  many u n d e f i n e d  

m a c r o m o l e c u l e s ,  i n c l u d i n g  g r o w t h  f a c t o r s  and a g e n t s  w h i c h  

r e g u l a t e  d i f f e r e n t i a t i o n  e . g .  s t e r o i d  and p e p t i d e  ho r mones .

I t  wou l d  be o f  c o n s i d e r a b l e  v a l u e ,  i n  s t u d y i n g  p r o l i f e r a t i o n  

and d i f f e r e n t i a t i o n ,  t o  grow c e l l s  i n  s e r u m - f r e e  medium and 

m a n i p u l a t e  c e l l  p r o l i f e r a t i o n  by a d d i t i o n  and r emova l  o f  s p e c i f i c



g r o wt h  f a c t o r s .  D e f i n e d  medium wh i c h  s u p p o r t s  t h e  g r o wt h  o f  

r a t  a s t r o b l a s t s  i n  c u l t u r e ,  has been d e s c r i b e d  ( 2 5 6 ) .  As 

d i s c u s s e d  p r e v i o u s l y ,  g r o w t h  medium c o n s t i t u e n t s  can d e t e r m i n e  

t h e  de gr ee  o f  d i f f e r e n t i a t i o n  o f  c e l l s  i n  t h e  a s t r o c y t i c  

l i n e a g e .  Ther e  a r e  many o t h e r  r e p o r t e d  exampl es  o f  a l t e r a t i o n s  

i n  c e l l  p h e n o t y p e  as a d i r e c t  r e s u l t  o f  serum.

In a number  o f  r a t  n e u r o n a l  c e l l  l i n e s ,  t h e  r e v e r s i b l e  

f o r m a t i o n  o f  e x t e n d e d  n e u r i t e s  was o b s e r v e d  i n  medium w i t h  

r e d uc e d  se r um,  s e r u m - f r e e  b e i n g  t h e  most  e f f e c t i v e  ( 2 6 6 ) .

S i m i l a r  o b s e r v a t i o n s  were made w i t h  t h e  Cl 300 mouse n e u r o 

b l a s t o ma  ( 2 6 7 ) .  In t h e  r a t  Ce g l i o m a ,  m a i n t e n a n c e  o f  t h e  

c e l l s  i n  s e r u m - f r e e  medium r e s u l t e d  i n  a 3 - f o l d  i n d u c t i o n  o f  

t h e  o l i g o d e n d r o g l i a l  s p e c i f i c  enzyme CNPase ( 2 6 8 ) .  These 

o b s e r v a t i o n s  r e p r e s e n t  d i f f e r e n t i a t i o n  e v e n t s  as a r e s u l t  o f  

serum w i t h d r a w a l ,  and c o u l d ,  i n  t h e o r y ,  be a c onsequence  o f  

t h e  c e s s a t i o n  o f  g r o w t h  o r  t h e  r emova l  o f  f a c t o r s  wh i c h  b l o c k  

c e l l  d i f f e r e n t i a t i o n .  Serum i n d u c e d  p r o l i f e r a t i o n  and r e d u c e d  

e x p r e s s i o n  o f  d i f f e r e n t i a t i o n  m i g h t  bo t h  be a r e s u l t  o f  g r o w t h  

f a c t o r  a c t i v i t y .  Ev i d e n c e  wh i c h  s u g g e s t s  n e g a t i v e  c o n t r o l  o f  

d i f f e r e n t i a t i o n  i n  r a t  g r a n u l o s a  c e l l s , b y  g r o w t h  r e l a t e d  

p r o c e s s e s ,  has been p u t  f o r w a r d  ( 2 6 9 ) .  These c e l l s ,  m a i n t a i n e d  

i n  s e r u m - f r e e  medium s u p p l e me n t e d  w i t h  i n s u l i n ,  h y d r o c o r t i s o n e ,  

t r a n s f e r r i n  and f i b r o n e c t i n ,  p r o duce d  2 5 - f o l d  more p r o g e s t i n  

and o e s t r o g e n  i n  r e s p o n s e  t o  FSH s t i m u l a t i o n ,  t h a n  c e l l s  i n  

serum s u p p l e me n t e d  medi um.  However ,  a f t e r  4 days i n  c u l t u r e  

t h e  g r a n u l o s a  c e l l s  showed a t r a n s i e n t  l o s s  o f  t h e i r  a b i l i t y  

t o  p r o duc e  s t e r o i d s  i n  r e s p o n s e  t o  FSH, wh i c h  was r e g a i n e d  

a f t e r  35 days i n  c u l t u r e .  The t r a n s i e n t  l o s s  o f  t he  FSH- i nd u c e d  

f u n c t i o n  o c c u r r e d  a t  t h e  same t i me  as g r o wt h  was i n i t i a t e d  i n  

t h e s e  c u l t u r e s  .



The e f f e c t  o f  serum on t h e  p h e n o t y p i c  e x p r e s s i o n  o f  

c e l l s  i n  c u l t u r e  i s  c o n s i d e r a b l e .  I n t h e  p h e n o t y p i c  

m a n i p u l a t i o n  e x p e r i m e n t s ,  c e l l s  were m a i n t a i n e d  i n  a l ow 

( 1  o r  0 %) serum c o n c e n t r a t i o n  f o r  seven days p r i o r  t o  

d e t e r m i n a t i o n  o f  ma r k e r  p r o p e r t i e s ,  and t h e  same serum b a t c h  

used t h r o u g h o u t .

7.  C e l l  D e n s i t y

1. Rat  Cg Gl i oma

The Ce g l i o m a  i s  a me t h y l  n i t r o s o u r e a  i n d u c e d  r a t  g l i a l  

t u mo u r  o f t e n  used i n  n e u r o b i o l o g i c a l  r e s e a r c h .  The p r e c i s e  

i d e n t i t y  o f  t h e  c e l l s  i s  u n c l e a r  and t h e y  a r e  r e p o r t e d  t o  

e x p r e s s  b o t h  o l i g o d e n d r o c y t e - s p e c i f i c  f e a t u r e s  such as 

c o r t i s o l  i n d u c e d  g l y c e r o l  p h o s p h a t e  d e h y d r o g e n a s e  (GPDH) ,  

and a s t r o c y t e - s p e c i f i c  f e a t u r e s  such as GFAP ( 2 7 0 ) .  One 

p o s s i b i l i t y  i s  t h a t  Ce c e l l s  " t r a n s d i f f e r e n t i a t e "  f r o m a 

p r e d o m i n a n t l y  o l i g o d e n d r o c y t i c  t o  an a s t r o c y t i c  c e l l  t y p e .  

A n o t h e r  p o s s i b i l i t y  i s  t h a t  t h e  Ç& l i n e  r e p r e s e n t s  a p r i m i t i v e  

s tem c e l l  i . e .  a s p o n g i o b l a s t ,  wh i c h  has t h e  c a p a c i t y  t o  

e x p r e s s  d i f f e r e n t i a t e d  p r o p e r t i e s  o f  a s t r o c y t e s ,  o l i g o d e n d r o 

c y t e s  o r  b o t h .

The c l o n e  o f  Ce c e l l s  used i n  t h i s  p r o j e c t  e x p r e s s e d  

GFAP. Under  s t a n d a r d  c u l t u r e  c o n d i t i o n s ,  50% o f  t h e  

p o p u l a t i o n  c o n t a i n e d  GFAP and t h i s  was i n c r e a s e d  t o  a l m o s t  

100% by t h e  c o m b i n a t i o n  o f  dbcAMP and d e x a me t h a s o n e .  The 

m y e l i n  a s s o c i a t e d  enzyme CNPase ( 2 7 1 )  was a l s o  p r e s e n t  i n  

s i g n i f i c a n t  amount s  and was f u r t h e r  i n d u c e d  by t h e  above d r ug  

c o m b i n a t i o n  ( 2 7 2 ) .  These o b s e r v a t i o n s  showed t h a t  t h e  Ce c e l l s  

were c a p a b l e  o f  e x p r e s s i n g  a s t r o c y t i c  and o l i g o d e n d r o c y t i c  

end c e l l  c h a r a c t e r i s t i c s  a t  t h e  same t i m e ,  t h u s  i m p l y i n g  t h e



p r o b a b l e  m u l t i  p o t e n t  s tem c e l l  n a t u r e  o f  t h e  Ce r a t  t u m o u r .

The d r a m a t i c  i n c r e a s e  i n  t h e  p r o p o r t i o n  o f  GFAP p o s i t i v e  

c e l l s  i n  C5 c u l t u r e s  a t  t h e  o n s e t  o f  c o n f l u e n c e ,  was c o n s i s t e n t  

w i t h  t he  r e p o r t e d  a c c u m u l a t i o n  o f  o t h e r  d i f f e r e n t i a t e d  p r o d u c t s

i . e .  SI 00 p r o t e i n  ( 273 ) ,  n e r v e  g r o w t h  f a c t o r  ( 274)  and GPDH 

( 2 7 5 ) ,  i n  t h i s  c e l l  t y p e  a t  t h e  e a r l y  s t a t i o n a r y  phase o f  

g r o w t h .  T h i s  p o i n t  i n  c u l t u r e  g r o w t h  i s  c h a r a c t e r i s e d  by a 

r e d u c t i o n  i n  p r o l i f e r a t i v e  a c t i v i t y  and an i n c r e a s e  i n  t he  

amount  o f  membrane c o n t a c t  be t ween c e l l s .  Ce c e l l s ,  i s o l a t e d  

f r o m one a n o t h e r  i n  s u s p e n s i o n ,  were f ou n d  n o t  t o  a c c u m u l a t e  

SI 00 p r o t e i n  when p r o l i f e r a t i o n  was s t o p p e d  w i t h  m e t a b o l i c  

i n h i b i t o r s  ( 2 7 3 ) .  T h i s  i m p l i e s  t h e  i m p o r t a n t  r o l e  o f  c e l l - c e l l  

c o n t a c t s  i n  t h e  e x p r e s s i o n  o f  d i f f e r e n t i a t e d  p r o p e r t i e s  i n  

C6 c e l l s .  The e x a c t  n a t u r e  o f  t h e  membrane c o n t a c t s  i n v o l v e d  

i n  t h e  c o n t r o l  o f  p h e n o t y p i c  e x p r e s s i o n  i s  n o t  known.  Ce c e l l s  

have been shown t o  f o r m gap j u n c t i o n s  i n  c u l t u r e  ( 11 6 )  and i t  

m i g h t  be t he  i n c r e a s e  i n  t h e  number  o f  c o m m u n i c a t i o n  c h a n n e l s  

be t ween c e l l s  a t  c o n f l u e n c e ,  a l l o w i n g  m e t a b o l i c  s h a r i n g ,  t h a t  

i s  r e s p o n s i b l e  f o r  t he  i n c r e a s e  i n  d i f f e r e n t i a t e d  p r o p e r t i e s .  

A l t e r n a t i v e l y  t he  e f f e c t  m i g h t  be a r e s u l t  o f  c e l l  i n t e r a c t i o n s  

a t  s p e c i f i c  membrane r e c o g n i t i o n  s i t e s ,  c a u s i n g  f l u c t u a t i o n s  

i n  m e t a b o l i c  s i g n a l s  wh i c h  i n  t u r n  a l t e r  e x p r e s s i o n  o f  t h e  

d i f f e r e n t i a t e d  p h e n o t y p e

2.  Hi gh A f f i n i t y  GABA Upt ake  and P l asmi n o ge n  A c t i v a t o r

In a l l  t h e  c e l l  l i n e s  i n v e s t i g a t e d  t h e r e  was an i n c r e a s e  

i n  h i g h  a f f i n i t y  GABA u p t a k e  w i t h  i n c r e a s i n g  c e l l  d e n s i t y .

As w i t h  GFAP i n  Ce c e l l s ,  t h i s  r e p r e s e n t e d  an i n c r e a s e  i n  t h e  

e x p r e s s i o n  o f  a d i f f e r e n t i a t e d  g l i a l  p r o p e r t y ,  mos t  n o t i c e a b l e  

as t h e  c u l t u r e s  r e a c h e d  c o n f l u e n c e ,  a t  a r ound  1 0  ̂ c e l l s c m " ^ .



The i n d u c t i o n  o f  c y t o s t a s i s  by w i t h d r a w i n g  serum p r i o r  t o  

c o n f l u e n c e ,  and t h u s  p r i o r  t o  t h e  l a r g e  i n c r e a s e  i n  t h e  number  

o f  c e l l - c e l l  c o n t a c t s  w h i c h  ac c o mpa n i es  c o n f l u e n c e ,  caused  no 

i n c r e a s e  i n  h i g h  a f f i n i t y  GABA u p t a k e .  Once a g a i n ,  t h e  

i m p o r t a n t  r o l e  o f  i n c r e a s e d  c e l l - c e l l  c o n t a c t  f o r m a t i o n  i n  

i n d u c i n g  d i f f e r e n t i a t i o n  i n  g l i a l  c e l l s  was i m p l i e d .  I n  t h e  

case o f  b o t h  GFAP i n  Ce c e l l s  and h i g h  a f f i n i t y  GABA u p t a k e ,  

c y t o s t a s i s  m i g h t  have been n e c e s s a r y  b u t  was n o t  s u f f i c i e n t  f o r  

i n d u c t i o n .

The c e l l u l a r  p r o d u c t i o n  o f  p l a s m i n o g e n  a c t i v a t o r ,  a 

m a l i g n a n c y  a s s o c i a t e d  m a r k e r ,  d e c r e a s e d  w i t h  i n c r e a s i n g  c e l l  

d e n s i t y .  A s t e a d y  s t a t e  l e v e l  o f  p r o d u c t i o n  was r e a c h e d  a t  

t h e  o n s e t  o f  d e n s i t y  d e p e n d e n t  i n h i b i t i o n  o f  g r o w t h .  E x p e r i m e n t s  

t o  d e t e r m i n e  w h e t h e r  o r  n o t  t h e  d r a m a t i c  d e c r e a s e  i n  p l a s m i n o g e n  

a c t i v a t o r  was a r e s u l t  o f  r e d u c e d  p r o l i f e r a t i o n  o r  i n c r e a s e d  

c e l l - c e l l  c o n t a c t  f o r m a t i o n  i m p l i e d  t h a t  b o t h  were i m p o r t a n t .  

A l t h o u g h  i n c r e a s e d  c o n t a c t  f o r m a t i o n  p l a y e d  a p a r t  i n  r e d u c i n g  

c e l l u l a r  p l a s m i n o g e n  a c t i v a t o r  p r o d u c t i o n ,  t h e  d e c r e a s e  i n  t h e  

r a t e  o f  c e l l  g r o w t h  was a l s o  i m p o r t a n t .

I n  t h e  g l i a l  c e l l  s y s t e m ,  e x p r e s s i o n  o f  d i f f e r e n t i a t e d  

p r o p e r t i e s  i n c r e a s e d  w i t h  c e l l  d e n s i t y ,  t h e  o p p o s i t e  e f f e c t  

t o  t h a t  o b s e r v e d  f o r  p l a s m i n o g e n  a c t i v a t o r  p r o d u c t i o n .  The 

r o l e s  o f  r e d u c e d  p r o l i f e r a t i v e  a c t i v i t y  and i n c r e a s e d  c e l l  

c o n t a c t s  i n  e l i c i t i n g  t h e s e  e f f e c t s  have been d i s c u s s e d .  I t  

seems r e a s o n a b l e  t o  p o s t u l a t e  t h a t  r a p i d  c e l l  p r o l i f e r a t i o n  

and l ow l e v e l s  o f  " r e q u i r e d "  c e l l - c e l l  membrane c o n t a c t s ,  

b o t h  o f  w h i c h  m i g h t  be p r e v a l e n t  i n  t u m o u r s ,  may f a v o u r  

r e p r e s s i o n  o f  t h e  d i f f e r e n t i a t e d  p h e n o t y p e  and enhanced



e x p r e s s i o n  o f  t h e  m a l i g n a n c y  a s s o c i a t e d  p h e n o t y p e .

3.  Th r ee  D i m e n s i o n a l  P e r f u s i o n  C u l t u r e

The V i t a f i b e r  c u l t u r e  u n i t s  p r o v i d e d  a u s e f u l  s ys t em 

f o r  i n v e s t i g a t i n g  c e l l s  grown i n  t h r e e  d i m e n s i o n a l ,  h i g h  

d e n s i t y  c l u s t e r s .  Two d i m e n s i o n a l ,  mo n o l a y e r  c u l t u r e  has 

o b v i o u s  d i s a d v a n t a g e s  as a model  s y s t e m.  Normal  c u l t u r e  

p r o c e d u r e ,  i n  w h i c h  a l a r g e  vo l ume o f  medium i s  i n t r o d u c e d  

w i t h  an i n i t i a l l y  s ma l l  c e l l  i n o c u l u m ,  r e s u l t s  i n  e x p o n e n t i a l  

p r o l i f e r a t i o n  w i t h  t h e  r enewa l  o f  medium a t  a p p r o p r i a t e  

i n t e r v a l s .  E v e n t u a l l y ,  t h e  c e l l s  r each  p l a t e a u  a t  wh i c h  a 

c o n f l u e n t  m o n o l a y e r  i s  f o r m e d .  T h i s  s e r i e s  o f  e v e n t s  does n o t  

p a r a l l e l  any common b i o l o g i c a l  p r o c e s s  and t h e  p e r i o d i c  

c h a n g i n g  o f  medi um,  a r e g i me  wh i c h  has been d e s c r i b e d  as 

" f e a s t i n g  and f a s t i n g "  o f  c e l l s ,  l a c k s  t h e  h o m e o s t a s i s  f o u n d  

i n  a v a s c u l a r i s e d  t i s s u e  where n u t r i e n t s  and oxygen a r e  

c o n t i n u a l l y  s u p p l i e d  and was t e  p r o d u c t s  r emoved.

In m o n o l a y e r  c u l t u r e ,  c e l l s  o n l y  i n t e r a c t  i n  two 

d i m e n s i o n s ,  wher eas  i n  t i s s u e s  i_n v i  vo t h e  c e l l u l a r  i n t e r 

a c t i o n s  a r e  t h r e e  d i m e n s i o n a l .  Hi gh d e n s i t y  p e r f u s i o n  c u l t u r e  

a l l o w s  t h r e e  d i m e n s i o n a l  i n t e r a c t i o n s  and m i g h t  t h e r e f o r e  

p r o v i d e  a b e t t e r  model  s y s t e m,  more a c c u r a t e l y  s i m u l a t i n g  

t h e  j_n v i v o  e n v i r o n m e n t  o f  c e l l s  and more c l o s e l y  r e f l e c t i n g  

t h e i r  t r u e  p h y s i o l o g i c a l  b e h a v i o u r .

A f t e r  i n o c u l a t i o n  and c e l l  a t t a c h m e n t ,  t h e  normal  a d u l t  

c e l l  l i n e ,  NOR-F,  and t he  g l i o m a  l i n e ,  G-RAT grew on and 

bet ween t he  h o l l o w ,  p o l y c a r b o n a t e  f i b r e s  t o  a h i g h  d e n s i t y .

The t h r e e  d i m e n s i o n a l  c l u s t e r s  were o b s e r v e d  i n  two mai n a r e as  

o f  t h e  c a p i l l a r y  b u n d l e s ,  o p p o s i t e  t h e  t o p  p o r t s .  The l a c k  

o f  u n i f o r m i t y  i n  c e l l  a t t a c h m e n t  o v e r  t h e  e n t i r e  s u r f a c e



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

p r e s s u r e  p u l l i n g  t h e  c e l l s  t o  t h e  p a r t i c u l a r  r e g i o n s  where 

t h e y  s e t t l e d  and g r ew.  A t t e m p t s  t o  o b t a i n  u n i f o r m l y  s p r e ad  

c u l t u r e s  by me c h a n i c a l  m a n i p u l a t i o n  o f  t h e  chambers  d u r i n g  

t h e  p e r i o d  o f  c e l l  a t t a c h m e n t  were u n s u c c e s s f u l .

D e s p i t e  i t s  l i m i t a t i o n s ,  t h e  V i t a f i b e r  s y s t e m p r o v i d e d  

a means o f  g r o w i n g  c e l l s  i n  h i g h  d e n s i t y  c l u s t e r s  w i t h  t h r e e  

d i m e n s i o n a l  c e l l - c e l l  c o n t a c t s .  The c o n t i n u a l  p e r f u s i o n  o f  

a l a r g e  vo l ume o f  medium p r o v i d e d  a n e a r l y  c o n s t a n t  m i c r o 

e n v i r o n m e n t  f o r  c e l l  g r o w t h .  The two c e l l  l i n e s  NOR-F and G-RAT 

e x h i b i t e d  an i n c r e a s e  i n  h i g h  a f f i n i t y  GABA u p t a k e  a f t e r  

r e c o v e r y  f r o m  g r o w t h  on t h e  f i b r e  b u n d l e s  beyond t h a t  seen i n  

h i g h  d e n s i t y  p o s t  c o n f l u e n t  m o n o l a y e r s .  T h i s  i n c r e a s e  was 

p e r ha ps  a r e s u l t  o f  t h e  t h r e e  d i m e n s i o n a l  i n t e r a c t i o n s  n o t  

f o r me d  i n  h i g h  d e n s i t y  m o n o l a y e r  c u l t u r e s .  The r o l e  o f  c e l l - c e l l  

c o n t a c t s  i n  r e g u l a t i n g  t h e  e x p r e s s i o n  o f  h i g h  a f f i n i t y  GABA 

u p t a k e  was p r e v i o u s l y  d i s c u s s e d .  No d e t e c t a b l e  d i f f e r e n c e  i n  

c e l l u l a r  p l a s m i n o g e n  a c t i v a t o r  p r o d u c t i o n  was o b s e r v e d ,  h o we v e r ,  

i m p l y i n g  t h a t  t h e  i n c r e a s e  i n  membrane c o n t a c t s  bet ween c e l l s ,  

as a r e s u l t  o f  t h r e e  d i m e n s i o n a l  g r o w t h ,  d i d  n o t  e f f e c t  t h i s  

p r o d u c t .  P l a s mi n o g e n  a c t i v a t o r  t h u s  a p pea r s  t o  be c o n t r o l l e d  

l a r g e l y  by t h e  p r o l i f e r a t i v e  s t a t e  o f  c e l l s .

8 . Homol ogous and H e t e r o l o g o u s  I n t e r a c t i o n s

In t h e  b r a i n  g l i a l  c e l l s  c o e x i s t  w i t h  o t h e r  c e l l  t y p e s  

i n c l u d i n g  n e u r o n es  and b o t h  e n d o t h e l i a l  and smooth musc l e  

c e l l s  f r o m t h e  b l o o d  v e s s e l s .  A n o t h e r  a s p e c t  o f  r e c r e a t i n g  

a more p h y s i o l o g i c a l  e n v i r o n m e n t  f o r  g l i a l  c e l l s  i n  c u l t u r e  

was t o  i n t r o d u c e  n e u r o n e s ,  w h i c h  a r e  d e p e n d e n t  on g l i a l  c e l l s

I



f o r  many a s p e c t s  o f  t h e i r  J_n v i v o  m e t a b o l i s m .  Ln v i t r o , a d u l t  

r a t  b r a i n  a s t r o c y t e s  have been f o u n d  t o  p r omo t e  t he  s u r v i v a l  

o f  b o t h  NGF" dependen t  and N G F - i n s e n s i t i v e  n e u r o n e s ,  t h e  f o r m e r  

m e d i a t e d  by a s t r o c y t e  d e r i v e d  NGF and t he  l a t t e r  by a n o t h e r  

a s t r o c y t i c  d i f f u s i b l e  p r o d u c t  ( 2 7 6 ) .  I n c l o n a l  n e u r o b l a s t o m a  

c e l l s ,  p r o c e s s  f o r m a t i o n  was i n d u c e d  by a m a c r o m o l e c u l a r  

component  o f  r a t  Ce g l i o m a  c o n d i t i o n e d  medium ( 2 7 7 ) .  These 

o b s e r v a t i o n s  s u g g e s t  t h a t  d i f f u s i b l e  f a c t o r s  f r o m g l i a l  c e l l s  

s u p p o r t  and d i f f e r e n t i a t e  neu r on e s  i n  c u l t u r e .  However ,  A l l  i n  

r e p o r t e d  t h a t  Ce c e l l s  and t h e  mouse n e u r o b l a s t o m a  c e l l s  NBUl 

( d e r i v e d  f r o m t h e  Cl 300 t u mo u r )  were a b l e  t o  p r omo t e  r e c i p r o c a l  

m o r p h o l o g i c a l  d i f f e r e n t i a t i o n , w h i c h  was n o t  s o l e l y  due t o  a 

d i f f u s i b l e  f a c t o r  ( 2 5 0 ) .  When t h e  two c e l l  t y p e s  were 

m a i n t a i n e d  i n  c o - c u l t u r e ,  t h e  d i f f e r e n t i a t i o n  was s t a b l e .

The e f f e c t  o f  c o - c u l t u r e  w i t h  n e u r o b l a s t o m a  (TRK14 and 

IMR- 32)  on t h e  p h e n o t y p i c  e x p r e s s i o n  o f  a nor mal  a d u l t  l i n e ,  

NOR-F,  and a g l i o ma  l i n e ,  G-UVW, was i n v e s t i g a t e d .  The r e s u l t s  

showed t h a t  NOR-F i n d u c e d  m o r p h o l o g i c a l  d i f f e r e n t i a t i o n  o f  

t h e  n e u r o b l a s t o m a  c e l l s  as o b s e r v e d  by t h e  e x t e n s i o n  o f  l o n g ,  

t h i n ,  d e n d r i t i c  p r o c e s s e s .  The m o r p h o l o g i c a l  d i f f e r e n t i a t i o n  

was n o t  r e c i p r o c a l .  However ,  c o - c u l t u r e  w i t h  n e u r o b l a s t o m a  

c e l l s  i n c r e a s e d  h i g h  a f f i n i t y  GABA u p t a k e  by NOR-F.  These 

e f f e c t s  were u n l i k e l y  t o  have been t h e  r e s u l t  o f  d i f f u s i b l e  

p r o d u c t s ,  as d e m o n s t r a t e d  by t h e  l a c k  o f  e f f e c t  when t h e  two 

c e l l  t y p e s  were c u l t u r e d  on s e p a r a t e  c o v e r s l i p s ,  w h i l e  s h a r i n g  

t h e  same medi um.  H e t e r o l o g o u s  c e l l  c o n t a c t s  were r e q u i r e d .  

G-UVW was n o t  a f f e c t e d  by c o - c u l t u r e  w i t h  n e u r o b l a s t o m a  and 

had no e f f e c t  on c e l l  m o r p h o l o g y .  T h i s  m i g h t  be due t o  a 

membrane a l t e r a t i o n  i n  t h e  g l i o m a ,  such as d e l e t i o n  o f  a



membrane c o mp one n t ,  as a r e s u l t  o f  wh i c h  t h e  a p p r o p r i a t e  

c o n t a c t s  w i t h  t h e  n e u r o b l a s t o m a  may n o t  have been f o r m e d .  

P l a s mi n o ge n  a c t i v a t o r  p r o d u c t i o n  by NOR-F and G-UVW was 

u n a f f e c t e d  by n e u r o b l a s t o m a .

The o b s e r v a t i o n s  d i s c u s s e d  above i n d i c a t e  t h e  i m p o r t a n c e  

o f  c e l l u l a r  i n t e r a c t i o n  i n  r e g u l a t i n g  p h e n o t y p i c  e x p r e s s i o n .  

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

p r o d u c e  s i g n a l s  c a p a b l e  o f  t r i g g e r i n g  programmed cascades  

o f  s e q u e n t i a l  s y n t h e t i c  p r o c e s s e s ,  r e s u l t i n g  i n  membrane 

changes  and a l t e r e d  c e l l  f u n c t i o n .  D i f f e r e n t i a t i o n  and 

d e v e l o p m e n t  o f  c e l l s  i n  v i v o  i s  a s s o c i a t e d  w i t h  t h e  g e n e r a t i o n  

o f ,  and r e s p o n s e  t o ,  s p e c i f i c  f a c t o r s  among n e i g h b o u r i n g  c e l l s .  

In C6 g l i a l  c e l l s  i n  c u l t u r e ,  GFAP was i n d u c e d  by i n c r e a s e d  

c e l l - c e l l  c o n t a c t  f o r m a t i o n  a t  h i g h  d e n s i t y ;  h i g h  a f f i n i t y  

GABA u p t a k e  was i n d u c e d  i n  s e v e r a l  c e l l  l i n e s  by i n c r e a s e d  

membrane c o n t a c t s  a t  hig'h d e n s i t y  i n  mo n o l a y e r  c u l t u r e ,  by 

t h r e e  d i m e n s i o n a l  p e r f u s i o n  c u l t u r e  and,  i n  t h e  case o f  NOR-F,  

h e t e r o t y p i c  i n t e r a c t i o n s  w i t h  n e u r o b l a s t o m a  i n  c o - c u l t u r e .

These f i n d i n g s  s u g g e s t  t h e  i m p o r t a n c e  o f  c e l l - c e l l  c o n t a c t s  

i n  t h e  d i f f e r e n t i a t i o n  o f  c e l l s  o f  g l i a l  o r i g i n .  The i n f o r m a t i o n  

f o r  e x p r e s s i o n  o f  t h e  d i f f e r e n t i a t e d  p h e n o t y p e  i s  c o n t a i n e d  

w i t h i n  t h e  c e l l s  b u t  i s  r e g u l a t e d  by t he  e n v i r o n m e n t .

9.  Chemi ca l  Agen t s

The e f f e c t s  o f  c y t o s t a t i c  a g e n t s ,  i n d u c e r s  o f  d i f f e r 

e n t i a t i o n ,  t umo u r  p r o m o t e r  and a c a r c i n o g e n  on t h e  b a l a n c e  

be t ween t h e  d i f f e r e n t i a t e d  and m a l i g n a n c y  a s s o c i a t e d  p h e n o t y p e s ,  

were i n v e s t i g a t e d  f o r  a number  o f  c e l l  l i n e s .  The compounds 

used and r e a s o n s  f o r  i n t e r e s t  i n  t h e i r  a c t i o n  were d i s c u s s e d  

i n  1 . 6 . 2 .  Changes i n  t h e  q u a n t i t a t i v e  l e v e l s  o f  GFAP, h i g h



I o c

a f f i n i t y  GABA u p t a k e ,  g l u t a m i n e  s y n t h e t a s e ,  p l a s m i n o g e n  

a c t i v a t o r  and e n d o t h e l i a l  c e l l  m i t o g e n e s i s ,  were exami ned 

a f t e r  p r o l o n g e d  t r e a t m e n t  o f  t h e  c e l l s  w i t h  t h e  c h e m i c a l  a g e n t .

D i f f e r e n t i a t e d  P r o p e r t i e s  

GFAP

The l e v e l s  o f  GFAP d e t e c t e d  by I ^   ̂  ̂ b i n d i n g  f o r  a v a r i e t y  

o f  c e l l  l i n e s  was c o n s i s t e n t  w i t h  t he  v i s u a l  o b s e r v a t i o n s  by 

i mmu n o p e r o x i d a s e  and i m m u n o f l u o r e s c e n c e .  The r e s u l t s  c o n f i r m e d  

t h e  h i g h  GFAP c o n t e n t  o f  G-CCM and t h e  f o e t a l  l i n e s ,  and t h e  

l ow l e v e l  o r  c o m p l e t e  absence o f  GFAP i n  t h e  r e m a i n d e r  o f  t h e  

g l i o m a  and normal  a d u l t  l i n e s .  Ther e  was no o b v i o u s  m a n i p u l a t i o n  

o f  c e l l u l a r  GFAP by any o f  t h e  a g e n t s ,  i m p l y i n g  t h a t  i n  t i s s u e  

c u l t u r e ,  t h e  e x p r e s s i o n  o f  GFAP r ema i ns  c o n s t a n t  i n  human b r a i n  

c e l l s .  GFAP i s  a s t r u c t u r a l  p r o t e i n  t h o u g h t  t o  be i m p o r t a n t  

i n  t he  r o l e  o f  f i b r i l l a r y  a s t r o c y t e s  i n  p r o v i d i n g  s u p p o r t  f o r  

c e n t r a l  n e r v o u s  a x o n s .  The s t r u c t u r a l  n a t u r e  o f  t h e  p r o t e i n  

m i g h t  e x p l a i n  i t s  a p p a r e n t  l a c k  o f  a d a p t a t i o n  t o  e n v i r o n m e n t a l  

c o n d i t i o n s .

Ev i d e n c e  o f  m a n i p u l a t i o n  o f  GFAP by c h e m i c a l  a g e n t s  came 

f r o m  p r e v i o u s  work  w i t h  t h e  r a t  Cg g l i o ma  ( 1 1 6 ) .  In t h i s  case 

c o m b i n a t i o n s  o f  dexame t hasone  and d i b u t y r i 1c y c l i c A M P  , de x a -  

me t hasone  and i s o p r o t e r e n o l  and d i b u t y r i l c y c l i c A M P  a l o n e ,  

s t i m u l a t e d  t h e  r e v e r s i b l e  i n d u c t i o n  o f  GFAP i n  Ce c u l t u r e s .

Cyc1o h e x i m i  de and a c t i n o m y c i n  D i n h i b i t e d  t h e  d r ug  m e d i a t e d  

i n d u c t i o n ,  i n d i c a t i n g  t h a t  ^  novo RNA and p r o t e i n  s y n t h e s i s  

a r e  r e q u i r e m e n t s  o f  t h e  s t i m u l a t i o n .  The p r o b a b l e  s tem c e l l  

n a t u r e  o f  t h e  Ce t u mo u r  has been d i s c u s s e d  and m i g h t  e x p l a i n  

t h e  a p p a r e n t  ease w i t h  wh i c h  i t  can be i n d u c e d  f o r  d i f f e r e n t i a t e d  

a s t r o g l i a l  f e a t u r e s .



One o f  t h e  a g e n t s  used i n  t h e  m a n i p u l a t i o n  e x p e r i m e n t s ,  

p i g  b r a i n  e x t r a c t  (PBE) c o n t a i n e d  p i g  GFAP. As a r e s u l t ,  i t s  

e f f e c t  on t he  e x p r e s s i o n  o f  GFAP i n  human c e l l  l i n e s  r e ma i n s  

u n d e t e r m i n e d .  I n f u t u r e  s t u d i e s  on g l i a l  c e l l  d i f f e r e n t i a t i o n ,  

i t  i s  i n t e n d e d  t o  p u r i f y  f r o m  PBE t h e  component  r e s p o n s i b l e  

f o r  t h e  o b s e r v e d  m o r p h o l o g i c a l  and b i o c h e m i c a l  d i f f e r e n t i a t i o n  

o f  t he  normal  human a d u l t  c u l t u r e s .  T h i s  p u r i f i e d  component  

w i l l  t hen  be used t o  exami ne i t s  e f f e c t  on GFAP e x p r e s s i o n .

Hi gh A f f i n i t y  GABA Upt ake

Hi gh a f f i n i t y  GABA u p t a k e  was s t i m u l a t e d  i n  a number  o f

c e l l  l i n e s  by some o f  t h e  c h e m i c a l  a g e n t s  used .  I n p a r t i c u l a r

i s o p r o t e r e n o l  a l o n e  ( I P ) , dexamet hasone  a l o n e  ( DX) , d e x a me t h - 

asone p l u s  i s o p r o t e r e n o l ,  r e t i n o i c  a c i d  ( R e t . A c . ) , m i t o m y c i n  C 

( M i t . C ) , m e t h y l  n i t r o s o u r e a  (MNU) and p i g  b r a i n  e x t r a c t  ( PBE) ,  

a l l  i n c r e a s e d  t h e  u p t a k e  o f  GABA by t he  h i g h  a f f i n i t y  t r a n s p o r t  

s ys t em i n  t h e  nor mal  a d u l t  c e l l s .  The g r e a t e s t  s t i m u l a t i o n  

was o b s e r v e d  a f t e r  t r e a t m e n t  w i t h  PBE. A l t h o u g h  t h e  r e s u l t s  

f o r  a r ange  o f  g l i o m a  l i n e s  were more v a r i a b l e ,  t h e  ob s e r v e d  

t r e n d s  were s i m i l a r  t o  t h e  e f f e c t s  o f  t he  d r u g s  on normal  

a d u l t  c u l t u r e s .  I n  g e n e r a l  I P ,  DX, DX p l u s  I P ,  R e t . A c . ,  

i n t e r f e r o n  ( I F N ) ,  M i t . C . , M N U  and PBE s t i m u l a t e d  h i g h  a f f i n i t y  

u p t a k e ,  w i t h  PBE a g a i n  t h e  most  p o t e n t  i n d u c e r . T h e  PBE 

s t i m u l a t i o n  i n  G-RAT c e l l s  was a b o l i s h e d  by a c t i n o m y c i n  D 

i n d i c a t i n g  t h e  r e q u i r e m e n t  f o r  ^  novo RNA, and p r e s u ma b l y  

p r o t e i n  s y n t h e s i s  f o r  t h e  i n d u c t i o n .

The two f o e t a l  l i n e s  i n v e s t i g a t e d ,  NET and NFR, had

r e l a t i v e l y  h i g h  c o n s t i t u t i v e  l e v e l s  and d i d  n o t  e x h i b i t  

enhanced h i g h  a f f i n i t y  GABA u p t a k e  as a r e s u l t  o f  t r e a t m e n t  

w i t h  t h e  above a g e n t s .  Wi t h  t h e  e x c e p t i o n  o f  r e d u c e d  h i g h



a f f i n i t y  u p t a k e  by t h e  p h o r b o l  e s t e r  TPA,  and a l s o  by MNU 

i n  t h e  case o f  NFT,  t h e  f o e t a l  c e l l  l i n e s  were i n s e n s i t i v e  

t o  m a n i p u l a t i o n  o f  h i g h  a f f i n i t y  GABA u p t a k e  by c h e m i c a l  a g e n t s .  

PBE had no e f f e c t  on t h e  f o e t a l  c e l l s ,  c o n s i s t e n t  w i t h  t he  

v i ew  t h a t  G l i a  M a t u r a t i o n  F a c t o r  i s  o n l y  a c t i v e  i n  ma i n t e n a n c e  

o f  t h e  d i f f e r e n t i a t e d  g l i a l  p h en o t y p e  i n  a d u l t  b r a i n .

The s t i m u l a t i o n  o f  h i g h  a f f i n i t y  GABA u p t a k e  i n  a d u l t  

c e l l s ,  by I P ,  DX, I FN,  R e t . A c .  and PBE i s  c o n s i s t e n t  w i t h  t h e  

h y p o t h e s i s  t h a t  t h e s e  a g e n t s  can p r omot e  i n c r e a s e d  e x p r e s s i o n  

o f  d i f f e r e n t i a t e d  c e l l u l a r  p r o p e r t i e s .  The s t i m u l a t i o n  by 

M i t . C .  and MNU, b o t h  DNA a l k y l a t i n g  a g e n t s ,  was an. i n t e r e s t i n g  

o b s e r v a t i o n ,  t h e  s i g n f i c a n c e  o f  wh i c h  i s  d i s c u s s e d  l a t e r .

Gl u t a m i n e  S y n t h e t a s e  ( GS)

GS a c t i v i t i e s ,  d e t e r m i n e d  i n  t h e  absence o f  any r e p r e s s i o n  

by g l u t a m i n e ,  were i n c r e a s e d  by DX i n  a l l  t h e  c e l l  l i n e s  

i n v e s t i g a t e d .  A l t h o u g h  t h e r e  was v a r i a t i o n  be t ween c e l l  l i n e s ,  

t h e  s t i m u l a t i o n  was g r e a t e s t  f o r  c e l l s  d e r i v e d  f r o m m a l i g n a n t  

t i s s u e  i . e .  2 t o  10 f o l d .  I n  t h e  cases o f  t h e  f o e t a l  and nor mal  

a d u l t  c u l t u r e s ,  t h e  s t i m u l a t i o n  was c o n s i d e r a b l y  l e s s  i . e .

1 t o  4 f o l d  and 1 . 05  t o  1 . 2  f o l d  r e s p e c t i v e l y .  The DX s t i m u l a t i o n  

o f  GS i n  G-UVW and NOR-F c e l l s  was a b o l i s h e d  by a c t i n o m y c i n  D, 

i m p l y i n g  t h a t  t he  i n c r e a s e  i n  a c t i v i t y  was t h e  r e s u l t  o f  

de novo RNA s y n t h e s i s  i . e .  an a l t e r a t i o n  i n  gene t r a n s 

c r i p t i o n  r a t h e r  t h a n  m e t a b o l i c  f l u c t u a t i o n s  as a r e s u l t  o f  

s t e r o i d  a c t i o n .

I n  t he  nor mal  a d u l t  and m a l i g n a n t  c e l l  l i n e s  i n v e s t i g a t e d ,  

PBE caused a s ma l l  s t i m u l a t i o n  o f  GS a c t i v i t y  i . e .  1 . 2  t o  1 . 8  

f o l d .  The r e m a i n i n g  c h e m i c a l  a g e n t s  showed no common p a t t e r n  

o f  e f f e c t  on GS. I n  some c e l l  l i n e s  e . g .  G-MCN and G-UVW



t h e r e  were sma l l  s t i m u l a t i o n s  as a r e s u l t  o f  t r e a t m e n t  w i t h  

I FN,  M i t . C  and MNU. However ,  t h e s e  s t i m u l a t i o n s  were n o t  

c o n s i s t e n t l y  o b s e r v e d  f o r  a r ange  o f  c e l l  l i n e s .

The i n c r e a s e  i n  GS a c t i v i t y  i n  r e s p o n s e  t o  DX has been 

r e p o r t e d  f o r  a number  o f  o t h e r  c e l l  s y s t e m s ,  i n c l u d i n g  t he  

r a t  C6 g l i o m a  ( 139)  and CHO f i b r o b l a s t s  ( 1 4 0 ) .  The i n d u c t i o n  

by g l u c o c o r t i c o i d s  i s  t h u s  a p r o p e r t y  n o t  c o n f i n e d  s o l e l y  t o  

g l i a l  c e l l s  i n  t h e  body .  However ,  t he  DX s t i m u l a t i o n  m i g h t  

s t i l l  r e p r e s e n t  i n d u c t i o n  o f  d i f f e r e n t i a t i o n  i n  c e l l s  whose 

n o r m a l ,  ma t u r e  p h en o t y p e  i n c l u d e s  e x p r e s s i o n  o f  h i g h  l e v e l s  

o f  GS, G l i a l  c e l l s  come i n t o  t h i s  c a t e g o r y .

P r o p e r t i e s  A s s o c i a t e d  w i t h  M a l i g n a n t  B e h a v i o u r  

P l a s mi n o g e n  A c t i v a t o r

The d r u g  r e s p o n s e s  o f  nor mal  a d u l t  and m a l i g n a n t  c e l l  

l i n e s  were s i m i l a r ,  w i t h  r e s p e c t  t o  PA p r o d u c t i o n .  DX r e d uc e d  

PA c o n s i d e r a b l y  i n  t h e  normal  c u l t u r e s  and a l m o s t  c o m p l e t e l y  

a b o l i s h e d  i t  i n  t h e  g l i o m a s .  T h i s  s t e r o i d  m e d i a t e d  r e d u c t i o n  

i n  PA i s  c o n s i s t e n t  w i t h  o b s e r v a t i o n s  on t h e  e f f e c t  o f  DX 

on PA p r o d uc e d  by human e m b r y o n i c  l u n g  (HuEL)  c e l l s  ( 1 9 3 ) .  

A c t i n o m y c i n  D, c o r d y c e p i n  and a a ma n a t i n  i n h i b i t e d  t h e  s t e r o i d  

me d i a t e d  r e d u c t i o n  o f  PA i n  HuEL c e l l s ,  i n d i c a t i n g  t h a t  t he  

s y n t h e s i s  o f  mRNA is a r e q u i r e m e n t  o f  t he  i n h i b i t i o n .  The 

DX i n h i b i t i o n  o f  PA i s  t h e r e f o r e  a p o s i t i v e  e v e n t  r e q u i r i n g  

de novo t r a n s c r i p t i o n  and t r a n s l a t i o n  ( 1 9 3 ) .  PBE a l s o  r e d uc e d  

PA i n  b o t h  normal  a d u l t  and m a l i g n a n t  c e l l  l i n e s ,  as d i d  IFN 

a l t h o u g h  t o  a l e s s e r  e x t e n t .  These a g e n t s ,  DX, PBE and IFN 

i n d u c e d  h i g h  a f f i n i t y  GABA u p t a k e  i n  t h e  g l i o m a s  and s t i m u l a t e d  

GS a c t i v i t y .

Of  t h e  o t h e r  a g e n t s  u s e d ,  I P ,  Ret .Ac. ,  Mi t . C ,  TPA

L



and MNU s t i m u l a t e d  PA p r o d u c t i o n .  Wi t h  t h e  e x c e p t i o n  o f  TPA,  

t h e s e  a g en t s  a l s o  i n d u c e d  h i g h  a f f i n i t y  GABA u p t a k e  i n  t he  

g l i o m a  l i n e s .  The e f f e c t s  o f  IP and DX on c e l l u l a r  PA were 

o p p o s i t e  and t h e  c o m b i n a t i o n  o f  t h e  two a g e n t s  i n  t h e  g l i o m a  

l i n e s ,  i n h i b i t e d  PA a l m o s t  as much as DX a l o n e .  TPA and MNU 

b o t h  s t i m u l a t e d  g l i o m a  PA p r o d u c t i o n  a l t h o u g h  t h e  e f f e c t s  

were n o t  a d d i t i v e .

The r e s u l t s  o f  t h e  d r ug  s t u d i e s  i n d i c a t e d  two t y p e s  o f  

e f f e c t .  Agen t s  such as DX, PBE a n d ,  t o  a l e s s e r  e x t e n t  IFN,  

s t i m u l a t e d  t h e  d i f f e r e n t i a t e d  g l i a l  p r o p e r t i e s  o f  h i g h  a f f i n i t y  

GABA u p t a k e  and g l u t a m i n e  s y n t h e t a s e ,  and s w i t c h e d  o f f  o r  

r e d uc e d  PA, a m a l i g n a n c y  a s s o c i a t e d  p r o p e r t y .  Agen t s  such 

as I P ,  R e t . A c . ,  M i t . C  and MNU, h o we v e r ,  s t i m u l a t e d  h i g h  

a f f i n i t y  GABA u p t a k e  and i n  some cases g l u t a m i n e  s y n t h e t a s e ,  

and a l s o  s t i m u l a t e d  PA p r o d u c t i o n .

The f o e t a l  c e l l  l i n e s ,  NFT and NFU, had s l i g h t l y  g r e a t e r  

PA a c t i v i t i e s  t ha n  t h e  nor ma l  a d u l t  l i n e s  wh i c h  were r e duc ed  

by DX a l o n e  and i n  c o m b i n a t i o n  w i t h  I P.  M i t . C  and MNU 

caused s l i g h t  i n c r e a s e s  i n  PA p r o d u c t i o n .  The o t h e r  d r ugs  

i n v e s t i g a t e d  had no e f f e c t  on t h e  f o e t a l  l i n e s ,  i m p l y i n g  t h a t ,  

as w i t h  h i g h  a f f i n i t y  GABA u p t a k e ,  t he  f o e t a l  c e l l s  were 

r e l a t i v e l y  i n s e n s i t i v e  t o  m a n i p u l a t i o n  o f  PA by c h e mi c a l  a g en t s  

The l a c k  o f  e f f e c t  o f  PBE once a g a i n  s u p p o r t e d  t h e  v i e w  t h a t  

GMF i s  o n l y  a c t i v e  i n  a d u l t  b r a i n .

E n d o t h e l i a l  C e l l  M i t o g e n e s i s  (ECM)

The s t i m u l a t i o n  o f  e n d o t h e l i a l  c e l l  m i t o g e n e s i s  by c e l l  

e x t r a c t s  was t h e  l e a s t  s p e c i f i c  ma r k e r  p r o p e r t y  a s s o c i a t e d  

w i t h  m a l i g n a n t  a s t r o c y t e s , a s  d i s c u s s e d  p r e v i o u s l y .  D e s p i t e  i t s  

l i m i t a t i o n s  as an i n  v i t r o  c r i t e r i o n  o f  m a l i g n a n t  b e h a v i o u r ,



t h e  d r ug  m e d i a t e d  f l u c t u a t i o n s  i n  e n d o t h e l i a l  c e l l  s t i m u l a t i o n  

by e x t r a c t s  o f  two a s t r o c y t o m a  d e r i v e d  c e l l  l i n e s ,  were 

i n v e s t i g a t e d .  DX and PBE r e d uc e d  e n d o t h e l i a l  c e l l  m i t o g e n e s i s  

a c t i v i t y  i n  G-CCM and G-RAT c e l l s ,  a l t h o u g h  t h e  f l u c t u a t i o n s  

were s ma l l  i n  c o m p a r i s o n  t o  t h e  e f f e c t s  o f  t h e s e  a g e n t s  on 

t h e  PA a c t i v i t y  o f  g l i o m a  c e l l s .  F l u c t u a t i o n s  i n  s p e c i f i c a l l y  

e n d o t h e l i a l  c e l l  m i t o g e n e s i s  were pe r haps  masked by t h e  more 

g e n e r a l  c e l l u l a r  g r o w t h  f a c t o r s  n o t  a f f e c t e d  by t h e  d r u g s .

M i t . C ,  TPA and MNU caused  i n c r e a s e s  i n  m i t o g e n e s i s  a c t i v i t y ,  

s i m i l a r  t o  t h e  e f f e c t s  seen on PA a c t i v i t y  o f  g l i o m a s .

Drug A c t i o n s  : C o n c l u s i o n s

Model s  can be drawn w h i c h  d e s c r i b e ,  i n  g e n e r a l  t e r m s ,  

t h e  e f f e c t s  o f  t h e  d r u g s  i n v e s t i g a t e d  on ma r k e r  p r o p e r t i e s  

a s s o c i a t e d  w i t h  g l i a l  d i f f e r e n t i a t i o n  and m a l i g n a n t  b e h a v i o u r .

High Densi ty model  r e p r e s e n t s  t h e
FI 0 h y p o t h e t i c a l  b a l a n c e  or  

e q u i l i b r i u m  bet ween t h e  

d i f f e r e n t i a t e d  and 

m a l i g n a n c y  a s s o c i a t e d  

p h e n o t y p e s  i n  a s t r o c y t o m a

d e r i v e d  c e l l  l i n e s .  The a b s o l u t e  l e v e l s  o f  e x p r e s s i o n  o f  t h e  

i n d i v i d u a l  ma r k e r s  v a r i e d  be t ween  c e l l  l i n e s  and ar e  n o t  

r e l a t e d  t o  t h e  i n c r e a s e s  o r  d e c r e a s e s  i n d i c a t e d  on t h e  m o d e l s .  

However ,  t h e  a s s u m p t i o n  i s  made t h a t  t h e r e  i s  a s t e a d y  s t a t e  

i n v i t r o , wh i c h  r e p r e s e n t s  an e q u i l i b r i u m  bet ween d i f f e r e n t i a t e d  

and m a l i g n a n c y - a s s o c i a t e d  p r o p e r t i e s  u n d e r  s t a n d a r d  c u l t u r e  

c o n d i t i o n s  .

D i f f e r e n t i a t i o n  -------------  Mal ignancy

(GABA,GS) A  (PA,ECM)



I v>0

DX_________ ^  m i

GABA GABA
GS GS

PA
PA

DX and PBE s t i m u l a t e d  t h e  two d i f f e r e n t i a t e d  p r o p e r t i e s  

and r e d u c e d  t h e  p r o p e r t i e s  a s s o c i a t e d  w i t h  m a l i g n a n t  b e h a v i o u r .

DX has a g r o w t h  i n h i b i t o r y  e f f e c t  on g l i o m a  c e l l s  i n  c u l t u r e  

( 1 8 5 )  and i s  used i n  t h e  t r e a t m e n t  o f  p a t i e n t s  w i t h  b r a i n  

t u mo u r s  t o  r e l i e v e  i n t r a c r a n i a l  p r e s s u r e  ( 1 8 4 ) .  E v i d e n c e  

f r o m  t h i s  i n v e s t i g a t i o n  i m p l i e s  t h a t  DX m i g h t  a l s o  have a 

c o n s i d e r a b l e  e f f e c t  on t h e  p h e n o t y p i c  e x p r e s s i o n  o f  t u mo u r  

c e l l s ,  wh i c h  i s  a d v a n t a g e o u s  t o  t he  h o s t  i . e .  s t i m u l a t i o n  o f  

n o r m a l ,  d i f f e r e n t i a t e d  g l i a l  f u n c t i o n  and r e d u c t i o n  i n  t h e  

e x p r e s s i o n  o f  m a l i g n a n c y - a s s o c i a t e d  p r o p e r t i e s .  The e f f e c t  

o f  PBE on t h e  g l i o m a  c e l l  p h e n o t y p e  was s i m i l a r  t o  t h a t  o f  

DX. I t  wou l d  be o f  c o n s i d e r a b l e  i n t e r e s t  t o  p u r i f y  t h e  

componen t  i n  PBE r e s p o n s i b l e  f o r  t h e  p h e n o t y p i c  m o d i f i c a t i o n  

and i n v e s t i g a t e  i t s  p o t e n t i a l  use i n  r e d u c i n g  t h e  m a l i g n a n t  

b e h a v i o u r  o f  g l i a l  t u mo u r s  J_n v i v o . The s t u d i e s  on t h e  

t i m i n g  o f  t h e  DX and PBE m o d u l a t i o n  o f  p h e n o t y p i c  e x p r e s s i o n  

i m p l i e d  t h a t  t h e  two a g e n t s  e x e r t e d  t h e i r  e f f e c t s  i n  d i f f e r e n t  

ways .  From b i o c h e m i c a l  c o n s i d e r a t i o n s  o f  t h e  mechani sms o f  

a c t i o n  o f  s t e r o i d  hormones and p e p t i d e  f a c t o r s  on c e l l  b e h a v i o u r ,  

p o s s i b l e  mechan i sms f o r  t h e  two a g e n t s  can be p o s t u l a t e d .

I t  seems l i k e l y  t h a t  DX wo u l d  a c t  by c r o s s i n g  t h e  c e l l  membrane,  

c o m b i n i n g  w i t h  a c y t o p l a s m i c  r e c e p t o r ,  t r a n s l o c a t i n g  as a 

comp l ex  t o  t h e  n u c l e u s  and d i r e c t l y  o r  i n d i r e c t l y  a f f e c t i n g  

gene t r a n s c r i p t i o n .  The p e p t i d e  m a t u r a t i o n  f a c t o r  r e p o r t e d  t o  

be p r e s e n t  i n  PBE, p r o b a b l y  a c t s  v i a  membrane r e c e p t o r s  

r e s u l t i n g  i n  t h e  m o d u l a t i o n  o f  b i o c h e m i c a l  s i g n a l s  o r  second 

messenger s  w i t h i n  t h e  c e l l ,  r e s p o n s i b l e  f o r  r e g u l a t i n g  many



a s p e c t s  o f  c e l l  b e h a v i o u r .  In t h e  case o f  G l i a  M a t u r a t i o n  

F a c t o r  t h e  n a t u r e  o f  t h e  p r o p o s e d  second messenger  i s  unknown;  

i t  i s  b e l i e v e d  n o t  t o  i n v o l v e  c y c l i c  AMP ( 2 0 2 ) ,

The c o m b i n a t i o n  o f  DX and PBE gave r i s e  t o  enhanced 

r e s p o n s e s  o v e r  t h o s e  caused by e i t h e r  a g e n t  a l o n e .  A l t h o u g h  

t h e i r  i j i  v i t r o  e f f e c t s  were n o t  a d d i t i v e  t h e r e  was a deg r ee  

o f  s y n e r g i s m  wh i ch  m i g h t  be a d v a n t a g e o u s  i_n v i v o .

IFN,  l i k e  DX and PBE, s t i m u l a t e d  h i g h  a f f i n i t y  GABA 

u p t a k e  and i n  some cases  g l u t a m i n e  s y n t h e t a s e ,  w h i l e  d e c r e a s i n g  

PA p r o d u c t i o n .  The e f f e c t  o f  IFN was l e s s  i n  ma g n i t u d e  t han  

t h a t  o f  DX and PBE. However ,  i t s  p o t e n t i a l  as a c y t o s t a t i c  

a g e n t  wh i c h  a d v a n t a g e o u s l y  a l t e r s  t h e  p h e n o t y p i c  e x p r e s s i o n  

o f  g l i a l  t u mo u r  c e l l s  i s  r e c o g n i s e d .

C l e a r l y ,  t h e  t h r e e  a g e n t s ,  DX, PBE and I FN,  wh i c h  i n d u c e d  

d i f f e r e n t i a t e d  and r e d u c e d  m a l i g n a n c y - a s s o c i a t e d  p r o p e r t i e s ,  

wou l d  be p o t e n t i a l l y  t h e  mos t  u s e f u l  o f  a l l  t h e  c h e m i c a l  a g e n t s

t e s t e d  i n  t h e  t r e a t m e n t  o f  g l i o m a s  i_n v i v o . The a c t i v e  component

o f  PBE, presumed t o  be t h e  G l i a  M a t u r a t i o n  F a c t o r  d e s c r i b e d  

by Lim e ^  ^  ( 202 ) ,  and IFN a r e  bo t h  n a t u r a l  p r o d u c t s .  DX, 

a s y n t h e t i c  c o r t i c o s t e r o i d ,  p r o b a b l y  a c t s  i n  t he  same way as 

p h y s i o l o g i c a l  g l u c o c o r t i c o i d s ,  wh i c h  i t  m i m i c s .  One i m p l i c a t i o n  

i s  t h a t  t h e  most  b e n e f i c i a l  a g e n t s  i n  t h e  t r e a t m e n t  o f  m a l i g n a n t  

d i s e a s e  m i g h t  be n a t u r a l  p h y s i o l o g i c a l  p r o d u c t s  such as p u t a t i v e  

t i s s u e  r e g u l a t o r y  p e p t i d e s  o r  r e c o g n i s e d  ho r mones .  Such a g e n t s  

s h o u l d  i d e a l l y  be a b l e  t o  g a i n  access  t o  t h e  t u m o u r ,  be g r o w t h  

i n h i b i t o r y  t o  t h e  m a l i g n a n t  c e l l s  and r e d uc e  t h e i r  c a p a c i t y  

f o r  m a l i g n a n t  b e h a v i o u r .  I n  f u t u r e  e x p e r i m e n t s ,  i t  i s  hoped 

t o  s t u d y  t h e  e f f e c t s  o f  t h e s e  a g e n t s ,  a l o n e  and i n  c o m b i n a t i o n ,

on m a l i g n a n t  g l i o m a s  i n  v i v o .



I P ,  R e t . A c .
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The e f f e c t s  o f  t h e s e  a g e n t s  were l e s s  g e n e r a l  i n  t e r ms  

o f  d i f f e r e n t i a t i o n  and m a l i g n a n c y - a s s o c i a t e d  p r o p e r t i e s .  Hi gh 

a f f i n i t y  GABA u p t a k e  and PA wer e  s t i m u l a t e d ,  whe r eas  g l u t a m i n e  

s y n t h e t a s e  and e n d o t h e l i a l  c e l l  m i t o g e n e s i s  wer e  u n a f f e c t e d .

M i t . C .  MNU

GABA PA,ECM
(GS J V

M i t . C  and MNU have common p r o p e r t i e s  i n  t h a t  t h e y  b o t h  

a l k y l a t e  DNA and a r e  known t o  be c a r c i n o g e n i c .  M i t . C .  i s  used 

i n  t h e  t r e a t m e n t  o f  m a l i g n a n t  d i s e a s e .  N i t r o s o u r e a s  a r e  

used i n  t h e  c l i n i c a l  t r e a t m e n t  o f  b r a i n  t u m o u r s .  I n  m a l i g n a n t  

g l i a l  c e l l s  i n  c u l t u r e  t h e s e  a g e n t s  had p r o f o u n d  e f f e c t s  on 

p h e n o t y p i c  e x p r e s s i o n .  They n o t  o n l y  s t i m u l a t e d  t h e  p r o p e r t i e s  

a s s o c i a t e d  w i t h  nor ma l  d i f f e r e n t i a t e d  f u n c t i o n  b u t  a l s o  

i n c r e a s e d  t h e  p r o p e r t i e s  a s s o c i a t e d  w i t h  m a l i g n a n t  b e h a v i o u r .  

A l t h o u g h  M i t .  C and MNU a r e  a d v a n t a g e o u s  as c y t o t o x i c  a g e n t s  

and a r e  a p p a r e n t l y  a b l e  t o  s t i m u l a t e  d i f f e r e n t i a t i o n  i n  

m a l i g n a n t  g l i a l  c e l l s ,  t h e y  a l s o  s t i m u l a t e  m a l i g n a n c y -  

a s s o c i a t e d  f u n c t i o n s  i n  t h e s e  c e l l s .  T h i s  m i g h t  a s s i s t  t h e  

u l t i m a t e  s u r v i v a l  and advance  o f  t h e  t u m o u r .

TPA

PA, ECM

GS, GABA

The t u mo u r  p r o m o t i n g  p h o r b o l  e s t e r  TPA s t i m u l a t e d  t h e



m a l i g n a n c y - a s s o c i a t e d  p r o p e r t i e s  o f  p l a s m i n o g e n  a c t i v a t o r  

and e n d o t h e l i a l  c e l l  m i t o g e n e s i s .  However ,  t h e r e  was no e f f e c t  

on t h e  d i f f e r e n t i a t e d  p r o p e r t i e s  i n v e s t i g a t e d .  T h i s  o b s e r v a t i o n  

d i f f e r s  f r o m p r e v i o u s  f i n d i n g s  on t h e  i n h i b i t i o n  o f  d i f f e r 

e n t i a t i o n  by a p h o r b o l  e s t e r  i n  mouse p r e a d i p o s e  c e l l s  ( 2 4 2 ) ,

Cl 300 n e u r o b l a s t o m a  c e l l s  ( 243)  and c u l t u r e s  o f  newborn mouse 

e p i d e r m a l  c e l l s  ( 2 4 4 ) .  I n m a l i g n a n t  g l i a l  c e l l s  i n  c u l t u r e  

t h e  p h o r b o l  e s t e r  ap pea r ed  t o  a f f e c t  o n l y  m a l i g n a n c y - a s s o c i a t e d  

p r o p e r t i e s .



10.  C o n c l u d i n g  R e ma r k s .

The r e s u l t s  o b t a i n e d  i n  t h i s  i n v e s t i g a t i o n  p r o v i d e d  

i n t e r e s t i n g  f i n d i n g s  a b o u t  a s p e c t s  o f  p h e n o t y p i c  e x p r e s s i o n ,  

and i t s  c o n t r o l  i n  a s t r o g l i a l  c e l l s .  S p e c u l a t i v e  h y p o t h e s e s

can be p u t  f o r w a r d  f o r  t h e  mechani sm o f  c o n t r o l  o f  gene 

e x p r e s s i o n  f o r  t h e  p r o p e r t i e s  exami ned

One p o s s i b i l i t y  i s  t h a t  t h e  t h r e e  d i f f e r e n t i a t e d  

p r o p e r t i e s  and t h e  two m a l i g n a n c y - a s s o c i a t e d  p r o p e r t i e s  f o r m 

p a r t  o f  " b a t t e r i e s "  o f  g e n e s ,  comi ng un de r  t h e  c o n t r o l  o f  

s i n g l e  r e g u l a t o r s ,  (as f o u n d  i n  t h e  l a c  o pe r on  sys t em i n  

b a c t e r i a )  i . e .

0  GABA GS GFAP

PA TAF

■ +

r egul a t or  s t r uc t u r a l  
gene genes

A n o t h e r  p o s s i b i l i t y  i s  t h a t  t h e  genes ar e  d i s t r i b u t e d  t h r o u g h  

o u t  t he  genome,  each w i t h  i t s  own r e g u l a t o r  gene ,  i . e .

0  GABA 0  GS 0  GFAP

PA 0  TAF

------------ f- H--------1------------------

On t he  b a s i s  o f  t h e  r e s u l t s  f r o m t h e  c h a r a c t e r i s a t i o n  

s t u d i e s ,  i t  ap p e a r s  t h a t  t h e  d i f f e r e n t i a t e d  and t h e  m a l i g n a n c y  

a s s o c i a t e d  p r o p e r t i e s  were n o t  a l wa y s  c o - o r d i n a t e l y  e x p r e s s e d .  

C e l l s  wh i c h  had t h e  c a p a c i t y  f o r  h i g h  a f f i n i t y  GABA u p t a k e ,  

f o r  e x a mp l e ,  d i d  n o t  n e c e s s a r i l y  e x p r e s s  GFAP; s i m i l a r l y  

T A F - p r o d u c i n g  m a l i g n a n t  c e l l s  d i d  n o t  n e c e s s a r i l y  p r o d u c e  h i g h



l e v e l s  o f  PA. T h i s  i m p l i e d  t h a t  t he  b a t t e r y  o f  genes 

h y p o t h e s i s  was l e s s  l i k e l y ,  a l t h o u g h  b a t t e r y  gene t r a n s c r i p t i o n ,  

f o l l o w e d  by p o s t - t r a n s c r i p t i o n a l  p r o c e s s i n g  a l l o w i n g  some 

p r o d u c t s  t o  a p pe a r  i n  t h e  f i n a l  c e l l  p h e n o t y p e ,  c a n n o t  be 

e x c l u d e d .  R e g u l a t i o n  o f  t h e s e  p r o d u c t s  i n  r e s p o n s e  t o  

c h a n g i n g  e n v i r o n m e n t a l  c o n d i t i o n s ,  was c o - o r d i n a t e .  Agen t s  

such as dexamet hasone  and p i g  b r a i n  e x t r a c t ,  s t i m u l a t e d  

e x p r e s s i o n  o f  t h e  d i f f e r e n t i a t e d  f u n c t i o n s  and r e d uc e d  

e x p r e s s i o n  o f  b o t h  t h e  m a l i g n a n c y - a s s o c i a t e d  p r o p e r t i e s .  These 

a g e n t s  have t h e  c a p a c i t y  t o  s p e c i f i c a l l y  s w i t c h  on t he  

e x p r e s s i o n  o f  some ge n e s ,  and s w i t c h  o f f  o r  r e d u c e  t h e  

e x p r e s s i o n  o f  o t h e r s .  I t  i s  d i f f i c u l t  t o  e n v i s a g e  how t h i s  

c o u l d  o c c u r  f o r  i n d e p e n d e n t  g e n e s ,  w i t h  t h e i r  own i n d i v i d u a l  

r e g u l a t o r s  d i s t r i b u t e d  t h r o u g h o u t  t h e  genome.  Howeve r ,  i t  i s  

known t h a t  nor mal  d e v e l o p m e n t  i n v o l v e s  a l a r g e  number  o f  

s p e c i f i c  changes  i n  gene e x p r e s s i o n  o c c u r r i n g  i n  s e q u e n c e ,  

and i n v o l v i n g  genes d i s t r i b u t e d  t h r o u g h o u t  t h e  genome. The 

m o l e c u l a r  mechani sms r e s p o n s i b l e  f o r  t h i s  comp l ex  s e r i e s  o f  

e v e n t s ,  a r e  a l s o  n o t  u n d e r s t o o d .  A c l u e  t o  t h e  mechani sm o f  

s p e c i f i c i t y  o f  p a r t i c u l a r  d r u gs  i n  s t i m u l a t i n g  e x p r e s s i o n  o f  

d i f f e r e n t i a t i o n  and r e d u c i n g  e x p r e s s i o n  o f  m a l i g n a n c y - a s s o c i a t e d  

f u n c t i o n s ,  m i g h t  come f r o m  a b e t t e r  u n d e r s t a n d i n g  o f  t h e  c o n t r o l  

o f  gene e x p r e s s i o n  i n  nor mal  d e v e l o p m e n t a l  p r o c e s s e s .

Ther e  a r e  many known examp l es  o f  a c t i v a t i o n  o f  d e v e l o p 

men t a l  genes o c c u r r i n g  i n  n e o p l a s t i c a 1 1  y t r a n s f o r m e d  c e l l s .

Loss o f  d i f f e r e n t i a t e d  p r o p e r t i e s  o f  t umo u r  c e l l s  i s  a l s o  a 

r e c o g n i s e d  f e a t u r e ,  a l o n g  w i t h  t h e  a c q u i s i t i o n  o f  t h e  p r o p e r t i e s  

o f  m a l i g n a n t  b e h a v i o u r .  I n  t h e  a s t r o g l i a l  c e l l  s y s t e m,  t h e  

m a l i g n a n t  c e l l  l i n e s  r e p r e s e n t e d  a g r a d a t i o n  i n  s t a t e s  o f  

b i o c h e m i c a l  d i f f e r e n t i a t i o n .  The l e s s  w e l l  d i f f e r e n t i a t e d  c e l l



l i n e s  c o u l d  have a r i s e n  as t h e  r e s u l t  o f  e i t h e r  s e l e c t i o n  

o f  i mma t u r e  c e l l s  f r o m  t h e  o r i g i n a l  t u m o u r ,  o r  a d e - d i f f e r -  

e n t i a t i o n  p r o c e s s  i n  c u l t u r e .  Tumour  f o r m a t i o n  i t s e l f  may 

be a c h a r a c a t u r e  o f  t i s s u e  r e n e w a l ,  w i t h  t h e  n e o p l a s t i c  

e v e n t  p e r haps  o c c u r r i n g  d u r i n g  t h e  p r o l i f e r a t i o n  o f  n o n 

t e r m i n a l  1 y d i f f e r e n t i a t e d  c e l l s  e . g .  d u r i n g  a p r o c e s s  such 

as g l i o s i s  i n  t h e  b r a i n .  D e - d i f f e r e n t i a t i o n  i m p l i e s  t h e  

s w i t c h i n g  o f f  o f  genes once e x p r e s s e d  i n  a d i f f e r e n t i a t e d  

c e l l .  I f  t h i s  i s  t h e  c a s e ,  t hen  i t  wou l d  a p p e a r ,  f r o m t h e  

c h a r a c t e r i s a t i o n  s t u d i e s ,  t h a t  t h e  genes c o d i n g  f o r  

d i f f e r e n t i a t e d  p r o d u c t s  were s w i t c h e d  o f f  i n  t h e  r e v e r s e  o r d e r  

f r o m  t h e  way t h e y  were s w i t c h e d  on i n  t he  p o s t u l a t e d  a s t r o g l i a l  

d i f f e r e n t i a t i o n  p a t h w a y .  Howeve r ,  a l t h o u g h  many o f  t h e  

a s t r o c y t o m a  d e r i v e d  c e l l  l i n e s  r e s e mb l e  i mmat u r e  g l i a l  c e l l s  

w i t h  r e s p e c t  t o  t h e  e x p r e s s i o n  o f  d i f f e r e n t i a t i o n ,  an o b v i o u s  

d i f f e r e n c e  l i e s  i n  t h e i r  e x p r e s s i o n  o f  o t h e r  p r o p e r t i e s .  The 

t u mo u r  p r o d u c t s ,  TAF i n  p a r t i c u l a r ,  were p r o d u c e d  by m a l i g n a n t  

c e l l  l i n e s ,  b u t  n e v e r  by nor ma l  b r a i n  d e r i v e d  c e l l  l i n e s ,  

t h o u g h t  t o  be p r e c u r s o r  g l i a l  c e l l s .

The d i f f e r e n c e s  be t ween  t u mo u r  c e l l s  and t h e i r  nor mal  

c o u n t e r p a r t s  l i e  i n  c e l l u l a r  p r o d u c t s  a s s o c i a t e d  d i r e c t l y  

o r  i n d i r e c t l y ,  w i t h  t h e  c a p a c i t y  f o r  m a l i g n a n t  b e h a v i o u r .

A b u l k  b i o c h e m i c a l  a p p r o a c h  t o  l o o k  a t  t o t a l  c e l l  p r o d u c t s  

o f  m a l i g n a n t  and e q u i v a l e n t  normal  c e l l s , w o u l d  be o f  

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

o f  t h e  p r o d u c t ( s )  o f  t h e  p o s t u l a t e d  ' o n e '  g e n e ( s ) .  One 

p o s s i b i l i t y  i s  t h a t  t h e  ' o n e '  gene p r o d u c t  m i g h t ,  i t s e l f  

be a r e g u l a t o r y  f a c t o r ,  f u n c t i o n i n g  i n  t h e  n u c l e u s  a t  t h e  

DNA l e v e l  and i n v o l v e d  i n  t h e  d i r e c t  c o n t r o l  o f  gene e x p r e s s i o n .  

As a r e s u l t  o f  i t s  a c t i v i t y ,  genes commonl y f o u n d  t o  be ' a l t e r e d '



i n  c a n c e r  such as t h e s e  i n v o l v e d  i n  g r o w t h  c o n t r o l ,  DNA 

r e a r r a n g e m e n t , e a r l y  e m b r y o n i c  d e v e l o p me n t  and e x p r e s s i o n  

o f  d i f f e r e n t i a t i o n ,  m i g h t  be a f f e c t e d .

Ev i d e n c e  f o r  t h e  mechani sms i n v o l v e d  i n  n e o p l a s t i c  

t r a n s f o r m a t i o n  r e ma i n s  s k e t c h y  w h i l e  t h e  e x i s t e n c e  o f  t h e  

h y p o t h e s i s e d  ' o n e '  gene i s  a l s o  u n c e r t a i n .  Howeve r ,  a l t h o u g h  

a good u n d e r s t a n d i n g  o f  t h e  b a s i c  m o l e c u l a r  b i o l o g y  o f  

n e o p l a s i a  i s  s t i l l  m i s s i n g ,  many advances  have been made i n  

c a n c e r  t h e r a p y  u s i n g  c y t o t o x i c  d r u g s .  A n o t h e r  p r o m i s i n g  l i n e  

o f  a t t a c k  on n e o p l a s t i c  c e l l s  m i g h t  come f r o m t r y i n g  t o  

r e v e r s e  t h e  f a u l t y  c y t o p l a s m i c  and n u c l e a r  c o n t r o l s  i n  t u mou r  

c e l l s ,  a l l o w i n g  them t o  r e g a i n  a d i f f e r e n t i a t e d  s t a t e  and 

r e d u c e  t h e i r  p o t e n t i a l  f o r  m a l i g n a n t  b e h a v i o u r .  I t  wou l d  be 

o f  i n t e r e s t  t o  s c r e e n  d r u g s  used i n  c h e m o t h e r a p e u t i c  r e g i me s  

t o  d e t e r m i n e  t h e i r  e f f e c t  on t u mo u r  c e l l  p h e n o t y p e .  T h i s  

wo u l d  a l l o w  s e l e c t i o n  o f  d r u g s  wh i c h  n o t  o n l y  i n h i b i t e d  t u mo u r  

g r o w t h ,  b u t  a l s o  s t i m u l a t e d  r e - e x p r e s s i o n  o f  nor ma l  d i f f e r 

e n t i a t e d  f u n c t i o n  and r e d u c e d  m a l i g n a n c y .  Such d r u gs  m i g h t  

r e s u l t  i n  a more b e n e f i c i a l  r e s p o n s e  f o r  t h e  h o s t  a f t e r  

c h e m o t h e r a p y ,  t ha n  d r u g s  w h i c h  m a n i u p l a t e  t h e  p h e n o t y p e  i n  

o t h e r  ways .  Exampl es o f  t h e  l a t t e r  a r e  p r o v i d e d  by m i t o m y c i n  C 

and me t h y l  n i t r o s o u r e a ,  w h i c h ,  as w e l l  as b e i n g  c y t o t o x i c  i n  

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

p r o p e r t i e s  i j ^  v i t r o . I f  t h e  same i s  t r u e  j_n v i v o , i t  m i g h t  

be t h a t  t r e a t e d  c e l l s  a r e  more m a l i g n a n t  i n  t h e i r  b e h a v i o u r  

once t h e  g r o w t h  i n h i b i t o r y  b l o c k  i s  o v e r c ome ;  e n s u i n g  

i n v a s i o n  a n d / o r  m e t a s t a s i s  m i g h t  t h e r e f o r e  be more r a p i d .



F u t u r e

I t  now s e e ms  i m p o r t a n t  t o  d e t e r m i n e  w h e t h e r  t h e  e f f e c t s  

o f  d r u g s  on t u m o u r  c e l l  p h e n o t y p e  o b s e r v e d  ijn v i t r o  a r e  

s i g n i f i c a n t  i_n v i v o . I t  i s  h o p e d  t o  i n v e s t i g a t e  t h i s  u s i n g  

human t u m o u r s  g r o wn  i n  i mmune  d e p r i v e d  m i c e .  I t  i s  a l s o  

h o p e d  t o  e x t e n d  t h e s e  s t u d i e s  t o  a mo r e  common e p i t h e l i a l  

t u m o u r  c e l l  s y s t e m ,  p r o b a b l y  l u n g ,  i n  p a r a l l e l  w i t h  o t h e r  

p r o j e c t s  l o o k i n g  a t  t h e  p r o d u c t i o n  o f  m a l i g n a n c y - a s s o c i a t e d  

f a c t o r s  i n  v i v o  a n d  i n  v i t r o .

1



SOLUTIONS APPENDIX

1 . H o l d i n g  Me di um

Hams FI 0 me d i u m 

N o n - e s s e n t i a l  a m i n o  a c i d s  

He p e s  b u f f e r  (20mM)

S o d i u m b i c a r b o n a t e  ( 0 . 0 3 7 5 % )

G l u t a m i n e  (2mM)

NaOH t o  pH 7 . 4  

P e n i c i l l i n  ( 2 5 0  u n i t s  m l ’ ^)

K a n a my c i n  ( 1 0 0  pgml  ^ )

S t r e p t o m y c i n  ( 2 5 0 p g m l " i )

2 .  D i s s e c t i o n  BSS

Ha n k s  b a l a n c e d  s a l t  s o l u t i o n  

P e n i c i l l i n  ( 2 5 0  u n i t s  m l ~ i )
K a n a m y c i n  ( 1 0 0  HG^l  ^ )

S t r e p t o m y c i n  ( 2 5 0 p g m l " i )

3 .  Gr o wt h  Medi um

Hams F l o  me d i u m 

N o n - e s s e n t i a l  a m i n o  a c i d s  

He p e s  b u f f e r  (20mM)

S o d i u m b i c a r b o n a t e  ( 0 . 0 3 7 5 % )

G l u t a m i n e  (2mM)

NaOH t o  pH 7 . 4

F o e t a l  c a l f  s e r u m  ( 10%)

4 .  PBS/ EDTA

EDTA ( ImM)  i n  P h o s p h a t e  b u f f e r e d  s a l i n e

5.  T r i s / S a l i n e  

0 . IN HCl

0 . 2M T r i  zma b a s e  

0 . 0 9 % NaCl  

pH 7 . 6



6 .  DAB S o l u t i o n

D i a m i n o b e n z i d i n e - H C l  ( O. Smgml  ^ )

H y d r o g e n  p e r o x i d e  ( 0 . 0 0 1 % )  

i n  T r i s - S a l i n e  a s  a b o v e .

7 .  Ami no A c i d  F r e e  Me d i um (AAFM)

Ha n k s  b a l a n c e d  s a l t  s o l u t i o n  

G 1 u c o s e  ( 0 . 1 % )

Vi t arni  ns

S o d i u m b i c a r b o n a t e  ( 0 . 1 5 % )

NaOH t o  pH 7 . 4

8 .  S o d i u m B a r b i t o n e  B u f f e r

28 . 5mM S o d i u m b a r b i t o n e  

2 1 . 5mM HCl

0 . 0 9 % NaCl  

pH 8

9 .  B S S / V i t a m i n s / G l u c o s e  S o l u t i o n

Made up a s  f o r  AAFM ( 7 )  u s i n g  BSS c o n t a i n i n g  no 

p h e n o l  r e d  t o  a v o i d  i n t e r f e r e n c e  i n  c h r o m o g e n i c  

p l a s m i n o g e n  a c t i v a t o r  a s s a y .



MATERIALS APPENDIX

R e a g e n t s  w e r e  o b t a i n e d  f r o m  t h e  f o l l o w i n g  c o m p a n i e s : -

BDH C h e m i c a l s  L i m i t e d ,  P o o l e ,  E n g l a n d .

A c e t i c  a c i d  ( A n a l y t i c a l  G r a d e )

A c e t o n e  ( A n a l y t i c a l  G r a d e )

B r o m o p h e n o l  B l u e

D i m e t h y T s u l p h o x i de  (DMSO) ( A n a l y t i c a l  G r a d e )

DPX M o u n t a n t  

Gi e ms a  s t a i n

G1 u t a r a  1 d e h y d e  ( A n a l y t i c a l  G r a d e )

HCl ( A n a l y t i c a l  G r a d e )

NaCl  ( A n a l y t i c a l  G r a d e )

NaOH ( A n a l y t i c a l  G r a d e )

S o d i u m L a u r y T  s u l p h a t e  ( SDS)

T r i c h l o r a c e t i c  a c i d  (TCA)

T r i z m a  b a s e  ( A n a l y t i c a l  G r a d e )

S i g ma  C h e m i c a l  C o mp a n y ,  P o o l e ,  E n g l a n d .

3 A l a n i n e

Y A m i n o b u t y r i c  a c i d  (GABA)

L - A s p a r t i c  a c i d  

D i b u t y r i l c y c l i c  AMP 

a - D - g l u c o s e  

L - G l u t a m i  c a c i d  

I s o p r o t e r e n o l  ( I P )  

p o l y - D - L y s i  ne 

Mi t o m y c i  n C ( M i t . C )

Me t h y l  n i t r o s o u r e a  (MNU)

P h o r b o l  1 2 - M y r 1 s t a t e  a c e t a t e  ( TPA)

P o r c i n e  L i v e r  E x t r a c t  

R e t i n o i c  A c i d  ( R e t . A c . )

S o d i u m B a r b i t o n e  

T h r o mb i  n

T r y p s i n  ( t y p e  I I I )



G i b c o  E u r o p e  L i m i t e d ,  P a i s l e y ,  S c o t l a n d .

F o e t a l  c a l f  s e r u m  

G l u t a m i  ne 

He p e s  b u f f e r  

Ka n a my c i n  s o l u t i o n  

N o n - e s s e n t i a l  ami  n o - a c i d s  

S o d i u m B i c a r b o n a t e  
T r y p s i n

F l o w L a b o r a t o r i e s ,  I r v i n e ,  S c o t l a n d .

F o e t a l  c a l f  s e r u m  V i t r o g e n  c o l l a g e n

Hams F l o  me d i u m

Ha n k s  b a l a n c e d  s a l t  s o l u t i o n

T r y p a n  B l u e  d y e

Vi tami ns

K a b i v i t r . u m  D i a g n o s t i c s ,  U x b r i d g e ,  E n g l a n d .

F i b r i n o g e n

P l a s m i n o g e n

C h r o m o g e n i c  s u b s t r a t e  S - 2 2 5 1
S - 2 2 3 8
S - 2 3 0 2

Dako L a b o r a t o r i e s ,  D e n m a r k .

H o r s e  r a d d i s h  p e r o x i d a s e  c o n j u g a t e d  s w i n e  a n t i - r a b b i t  s e r u m  

R h o d a m i n e  c o n j u g a t e d  s w i n e  a n t i - r a b b i t  s e r u m  

R a b b i t  a n t i - h u m a n  f a c t o r  V I 11 s e r u m

R a d i o c h e m i c a l  C e n t r e ,  A me r s h a m,  E n g l a n d .

3|_|~G1 u t a m i  c a c i d

3 ^ - y  A m i n o b u t y r i c  a c i d  (GABA)

New E n g l a n d  N u c l e a r ,  B o s t o n ,  M a s s a c h u s e t t s ,  U . S . A . 

I ^ ^ ^ - l a b e l l e d  G o a t  a n t i - r a b b i t  I gG

C o l l a b o r a t i v e  R e s e a r c h ,  W a l t h a m ,  M a s s a c h u s e t t s ,  U . S . A . 

E n d o t h e l i a l  c e l l  g r o w t h  s u p p l e m e n t  (ECGS)

H o e s c h t ,  H o u n s l o w ,  E n g l a n d .

H o e s c h t  3 3 2 5 8  s t a i n



Wo r t h i n g t o n  B i o c h e m i c a l  C o r p o r a t i o n ,  New J e r s e y ,  U . S . A

C o l l a g e n a s e

G l a x o ,  Wa r e ,  E n g l a n d .

B e n z y l  P e n i c i l l i n

Ox o i d  L i m i t e d ,  B a s i n g s t o k e ,  E n g l a n d .

P h o s p h a t e  b u f f e r e d  s a l i n e  ( PBS)  t a b l e t s  

E v a n s  M e d i c a l  L i m i t e d ,  G r e e n f o r d ,  E n g l a n d .

S t r e p t o m y c i n  s u l p h a t e

M e r c k ,  S h a r p  a n d  Dohme L i m i t e d ,  H o d d e s d o n ,  E n g l a n d . 

D e x a m e t h a s o n e  s o d i u m  p h o s p h a t e  ( D e c a d r o n )

Leo L a b o r a t o r i e s ,  H a y e s ,  E n g l a n d .

U r o k i  n a s e

S e r v a ,  H e i d e l b e r g .
1 1

3 3 - Di a mi  n o b e n z i d i n e  HCl

Be e c h a ms  P h a r m a c e u t i c a l s , E p s o m,  S u r r e y .

3 - I n t e r f e r o n  ( G i f t )



R E F E R E N C E S

1.  GRISHAM,  J . W.  ( 1 9 6 2 ) .  C a n c e r  R e s e a r c h ,  2 2 ,  8 4 2 - 8 4 9 .

2 .  BUCHER,  N . L . R .  ( 1 9 6 3 ) .  I n t . R e v . C y t o l . 1 5 ,  2 4 5 - 3 0 0 .

3 .  FABRIKANT,  J . I .  ( 1 9 6 7 ) .  J o h n s  H o p k i n s  M e d . J .  1 2 0 ,

1 3 7 - 1 4 7 .

4 .  MELVIN,  J . B .  ( 1 9 6 8 ) .  A n a t . R e c .  1 6 0 ,  6 0 7 - 6 1 8 .

5 .  LEONG,  G . F . ,  GRISHAM,  J . W . ,  HOLE,  B . V.  a n d  ALBRIGHT,  M. L

( 1 9 6 4 ) .  C a n c e r  R e s e a r c h ,  2 3 ,  1 4 9 6 - 1 5 0 1 .

6 .  F I SHER,  B . , SZUCH,  P.  a n d  FI SHER,  E . R .  ( 1 9 7 1 )  C a n c e r

R e s e a r c h ,  3 1 ,  3 2 2 - 3 3 1 .

7 .  F I SHER,  B . , SZUCH,  P . ,  LEVI NE,  M. a n d  FI SHER,  E . R . ( 1 9 7 1 )

S c i e n c e ,  1 7 1 ,  5 7 5 - 5 7 7 .

8 .  PAUL,  0 . ,  LEFFERT,  H . , SATO,  G.  a n d  HOLLEY,  R . W . ( 1 9 7 2 )

P . N . A . S .  ( US A) ,  6 9 ,  3 7 4 - 3 7 7 .

9 .  CZEI ZEL,  E . , VAI ZO,  G.  a n d  KERTOI ,  P.  ( 1 9 6 2 ) .  N a t u r e ,

1 9 6 ,  2 4 0 - 2 4 1 .

1 0 .  BURWELL,  R . G.  ( 1 9 6 3 ) .  L a n c e t ,  i i ,  6 9 - 7 4 .

1 1 .  RABES,  H . , HARTENSTEI N,  R. a n d  SCHOLZE,  P.  ( 1 9 7 0 )
E x p e r i e n t a ,  2 6 ,  1 3 5 6 - 1 3 5 9 .

1 2 .  TODARO,  G . J . ,  LAZAR,  G. K.  a n d  GREEN,  H.  ( 1 9 6 5 ) .

J .  C e l l  C o m p . P h y s i o l .  6 6 ,  3 2 5 - 3 3 3 .

1 3 .  HOLLEY,  R. W.  a n d  KIERNAN,  J . A .  ( 1 9 7 4 ) .  P . N . A . S . ( U S A ) ,

7 1 ,  2 9 0 8 - 2 9 1 1 .

1 4 .  ROSS,  R . , GLOMSET,  J . ,  KARIYA,  B.  a n d  MARKER,  L.

( 1 9 7 4 ) .  P . N . A . S .  ( US A) ,  7 1 ,  1 2 0 7 - 1 2 1 0 .

1 5 .  KOHLER,  N.  a n d  LI P TON,  A.  ( 1 9 7 4 ) .  Ex p .  C e l l  R e s . ,  8 7 ,

2 9 7 - 3 0 1 .

1 6 .  WESTERMARK,  B.  a n d  WASTESON,  A.  ( 1 9 7 6 ) .  Exp .  C e l l  R e s . ,

9 8 ,  1 7 0 - 1 7 4 .

1 7 .  RUTHERFORD,  R . B .  a n d  ROSS,  R.  ( 1 9 7 6 ) .  J .  C e l l  B i o l .

6 9 ,  1 9 6 - 2 0 3 .

1 8 .  VAN WYK, J . J . ,  UNDERWOOD, L . E . ,  HI NTZ,  R . L . ,  CLEMMONS,

D . R . , V O I R I A ,  S .  a n d  WEAVER,  R . P .  ( 1 9 7 4 ) .  R e c e n t  
P r o g . H o r m . R e s . ,  3 0 ,  2 5 9 - 3 1 8 .



1 9 .  TEMI N,  H . M. ,  PI ERSON,  R. W.  a n d  DU AK,  N. C .  ( 1 9 7 2 )

In : G r o w t h ,  N u t r i t i o n  a n d  M e t a b o l i s m  o f  C e l l s  

i n  C u l t u r e .  1 ,  New Y o r k ,  A c a d e m i c  P r e s s  pp 4 9 - 8 1 .

2 0 .  PI ERSON,  R. W.  a n d  TEMIN,  H. M.  ( 1 9 7 2 ) .  J .  C e l l  P h y s i o l . ,

7 9 ,  3 1 9 - 3 3 0 .

2 1 .  COHEN,  S .  ( 1 9 6 2 ) .  J .  B i o l . C h e m .  2 3 7 ,  1 5 6 5 .

2 2 .  GREGORY,  H. ( 1 9 7 5 ) .  N a t u r e ,  2 5 7 ,  3 2 5 .

2 3 .  COHEN,  S.  a n d  SAVAGE,  C . R.  ( 1 9 7 4 ) .  R e c e n t  P r o g . H o r m .

Res  , 30 , 551 .

2 4 .  TURKINGTON,  R. W.  ( 1 9 6 9 ) .  Ex p .  C e l l  R e s . , 5 7 ,  7 9 .

2 5 .  COHEN,  S.  ( 1 9 6 5 ) .  D e v . B i o l .  1 2 ,  3 9 4 .

2 6 .  HOLLENBERG,  M. D.  a n d  CUATRECASAS,  P.  ( 1 9 7 3 ) .

P . N . A . S .  ( US A) ,  7 0 ,  2 9 6 4 .

2 7 .  COHEN,  S . ,  CARPENTER,  G.  a n d  LOMBACH,  K . S .  ( 1 9 7 5 ) .

A d v . M e t a b . D i s o r d . ,  8 ,  2 6 5 .

2 8 .  ROSE,  S . P . ,  PRUSS,  R. M.  a n d  HUSHMAN, H. R.  ( 1 9 7 6 ) .

J .  C e l l . P h y s i o l  . , 86 , 5 9 3 .

2 9 .  WESTERMARK,  B.  ( 1 9 7 6 ) .  B i o c h e m .  a n d  B i o p h y s . R e s . Co mmu n . ,

6 9 ,  3 0 4 .

3 0 .  HOLLENBERG,  M. D.  a n d  CUATRECASAS,  P.  ( 1 9 7 5 ) .  J . B i o l .

C h e m . ,  2 5 0 ,  3 8 4 5 .

3 1 .  GREEN,  H . , KEHI NDE,  0 .  a n d  THOMAS,  J .  ( 1 9 7 9 ) .

P . N . A . S .  7 6 ,  5 6 6 5 - 5 6 6 8 .

3 2 .  MURRAY, A. W.  a n d  FUSENJG,  N. E .  ( 1 9 7 9 ) .  C a n c e r  L e t t e r s ,

7 ,  7 1 - 7 7 .

3 3 .  FUSE NIG,  N. E .  a n d  SAM.SEL, .  W. ( 1 9 7 8 ) .  I n  : C a r c i n o g e n e s i s

V o l .  2 .  ( R a v e n  P r e s s ,  New Yo r k )  pp 2 0 3 - 2 2 0 .

3 4 .  RAICK,  A. N.  ( 1 9 7 3 ) .  C a n c e r  R e s e a r c h ,  3 3 ,  2 6 9 - 2 8 6 .

3 5 .  ROBERTS,  A . B . ,  LAMB,  L . C . ,  NEWTON, D . L . ,  SPORN,  M . B . ,

DE LARCO,  J . E .  a n d  TODARO,  G . J .  ( 1 9 8 0 ) .  P . N . A . S .

( US A) ;  7 7 ,  3 4 9 4 - 3 4 9 8 .

3 6 .  DE LARCO,  J . E .  a n d  TODARO,  G . J .  ( 1 9 8 0 ) .  J.  C e l l . P h y s i o l .

1 0 2 ,  2 6 7 - 2 7 7 .



3 7 .  TODARO,  G . J .  a n d  DE LARCO,  J . E .  ( 1 9 7 8 ) .  C a n c e r  R e s e a r c h ,

3 8 ,  4 1 4 7 - 4 1 5 4 .

3 8 .  LEVI - HONTALCI NI , R.  a n d  ANGELETTI ,  P . V.  ( 1 9 6 8 ) .

P h y s i o l . R e v . , 4 8 ,  5 3 4 - 5 6 9 .

3 9 .  FRAZI ER,  W. A . ,  HOGUE ANGELETTI ,  R.  a n d  BRADSHAW, R. A.

( 1 9 7 2 ) .  S c i e n c e ,  1 7 6 ,  4 8 2 - 4 8 8 .

4 0 .  LEVI - MONTALCI NI ,  R.  ( 1 9 7 5 ) .  S c i e n c e ,  1 8 7 ,  1 1 3 .

4 1 .  WICHE,  G. ( 1 9 7 9 ) .  B i o c h e m i c a l  a n d  B i o p h y s i c a l  R e s . C o m m . ,

8 9 ,  6 2 0 - 6 2 6 .

4 2 .  GOSPODAROWICZ,  D.  ( 1 9 7 5 ) .  J . B i o l . C h e m . ,  2 5 0 ,  2 5 1 5 .

4 3 .  GOSPODAROWICZ,  D.  a n d  HANDLEY,  H. H.  ( 1 9 7 5 )  E n d o c r i n o l o g y ,

9 7 ,  1 0 2 .

4 4 .  WESTERMARK,  B.  a n d  WASTESON,  A.  ( 1 9 7 5 ) .  A d v . M e t a b . D i s o r d . ,

8 ,  8 5 .

4 5 .  GOSPODAROWICZ,  D.  a n d  MORAN, J . S .  ( 1 9 7 5 ) .  J . C e l l . B i o l . ,

66 , 451 .

4 6 .  TEMIN, ,  H. M.  ( 1 9 6 8 ) .  I n t . J .  C a n c e r ,  3 , 771 - 7 8 7 .

4 7 .  P I T T S ,  J . D .  ( 1 9 7 1 ) .  I n  : Gr o wt h  C o n t r o l  i n  C e l l  C u l t u r e s

pp  2 6 1 - 2 6 6 .  E d i n b u r g h  -  C h u r c h i l l  L i v i n g s t o n e .

4 8 .  CLARKE,  G . D . ,  STOKER,  M . G . ,  LUDLOW, A.  a n d  THORNTON,

M. ( 1 9 7 0 ) .  N a t u r e ,  2 2 7 ,  7 9 8 - 8 0 1 .

4 9 .  HOLLEY,  R. W.  a n d  KIERNAN,  J . A .  (1 9 6 8 ) .  P . N . A . S .  ( USA) , .  6 0 ,

3 0 0 - 3 0 4 .

5 0 .  OSHI RO,  Y.  a n d  DIPAO 0 ,  J . A .  ( 1 9 7 3 ) .  J . C e l l  P h y s i o l .

8 1 ,  1 3 3 - 1 3 8 .

5 1 .  TEMI N,  H. M.  ( 1 9 6 7 ) .  J . C e l l  P h y s . ,  6 9 ,  3 7 7 .

5 2 .  WEI SS,  R.  ( 1 9 7 0 ) .  I n t . J .  C a n c e r ,  6 ,  3 3 3 - 3 4 5 .

5 3 .  MARTZ,  E.  a n d  STEI NBERG,  M. S .  ( 1 9 7 2 ) .  J . C e l l  P h y s i o l . ,

7 9 ,  1 8 9 - 2 1 0 .

5 4 .  HOLLEY,  R. W.  a n d  BALDWIN,  J . H .  ( 1 9 7 8 ) .  P . N . A . S .  ( US A) ,  7 5 ,

1 8 6 4 - 1 8 6 6 .

5 5 .  L I P K I N,  G . , KNECHT,  M. E .  a n d  ROSENBERG,  M. ( 1 9 7 8 ) .

C a n c e r  R e s e a r c h ,  3 8 ,  6 3 5 - 6 4 3 .



5 6 .  L I P KI N,  G . ,  KNECHT,  M. E.  a n d  ROSENBERG,  M. ( 1 9 7 7 )

C a n c e r ,  4 0 ,  2 6 9 9 - 2 7 0 5 .

5 7 .  EAGLE,  H.  a n d  LEVI NE,  E. M.  ( 1 9 6 7 ) N a t u r e ,  2 1 3 ,  1 1 0 2 - 1 1 0 6 .

5 8 .  CASTOR,  L . N.  ( 1 9 6 8 )  J . C e l l  P h y s i o l . ,  7 2 ,  1 6 1 - 1 7 2 .

5 9 .  POLLACK,  R . E . ,  GREEN,  H.  a n d  TODARO,  G . J .  ( 1 9 6 8 )

P . N . A . S .  6 0 ,  1 2 6 - 1 3 3 .

6 0 .  MARSHALL,  C . J . ,  FRANKS,  L. M.  a n d  CARBONELL,  A. W.  ( 1 9 7 7 )

J . N . C . I .  5 8 ,  1 7 4 3 - 1 7 5 1 .

6 1 .  PONTEN,  J . ,  WESTERMARK,  B.  a n d  HUGOSSON,  R.  ( 1 9 6 9 )

Ex p .  C e l l  R e s e a r c h ,  5 8 ,  3 9 3 - 4 0 0 .

6 2 .  WESTERMARK,  B.  ( 1 9 7 3 )  I n t . J .  C a n c e r ,  1 2 ,  4 3 8 - 4 5 1 .

6 3 .  LI NDGREN,  A.  a n d  WESTERMARK,  B.  ( 1 9 7 7 )  E x p .  C e l l  R e s e a r c h ,

1 0 4 ,  2 9 3 - 2 9 9 .

6 4 .  WADE,  D. R.  a n d  BURKART,  M. E.  ( 1 9 7 8 )  J .  C e l l  P h y s i o l . ,
9 4 ,  2 6 5 - 2 7 4 .

6 5 .  FRESHNEY,  R . I . ,  MORGAN, D . ,  HASSANZADAH,  M. ,  SHAW, R.

a n d  FRAME,  M. ( 1 9 8 0 )  I n  : T i s s u e  C u l t u r e  i n  M e d i c a l  

R e s e a r c h  ( i i ) .  P e r g a m o n  P r e s s  O x f o r d  a n d  New Y o r k ,  

pp 1 2 5 - 1 3 2 .

6 6 .  MARKERT,  C . L .  a n d  URSPRUNG,  H.  ( 1 9 6 2 )  D e v e l o p . B i o l  . , 5 ,

3 6 3 - 3 8 1 .

6 7 .  CAHN,  R . D . ,  KAPLAN,  N . O . ,  LEVI NE,  L.  a n d  ZWI LLI NG,  E. .

( 1 9 6 2 )  S c i e n c e ,  1 3 6 ,  9 6 2 - 9 6 9 .

6 8 .  HAMADA, M. I n  : I s o z y m e s  I I  P h y s i o l o g i c a l  F u n c t i o n

pp 1 4 3 - 1 5 6 .  A c a d e m i c  P r e s s .

6 9 .  FRI END,  C . , SCHER,  W . , HOLLAND, .  J . G .  a n d  SATO,  T.  ( 1 9 7 1 )

P . N . A . S .  ( U S A) ,  6 8 ,  3 7 8 - 3 8 2 .

7 0 .  TAMBOURIN,  P . E .  a n d  WENDLING,  F.  ( 1 9 7 5 )  N a t u r e ,  2 5 6 ,

3 2 0 - 3 2 2 .

7 1 .  FREDRICKSON,  T . ,  TAMBOURIN,  P . ,  J ASMI N,  C.  a n d  SMADJA,  F.
( 1 9 7 5 )  J . N . C . I .  55 4 4 3 - 4 4 6 .

7 2 .  MIRAND,  E . A.  ( 1 9 6 7 ) ,  S c i e n c e ,  1 5 6 ,  8 3 2 - 8 3 3 .

7 3 .  FRI END,  C . , SCHER,  W. a n d  ROS SI ,  G . B .  ( 1 9 7 0 ) .  I n  ; The

B i o l o g y  o f  L a r g e  RNA V i r u s e s .  E d s .  B . W . J .  Mahy a n d  
R.  B a r r y ,  A c a d e m i c  P r e s s ,  L o n d o n ,  p . 2 6 7 - 2 7 5  .



7 4 .  FURUSAWA, M . , IKAWA,  Y.  a n d  SUGANO,  H.  ( 1 9 7 1 )  P r o c . J p n .

A c a d .  , 47 , 2 2 0 - 2 2 4 .

7 5 .  CONSCI ERI CE,  J . F . ,  MI LLER,  R . A . ,  HENRY,  J .  a n d  RUDDLE,

F . H .  ( 1 9 7 7 )  E x p . C e l l . R e s . , 1 0 5 ,  4 0 1 - 4 1 2 .

7 6 .  KABAT,  D . , SHERTON,  C . C . ,  EVANS,  L . M . ,  BI GLEY,  R.  a n d

KOLER,  R . D.  ( 1 9 7 5 ) ,  C e l l ,  5 ,  3 3 1 - 3 3 8 .

7 7 .  P REI SLER,  H . D . ,  CHRI STOFF,  G . , REESE,  P . ,  PAVELI C,  P.

a n d  RUSTUM,  Y.  ( 1 9 7 8 )  C e l l  D i f f e r e n t i a t i o n ,  7 ,  1 - 1 0 .

7 8 .  SYMINGTON,  T.  a n d  GOODHALL,  A. L .  ( 1 9 5 3 )  G l a s g o w  M e d . d .

3 4 ,  7 5 - 9 6 .

7 9 .  WHITMORE,  W. F .  ( 1 9 5 6 )  Ar o. . J . Med.  21 , 6 9 7 - 7 1  3 .

8 0 .  POTTER,  V. R.  ( 1 9 6 4 )  C a n c e r  R e s e a r c h ,  2 4 ,  1 0 8 5 - 1 0 9 8 .

8 1 .  P I ERCE,  G. B.  ( 1 9 6 7 )  I n  : C u r r e n t  T o p i c s  i n  D e v e l o p m e n t a l

B i o l o g y  V o l .  2 pp 2 2 3 - 2 4 6 ,  New Yo r k  A c a d e m i c  P r e s s .

8 2 .  HARVEY,  S . R . ,  GI ROTRA,  R . N . ,  NEMOTO,  T . ,  C I ANI ,  F.

a n d  MING CHU,  T.  ( 1 9 7 6 )  C a n c e r  R e s e a r c h ,  3 6 ,  3 4 8 6 - 3 4 9 4

8 3 .  EDGINGTON,  T . S . , ASTARI TA, R. W.  a n d  PLOW, C . F .  ( 1 9 7 5 )

New E n g l a n d  J . M e d . ,  2 9 2 ,  1 0 3 - 1 0 7 .

8 4 .  GOLD,  P.  a n d  FREEDMAN,  S . O .  ( 1 9 6 5 )  J . E x p . M e d . ,  1 2 1 ,
439  . ,

8 5 .  GOLD,  P . ,  KRUPEY,  J .  a n d  ANSARI ,  H.  ( 1 9 7 0 )  O . N . C . I .

4 5 ,  2 1 9 .

8 6 .  TATARINOV,  Y . S .  ( 1 9 6 5 )  V o p . M e d . K h i m . ,  4 ,  2 0 .

8 7 .  POLTORANINA,  V . S .  a n d  YAZOVA,  A. K.  ( 1 9 7 3 )  I n t . J .  C a n c e r ,

1 1 ,  4 4 8 - 4 5 9 .

8 8 .  SELL,  S . ,  BECKER,  F . F . ,  LEFFERT,  H . L .  a n d  WATAKE,  H.

( 1 9 7 6 )  C a n c e r  R e s e a r c h ,  3 6 ,  4 2 3 9 - 4 2 4 9 .

8 9 .  FRI TSCHE,  R . a n d  MACH,  J . P .  ( 1 9 7 6 )  I n  : P r o c e e d i n g s  o f

t h e  S y mp o s i u m on C a n c e r  R e l a t e d  A n t i g e n s ,  p 9 5 .

N o r t h  H o l l a n d ,  A m s t e r d a m .

9 0 .  SHAPI RA,  F . , DREYFUS,  O . C .  a n d  SCHAPI RA,  G.  ( 1 9 6 3 )

N a t u r e ,  2 0 0 ,  9 9 5 - 9 9 7 .

9 1 .  SCHI ER,  W. T.  a n d  TROTTER,  J . T .  ( 1 9 7 8 )  Exp .  C e l l  R e s e a r c h ,

111 , 2 8 5 - 2 9 4 .



9 2 .  ROSEN,  S . W . ,  WEINTRAUB,  B . D . ,  VAI TUKAI TRI S , O . L . ,

SUSSMAN,  H . H . ,  HERSHAM,  J . M.  a n d  NUGGIA,  P . M.

( 1 9 7 5 )  A n n . I n t . M e d . ,  8 2 ,  7 1 .

9 3 .  SACHS,  L.  ( 1 9 7 8 )  N a t u r e ,  2 7 4 ,  5 3 5 - 5 3 9 .

9 4 .  HERMAN, M. M.  a n d  VANDENBERG,  S . R .  ( 1 9 7 8 )  I n  : C e l l

D i f f e r e n t i a t i o n  a n d  N e o p l a s i a  Ed.  G . F . S a u n d e r s ,

Ra v e n  P r e s s ,  New Y o r k .

9 5 .  PRASAD,  K. N.  a n d  SI NHA,  P . K .  ( 1 9 7 8 )  I n  : C e l l  D i f f e r e n t i a t i i

a n d  N e o p l a s i a  Ed .  G . F .  S a u n d e r s ,  Ra v e n  P r e s s , N e w  Y o r k .

9 6 .  PONTEN,  J .  a n d  MACINTYRE,  E . H.  ( 1 9 6 8 )  A c t a  P a t h . M i c r o b i o l .
S c a n d i n a v .  7 4 ,  4 6 5 - 4 8 6 ,

9 7 .  SI GNER,  D . D . ,  BI GNER,  S . H . ,  PONTEN,  J . , WESTERMARK,  B . ,

MAHALEY,  M . S . ,  RUOSLATI TI ,  E . , HERSCHMAN,  H . , E N G . L . F .  

a n d  WIKSTRAND,  C . J .  ( 1 9 8 1 )  0 .  N e u r o p a t h o l o g y  a n d  

E x p e r i m e n t a l  N e u r o l o g y  V o l .  XL pp 2 0 1 - 2 2 9 .

9 8 .  MARK, J .  ( 1 9 7 1 )  H e r e d i t a s ,  6 8 ,  6 1 - 1 0 0 .

9 9 .  PONTEN,  0 .  I n  : Human Tu mo u r  C e l l s  i n  V i t r o ,  Ed .  J .  F o g h ,

pp 1 7 5 - 2 0 6 ,  P l e n u m P u b l i s h i n g  C o r p . ,  New Y o r k .

1 0 0 .  GUNER,  M . , FRESHNEY,  R . I . ,  MORGAN, D . , FRESHNEY,  M . G . ,

THOMAS,  D . G . T .  a n d  GRAHAM, D . I .  ( 1 9 7 7 )  B r . J . C a n c e r ,

3 5 ,  4 3 9 - 4 4 7 .

1 0 1 .  MORGAN, D.  P e r s o n a l  c o m m u n i c a t i o n .

1 0 2 .  SIDMAN,  R . L .  a n d  RAKI C, P .  ( 1 9 7 3 )  B r a i n  R e s e a r c h ,  6 2 ,

1 - 3 5 .

1 0 3 .  ENG,  L . F . ,  VANDERHAEGHEN,  J . J . ,  BI GNANI ,  A.  a n d

GERSTL,  Y.  ( 1 9 7 1 )  B r a i n  R e s e a r c h ,  2 8 ,  3 5 1 - 3 5 4 .

1 0 4 .  DAHL,  D. a n d  BI GNAMI ,  A.  ( 1 9 7 3 )  B r a i n  R e s e a r c h ,  5 7 ,

3 4 3 - 3 6 0 .

1 0 5 .  DAHL,  D.  a n d  BI GNAMI ,  A.  ( 1 9 7 3 )  B r a i n  R e s e a r c h ,  6 1 ,

2 7 9 - 2 9 3 .

1 0 6 .  OACQUE,  C . M . ,  JORGENSEN,  O . S . ,  BAUMANN, N. A.  a n d

BOCK,  E.  ( 1 9 7 6 )  J .  N e u r o c h e m . , 2 7 ,  9 0 5 - 9 0 9 .

1 0 7 .  BJGNAMI ,  A.  a n d  DAHL,  D.  ( 1 9 7 4 )  J . C o m p . N e u r o l . ,  1 5 3 ,

2 7 - 3 8 .



1 0 8 .  ANTANITUS,  O . S . ,  CHOI ,  B . H.  a n d  LAPHAM,  L. W.  ( 1 9 7 5 )

B r a i n  R e s e a r c h ,  8 9 ,  3 6 3 - 3 6 7 .

1 0 9 .  GI LDEN,  D . H . ,  WROBLEWSKA,  Z . , ENG,  L . F .  a n d  BALI AN- RORKE,
L.  ( 1 9 7 6 )  J .  N e u r o l o g i c a l  S c i e n c e s , 29 , 1 7 7 - 1 8 4 .

1 1 0 .  ENG,  L . F .  ( 1 9 8 0 )  I n  : P r o t e i n s  o f  t h e  N e r v o u s  S y s t e m .

2nd  Ed .  New Y o r k ,  Ra v e n  P r e s s  pp 8 5 - 1 1 7 .

1 1 1 .  VIVARD,  M . N . ,  GIRARD,  N . , CHAUZY,  C . , DELPECH,  B . ,

DELPECH,  A. , MAUNOURY,  R.  a n d  LAUMONIER,  R.  ( 1 9 7 8 )  

Co mp t e  Re n d u  A c a d . S c i . ,  2 8 6 ,  1 8 3 7 - 1 8 4 0 .

1 1 2 .  DUFFY,  P . E . ,  GRAF,  L.  a n d  RAPPORT,  M.M.  ( 1 9 7 7 )

J . N e u r o p a t h o l . E x p . N e u r o l . ,  3 6 ,  6 4 5 - 6 5 2 .

1 1 3 .  VELASCO,  M . E . ,  DAHL,  D . , ROESSMAN,  V.  a n d  GAMBETTI , ,

P .  ( 1 9 8 0 )  C a n c e r ,  4 5 ,  4 8 4 - 4 9 4 .

1 1 4 .  ENG,  L . F .  a n d  RUBI NSTEI N,  L . J .  ( 1 9 7 8 )  J . H i s t o c h e m .

C y t o c h e m .  7 ,  5 1 3 - 5 2 2 .

1 1 5 .  DE ARMOND, S . J . ,  ENG,  L . F .  a n d  RUBI NSTEI N,  L . O .  ( 1 9 8 0 )

P a t h o l . R e s . P r a c t . ,  1 6 8 ,  3 7 4 - 3 9 4 .

1 1 6 .  SHAW, R.  B . S c . ( H o n s )  P a t h o l o g y  T h e s i s  ( 1 9 8 0 ) .

1 1 7 .  ROBERTS,  E.  ( 1 9 7 4 )  B i o c h e m . P h a r m a c o l .  2 3 ,  2 6 3 7 - 2 6 4 9 .

1 1 8 .  CURTI S ,  D . R . ,  P H I L L I S ,  J . W.  a n d  WATKINS,  J . C .  ( 1 9 6 0 )

J . P h y s i o l .  1 5 0 ,  6 5 6 - 6 8 2 .

1 1 9 .  KRNOEVIÇ,  K. a n d  P H I L L I S ,  O. W.  ( 1 9 6 5 )  J . P h y s i o l . ,

1 6 5 ,  2 7 4 - 3 0 4 .

1 2 0 .  SCHON,  F.  a n d  KELLY,  O . S .  ( 1 9 7 4 )  B r a i n  R e s e a r c h ,  6 6 ,

2 7 5 - 2 8 8 .

1 2 1 .  MCLENNAN,  H.  ( 1 9 7 6 )  B r a i n  R e s e a r c h ,  1 1 5 ,  1 3 9 - 1 4 4 .

1 2 2 .  HOSLI ,  E.  a n d  HOSLI ,  L.  ( 1 9 7 6 )  E x p .  B r a i n  R e s e a r c h ,

2 5 ,  3 1 9 - 3 2 4 .

1 2 3 .  SCHOUSBOE,  A . ,  SVENNEBY,  G.  a n d  HERTZ,  L.  ( 1 9 7 7 )

J .  N e u r o c h e m . ,  2 9 ,  9 9 9 - 1 0 0 5 .

1 2 4 .  LOGAN,  W . J .  a n d  SNYDER,  S . H .  ( 1 9 7 1 )  N a t u r e ,  2 3 4 ,

2 9 7 - 2 9 9 .

1 2 5 .  SCHOUSBOE,  A . ,  W U , P . H . ,  HERTZ,  L.  a n d  FEDEROFF,  S.

( 1 9 7 7  ) T r a n s . A m e r . S o c . N e u r o c h e m . ,  8 ,  2 4 8 .



1 2 6 .  HENN,  F . A.  a n d  HAMBERGER,  A.  ( 1 9 7 1 )  P . N . A . S .  ( US A) ,

6 8 ,  2 6 8 6 .

1 2 7 .  SCHRI ER,  B. K.  a n d  THOMPSON,  E . J .  ( 1 9 7 4 )  J . B1 o l  . Cheni .  ,
2 4 9 ,  1 7 6 9 - 1 7 8 0 .

1 2 8 .  LASHER,  R . S .  ( 1 9 7 4 )  B r a i n  R e s e a r c h ,  6 9 ,  2 3 5 .

1 2 9 .  CURRI E,  D. N.  a n d  DUTTON,  G . R .  ( 1 9 8 0 )  B r a i n  R e s e a r c h ,

1 9 9 ,  4 7 3 - 4 8 1 .

1 3 0 .  SCHON,  F.  a n d  KELLY,  O . S .  ( 1 9 7 5 )  B r a i n  R e s e a r c h ,  8 6 ,

2 4 3 - 2 5 7 .

1 3 1 .  I VERSEN,  L . L .  a n d  KELLY,  O . S .  ( 1 9 7 5 )  B i o c h e m i c a l

P h a r m a c o l o g y ,  2 4 ,  9 3 3 - 9 3 8 .

1 3 2 .  BERL,  S . ,  CLARKE,  D. O.  a n d  SCHNEI DER,  D. ( 1 9 7 5 )

I n  : M e t a b o l i c  C o m p a r t m e n t a t i o n  a n d  N e u r o t r a n s m i s s i o n ,  

P l e n u m ,  New Y o r k ,  pp 1 - 7 2 1 .

1 3 3 .  MARTINEZ-HERNANDEZ,  A . ,  BELL,  K . P .  a n d  NORENBERG,  M. D.

( 1 9 7 7 )  S c i e n c e ,  1 9 5 ,  1 3 5 6 - 1 3 5 8 .

1 3 4 .  PROLER,  a n d  KELLOWAY,  ( 1 9 6 2 )  E p i l e p s i a ,  3 ,  1 1 7 .

1 3 5 .  PETERS,  a n d  TOWER,  ( 1 9 5 9 )  0 . N e u r o c h e m .  5 ,  8 0 .

1 3 6 .  LI NSER,  P.  a n d  MOSCONA,  A . A . ( 1 9 7 9 )  P . N . A . S .  ( US A) ,

7 6 ,  6 4 7 6 - 6 4 8 0 .

1 3 7 .  MOSCONA,  A. A.  ( 1 9 7 2 )  FEBS S y mp . 2 4 ,  1 - 2 3 .

1 3 8 .  HALLERMAYER,  K . , HARMENING,  C.  a n d  HAMPRECHT,  B.

( 1 9 8 1 ) ,  0 . N e u r o c h e m .  37 , 4 3 - 5 2 .

1 3 9 .  PI SHAK,  M. R.  a n d  P H I L L I P S ,  A . T .  ( 1 9 8 0 )  0 . N e u r o c h e m .

3 4 ,  8 6 6 - 8 7 2 .

1 4 0 .  R.  W i l s o n .  P e r s o n a l  C o m m u n i c a t i o n .

1 4 1 .  T I E M E I E R , D . C . a n d  MILMAN,  G.  ( 1 9 7 2 )  O . B i o l . C h e m .  2 4 7 ,

5 7 2 2 - 5 7 2 7 .

1 4 2 .  K UL KA. R . G. ,  TOMKI NS, G. M.  a n d  CROOK, R. B.  ( 1 9 7 2 )

O . C e l l . B i o l . 5 4 ,  1 7 5 - 1 7 9 .

1 4 3 .  STRAULI ,  P . ,  BARRETT,  A. O.  a n d  B AI CI ,  A.  I n  :

P r o t e i n a s e s  a n d  Tu mo u r  I n v a s i o n  ( V o l . 6 E . O . R . T . C )  

p 1 4 3 .



1 4 4 .  DONATI ,  N . B . ,  BALCONI ,  G . ,  COEN,  D . ,  DELAI NI ,  F.

a n d  M U S S O N I , L . ( 1 9 8 0 )  I n  : C a n c e r  C e l l - F i b r i n  

I n t e r a c t i o n s  a n d  E x p e r i m e n t a l  M é t a s t a s é s .  A b s t r a c t s .  

F i b r i n o l y s i s  M e e t i n g ,  Mai  mo.

1 4 5 .  U N K E L E S S , J . C . , TOBI A,  A . ,  OSSOWSKI , L . , QUIGLEY,  J . P . ,

R I F KI N,  D . B .  a n d  REI CH,  E.  ( 1 9 7 3 )  J . E x p . M e d .  1 3 7 ,  

8 5 - 1 1 1  .

1 4 6 .  WIGLER,  M. a n d  WEI NSTEI N,  J . B .  ( 1 9 7 6 ) N a t u r e  , 2 5 9 ,
2 3 2 - 2 3 3 .

1 4 7 .  CORASANTI ,  J . G . ,  CELI K,  C . , CAMIOLO,  S . M . ,  MITTELMAN,  A . ,

EVERS,  O . L . ,  BARBASCH,  A . ,  HOBIKA,  G. H.  a n d  MARKUS,  G.  

( 1 9 8 0 )  O . N . C . I .  65 , 3 4 5 - 3 5 1  .

1 4 8 .  MAK, T . W . ,  RU HEDGE,  G.  a n d  SUTHERLAND,  D . O . A .  ( 1 9 7 5 )

C e l l  , 7 , 2 2 3 - 2 2 6  .

1 4 9 .  POLLACK,  R . , RI S S ER,  R . , CONLON,  S.  a n d  R I F K I N , . 0 . ( 1 9 7 4 )

P . N . A . S .  ( U S A) ,  7 1 ,  4 7 9 2 - 4 7 9 6 .

1 5 0 .  R I F K I N , D . ,  LOEB,  O . N . ,  MOORE,  G.  a n d  REI CH,  E.  ( 1 9 7 4 )

0 . E x p . Me d .  1 39 , 1 31 7 - 1  328  .

1 5 1 .  WILSON,  E . L . ,  BECKER,  M . L . B . ,  HOAL,  E . G .  a n d  D O N D L E , '

E . B .  ( 1 9 8 0 )  C a n c e r  R e s e a r c h ,  4 0 ,  9 3 3 - 9 3 8 .

1 5 2 .  TUCKER,  W . S . ,  KURSCH,  W. M. ,  MARTINEZ-HERNANDEZ,  A.

a n d  FI NK,  b . M.  ( 1 9 7 8 )  C a n c e r  R e s e a r c h ,  3 8 ,  2 9 7 - 3 0 2 .

1 5 3 .  AOKI ,  N.  a n d  KAWAN0, T.  ( 1 9 7 2 )  Am. 0 . P h y s i o l .  2 2 3 ,

■ 1 3 3 4 - 1 3 3 7 .

1 5 4 .  BRECHER, A. S .  a n d  QUI NN,  N. M.  ( 1 9 6 7 )  B i o c h e m . 0 .  1 0 2 ,

1 2 0 - 1 2 1  .
1 5 5 .  HI NCE,  T . A .  a n d  ROSCOE,  O . P .  ( 1 9 7 8 )  B r . O .  C a n c e r ,

3 7 ,  4 2 4 - 4 3 3 .

1 5 6 .  CLAESON,  G . , AURELL,  L . , FRI BERGER,  P . ,  GUATAVSSON,  S.

a n d  KARLSSON,  G. ( 1 9 7 8 )  H o m e o s t a s i s , 7 ,  6 2 - 6 8 .

1 5 7 .  WHUR, P . ,  MAGUDA, M . , BOSTON,  0 . ,  LOCKWOOD, 0 .  a n d

WI LLI AMS,  D. C.  ( 1 9 8 0 )  B r . O .  C a n c e r ,  4 2 ,  3 0 5 - 3 1 2 .

1 5 8 .  FOLKMAN,  0 .  a n d  COTRAN,  R . S .  ( 1 9 7 6 ) ,  I n t . R e v . E x p . P a t h .

1 6 ,  2 0 7 - 2 4 8 .



1 5 9 .  GRIMBONE,  M. A.  , LEAPMAN,  S . B . ,  COTRAN,  R . S .  a n d

FOLKMAN, J .  ( 1 9 7 2 ) .  J . E x p . M e d .  1 3 6 ,  2 6 1 - 2 7 6 ,

1 6 0 .  ALGI RE,  G. H.  a n d  CHALKLEY,  H. W.  ( 1 9 4 5 ) .  J . N . C . I . ,  6 ,  7 3 - 8 5 ,

1 6 1 .  TANNOCK,  I . F .  ( 1 9 6 8 ) .  B r . J .  C a n c e r ,  2 2 ,  2 5 8 - 2 7 3 .

1 6 2 .  GOLDACRE,  R . O.  a n d  SYLVEN,  B.  ( 1 9 5 9 ) .  N a t u r e ,  1 8 4 ,  6 3 - 6 4 .

1 6 3 .  FOLKMAN,  J . ,  MERLER,  E . , ABERNATHY,  C.  a n d  WI LLI AMS,  G.

( 1 9 7 0 ) .  J . C l i n . I n v e s t . ,  4 9 ,  3 0 .

1 6 4 .  FOLKMAN, 0 . ,  MERLER,  E . , ABERNATHY,  C.  a n d  WI LLI AMS,  G.

( 1 9 7 1 ) .  J . E x p . M e d . ,  1 3 3 ,  2 7 5 - 2 8 8 .

1 6 5 .  TUAN.  0 . ,  SMI TH,  S . ,  FOLKMAN,  J .  a n d  MERLER,  E.  ( 1 9 7 3 ) .

B i o c h e m i s t r y ,  1 2 ,  3 1 5 9 - 3 1 6 5 .

1 6 6 .  SCHOR,  A . M . ,  SCHOR,  S . ,  WEI SS,  J . B . ,  BROWN, R . A . ,  KUMAR, S.

a n d  P H I L L I P S ,  P.  ( 1 9 8 0 ) .  B r . J .  C a n c e r ,  4 1 ,  7 9 0 - 7 9 9 .

1 6 7 .  FENSELAU,  A . ,  WATT,  S .  a n d  MELLO,  R. O.  ( 1 9 8 1 ) .  J . B i o l . C h e m .

2 5 6 ,  9 6 0 5 - 9 6 1 1 .

1 6 8 .  J AF F E ,  E . A . ,  NACHMAN, R . L . ,  BECKER,  C . G.  a n d  MI NI CK,  C . R .

( 1 9 7 8 ) .  0 . C l i n . I n v e s t .  , 5 2 ,  2 7 4 5 - 2 7 5 6  .

1 6 9 .  FENSELAU,  A.  a n d  MELLO,  R. O.  ( 1 9 7 6 ) .  C a n c e r  R e s e a r c h ,  3 6 ,

3 2 6 9 - 3 2 7 3 .

1 7 0 .  FOLKMAN,  J .  a n d  HAUDENSCHILD, C . ( 1 9 8 0 ) .  N a t u r e ,  2 8 8 ,  55 1 - 5 5 1

1 7 1 .  BOWMAN, P . O . ,  BETZ,  A . L . ,  A r ,  D . , WOLINSKY,  J . S . ,  PENNY,  0 .

SHI VERS,  R . R.  a n d  GOLDSTEI N,  G. W.  ( 1 9 8 1 ) .  I n V i t r o .  1 7 ,  

3 5 3 - 3 6 2 .

1 7 2 .  SPATZ,  M . , BEMBRY,  0 . ,  DODSON,  F . , HERVONEN,  H.  a n d

MURRAY, M. R.  ( 1 9 8 0 ) .  B r a i n  R e s e a r c h ,  1 9 1 ,  5 7 7 - 5 8 2 .

1 7 3 .  WEIBEL,  E . R .  a n d  PALADE,  G . E . ( 1 9 6 4 ) .  O . C e l l  B i o l . ,  2 3 ,

1 0 1 - 1 1 2 .

174  F E I GI N,  I . ,  ALLEN,  L . B . ,  L I P KI N,  L.  a n d  GROSS,  S . W.
( 1 9 5 8 )  C a n c e r ,  1 1 ,  2 6 4 - 2 7 7 .

1 7 5 .  GOUGH, 0 .  ( 1 9 4 0 ) .  0 . P a t h o l . B a c t e r i o l . ,  5 1 ,  2 3 - 2 8 .

1 7 6 .  KRYLOVA,  N. V.  ( 1 9 7 3 ) .  B i b l . A n a t .  1 2 ,  4 9 7 - 5 0 3 .

1 7 7 .  PENA,  C . E .  a n d  F EI TER,  R.  ( 1 9 7 3 ) .  A c t a . N e u r o p a t h o l . ( B e r l . )

2 3 ,  9 0 - 9 4 .



1 7 8 .  KELLY,  P . O . ,  SUDDI TH, R. L . ,  HUTCHISON,  H . T . ,  WERBACH,  K.
a n d  HABER,  B . ( 1 9 7 6 ) .  J . N e u r o s u r g .  4 4 ,  3 4 2 - 3 4 5 .

1 7 9 .  KNAZEK,  R . A . ,  KOHLER,  P . O .  a n d  GULLI NO. P. M.  ( 1 9 7 4 ) .

Ex p .  C e l l  R e s e a r c h ,  8 4 ,  2 5 1 - 2 5 4 .

1 8 0 .  RUTZKY,  L . P . ,  TOMI TA,  J . T . ,  CALENOFF,  M. A.  a n d  KAHAN, B. D

(1 9 7 9 ) .  J . N . C .  I . , 6 3 ,  8 9 3 - 9 0 2 .

1 8 1 .  KONDO, H . ,  KIKUTA,  A.  a n d  NOUMURA, J .  ( 1 9 7 5 ) .  Ex p .  C e l l

R e s e a r c h ,  9 0 ,  2 8 5 - 2 9 7 .

1 8 2 .  J ONES,  K . L . ,  ANDERSON,  N . S .  a n d  ADDISON,  J .  ( 1 9 7 8 ) .

C a n c e r  R e s e a r c h ,  3 8 ,  1 6 8 8 - 1 6 9 3 .

1 8 3 .  BRAUNSCHWEIGER,  P . O . ,  STRAGAND , J . J . a n d  S CHI F F E R, L . M.

( 1 9 7 8 ) .  C a n c e r  R e s e a r c h ,  3 8 ,  4 5 1 0 - 4 5 1 5 .

1 8 4 .  BECKER,  O . P . ,  YOUNG,  H . F .  a n d  VRI ES,  J . K .  ( 1 9 7 5 ) .

C l i n  . N e u r o s u r g . ,  22 , 3 6 4 .

1 8 5 .  FRESHNEY,  R . I . ,  MORGAN, D . ,  HASSANZADAH,  M. ,  SHAW, R.

a n d  FRAME,  M. I n  : T i s s u e  C u l t u r e  i n  M e d i c a l  R e s e a r c h  

( i i )  ( 1 9 8 0 ) .  P e r g a m o n  P r e s s .  O x f o r d  a n d  New Y o r k .

1 8 6 .  MEALEY,  J . ,  CHEN,  T . T .  a n d  SCHANZ,  G . P .  ( 1 9 7 1 ) .

J . N e u r o s u r g . ,  3 4 ,  3 2 4 - 3 3 4 .

1 8 7 .  HORN,  D.  a n d  BUZARD,  R . L .  ( 1 9 8 1 ) .  C a n c e r  R e s e a r c h ,  4 1 ,

3 1 5 5 - 3 1 6 0 .

1 8 8 .  GRANNER,  O . K . ,  HAYASHI ,  S . ,  THOMPSON,  E . B .  a n d  TOMKINS,  G

( 1 9 6 8 ) .  J . M o l . B i o l . ,  3 5 ,  2 9 1 - 3 0 1 .

1 8 9 .  GREENGARD,  0 . ,  SAHI G,  M. K.  a n d  KNOX, W. E.  ( 1 9 7 0 ) .  A r c h .
B i o c h i m . B i o p h y s . ,  1 3 7 ,  4 7 7 .

1 9 0 .  BREEN,  G. A. M.  a n d  DE VELLI S ,  J .  ( 1 9 7 4 ) .  D e v . B i o l . ,  4 1 ,

2 5 5 - 2 6 6 .

1 9 1 .  BENNETT,  K. , MCGI NNI S,  J . F .  a n d  DE VELLI S ,  J .  (1 9 7 7 ) .

J .  C e l l  P h y s i o l . ,  9 3 ,  2 4 7 - 2 6 0 .

1 9 2 .  FRAME,  M. ,  FRESHNEY,  R . I . ,  SHAW, R.  a n d  GRAHAM, D . I .

( 1 9 8 0 )  C e l l  B i o l o g y  I n t e r n a t i o n a l  R e p o r t s ,  4 ,  7 3 2 .

1 9 3 .  R I F K I N , D. B.  a n d  CROWE,  R. M.  ( 1 9 8 0 ) .  J .  C e l l  P h y s i o l . ,

1 0 5 ,  4 1 7 - 4 2 2 .



1 9 4 .  SEI F ERT,  S . C .  a n d  GELEHRTER,  T . D .  ( 1 9 7 9 ) .  J .  C e l l  P h y s i o l

9 9 ,  3 3 3 - 3 4 2 .

1 9 5 .  GILMAN,  A. G.  a n d  NI RENBERG,  M. ( 1 9 7 1 ) .  P . N . A . S .  ( US A) ,
6 8 ,  2 1 6 5 - 2 1 6 8 .

1 9 6 .  SALEM,  R.  a n d  DE VELLI S ,  J .  ( 1 9 7 6 ) .  F e d . P r o c . ,  3 5 ,  2 9 6 9 .

1 9 7 .  SATO,  S . ,  SUGIMURA,  T . ,  YODA, K.  a n d  FUJI MURA,  S.  ( 1 9 7 5 ) .

C a n c e r  R e s e a r c h ,  3 5 ,  2 4 9 4 - 2 4 9 9 .

1 9 8 .  EDSTROM,  A . ,  KANJE,  M. a n d  WALUM, E.  ( 1 9 7 4 ) ,  Ex p .  C e l l

R e s e a r c h ,  8 5 ,  2 1 7 - 2 2 3 .

1 9 9 .  SHAPI RO,  D . L .  ( 1 9 7 3 ) .  N a t u r e ,  2 4 1 ,  2 0 3 - 2 0 4 .

2 0 0 .  NI SSEN,  C.  a n d  SCHOUSBOE,  A.  ( 1 9 7 8 ) .  0 .  N e u r o c h e m .  , 3 2 ,

1 7 8 7 - 1 7 9 2 .

2 0 1 .  TABUCHI ,  K . , FURUTA,  T . ,  NORIKANE,  H . , TSUBOL,  M . ,
MORIYA,  Y.  a n d  NI SHI MOTO,  A.  ( 1 9 8 1 ) .  J . N e u r o l o g i c a l  

S c i e n c e s .  5 1 ,  1 1 9 - 1 3 0 .

2 0 2 .  LI M,  R . , TURRI F F ,  D . E . ,  TROY,  S . S .  a n d  KATO, T.  ( 1 9 7 7 ) .

I n  ; C e l l ,  T i s s u e  a n d  O r g a n  C u l t u r e s  i n  N e u r o b i o l o g y ,  

A c a d e m i c  P r e s s  I n c . ,  pp 2 2 3 - 2 3 5 .

2 0 3 .  S A F F I O T T I , V . , MONTESANO,  R . , SELLAKUMAR,  A.  a n d  BORG,  S.

( 1 9 6 7 ) .  C a n c e r ,  2 0 ,  8 5 4 - 8 6 7 .

2 0 4 .  CHU,  E.  a n d  MALMGREN, R . ( 1 9 6 5 ) .  C a n c e r  R e s e a r c h ,  2 5 ,

8 8 4 - 8 9 5 .

2 0 5 .  DAVI ES,  R.  ( 1 9 6 7 ) .  C a n c e r  R e s e a r c h ,  2 7 ,  2 3 7 - 2 4 1 .

2 0 6 .  MOON, R . , GRUBBS,  C . , SPORN,  M. a n d  GOODMAN, D.  ( 1 9 7 7 ) .

N a t u r e ,  267  , 6 2 0 - 6 2 1  .

2 0 7 .  LAS NI TZKI ,  I .  ( 1 9 7 6 ) .  B r . J .  C a n c e r ,  3 4 ,  2 3 9 - 2 4 8 .

2 0 8 .  TODARO,  G . , D E  LARCO,  J .  a n d  SPORN,  M. ( 1 9 7 8 ) .  N a t u r e ,

2 7 6 ,  2 7 2 - 2 7 4 .

209 . SI  DELL,  N.  ( 1 9 8 2 ) .  J . N . C . I . ,  6 8 ,  5 8 9 - 5 9 6  .

2 1 0 .  LOTAN,  R.  ( 1 9 8 0 )  B i o c h i m . B i o p h y s .  A c t a . ,  6 0 5 ,  3 3 - 9 1 .

2 1 1 .  MEYSKENS,  F . L .  a n d  SALMON,  S . E .  ( 1 9 7 9 ) .  C a n c e r  R e s e a r c h ,

3 9 ,  4 0 5 5 - 4 0 5 7 .

2 1 2 .  MEYSKENS,  F . L .  a n d  FULLER,  B . B .  ( 1 9 8 0 ) .  C a n c e r  R e s e a r c h ,

4 0 ,  2 1 9 4 - 2 1 9 6 .



2 1 3 .  LOTAN,  R. a n d  LOTAN,  D.  ( 1 9 8 0 ) .  C a n c e r  R e s e a r c h ,  4 0 ,

3 3 4 5 - 3 3 5 0 .

2 1 4 .  LEVI NE,  L.  a n d  OHUCHI ,  K. ( 1 9 7 8 ) .  N a t u r e ,  2 7 6 ,  2 7 4 - 2 7 5 .

2 1 5 .  POLLI ACK,  A.  a n d  L E V I J , I . S .  ( 1 9 6 9 ) .  C a n c e r  R e s e a r c h ,  2 9 ,

3 2 7 - 3 3 2 .

2 1 6 .  WILSON,  E . L .  a n d  DOWDLE,  E . B .  ( 1 9 8 0 ) .  C a n c e r  R e s e a r c h ,

4 0 ,  4 8 1 7 - 4 8 2 0 .

2 1 7 .  WILSON,  E . L .  a n d  REI CH,  E.  ( 1 9 7 8 ) .  C e l l ,  1 5 ,  3 8 5 - 3 9 2 .

2 1 8 .  GRESSER,  I . ,  BROUTY-BOYE,  D . ,  THOMAS,  M. T.  a n d  MACIEVA-

COELHO,  A.  ( 1 9 7 0 ) .  P . N . A . S .  ( US A) ,  6 6 ,  1 0 5 2 - 1 0 5 8 .

2 1 9 .  GRESSOR,  I . ,  a n d  TOVEY,  M. G.  ( 1 9 7 8 ) .  B i o c h i m . B i o p h y s .  A c t a
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chromatography against accepted metabo
lites as -standards.

The cultured tumour cells were relati
vely insensitive to both M T X  and DNR. 
However ADR in doses equivalent to DNR  
showed dose-related cell killing. There 
was complete cell killing if ADR was not 
removed from the culture before day 3. 
Metabolism of both DNR and ADR occur

red, predominantly yielding side-chain de
rivatives.

The conclusion* from this study so far 
is that these viraily-induced tumours are 
sensitive to ADR but can distinguish this 
molecule from the very closely related 
DNR. The relationship between cell sen
sitivity and ADR metabolism, and between 
relative resistance and DNR metabolism 
is currently being investigated.

M . F r a m e D. M organ  —  R .I. F r e s h n e y R . S h a w

Glial fibrillary acid ic protein  and P lasm inogen A ctivator in cultured
norm al and m alignant brain cells

Glial fibrillary acidic protein (GFAP) 
and Plasminogen Activator (PA) produc
tion have been studied in a number of 
early passage cell lines derived from nor
mal brain and malignant astrocytoma. 
These cells have been characterised by 
glutamine synthetase activity (1) and high 
affinity GABA uptake (2), known mar
kers of glial differentiation. Previously, 
cells derived from malignant astrocytoma 
have been shown to have high labelling 
index at terminal cell density (3) and ab
normal karyotype (4).

Only one astrocytoma cell line screened 
for GFAP has proved to be 100% positive 
(G-CCM) while some other lines have a 
small number of positive cells. The esta
blished rat glioma line 06 has 50% GFAP 
positive cells in control cultures and can 
be induced to almost 100% by known in
ducers of glial differentiation such as Btz 
cAMP and dexamethasone. Increasing 
cell density in 06 cultures also increases 
GFAP. Many cell lines, including those 
derived from normal adult brain, are com

pletely negative and are not induced by 
the above agents. Normal foetal brain 
cultures are up to 100% GFAP positive 
without chemical induction.

Plasminogen activator, often associated 
with malignant behaviour (5), is produced 
by a number of glioma lines all of which 
are GFAP negative. Increasing cell den
sity reduces PA production, the opposite 
effect to that seen with increasing cell 
density on GFAP in C6 cultures. PA is 
not detectable in cultures of G-CCM and 
is very low in C6 (both GFAP positive). 
Normal brain derived cells are also very 
low in PA activity.
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R etinoic acid  in h ib its jun ctional com m unication  betw een  anim al cells

Most types of animal cells, in  v iv o  and 
in culture, form intercellular junctions 
which are freely permeable to small ions 
and molecules but not to macromolecules. 
These permeable junctions (gap junctions) 
provide pathways of direct communica

tion between all the cells in a coupled 
population. They allow the spread of ac
tion potentials through excitable tissues. 
The rapid equilibration of metabolite 
pools between coupled cells results in the 
cordination of enzymic activity and can
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MARKERS OF D IFFERENTIATION IN  G L IAL  CELLS

M a r g a r e t  F ra m e , R . I .  F r e s h n e y ,  R. Shaw and  D . I .  Graham 
The B e a ts o n  I n s t i t u t e  f o r  C a n c e r  R e s e a rc h ,

G a rs c u b e  E s t a t e ,  S w i t c h b a c k  Road, B e a r s d e n ,  G la s g o w ,  GB1 1BD,

The k i n e t i c s  o f  u p t a k e  o f  g l u t a m a t e  
and  Y - a m i n o b u t y r i c  a c i d  CGABA) by n o rm 
a l  g l i a  and  g l i o m a  c e l l  l i n e s  ha ve  been  
u se d  as m a r k e r  p r o p e r t i e s  o f  d i f f e r e n t i a t 
i o n .  W i t h  r e s p e c t  t o  g l u t a m a t e  u p t a k e , a l l  
g l i a  and  g l i o m a  l i n e s  t e s t e d  showed 
b i p h a s i c  L i n e w e a v e r - B u r k  p l o t s ,  w i t h i n  
t h e  r a n g e  o f  g l u t a m a t e  c o n c e n t r a t i o n s  
u s e d ,  i n d i c a t i n g  t h e  p r e s e n c e  o f  b o t h  
lo w  a f f i n i t y  (Km D .3  -  O.BmMj and  h i g h  
a f f i n i t y  (Km 30 -  SOpMd u p t a k e  m e c h a n is m s .  
The h ig h  a f f i n i t y  m ech a n ism  i s  s e n s i t i v e  
t o  i ^ o m p e t i t i v e  i n h i b i t i o n  by  a s p a r t a t e .  
D e m o n s t r a t i o n  o f  h i g h  a f f i n i t y  t r a n s p o r t  
and  s p e c i f i c  i n h i b i t i o n  by a s p a r t a t e  may 
p r o v e  u s e f u l  as  a m a r k e r  o f  d i f f e r e n t i a 
t i o n  i n  t h e s e  c e l l s .  O f  t h e  o t h e r  c e l l  
t y p e s  t e s t e d ,  o n l y  m elanom a l i n e s  show
ed t h e  p r e s e n c e  o f  tw o  d i f f e r e n t  a f f i n 
i t y  m ech a n ism s  o f  u p t a k e .  F o e t a l  Human 
I n t e s t i n e  ( F B I )  c e l l s ,  3T3 mouse 
f i b r o b l a s t s  and MRC-5 human d i p l o i d  
f i b r o b l a s t s  g a v e  r i s e  t o  m o n o p h a a ic  L i n e -  
w e a v e r - B u r k  p l o t s  w i t h  o n l y  a low  
a f f i n i t y  m ech a n ism  f o r  g l u t a m a t e  u p t a k e .  
A n o t h e r  c e l l  l i n e  (GMS3 w h ic h  was d e r i v e d  
f r o m  a human a s t r o c y t o m a  b u t  was t h o u g h t  
t o  be p r e d o m i n a n t l y  e n d o t h e l i a l  f r o m  
m o r p h o l o g i c a l  e v i d e n c e ,  i t s  l o s s  o f  GFAP 
p o s i t i v e  c e l l s  w i t h  p a s s a g e  n u m b e r ,  and  
i t s  h i g h  l e v e l  o f  a l k a l i n e  p h o s p h a t a s e ,  
a l s o  show ed  o n l y  a lo w  a f f i n i t y  g l u t a 
m ate  u p t a k e  s y s te m .  A l l  t h e  g l i a l  
l i n e s  t e s t e d  and some g l i o m a  l i n e s  have  
b o t h  l i i g h  and lo w  a f f i n i t y  m ech a n ism s  
o f  GABA u p t a k e .  I n  some c a s e s  t h e  
p r e s e n c e  o f  t h e  h i g h  a f f i n i t y  s y s te m  
was o n l y  e v i d e n t  a f t e r  t r e a t m e n t  o f  t h e  
c e l l s  w i t h  known i n d u c e r s  o f  g l i a l  
d i f f e r e n t i a t i o n  s u c h  as d i b u t y r y l -  
c y c l i c  AMP ( i n  t h e  a b s e n c e  o f  s e ru m ]  o r  
^ - m e t h a s o n e .  T hese  o b s e r v a t i o n s

i m p l y  t h a t  h i g h  a f f i n i t y  t r a n s p o r t  
o f  p u t a t i v e  n e u r o t r a n s m i t t e r  am ino  a c i d s  
may be r e s t r i c t e d  t o  n e u r e c t o d e r m a l  c e l l s

G l i a l  f i b r i l l a r y  a c i d i c  p r o t e i n  (GFAP3 
has been shown to  be a s p e c i f i c  m a r k e r  
f o r  a s t r o g l i a  and  can  be d e m o n s t r a t e d  i n  
b o t h  n o rm a l  amd m a l i g n a n t  g l i a ,  i n  v i v o  
and  3£ i v i t r o . GFAP was i n d u c e d  
s p o n t a n e o u s l y  i n  c u l t u r e s  o f  human 
and  mouse f o e t a l  b r a i n .  I t  i s  a l s o  
p r e s e n t  i n  r a t  Cg g l i o m a  c u l t u r e s ,  
b e in g  m a x i m a l l y  e x p r e s s e d  i n  e a r l y  
s t a t i o n a r y  p h a se  c u l t u r e s .  T h i s  
i n c r e a s e  i n  GFAP p r o d u c t i o n  c o i n c i d e s  
w i t h  t h e  o n s e t  o f  c e l l  -  c e l l  c o n t a c t  
and  d e n s i t y  d e p e n d e n t  i n h i b i t i o n  o f  
p r o l i f e r a t i o n .  I n d u c t i o n  o f  GFAP i n  
Cg c u l t u r e s  above  c o n t r o l  v a l u e s  can 
be  a c h ie v e d  by a g e n t s  s u c h  as i s o 
p r o t e r e n o l ,  d i b u t y r y l - c y c l i c  AMP and 
d e x a m e th a s o n e  w i t h  m a x im a l  i n d u c t i o n  
b e i n g  o b t a i n e d  u s in g  a c o m b i n a t i o n  o f  
t h e s e  a g e n t s .  The p r o t e i n  s y n t h e s i s  
i n h i b i t o r ,  c y c l o h e x i m i d e ,  and  t h e  
t r a n s c r i p t i o n a l  i n h i b i t o r ,  a c t i n o m y c i n  
D, b o t h  p r e v e n t  t h i s  i n d u c e d  i n c r e a s e  
i n  GFAP.

I t  may be p o s s i b l e  t o  e x p l o i t  t h e s e  
m a r k e r  p r o p e r t i e s  o f  g l i a l  c e l l s  ( w i t h  
t h e  h e lp  o f  i n d u c i n g  a g e n ts  3 i n  f u t u r e  
s t u d i e s  o f  d i f f e r e n t i a t i o n  and 
m a l i g n a n c y  i n  c u l t u r e s  o f  n o r m a l  g l i a  
and  g l i a l  t u m o u r s .

A c k n o w le d g e m e n ts

The 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  
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i n  c o l l a b o r a t i o n  w i t h  D r . R . C . l m r i e  o f  
Beechams R e s e a rc h  L a b o r a t o r i e s .
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A B S T R A C T

A n  a t t e m p t  h a s  b e e n  m a d e  t o  c o r r e l a t e  t h e  I n d u c t i o n  o f  d i f f e r e n t i a t i o n  i n  g l i a l  c e l l s  

w i t h  a  r e d u c t i o n  i n  c e l l  p r o l i f e r a t i o n  t o  d e t e r m i n e  w h e t h e r  t h e  c y t o s t a t i c  e f f e c t  o f  

g l u c o c o r t i c o i d s  m a y  b e  r e l a t e d  t o  a  n o r m a l  r e g u l a t o r y  r o l e *  G r o w t h  o f  c e l l s  a t  h i g h  

c e l l  d e n s i t i e s  u s i n g  c e l l  c o u n t s  a n d  l a b e l l i n g  i n d i c e s  w i t h  ( 3 h ) “  t h y m i d i n e  h a s  b e e n  

c o m p a r e d  b e t w e e n  c u l t u r e s  e x p o s e d  t o  g l u c o c o r t i c o i d s  a n d  c y c l i c  A M P ,  a n d  c o n 

t r a s t e d  w i t h  t h e  e f f e c t  o f  t h e s e  a g e n t s  o n  d i f f e r e n t i a t i o n ,  m o n i t o r e d  b y  i n d u c t i o n  o f  

g l i a l  f i b r i l l a r y  a n t i g e n  a n d  u p t a k e  o f  n e u r o t r a n s m i t t e r  a m i n o a c i d s .  T h e  e f f e c t  o f  

g l u c o c o r t i c o i d s  o n  ( ^ H ) -  a n d  ( - g l u c o s a m i n e  i n c o r p o r a t i o n  i n t o  p r o t e a s e  d i g e s t s  

o f  t h e  c e l l  s u r f a c e  h a s  a l s o  b e e n  e x a m i n e d .  T h e s e  r e s u l t s  s h o w  t h a t  g l u c o c o r t i 

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

i s a t i o n  o f  t h e  c e l l  s u r f a c e .  I s o p r o t e r e n o l  ( o r  c y c l i c  A M P ) ,  w h i l e  p r o m o t i n g  a  h i g h e r  

l e v e l  o f  d i f f e r e n t i a t i o n ,  d o e s ^ n o t  a p p e a r  t o  b e  c y t o s t a t i c .  I t s  e f f e c t  o n  t h e  c e l l  s u r 

f a c e  h a s  n o t  b e e n  e x a m i n e d .

K E Y  W O R D S

G l i o m a ,  g l i a l  f i b r i l l a r y  a n t i g e n ,  - a m i n o b u t y r i c  a c i d ,  c e l l  s u r f a c e ,  g l u c o c o r t i 

c o i d s ,  i s o p r o t e r e n o l ,  c y c l i c  A M P .

G l u c o c o r t i c o i d s  a r e  w e l l  e s t a b l i s h e d  a s  a n t i n e o p l a s t i c  a g e n t s  i n  t h e  t r e a t m e n t  o f  

l e u k a e m i a ,  l y m p h o m a ,  b r e a s t  c a r c i n o m a  a n d  m a n y  o t h e r  m a l i g n a n c i e s .  J u s t  a s  

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

e f f e c t  o n  d i f f e r e n t  t u m o u r s  m a y  v a r y  a c c o r d i n g  t o  t h e  t a r g e t  c e l l .  W h i l e  t h e  e f f e c t  

o f  g l u c o c o r t i c o i d s  o n  l e u k a e m i a  a n d  l y m p h o m a  i s  a p p a r e n t l y  c y t o t o x i c  ( K o n d o  a n d  

C o - w o r k e r s ,  1 9 7 5 ) ,  m e d i a t e d  b y  s p e c i f i c  r e c e p t o r  b i n d i n g ,  t h e  e f f e c t  o n  o t h e r  

t u m o u r s  i s  l e s s  w e l l  c h a r a c t e r i s e d .  U n l i k e  h a e m o p o i e t i c  t u m o u r s ,  t h e  e f f e c t  o n  

s o l i d  t u m o u r s  s u c h  a s  b r e a s t  ( B r a u n s c h w e i g e r  &  C o - w o r k e r s ,  1 9 7 8 ) ,  a n d  l u n g  

( J o n e s  &  C o - w o r k e r s ,  1 9 7 8 )  c a r c i n o m a  m a y  b e  c y t o s t a t i c .

G l u c o c o r t i c o i d s  a n d  D i f f e r e n t i a t i o n

G l u c o c o r t i c o i d s  h a v e  l o n g  b e e n  k n o w n  t o  i n d u c e  d i f f e r e n t i a t i o n  i n  m a n y  d i f f e r e n t  

c e l l s  i n c l u d i n g  n e u r a l  r e t i n a  ( P i d d i n g t o n  &  M o s c o n a ,  1 9 6 7 ) ,  l i v e r  p a r e n c h y m a  

( G r e e n g a r d ,  1 9  7 Q ,  h e p a t o m a  ( G r a n n e r  &  C o - w o r k e r s ,  1 9 6 8 ) ,  r a t  c e r e b r a l  c e l l
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c u l t u r e s  ( B r e e n  &  d e  V e l l i s ,  1 9 7 4 )  a n d  t h e  r a t  C g  g l i o m a  ( B e n n e t t  &  C o - w o r k e r s ,  

1 9 7 7 ) ,  I t  i s  p o s s i b l e  t h a t  s t e r o i d s  m a y  h a v e  a  c y t o s t a t i c  e f f e c t  b y  p r o m o t i n g  t h e  

d i f f e r e n t i a t i o n  o f  a  m o r e  n o r m a l  p h e n o t y p e ,  i n c l u d i n g  t h e  e x p r e s s i o n  o f  c e l l  s u r f a c e  

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

p r o l i f e r a t i o n .

G l u c o c o r t i c o i d s  a n d  t h e  C e l l  S u r f a c e

I v a r i e  a n d  O ' F a r r e l l  ( 1 9 7 8 )  d e m o n s t r a t e d  t h e  i n d u c t i o n  o f  a  n e w  s i a l o p r o t e i n  i n  

h e p a t o m a  c e l l s  i n d u c e d  b y  g l u c o c o r t i c o i d s  a n d  F u r c h t  &  C o - w o r k e r s  ( 1 9 7 9 )  h a v e  

s h o w n  t h a t  f l b r o n e c t i n ,  o f t e n  d e l e t e d  i n  m a l i g n a n t  c e l l s ,  i s  a c c u m u l a t e d  o n  t h e  

s u r f a c e  o f  S V 4 0 - t r a n s f o r m e d  h u m a n  f i b r o b l a s t s  f o l l o w i n g  g l u c o c o r t i c o i d  t r e a t m e n t .  

T h i s  m a y  b e  d u e  t o  i n d u c t i o n  o f  d e  n o v o  p r o t e i n  s y n t h e s i s  o r  r e p r e s s i o n  o f  e x t r a  

c e l l u l a r  p r o t e a s e  a c t i v i t y  ( W i g  1 e r  &  C o - w o r k e r s ,  1 9 7 5 ) ,

M a l i g n a n c y  a n d  t h e  C e l l  S u r f a c e

G l i m e l i u s  a n d  c o - w o r k e r s  h a v e  s u g g e s t e d  t h a t  m a l i g n a n t  t r a n s f o r m a t i o n  i s  

a c c o m p a n i e d  b y  a n  i n c r e a s e  i n  s i a l a t i o n  o f  c e l l  s u r f a c e  g l y c o p e p t i d e s  a n d  t h e y  

s h o w e d  t h a t  c o n t i n u o u s  l i n e s  o f  h u m a n  g l i o m a  h a v e  m o r e  h e a v i l y  s i a l a t e d  

g l y c o p e p t i d e s  t h a n  t h e i r  n o r m a l  c o u n t e r p a r t s .  M a l i g n a n t  t r a n s f o r m a t i o n  m a y  r e s u l t  

i n  a  l o s s  o f  s o m e  c e l l  s u r f a c e  g l y c o p e p t i d e s ,  s u c h  a s  f i b r o n e c t i n  ( V a h e r i  &  C o 

w o r k e r s ,  1 9 7 6 ) ,  a n d  a  r e d i s t r i b u t i o n  o f  g l y c o s y l a t i o n  o f  o t h e r s .

G l u c o c o r t i c o i d s  a n d  M a l i g n a n c y

W e  w o u l d  l i k e  t o  p r o p o s e  t h a t  p a r t  o f  t h e  a c t i o n  o f  g l u c o c o r t i c o i d s  i s  t o  c a u s e  t h e  

r e - e x p r e s s  i o n  o f  t h e  c e l l  s u r f a c e  p r o p e r t i e s  o f  t h e  e q u i v a l e n t  n o r m a l  c e l l  b y  

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

r e s u l t ,  o r  a d d i t i o n a l l y ,  c a u s i n g  t h e  d i s t r i b u t i o n  o f  c a r b o h y d r a t e  r e s i d u e s  t o  r e t u r n  

t o  n o r m a l .  T h i s  c o u l d  p r o d u c e  a  c e l l  m o r e  c a p a b l e  o f  r e c o g n i s i n g  a d j a c e n t  n o r m a l  

c e l l s ,  i n c r e a s i n g  c o n t a c t  m e d i a t e d  d e n s i t y  l i m i t a t i o n  o f  g r o w t h  a n d  m o t i l i t y ,  i . e .  

a  c y t o s t a t i c  a n d  a n t i - i n v a s i v e  c a p a b i l i t y  m e d i a t e d  b y  o n e  g e n e r a l  p h e n o t y p i c  

m o d i f i c a t i o n .

G l u c o c o r t i c o i d s  a n d  H u m a n  G l i o m a

T h e  p r e s e n t  a p p r o a c h ,  t o  s t u d y  t h e  e f f e c t  o f  g l u c o c o r t i c o i d s  o n  g l i o m a ,  w a s  

e n c o u r a g e d  b y  t h e  e x t e n s i v e  u s e  o f  t h e s e  s t e r o i d s  t o  r e d u c e  o e d s in a  a s s o c i a t e d  

w i t h  b r a i n  t u m o u r s .  I t  h a d  b e e n  s u g g e s t e d  a l s o  t h a t  g l u c o c o r t i c o i d s  w o u l d  h a l t  

g l i o m a  i n  t h e  G i  p h a s e  o f  t h e  c e l l  c y c l e  ( W i l s o n  &  C o - w o r k e r s ,  1 9 7 2 ) ,  a n d  o t h e r s  

( M e a l e y ,  C h e n  &  S c h a n t z ,  1 9 7 1 )  h a d  s u g g e s t e d  a  c y t o t o x i c  e f f e c t .  O u r  o w n  

o b s e r v a t i o n s  ( G u n e r  &  C o - w o r k e r s ,  1 9 7 7 )  s h o w e d  t h a t  g l u c o c o r t i c o i d s  c o u l d  

s t i m u l a t e  c e l l  s u r v i v a l  ( c l o n i n g  e f f i c i e n c y )  a n d  p r o l i f e r a t i o n  ( c o l o n y  s i z e )  i n  a  

c l o n a l  g r o w t h  a s s a y  a n d  t h a t  c y t o s t a s i s  d i d  n o t  o c c u r  u n t i l  e i t h e r  t h e  c o l o n i e s  

r e a c h e d  a  c e r t a i n  s i z e  ( 5 0 - 1 0 0  c e l l s )  o r  a  h i g h  d e n s i t y  m o n o l a y e r  w a s  u s e d  

( F r e s h n e y  &  C o - w o r k e r s ,  1 9 8 0 ) .  T r e a t m e n t  o f  m o n o l a y e r  c u l t u r e s  s h o w e d  t h a t  a  

l o w e r  t e r m i n a l  c e l l  d e n s i t y  w a s  a t t a i n e d  i n  t h e  p r e s e n c e  o f  g l u c o c o r t i c o i d s  

( F ig  1 )  a n d  t h a t  t h e  l a b e l l i n g  i n d e x  w i t h  ( 3 H ) - t h y m i d i n e  a t  t h i s  d e n s i t y  w a s  

a b o u t  o n e  t h i r d  o f  u n t r e a t e d  c o n t r o l s  ( F ig  2 ) ,  T h a t  t h i s  w a s  n o t  d u e  t o  

c y t o t o x i c i t y ,  p e c u l i a r  t o  t h i s  c e l l  c o n c e n t r a t i o n ,  w a s  d e m o n s t r a t e d  b y  c l o n i n g  t h e  

c e l l s  f o l l o w i n g  p r o l o n g e d  t r e a t m e n t  ( 5  d a y s  ) w i t h  ^ - m e t h a s o n e  a t  t e r m i n a l  c e l l  

d e n s i t y .  C l o n i n g  e f f i c i e n c y  w a s  u n i m p a i r e d  a n d  t h e  s t e r o i d  g a v e  t h e  i n d u c t i o n  o f  

c l o n i n g  e f f i c i e n c y  p r e v i o u s l y  f o u n d  ( F r e s h n e y  &  C o - w o r k e r s ,  1 9 8 0 ) ,
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F i g  1 R e d u c t i o n  i n  t e r m i n a l  c e l l  d e n s i t y  b y  g l u c o c o r t i c o i d s .

C e l l  l i n e  L E T  1 1  w a s  t r y p s i n l s e d  i n  t h e  t h i r d  p a s s a g e  

a n d  s e e d e d  o n  t o  1 5 m m  c o v e r s  l i p s  g r o w n  i n  2  4 - w e  11 

L i n b r o  d i s h e s  ( F l o w  L a b o r a t o r i e s ) . T h e  n e x t  d a y  t h e  

c o v e r s  l i p s  w e r e  t r a n s f e r r e d  t o  9 c m  b a c t e r i o l o g i c a l  

g r a d e  p e t r i  d i s h e s  c o n t a i n i n g  2 0 m l  m e d iu m  a n d  c u l t u r e  

c o n t i n u e d  f o r  a  f u r t h e r  1 5  d a y s  w i t h  m e d iu m  c h a n g e s  

e v e r y  2 - 3  d a y s .  C e l l  c o u n t s  w e r e  p e r f o r m e d  a t  

i n t e r v a l s  b y  d i s a g g r e g a t i n g  t h e  c e l l s  i n  0 . 1 2 5 %  t r y p s i n  

a n d  1 0 0 0  u / m l  c o l l a g e n a s e  ( W o r t h i n g t o n ,  C L S ) ,

o -----------------o  C o n t r o l ;  • ------------ #  1 0  j u g / m l  B - m e t  h a s  o n e ;

P -  1 0  j a g / m l  d e x a m e t h a s o n e ;  ■ .................. »  1 0  ^ g / m l

m e t h y l  p r e d n i s o l o n e .

G l u c o c o r t i c o i d s  a n d  R a t  C g  G l i o m a

A  s i m i l a r  c y t o s t a t i c  e f f e c t  o f  d e x a m e t h a s o n e  h a s  b e e n  n o t e d  i n  t h e  r a t  C g  g l i o m a .  

M o n o l a y e r  c u l t u r e s  t r e a t e d  f o r  t w o  w e e k s  w i t h  d e x a m e t h a s o n e  r e a c h e d  a  l o w e r  

t e r m i n a l  c e l l  d e n s i t y  t h a n  c o n t r o l s  ( F i g  3 ) .  I s o p r o t e r e n o l ,  a  c y c l i c  A M P  m e d i a t e d  

a d r e n e r g i c  d r u g  h a d  n o  e f f e c t  o n  t e r m i n a l  c e l l  d e n s i t y .  C g  c e l l s  w e r e  e x a m i n e d  

b e c a u s e  ( 1 )  t h e y  e x p r e s s  t h e  n o r m a l  d i f f e r e n t i a t e d  m a r k e r  o f  a s t r o g l i a ,  g l i a l  

f i b r i l l a r y  a n t i g e n  ( G F A ) ,  ( s e e  b e l o w ) ,  a n d  ( 2 )  a r e  i n d u c i b l e  f o r  g l y c e r o l  p h o s p h a t e  

d e h y d r o g e n a s e  s y n t h e s i s  b y  d e x a m e t h a s o n e  ( B e n n e t t  &  C o - w o r k e r s ,  1 9 7 7 ) .  T h i s  

s e c o n d  f e a t u r e  i s  i n  s o m e  c o n f l i c t  w i t h  t h e  f i r s t  a s  g l y c e r o l  p h o s p h a t e  

d e h y d r o g e n a s e  i s  a n  o l i g o d e n d r o c y t i c  m a r k e r  w h i l e  G F A  i s  a s t r o c y t i c .  E i t h e r  C g  

c a n  e x p r e s s  b o t h  o r  c o n t a i n s  s u b l i n e s  w h i c h  c a n  d i f f e r e n t i a t e  d o w n  e i t h e r  r o u t e .

I n d u c t i o n  o f  G F A  i n  C g G l i o m a

D e x a m e t h a s o n e  a l o n e  w a s  c a p a b l e  o f  o n l y  s l i g h t  i n d u c t i o n  o f  G F A  i n  C g  ( F ig  4 ( a )  ) 

b u t  c y c l i c  A M P  a l o n e  o r  i n  t h e  p r e s e n c e  o f  d e x a m e t h a s o n e  c a u s e d  a n  i n c r e a s e  i n
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l i l  6  0

F l g  2 .  I n h i b i t i o n  o f  l a b e l l i n g  i n d e x  a t  

t e r m i n a l  c e l l  d e n s i t y  b y  g l u c o 

c o r t i c o i d s  , C o n d i t i o n s  a s  i n  

F i g  1 .  D u p l i c a t e  c o v e r s  l i p s  w e r e  

l a b e l l e d  f o r  2 4  h o u r s  w i t h  ( ^ H ) -  

t h y m i d i n e  ( 2 0 0  C i / m M o l ,

5 m C i / m l )  a t  1 6  d a y s ,  a n d  t h e  

c e l l s  d i s a g g r e g a t e d  a n d  s e e d e d  a t  

a p p r o x i m a t e l y  1 ; 5  d i l u t i o n  o n  t o  

f r e s h  c o v e r s  l i p s .  A f t e r  2 4  h o u r s  

t h e  m o n o l a y e r  w a s  w a s h e d ,  f i x e d ,  

a c i d  s o l u b l e  p r e c u r s o r s  e x t r a c t e d ,  

a n d  a u t o r a d i o g r a p h s  p r e p a r e d .

T h e y  w e r e  d e v e l o p e d  a f t e r  2 w e e k s '  

e x p o s u r e  a n d  t h e  % l a b e l l e d  

c e l l s  d e t e r m i n e d .

t h e  p r o p o r t i o n  o f  G F A  p o s i t i v e  c e l l s .  T h i s  e f f e c t  c o u l d  a l s o  b e  d e m o n s t r a t e d  b y  

i s o p r o t e r e n o l  ( F i g  4 ( a ) ) .  I n c r e a s i n g  c e l l  d e n s i t y  a l o n e  w i l l  i n c r e a s e  G F A  

e x p r e s s i o n  a l t h o u g h  l e s s  t h a n  c y c l i c  A M P  o r  I s o p r o t e r e n o l  ( F i g  4 ( b ) ) .  M a x i m u m  

i n d u c t i o n  w a s  o b t a i n e d  w i t h  c y c l i c  A M P  i n  c o m b i n a t i o n  w i t h  d e x a m e t h a s o n e  w h e n  

a l m o s t  1 0 0 %  o f  t h e  p o p u l a t i o n  e x p r e s s e d  G F A .

G l u c o c o r t i c o i d s . C y c l i c  A M P ,  a n d  U p t a k e  o f  N e u r o t r a n s m i t t e r

A m i n o  A c i d s

T h e  h i g h  a f f i n i t y  t r a n s p o r t  o f  - a m i n o b u t y r i c  a c i d  (G A B A )  h a s  b e e n  s h o w n  t o  b e  a  

d i f f e r e n t i a t e d  f u n c t i o n  o f  g l i a l  c e l l s  ( S c h o n  &  K e l l y ,  1 9 7 4 ,  S c h o u s b o e  &  C o 

w o r k e r s ,  1 9 7 9 ) .  T h i s  m a y  b e  i n d u c e d  b y  d e x a m e t h a s o n e  a n d  c y c l i c  A M P  i n  

c u l t u r e s  f r o m  n o r m a l  h u m a n  b r a i n  b u t  s o  f a r  w e  h a v e  n o t  d e m o n s t r a t e d  t h i s  i n  

g l i o m a .  W e  h a v e  a l s o  d e m o n s t r a t e d  h i g h  a f f i n i t y  g l u t a m a t e  t r a n s p o r t  i n  s e v e r a l  

n o r m a l  a n d  m a l i g n a n t  l i n e s  b u t  n o t  i n  c e l l  l i n e s  o f  n o n - n e u r e c t o d e r m a l  o r i g i n .

D i f f e r e n t i a t i o n  a n d  C y t o s t a s i s

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

i a t e d  p h e n o t y p e  m i g h t  b r i n g  a b o u t  c y t o s t a s i s .  H o w e v e r ,  p r o m o t i o n  o f  d i f f e r e n t i a t 

i o n  b y  i s o p r o t e r e n o l  o r  c y c l i c  A M P  h a d  l i t t l e  e f f e c t  o n  t e r m i n a l  c e l l  d e n s i t y  w h i l e  

d e x a m e t h a s o n e  a l o n e ,  a l t h o u g h  l i m i t i n g  t e r m i n a l  c e l l  d e n s i t y ,  h a d  l e s s  e f f e c t  o n  

d i f f e r e n t i a t i o n  ( F i g s  3  a n d  4  a n d  u n p u b l i s h e d  o b s e r v a t i o n s ) .
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F i g .  3 R e d u c t i o n  o f  t e r m i n a l  c e l l  d e n s i t y  i n  r a t  C g  g l i o m a .

C o n d i t i o n s  a s  i n  F i g  1 e x c e p t  t h a t  C g  c e l l s  ( B e n d a  e t  a l  ( 1 9 6 8 )  ) 

w e r e  u s e d  i n s t e a d  o f  h u m a n  g l i o m a ,

o -  o  c o n t r o l ;  #  ,  2 , 5 x l 0 “ ^ M ( 1 0  m g / m l )

d e x a m e t h a s o n e ;  a ..........................a  1 0 M  i s o p r o t e r e n o l .

G l i a l  C e l l  S u r f a c e

T h e  m o d e l  a l s o  s u g g e s t s  t h a t  o n e  i m p o r t a n t  p h e n o t y p i c  c h a n g e  i n d u c e d  b y  

g l u c o c o r t i c o i d s  m a y  b e  a t  t h e  c e l l  s u r f a c e .  G l i m e l i u s  &  C o - w o r k e r s  ( 1 9 7 9 )  

s h o w e d  t h a t  c o n t i n u o u s  g l i o m a  l i n e s  d i f f e r e d  f r o m  n o r m a l  g l i a l  c e l l s  b y  a n  

i n c r e a s e  I n  t h e  p r o p o r t i o n  o f  h i g h  m o l e c u l a r  w e i g h t  g l y c o p e p t i d e s  i n  p r o t e a s e  

d i g e s t s  o f  t h e  c e l l  s u r f a c e .  S i n c e  c o n t i n u o u s  l i n e s  o f  g l i o m a ,  t h o u g h  

u n d o u b t e d l y  m a l i g n a n t ,  m a y  h a v e  u n d e r g o n e  f u r t h e r  t r a n s f o r m a t i o n  i n  v i t r o  

( e g .  t h e  k a r y o t y p e  s h i f t s  f r o m  n e a r  d i p l o i d  t o  s u b t e t r a p l o i d ) , w e  h a v e  

i n v e s t i g a t e d  c e l l  l i n e s  f r o m  g l i o m a  a t  l o w e r  p a s s a g e  l e v e l s .  T h e s e  l i n e s  s h o w  

a  s i m i l a r  I n c r e a s e  i n  t h e  p r o p o r t i o n  o f  h i g h  m o l e c u l a r  w e i g h t  g l y c o p e p t i d e s  w h e n  

c o m p a r e d  t o  c e l l  l i n e s  f r o m  n o r m a l  b r a i n  ( F i g  5 ( a ) ) .

W h e n  g l i o m a ,  c u l t u r e s  w e r e  t r e a t e d  f o r  t w o  w e e k s  w i t h  d e x a m e t h a s o n e  a n d  t h e n  

t h e  c e l l  s u r f a c e  g l y c o p e p t i d e s  c o m p a r e d  ( F i g  5 ( b ) ) ,  t h e  h i g h  m o l e c u l a r  w e i g h t  

c o m p o n e n t  w a s  r e d u c e d  a n d  t w o  l o w  m o l e c u l a r  w e i g h t  p e a k s  a p p e a r e d .  T h e s e  

w e r e  a l s o  p r e s e n t  i n  v e r y  s m a l l  a m o u n t s  i n  t h e  n o r m a l  c e l l s  a n d  m a y  b e  m a i n l y  

g l y c o s a m i n o g l y c a n s .
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F l g . 4  I n d u c t i o n  o f  G F A  i n  C g  c e l l s .  T h i s  r e p r e s e n t s  t h e  a c c u m u l a t e d

d a t a  o f  s e v e r a l  e x p e r i m e n t s .

( a )  C u l t u r e s  w e r e  g r o w n  i n  7 5 c m ^  f l a s k s  a n d  s t a i n e d  f o r  G F A  

b y  t h e  i m m u n o p e r o x i d a s e  m e t h o d  a t  t h e  t i m e s  i n d i c a t e d  b y  

c u t t i n g  o u t  p o r t i o n s  o f  t h e  f l a s k s .  B e t w e e n  2 0 0 - 5 0 0  c e l l s  

w e r e  s c o r e d  a n d  t h e  p e r c e n t a g e  G F A  p o s i t i v e  c e l l s  d e t e r m i n e d .  

S a m p le s  w i t h o u t  a n t i - G F A  a n t i b o d y ,  u s e d  a s  c o n t r o l s ,  w e r e  

u n i f o r m l y  n e g a t i v e .  E a c h  p o i n t  i s  t h e  m e a n  a n d  s t a n d a r d  

d e v i a t i o n  o f  1 0 - 2 0  r e p l i c a t e  f i e l d s  f r o m  d u p l i c a t e  s a m p l e s .

o  *0 c o n t r o l ,  •  -  -  -  #  2 . 5 x l 0 " ^ M  d e x a m e t h a s o n e ;

□ , .....................D ,  1 0 “ 4  M  d i b u t y r y l  c y c l i c  A M P ;  ---------------   —  p
d e x a m e t h a s o n e  p l u s  d i b u t y r y l  c y c l i c  A M P ;  ^ ......................0
1 0 - 5  M  i s o p r o t e r e n o l ;  ^  i s o p r o t e r e n o l  p l u s

d e x a m e t h a s o n e .

( b )  S u m m a r y  o f  c o n t r o l  o b s e r v a t i o n s  p l o t t e d  a g a i n s t  c e l l  d e n s i t y .

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

o n  e l u t i o n  f r o m  B i o g e l  P l O ,  m o r e  s i m i l a r  t o  n o r m a l  c e l l s .  T r e a t m e n t  o f  n o r m a l  

c e l l s  a n d  a  c o n t i n u o u s  l i n e  f r o m  h u m a n  a n a p l a s t i c  a s t r o c y t o m a  w i t h  d e x a m e t h a s o n e
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F i g  5  C e l l  s u r f a c e  G l y c o p e p t i d e  D i g e s t s ,  (a )  C u l t u r e s  f r o m  a  g l i o m a  l i n e  

C L D  a n d  a  n o r m a l  b r a i n  l i n e  N A B ,  C e l l s  w e r e  g r o w n  t o  c o n f l u e n c e  i n  

l 2 0 c m ^  g l a s s  f l a s k s  a n d  l a b e l l e d  w i t h  ( ^ H ) - g l u c o s a m i n e  ( 4 C i / m M o l )  o r  

( l 4 c ) - g i u c o s a m i n e  ( 6 1  m C i / m M o l ) ^  0 . 2  u C i / m l  f o r  5  d a y s .  T h e  

c u l t u r e s  w e r e  t h e n  t r e a t e d  a s  i n  G l i m e l i u s  &  C o - w o r k e r s  ( 1 9 7 9 ) .

B r i e f l y ,  t h e  s u p e r n a t a n t  f r o m  t r y p s i n i s e d  c e l l s  w a s  t r e a t e d  w i t h  p r o n a s e ,  

d i a l y s e d ,  a n d  t h e  c o m b i n e d  s u p e r n a t a n t s  f r o m  n o r m a l  ( ^ H - l a b e l l e d )  

a n d  m a l i g n a n t  ( ^ " ^ C - l a b e l l e d )  r u n  o n  a  B i o g e l  P lO  c o l u m n .  T h e  e l u a t e s

w e r e  c o l l e c t e d  a n d  c o u n t e d . o -  -  o  g l i o m a ;  # ----------- #  n o r m a l

b r a i n ,  wmm B lu e  D e x t r a n  m a r k e r  ( v o i d  c o l u m e ,  >  2 0 , 0 0 0  d a l t o n s ) ;  

m am  p h e n o l  r e d  m a r k e r ,  ( b )  E f f e c t  o f  g l u c o c o r t i c o i d s  . C o n d i t i o n s  

a s  i n  F i g  5 ( a )  e x c e p t  t h a t  C L D  c e l l s  w e r e  u s e d  w i t h  a n d  w i t h o u t  

2 . 5  X  1 0 “ ^  M  d e x a m e t h a s o n e ,  l a b e l l e d  s e p a r a t e l y  w i t h  ( ^ H )  o r  ( ^ ^ C )

g l u c o s a m i n e  a n d  c h r o m a t o g r a m m e d ,  o —   o  c o n t r o l ;  • ---------------------•

d e x a m e t h a s o n e .

h a d  n o  e f f e c t  o n  t h e i r  g l y c o p e p t i d e  p a t t e r n .  I t  i s  o f  i n t e r e s t  i n  t h i s  c o n t e x t  t h a t  

g l u c o c o r t i c o i d s  h a v e  l e s s  e f f e c t  o n  t h e  t e r m i n a l  c e l l  d e n s i t y  o f  n o r m a l  c e l l s  a n d  

n o  e f f e c t  a t  a l l  h a s  b e e n  r e c o r d e d  o n  t h e  c o n t i n u o u s  c e l l  l i n e  f r o m  a s t r o c y t o m a .

I n  c o n c l u s i o n ,  w h i l e  d i f f e r e n t i a t i o n  a n d  c y t o s t a t i s  m a y  n o t  b e  t o t a l l y  l i n k e d  i n  

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

i s t i c  , W h e t h e r  t h i s  i s  r e l a t e d  t o  t h e  c y t o s t a t i c  e f f e c t  o f  t h e  h o r m o n e , a n d  

w h e t h e r  t h i s  w i l l  a f f e c t  t h e  i n v a s i v e  p r o p e r t i e s  o f  t h e  c e l l s ,  r e m a i n s  t o  b e  s e e n .

A C K N O W L E D G M E N T S

T h i s  w o r k  w a s  s u p p o r t e d  b y  g r a n t s  f r o m  t h e  M e d i c a l  R e s e a r c h  C o u n c i l  a n d  t h e  

C a n c e r  R e s e a r c h  C a m p a i g n .  T h e  a u t h o r s  a r e  i n d e b t e d  t o  M i s s  E l a i n e  B e l l i n g h a m  

f o r  s k i l l e d  t e c h n i c a l  a s s i s t a n c e ,  a n d  t o  D r .  D a v i d  G r a h a m  a n d  D r .  D a v i d  D o y l e  

o f  t h e  N e u r o p a t h o l o g y  D e p a r t m e n t  i n  t h e  S o u t h e r n  G e n e r a l  H o s p i t a l  f o r  t h e  

p r o v i s i o n  o f  b i o p s y  s a m p l e s ,  M r s .  F r a m e  l à  s u p p o r t e d  b y  a  C A S E  s t u d e n t s h i p  

( S R C  ) i n  c o n j u n c t i o n  w i t h  B e e c h a m  R e s e a r c h  L a b o r a t o r y  i n  c o l l a b o r a t i o n  w i t h  

D r  R . O . I m r i e .
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A b s t r a c t

E n d o t h e l i a l -  c e l l s  can now be c u l t u r e d  from a number o f  d i f f e r e n t  

s i t e s  and show c e r t a i n  common c h a r a c t e r i s t i c s  in  v i t r o .  They 

p r o v i d e  u s e f u l  mode ls  o f  d e n s i t y - d e p e n d e n t  growth  c o n t r o l  and 

d i f f e r e n t i a t i o n  and a r e  o f  I n t e r e s t  in  s t u d i e s  o f  v a s c u l a r  

d i s e a s e  and n e o p l a s i a .

We have p r e p a r e d  e n d o t h e l i a l  c e l l  l i n e s  from a b io p s y  o f  c e r e b r a l  

a s t r o c y t o m a  (GMS) and from human u m b i l i c a l  v e i n  (HUV) by d i g e s t i o n  

in  c o l l a g e n a s e .  Both were found t o  be f a c t o r  V I I I  p o s i t i v e  

and r e s p o n d e d  t o  m i t o g e n i c  s t i m u l a t i o n  w i t h  an i n t r a c e l l u l a r  

e x t r a c t  from Walker 256 carc inom a c e l l s .

C u l t u r e s  o f  HUV c e l l s  grown on p l a s t i c  d i s p l a y  s i g n s  o f  morph

o l o g i c a l  d i f f e r e n t i a t i o n  i f  m a i n t a i n e d  a t  s a t u r a t i o n  d e n s i t y  in  

th e  p r e s e n c e  o f  e n d o t h e l i a l  growth  s u p p le m e n t ,  s i m u l t a n e o u s l y  

s h e d d in g  c e l l s  i n t o  th e  s u p e r n a t a n t  medium. T r a n s m i s s i o n  

e l e c t r o n  m ic ro sco p y  of. t h e s e  c u l t u r e s  has  shown Weibl  P a la d e  

b o d i e s ,  t i g h t  j u n c t i o n s  and t h e  p r o d u c t i o n  o f  e x t r a c e l l u l a r  

m a t r i x .

E x t r a c t s  o f  human g l i o m a s ,  and Walker 2 56 c e l l s ,  have b e e n  shown 

t o  promote a n g i o g e n e s i s  in  t h e  c h i c k  c h o r i o a l l a n t o i c  membrane 

i n  ovo ,  b u t  t h i s  sys tem p r e s e n t s  c e r t a i n  p rob lem s  o f  q u a n t i t a t i o n  

so t h e  p o t e n t i a l i t i e s  o f  c e l l  c u l t u r e  a s s a y  a r e  now b e i n g  e x p l o re d

Human u m b i l i c a l  v e i n  c e l l s  (HUV), igrown t o  c o n f l u e n c e  on c o l l a g e n  

coayed d i s h e s ,  undergo  d e n s i t y  l i m i t a t i o n  o f  growth  a t  a lower  

c e l l  d e n s i t y  th a n  c e l l s  grown on p l a s t i c .  A d d i t i o n  o f  c ru d e

e x t r a c t s  o f  c u l t u r e d  Walker 256 c e l l s  and one human a s t r o c y t o m a  

c e l l  l i n e  e l i c i t s  a m i t o g e n i c  r e s p o n s e  r e s u l t i n g  i n  an e l e v a t e d  

s a t u r a t i o n  d e n s i t y .  E x p e r im en t s  .are now underway t o  d e t e r m i n e  

w h e th e r  t h i s  r e s p o n s e  can be used  t o  m o n i to r  th e  p r o d u c t i o n  

o f  a n g i o g e n e s i s  f a c t o r  by human a s t r o c y t o m a  c u l t u r e s .
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R. Ia n  F r e s h n e y  and  M a r g a r e t  0 .  F r a ^ e .

I n t r o d u c t i o n

The s u c c e s s f u l  c u l t u r e  o f  f u n c t i o n a l ,  c h a r a c t e r i s e d -  c e l l  l i n e s  

from v a s c u l a r  e n d o t h e l i u m  h a s  g e n e r a t e d  an u p s u r g e  o f  i n t e r e s t  

in  many d i f f e r e n t  d i s c i p l i n e s  from t h e  b a s i c  c e l l  b i o l o g y  o f  g r o w th  

c o n t r o l  t o  t h e  p o t e n t i a l  v a l u e  o f  d i f f e r e n t i a t e d  e n d o t h e l i a l  c e l l  

c u l t u r e s  i n  t h e  r e g e n e r a t i o n  o f  d i s e a s e d  b l o o d  v e s s e l s .

C o n s i d e r a b l e  i n t e r e s t  h a s  a l s o  b e e n  e x p r e s s e d  i n  t h e  i n t e r a c t i o n  

o f  m a l i g n a n t  c e l l s  w i t h  v a s c u l a r  e n d o t h e l i u m  i n  v i t r o  (a) a s  a 

m odel  o f  i n v a s i o n  and m e t a s t a s i s  (Kramer and N i c o l s o n ,  1979 ;

Zamora e t  a l . , 1 9 8 0 ;  J o n e s  e t  a l . , 1981)  and (b) a s  a m o d e l  f o r  

t u m o u r - i n d u c e d  a n g i o g e n e s i s  ( F e n s e l a u  and M e l l o ,  1 9 7 6 ;  S c h o r  e t  a l .  

1 9 8 0 ;  Folkman and H a u d e n s c h i l d , 1980;  T a y l o r  and F o lk m a n •1 9 8 2 )

The r e a s s o c i a t i o n  o f  m o n o l a y e r s  o f  e n d o t h e l i a l  c e l l s  w i t h ,  u n d e r 

l y i n g  m u l t i l a y e r s  o f  sm ooth  m u s c l e  c e l l s  i n  v i t r o  {J o n e s k  1979)  

a l s o  s u g g e s t s  an i n t e r e s t i n g  m od e l  f o r  t h e  s t u d y  o f  v a s c u l a r  

d i s e a s e s  s u c h  a s  a t h e r o s c l e r o s i s  and t h r o m b o s i s ,  a s  w e l l^ ia s  à 

t h r e e  d i m e n s i o n a l  m o d e l  f o r  tumour c e l l  i n v a s i o n  (J o n e s  e t  ,.

1981)  .

A l t h o u g h  some c a r e  i s  r e q u i r e d  d u r i n g  d i s a g g r e g a t i o n  and s u b s e q u e n t

c u l t u r e  t o  s e l e c t  o u t  e n d o t h e l i a l  c e l l s  from  sm ooth  m u s c lé :  ariâ

c o n n e c t i v e  t i s s u e  t h e y  a r e  n o t  d i f f i c u l t  c e l l s  t o  g r o w ,  gïiyénv. -

t h e  c o r r e c t  c u l t u r e  c o n d i t i o n s .  C u l t u r e s  h a v e  b e e n  p r e p a r e d  from

t i s s u e s  from  a number o f  d i f f e r e n t  s i t e s  (T a b le  1) and human

t i s s u e  i s  o f t e n  r e a d i l y  a v a i l a b l e  from u m b i l i c a l  c o r d ,  and-

f o r e s k i n ,  a v o i d i n g  m ost  e t h i c a l  p r o b l e m s .  I t  i s  p o s s i b l e  t o  
o b t a i n /



2,

o b t a i n  h o m o g e n e o u s  c u l t u r e s  e i t h e r  by c l o n i n g  (C la r k  and  

P a tem an ,  1 9 7 8 ;  Folkman e t  a l ,  1 9 7 9 ;  J o n e s ,  1 9 7 9 ) ,  o r  by c a r e f u l l y  

s e l e c t i n g  t h e  s t a r t i n g  m a t e r i a l  by d i s s e c t i n g  o u t  s m a l l  c a p 

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

(Folkman e t  a l ,  1 9 7 9 ) .  I t  i s  a l s o  p o s s i b l e  t o  e l i m i n a t e  sm ooth  

m u s c l e  c e l l s  by s e l e c t i v e  a d h e s i o n .

The c u l t u r e s  t h a t  a r e  p r o d u c e d  a r e  v e r y  s e n s i t i v e  t o  d e n s i t y  

l i m i t a t i o n  o f  g r o w t h  and t e n d  t o  a r r e s t  a s  a c o n f l u e n t  m o n o l a y e r  

p r o v i d i n g  a good  m ode l  f o r  t h e  s t u d y  o f  g r o w th  c o n t r o l .  A 

number o f  s p e c i f i c  m a r k e r s  a r e  a v a i l a b l e  t o  i d e n t i f y  t h e  c u l t u r e s  

and t h e  e x p r e s s i o n  o f  some o f  t h e s e  m a r k e r s ,  e . g .  F a c t o r  V I I I  

and a n g i o t e n s i n  - c o n v e r t i n g  enzyme i s  i n f l u e n c e d  by c e l l  d e n s i t y  

( D e l V e c c h i o  and S m i t h ,  1981)  i m p l y i n g  t h a t  f u l l  d i f f e r e n t i a t e d  

f u n c t i o n  i s  n o t  e x p r e s s e d  u n t i l  t h e  c u l t u r e s  r e a c h  c o n f l u e n c e .  

S p o n t a n e o u s  m o r p h o l o g i c a l  m a t u r a t i o n  h a s  b e e n  o b s e r v e d  a t  t h i s  

s t a g e  (Folkman and H a u d e n s c h i l d ,  1980)  and c a p i l l a r y - l i k e  

s t r u c t u r e s  may be form ed  w i t h o u t  any h e t e r o l o g o u s  c e l l  i n t e r a c t i o r

W h ile  m o n o l a y e r  g r o w t h  i s  a r a t h e r  a r t i f i c i a l  s i t u a t i o n  f o r  many 

c u l t u r e d  c e l l s  i t  i s  h i g h l y  a p p r o p r i a t e  f o r  e n d o t h e l i u m .  G iv e n  

t h a t  t h e  c e l l s  a r e  s u p p o r t e d  on an a p p r o p r i a t e  e x t r a - c e l l u l a r  

m a t r i x  (which  t h e y  a p p e a r  t o  s e c r e t e  t h e m s e l v e s )  ( G o s p o d a r o w ic z  

e t  a l ,  1 9 8 0 ) ,  w i t h  a c c e s s  t o  t h e  n u t r i e n t  medium a t  b o t h  s u r 

f a c e s ,  t h e y  may make a good  m ode l  f o r  c h a r a c t e r i s i n g  i n  v i v o  

b e h a v i o u r .

T cirN 1 "Î w ,4 / I , . '1-1--. 



In some o f  t h e  f i r s t  s t u d i e s  o f  w e l l  c h a r a c t e r i s e d  e n d o t h e l i a l  

c u l t u r e s ,  c e l l s  w e re  d e r i v e d  p r i m a r i l y  by c o l l a g e n a s e  d i g e s t i o n  

o f  t h e  i n n e r  s u r f a c e  o f  m a jo r  b l o o d  v e s s e l s ,  s u c h  a s  b o v i n e  

a o r t a  o r  human u m b i l i c a l  c o r d  (T a b le  l , F i g .  1 ) .  C o l l a g e n a s e  

d i g e s t s  t h e  b a s a l  l a m in a  b u t  d o e s  n o t  t o t a l l y  d i s s o c i a t e  t h e  

e n d o t h e l i u m  and c u l t u r e s  a r i s e  from s m a l l  i s l a n d s  o f  u n d i s 

a g g r e g a t e d  e n d o t h e l i u m .  I s o l a t i o n  from o t h e r  s i t e s  h a s  a l s o  

r e l i e d  on t h e  r e s i s t a n c e  o f  e n d o t h e l i a l  c e l l s  t o  d i s s o c i a t i o n  t o .  

p r o v i d e  s m a l l  s e c t i o n s  o f  c a p i l l a r y  b l o o d  v e s s e l s ,  from  b r a i n ,  

a d e n a l  c o r t e x  and o t h e r  s i t e s  (T a b le  1 ) ,  w h ic h  can  be  p h y s i c a l l y  

i s o l a t e d  and grown a s  e x p l a n t s  o r  a s  a m o n o l a y e r  a f t e r  f u r t h e r  

e n z y m i c  d i s p e r s a l .  D e B a u l t  e t  a l ,  (1979)  fo u n d  b r a i n  d i s 

a g g r e g a t e d  r e a d i l y  on a f i n e  mesh s i e v e  and t h e  b l o o d  v e s s e l s  

w e re  r e t a i n e d  when t h e  n e u r a l  c e l l s  w e re  w a shed  t h r o u g h  t h e  

s i e v e .

E n d o t h e l i a l  c e l l s  may a l s o  s u r v i v e  tumour d i s a g g r e g a t i o n  i n  

c o l l a g e n a s e ,  and p r o l i f e r a t i o n  may be e n h a n c e d  by t h e  m i t o g e n i c  

a c t i o n  o f  f a c t o r s  r e l e a s e d  by t h e  tumour c e l l s .

E n d o t h e l i a l  m o n o l a y e r s  may be p a s s a g e d  by c o n v e n t i o n a l  t r e a t m e n t  

w i t h  t r y p s i n  and c e l l  l i n e s  may be  m a i n t a i n e d  f o r  a ro u n d  

40 g e n e r a t i o n s  i n  m e d ia  s u c h  a s  D u l b e c c o s  DME, a-MEM o r  Ham*s PIG 

(T a b le  2 ) . s u p p l e m e n t e d  w i t h  human o r  b o v i n e  serum . The u s e  o f  

FGF ( V l o d a v s k y  e t  a l ,  1 9 7 9 ) ,  e n d o t h e l i a l  g r o w th  f a c t o r ( s ) (M aciag  

e t  a l ,  1979? Folkman and H a u d e n s c h i l d ,  1980)  o r  tumour a n g i o 

g e n e s i s  f a c t o r  (TAP) ( F e n s e l a u  and M e l l o ,  1976? Folkman e t  a l ,  

1979? S c h o r  e t  a l ,  1 9 80 )  was d e c i s i v e  i n  e n a b l i n g  s e r i a l  

p r o p a g a t i o n /



p r o p a g a t i o n  t o  be  p o s s i b l e  f o r  more t h a n  a fe w  g e n e r a t i o n s .  

A l t h o u g h  t r e a t m e n t  .of t h e  s u b s t r a t e  w i t h  g e l a t i n  o r  c o l l a g e n  

may be n e c e s s a r y  f o r  f u l l  p h e n o t y p i c  e x p r e s s i o n  i t  d o e s  n o t  seem  

t o  be n e c e s s a r y  f o r  s e r i a l  p r o p a g a t i o n .  T h i s  may be due t o  t h e  

a b i l i t y  o f  t h e  c e l l s  t o  p r o d u c e  t h e i r  own e x t r a c e l l u l a r  m a t r i x ,  

w h ich  h a s  b e e n  shown t o  be  c a p a b l e  o f  s t i m u l a t i n g  t h e  g r o w th  

o f  o t h e r  c e l l s  a s  w e l l  (G o s p o d a r o w ic z  e t  a l ,  1 9 8 0 ) .

We hav e  f o u n d  t h a t  t h e  p r o l i f e r a t i o n  o f  human u m b i l i c a l  v e i n  

e n d o t h e l i a l  c e l l s  (HUV) ( F i g . 2) i s  d e p e n d e n t  on s u p p l e m e n t a t i o n  

o f  t h e  medium w i t h  e n d o t h e l i a l  g r o w th  s u p p l e m e n t  ( C o l l a b o r a t i v e  

Res e a r c h / U n i s c i e n c e ) w i t h o u t  w h ic h  c e l l  p r o l i f e r a t i o n  c e a s e s  

in  a b o u t  7 - 1 0  d a y s .

C h a r a c t e r i s a t i o n

A number o f  s u b s t a n c e s  i n v o l v e d  w i t h  t h e  f o r m a t i o n  and d i s s o l u t i o r  

o f  b l o o d  c l o t s  a r e  a s s o c i a t e d  w i t h  v a s c u l a r  e n d o t h e l i u m .

Amongst  t h e s e .  F a c t o r  V I I I , a c o a g u l a t i o n  f a c t o r ,  h a s  b e e n  fo u n d  

t o  be  a u s e f u l  s p e c i f i c  m a rk er  f o r  e n d o t h e l i a l  c e l l s  i n  c u l t u r e * .  

(B o o y se  e t  a l ,  1 9 7 5 ;  J a f f e ,  1 9 7 7 ;  Folkman e t  a l  1 9 7 9 ) .  I t  may 

be d e m o n s t r a t e d  i n  e n d o t h e l i a l  c e l l s  by i m m u n o f l u o r e s c e n c e  o r  

im m u n o p e r o x id a s e  s t a i n i n g  o f  f i x e d  p r e p a r a t i o n s  ( F i g . 3 ) .

The a c t i v i t y  o f  a n g i o t e n s i n  -  c o n v e r t i n g  enzyme (E C 3 .4 . 1 5 . 1 )  

a l s o  seem s t o  be l o c a l i s e d  s p e c i f i c a l l y  t o  e n d o t h e l i u m  and i t s  

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

v i t r o  ( C a l d w e l l  e t  a l ,  19 7 6 ;  D e l V e c c h i o  and S m i t h ,  1 9 8 1 ) .  O th e r  

e n z y m e s  a s s o c i a t e d  w i t h  e n d o t h e l i u m  a r e  a l k a l i n e  p h o s p h a t a s e ,  

b u t y r y l /



b u t y r y l  c h o l i n e s t e r a s e  and y - g l u t a m y l  t r a n s p e p t i d a s e  ( S p a t z  e t  

a l ,  1 9 8 0 ) .  In  o u r  h a n d s  i t  h a s  n o t  b een  p o s s i b l e  t o  d e m o n s t r a t e  

a l k a l i n e  p h o s p h a t a s e  i n  e n d o t h e l i a l  c e l l s  i n  v i t r o  ( D o y l e ,

Vaughan, Morgan and F r e s h n e y  -  u n p u b l i s h e d  o b s e r v a t i o n s )  

a l t h o u g h  no a t t e m p t  was made t o  i n d u c e  t h e  enzym e.

At t h e  c y t o l o g i c a l  l e v e l ,  t r a n s m i s s i o n  EM r e v e a l s  c h a r a c t e r i s t i c  

s t r u c t u r e s  known a s  W e i b e l - P a l a d e  B o d i e s  (W e ib e l  and P a l a d e ,

1964)  a s  w e l l  a s  t h e  p r e s e n c e  o f  t i g h t  j u n c t i o n s .  W h i le  t h e  

l a t t e r  can  be  d e m o n s t r a t e d  i n  o t h e r  c e l l  t y p e s  i n  v i t r o ,  t h e  

fo r m e r  a r e  r e g a r d e d  a s  q u i t e  s p e c i f i c  t o  e n d o t h e l i u m .

C o l l a g e n  ( t y p e s  I I I  and IV) i s  p r o d u c e d  by e n d o t h e l i a l  c u l t u r e s  

d u r i n g  t h e  m o n o l a y e r  g r o w t h  p h a s e .  The c h a r a c t e r i s t i c  s t r u c t u r a l  

m o d i f i c a t i o n  w h ic h  a r i s e s  i n  p o s t - c o n f l u e n t  c u l t u r e s  ( s e e  b e lo w )  

i s  a c c o m p a n ie d  by an a l t e r a t i o n  t o  t h e  p r o d u c t i o n  o f  t y p e  I  

c o l l a g e n  ( C o t t a - P e r e i r a  e t  a l ,  1 9 8 0 ) .  E x p r e s s i o n  o f  t h e  

d i f f e r e n t i a t e d  p h e n o t y p e  i s  a l s o  a s s o c i a t e d  w i t h  a r e d u c t i o n  i n  

p l a t e l e t  b i n d i n g  c a p a c i t y  ( Z e t t e r  e t  a l ,  197 8 )  and i s  d e p e n d e n t  

on t h e  p r e s e n c e  o f  g r o w th  f a c t o r .  FGF was u s e d  i n  t h e s e  s t u d i e s  

b u t  t h e  r e l a t i o n s h i p  o f  FGF t o  e n d o t h e l i a l  g r o w th  s u p p l e m e n t  

i s  n o t  c l e a r l y  e s t a b l i s h e d .

Tumour A n g i o g e n e s i s

E x p e r i m e n t s  i n  t h i s  l a b o r a t o r y  h a v e  b e e n  a im ed  a t  u s i n g  t h e  

i n d u c t i o n  o f  m i t o g e n e s . i s  i n  e n d o t h e l i a l  c e l l  m o n o l a y e r s  a s  an 

a s s a y  o f  TAF p r o d u c t i o n  by t u m o u r s .  We h a v e  u s e d  a c e l l  l i n e  

(HUV) d e r i v e d  from  human u m b i l i c a l  v e i n  by c o l l a g e n a s e  d i g e s t i o n

a s  a t a r g e t  m o n o l a y e r .  About  lOcms o f  c o r d  (- fu l l* 'term )

w a s /



was r i n s e d  and t h e  u m b i l i c a l  v e i n  f l u s h e d  o u t  w i t h  PBSA (PBS 

l a c k i n g  and M g^^). C o l l a g e n a s e ,  2 0 0 0 u / m l , CLS g r a d e

( W o r t h i n g t o n ) , was i n t r o d u c e d  i n t o  t h e  v e i n  w h ic h  had b e e n  

c lam p ed  a t  o n e . e n d .  The o t h e r  end  was t h e n  c la m p e d  and t h e  

c o r d  i n c u b a t e d  a t  37^0 f o r  30 m i n s .  The c o r d  was t h e n  g e n t l y  

m a s s a g e d  and t h e  c o l l a g e n a s e  s u s p e n s i o n  c o l l e c t e d .  The v e i n  

was t h e n  w a sh e d  o u t  w i t h  medium and a s e c o n d  i s o l a t e  c o l l e c t e d .  

Both  i s o l a t e s  w e r e  c e n t r i f u g e d  and t h e  c e l l s  r e s u s p e n d e d  i n  

f r e s h  medium (Hams FlO + 10% F o e t a l  b o v i n e  s e r u m ) , and c u l t u r e d  

s e p a r a t e l y .

The p r im a r y  d i s a g g r e g a t e  c o n s i s t s  o f  s m a l l  g r o u p s  o f  c e l l s ,  

n o t  f u l l y  d i s s o c i a t e d ,  w h ic h  e v e n t u a l l y  a t t a c h  and form  c o l o n i e s  

o f  e n d o t h e l i a l  c e l l s  ( F i g . 4 ) .  In  t h e  p r e s e n c e  o f  e n d o t h e l i a l  

g r o w th  s u p p l e m e n t ,  0 .  Im g/m l  ( C o l l a b o r a t i v e  R e s e a r c h / U n i ' s c i e n c e )  

t h e  c o l o n i e s  grow  o u t  t o  form  a m o n o l a y e r  w h ic h  ca n  be  s u b 

c u l t u r e d  c o n v e n t i o n a l l y  w i t h  0,25% c r u d e  t r y p s i n  i n  PBSA. When 

a l l o w e d  t o  grow p a s t  c o n f l u e n c e  on p l a s t i c ,  a m o r p h o l o g i c a l  

a l t e r a t i o n  o f  t h e  m o n o l a y e r  i s  o b s e r v e d  ( " s p r o u t i n g ” ) r e m i n i s c e n t  

o f  t h e  m o r p h o g e n e t i c  t r a n s i t i o n  o b s e r v e d  by o t h e r s  ( C o t t a -  

P e r e i r a  e t  a l ,  1 9 8 0 ;  Folkman and H a u d e n s c h i l d ,  1 9 80 )  ( F i g . 5 )  .

A ccom p anying  t h i s  i s  a s u b s t a n t i a l  r e l e a s e  o f  c e l l s  i n t o  t h e  

medium.

When c e l l s  a r e  c u l t u r e d  on c o l l a g e n  t h e y  a r r e s t  a t  a l o w e r  

c e l l  d e n s i t y , t h e  same m o r p h o l o g i c a l  t r a n s i t i o n  o c c u r s  b u t  i t  

t a k e s  l o n g e r  and f e w e r  c e l l s  a r e  r e l e a s e d  i n t o  t h e  medium. ( F i g . 6]

E x a m in a t io n  o f  c e l l s  i n  m o n o la y e r  shows t h a t  t h e y  s t a i n  

p o s i t i v e l y /



p o s i t i v e l y  f o r  f a c t o r  V I I I  a n t i g e n  ( F i g . 7 ) .  T r a n s m i s s i o n  EM 

(by c o u r t e s y  o f  D a v id  I .G ra h a m ,  and S h a h i d a  Abraham) 

o f  s u p e r c o n f l u e n t  c u l t u r e s  r e v e a l s -  t h e  i n t r a c e l l u l a r  p r e s e n c e  

o f  W e ib e l  P a l a d e  B o d i e s  and t i g h t  j u n c t i o n s  b e t w e e n  c e l l s  ( F i g . 8 ) .  

T h ere  i s  a l s o  e v i d e n c e  o f  e x t r a c e l l u l a r  m a t r i x  b e t w e e n  t h e  

c e l l s  and t h e  u n d e r l y i n g  s u b s t r a t e .

When c r u d e  e x t r a c t s  o f  W alker  256 c a r c i n o m a  o r  human g l i o m a  

a r e  a b s o r b e d  on f i l t e r  p a p e r  and p l a c e d  on t h e  c h o r i o a l l a n t o i c  

membrane (CAM) o f  a ,  10 d a y ,  e m b r y o n a t e d  h e n ’ s e g g ,  n e o v a s c u l a r -  

i s a t i o n  c a n  be o b s e r v e d  5 d a y s  l a t e r .  S i m i l a r  e x t r a c t s

a dded  t o  c u l t u r e s  o f  HUV c e l l s ,  w h ic h  h a v e  b e e n  grown t o  

c o n f l u e n c e  and h a v e  a r r e s t e d  i n  " p l a t e a u " , s t i m u l a t e  f u r t h e r  

p r o l i f e r a t i o n  ( F i g . 9 ) .  T h i s  can  o n l y  be  d e m o n s t r a t e d  s a t i s f a c t o r i l y  

w i t h  m o n o l a y e r s  grown on c o l l a g e n  due t o  t h e  h i g h e r  p l a t e a u  

l e v e l  and e x c e s s i v e  c e l l  l o s s  o b s e r v e d  when c e l l s  a r e  grown  

on p l a s t i c .  S c h o r  e t  a l  (1 9 80 )  h a v e  o b s e r v e d  t h a t  e n d o t h e l i a l  

c e l l  m i t o g e n e s i s  c o u l d  n o t  be  i n d u c e d  i n  c e l l s  grown on p l a s t i c  

and t h a t  a n c h o r a g e  t o  n a t i v e  c o l l a g e n  g e l  was n e c e s s a r y .

N e o v a s c u l a r i z a t i o n  on t h e  c h i c k e n  CAM i m p l i e s  t h a t  a n g i o g e n e s i s  

may be i n d u c e d  by e x t r a c t s  o f  c u l t u r e s  from  human and a n i m a l  

tu m ou rs  a s  h a s  b e e n  p r e v i o u s l y  r e p o r t e d  (K la g s b r u n  e t  a l ,  1 9 7 6 ) .  

M i t o g e n e s i s  i n  e n d o t h e l i a l  m o n o l a y e r s  i s  a l e s s  s p e c i f i c  e v e n t  

and we h a v e  y e t  t o  d e m o n s t r a t e  t h a t  i t s  i n d u c t i o n  i s  s p e c i f i c  

t o  e x t r a c t s  fro m  tum our c e l l s .  N e v e r t h e l e s s ,  e i t h e r  a l o n e  o r  

i n  c o n j u n c t i o n  w i t h  t h e  CAM a s s a y ,  t h i s  c e l l  c u l t u r e  a s s a y  may 

y e t  p r o v i d e  t h e  d e g r e e  o f  q u a n t i t a t i o n  w h i c h  h a s  s o  f a r  b e e n  

l a c k i n g  i n  t h e  a s s a y  o f  a n g i o g e n e s i s .
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TABLE 1 EXAMPLES' OF ENDOTHELIAL CULTURE

T i s s u e I s o l a t i o n S p e c i e s • R e f e r e n c e  • •

A o r ta C o l l a g e n a s e Cow S c h w a r t z ,  1978

F o e t a l  H e a r t  and  
A o r ta M Cow F e n s e l a u  & M e l l o ,  1976

U m b i l i c a l  V e i n I I Human J a f f e  e t  a l ,  1 9 73  
Gimbrone e t  a l ,  1974

Pulm onary  A r t e r y I t Cow D e l  V e c c h i o  & S m i t h , 19Î

B r a in T r y p s i n R at ,C ow P h i l l i p s  e t  a l , -  1 9 79
I I H o m o g . , 

S e i v e
Mouse D e B a u l t  e t  a l ,  197 9

I t H o m o g . , C b l l . 
T r y p s i n

Rat S p a t z  e t  a l ,  1 9 8 0

A d r e n a l  C o r t e x ,  
F o r e s k i n ,  S p l e e n C o l l a g e n a s e

Cow,
Human

Folkman e t  a l ,  197 9

G liom a C o l l a g e n a s e Human F r e s h n e y ,  Morgan & 
Shaw

O v a r i a n  Ca,
N e u r o b l a s t o m a ,
Rhabdomyoma

M 11 Folkman e t  a l ,  1 97 9

K up pfer  C e l l s ,  
L i v e r

C l o n i n g H am ster Knook e t  a l ,  197 7  
C l a r k  & Patem'an, 1 978

Cornea S c r a p i n g Cow G o s p o d a r o w ic z  e t  a l ,  
197 7  

G o s p o d a r o w i c z "& 
G r e e h b u r g ,  1979



TABLE 2 C U LTU R E  C O N D IT IO N S

Medium

Serum

Growth Factors

Conditioning Medium 
Substrate

Dulbecco's DME 
M199
Eagle's MEM 

-MEM 
Ham's FlO
10% Calf.
10-20% Foetal Bovine  
15% human

FGF. (Vlodavsky et al, 1979)
ECGF (Maciag et a l . ,  1979)
ECGS (Folkman & Haudenschild,  1980)
TAF (Schor et a l . ,  1980; Folkman et a l . ,  1979 

Fenselau & Mello, 1976)
Bovine aortic cells (Folkman & Haudenschild, 1980) 
Bovine aortic cells (Gospodarowicz. ,  1980)
Gelatin (Folkman et a l . ,  1979)
Collagen I (Schor et a l . ,  1980)



TABLE 3 MARKERS

EN D O TH ELIU M  SPEC IFIC

Factor VIII

Angiotensin Converting  
Enzyme

Collagen III & IV in 
mondayer, convert ing  
to I in "sprouting”

Weibel-Palade bodies

Jaffe 1977 
Booyse et al, 1975
Del Vecchio & Smith, 1981 
Caldwell et a l . ,  1976

Cotta-Pereira et a l . , 1980

Weibel & Palade, 1964

ENDOTHELIUM ASSOCIATED

Tight junctions  
Alkaline Phosphatase  
Butyryl Cholinesterase  
^-glutamyl transpeptidase  
L-DOPA uptake  
Platelet Binding

Spatz et al.  , 1980
H  I I

Zetter et a l . , 1978



F i g u r e  L e g e n d s

F i g . 1 V a r i a t i o n s  i n  m e t h o d o l o g y  f o r  t h e  d i s a g g r e g a t i o n  o f  

e n d o t h e l i u m  f o r  c u l t u r e .

F i g .2  Human u m b i l i c a l  v e i n  c e l l s  (HUV) w ere  s e e d e d  a t  10^ c e l l s / m  

i n  24 w e l l  p l a t e s  (L in b r o )  ( I m l / w e l l ) , grown i n  Ham's FlO medium 

s u p p l e m e n t e d  a s  i n d i c a t e d  in  t h e  r i g h t  hand c o lu m n s ,  and 

t r y p s i n i s e d  and c o u n t e d  a t  t h e  t i m e s  shown. ECGS = e n d o t h e l i a l  

gro w th  s u p p l e m e n t  ( C o l l a b o r a t i v e  R e s e a r c h / U n i s c i e n c e ) . WRCE = 

W alker  r a t  c a r c in o m a  e x t r a c t  and was u s e d  a t  Im g /m l .  P o i n t s  a r e  

means o f  f o u r  r e p l i c a t e  w e l l s .

F i g . 3 F a c t o r  V I I I  a n t i g e n  p r e s e n t  i n  an e n d o t h e l i a l  c e l l  l i n e  

(GMS), a t  t h e  1 0 t h  p a s s a g e .  T h i s  c e l l  l i n e  was d e r i v e d  from  a 

human g l i o m a .  N o t e  c h a r a c t e r i s t i c  g r a n u l a r  s t a i n i n g .  Immunoperox  

i d a s e .  S c a l e  b a r  100pm.

F i g . 4 (a)  C o l o n y  o f  e n d o t h e l i a l  c e l l s  from  human u m b i l i c a l  v e i n ,

d e r i v e d  a s  d e s c r i b e d  i n  t e x t .  S c a l e  b a r  100pm. (b) E n d o t h e l i a l

c e l l s  from t r y p s i n i s e d  r a t  b r a i n .  (c)  P u t a t i v e  sm o o th  m u s c l e  

c e l l s  from same p r e p a r a t i o n  a s  ( b ) . A l l  on same s c a l e  a s  ( a ) .

F i g . 5 M o r p h o l o g i c a l  a l t e r a t i o n  w i t h  i n c r e a s i n g  c e l l  d e n s i t y .

(a) S u b c o n f l u e n t  HUV c e l l s  (b) HUV m u l t i l a y e r e d  c e l l s  two w e ek s  

a f t e r  s e e d i n g  a t  5 x 10^ c e l l s / m l  (-*1.5 x 10^ c e l l s / c m ^ )

(c)  A p p r o x i m a t e l y  3 w e ek s  a f t e r  s e e d i n g .  L o s s  o f  c e l l s  i n t o  

medium, r e t r a c t i o n  o f  m o n o l a y e r  and f o r m a t i o n  o f  s e c o n d a r y
2

s t r u c t u r e s  ( " s p r o u t i n g " ) .  C e l l s  grown on p l a s t i c  ( F a l c o n ,  75cm 

f l a s k s ) . S c a l e  b a r  100pm.

Fi g . 6 Growth o f  H.UV c e l l s  t o  s a t u r a t i o n  d e n s i t y  on p l a s t i c  and  

c o l l a g e n .  HUV c e l l s  w ere  t r y p s i n i s e d  (0.25% c r u d e  t r y p s i n  i n  

PBS w i t h o u t  Ca^*  ̂ and Mg^’*') , and s e e d e d  a t  5 x 10*  ̂ c e l l s / m l  on  

p l a s t i c /



p l a s t i c  m i c r o t i t r a t i e n  p h a s e  (L in b r o )  o r  on c o l l a g e n  plate 
c o a t e d  w i t h  v i t r o g e n  (F low  Labs)  and a l l o w e d  t o  d r y .  Cultures 
w ere  f e d  e v e r y  2 d a y s  and c e l l s  c o u n t e d  by t r y p s i n i s a t i o n  at 
t h e  t i m e s  i n d i c a t e d .  P o i n t s  and m eans and S D 's  o f  s i x  replicate 
w e l l s .

F i g . 7 HUV c e l l s  s t a i n e d  f o r  F a c t o r  V I I I  a n t i g e n  by immuno

p e r o x i d a s e  m e th o d .  S c a l e  b a r  100pm.

F i g . 8  T r a n s m i s s i o n  e l e c t r o n m i c r o g r a p h s  o f  HUV c e l l s  p r e p a r e d

a f t e r  s p o n t a n e o u s  r e t r a c t i o n  o f  t h e  m u l t i l a y e r  and d e t a c h m e n t

from  t h e  s u b s t r a t e ,  (a) W e ib e l  P a l a d e  b o d i e s  (b) T i g h t  j u n c t i o n

(c )  E x t r a c e l l u l a r  m a t r i x  ( l o w e r  h a l f  o f  p h o t o g r a p h ) .  S c a l e  b a r s :  
(a)  1pm, (b) 200nm, (c)  lOOnm.

F i g .9  I n d u c t i o n  o f  m i t o g e n e s i s  i n  d e n s i t y  l i m i t e d  c u l t u r e s  o f  

HUV c e l l s .  R e p l i c a t e  s a m p le s  from p l a t e a u  p h a s e  on c o l l a g e n  

(from P i g . 6 a b o v e )  w e re  t r e a t e d  a s  i n d i c a t e d  i n  t h e  r i g h t  hand  

c o lu m n s .  E x t r a c t s  w e re  p r e p a r e d  by f r e e z i n g  and t h a w i n g  t h r e e  

t i m e s  i n  PBS w i t h o u t  Mg *̂  ̂ and Ca^^. The l y s a t e  was c e n t r i f u g e d  

a t  4°C a t  4 8 , 0 0 0  x g  f o r  30 m i n s .  and t h e  s u p e r n a t a n t  was f i l t e r e d  

t h r o u g h  a M i l l e x  ( M i l l i p o r e )  O.2pm p o r o s i t y  f i l t e r .  P r o t e i n  

e s t i m a t i o n s  w e re  made b y  a b s o r p t i o n  a t  and t h e  e x t r a c t s

w e r e , u s e d  a t  t h e  p r o t e i n  c o n c e n t r a t i o n s  i n d i c a t e d . P o i n t s  a r e  

means and s t a n d a r d  d e v i a t i o n  o f  s i x  r e o l i c a t e s .
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