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T his  work c o n s i s t s  o f  a  s tu d y  o f  th e  n a t u r a l l y  

o c c u r r i n g  b r a i n  tum our which a r i s e s  i n  th e  YW s t r a i n  o f  

mouse» T h is  a s t ro c y to m a  has  c l i n i c a l  and p a th o lo g ic a l  

s i m i l a r i t i e s  t o  th e  human glioma* I t  i s  n o t  known w hether  

th e  a-^pearauoe o f  such  g liom as  i s  due to  pure  g e n e t i c  

f a c t o r s ,  th e  i n t e r a c t i o n  o f  g e n e t i c  and e n v i ro n m e n ta l  

i n f l u e n c e s ,  o r  th e  env ironm ent a lone»

C l i n i c a l  s ig n s  c o n s i s t  o f  r u f f l i n g  o f  th e  f u r ,  

developm ent o f  a  hunched p o s tu r e ,  lo s s  o f  h in d  le g  s p re a d in g  

r e f l e x e s ,  a t a x i a  and w eigh t lo s s»  With p r o g r e s s io n  o f  th e  

d i s e a s e  t h e r e  i s  e x a g g e r a t io n  o f  th e s e  f e a t u r e s ,  t o g e t h e r  

w ith  im m o b il i ty  and l o s s  o f  r i g h t i n g  r e f l e x e s »  P a t h o l o g i c a l l y  

th e  b r a i n  shows s w e l l i n g  and d i f f u s e  i n f i l t r a t i o n  o f  

an ap lS 'S t ic  a s trocy tom a*

The VT'I astrocyborna can  be m a in ta in e d  by p a s s iv e  

t r a n s f e r  w i th  i n t r a c e r e b r a l  ( i s C . )  i n j e c t i o n s  o f  f r e s h  o r  

f r o z e n  tumour ho mo .ge n a t e s  i n t o  th e  VM and o t h e r  mouse s t ra in s®  

Mice i n j e c t e d  i»c» w ith  tum our show c l i n i c a l  s ig n s  o f  

s e v e re  d i s e a s e  about 21 days la te r®  Passage  o f  th e  

a s t ro c y to m a  i s  r e l a t e d  to  th e  c e l l  d e n s i t y  o f  t h e  inoculum*

IV



A ttem pts  a t  t r a n s m is s i o n  w i th  k i l l e d  c e l l s  o c c a s io n a l ly -  

proved  s u c c e s s f u l ,  hu t th e  c e l l  f r e e  f i l t r a t e s  were 

i n e f f e c t i v e *

I t  was found t h a t  th e  tumour could  be p assag ed  in  

mice a c r o s s  th e  h i s t o c o m p a t i b i l i t y  b a r r i e r s  i n t o  th e  

S JL /j , G5TBL 10/ScSn and BSC s t r a i n s  » The t-umour was 

a l s o  s u c c e s s f u l l y  t r a n s p l a n t e d  in t o  n e o n a t a l  h a m ste rs  

and g e r b i l s *

The VM a s tro c y to m a  was t r a n s m i s s i b l e  a f t e r  b e in g  

m a in ta in e d  f o r  v a r i a b l e  p e r io d s  in  t i s s u e  c u l tu r e »  The 

in c u b a t io n  p e r io d  b e fo re  c l i n i c a l  s ig n s  ap p ea red  was found 

t o  be dependen t upon th e  t im e  th e  tumour was m a in ta in e d  

i n  c u l t u r e  and th e  c e l l  c o n c e n t r â t  ion® P rim ary  tum our 

c u l t u r e s  were e f f e c t i v e  i n  t r a n s f e r r i n g  tum ours ,  w hereas 

s u b c u l tu r e s  were fcu n d  t o  be i n e f f e c t i v e *

The e f f e c t s  o f  v a r io u s  d ru g s  on th e  VM tum our were 

s tu d i e d  i n  v iv o  and in  v i t r o »  An a n t i v i r a l  a g e n t .  

R i b a v i r in  R ib o fu ra n o s y l  1 ,2 '« 4 - t r i a z o l e  3

carboxam ide and t e s t o s t e r o n e  had no e f f e c t s  on th e  tumour 

when a d m in is te re d  i n  vivo® P ro longed  t r e a tm e n t  o f  th e  

h o s t  w i th  L evam iso le ,  an  imraunostimulant d ru g ,  p r i o r  to

V



and follow ing i . e .  in jec tio n  did not in flu en ce tumour 

growth* Treatment with the steroid  drug Dexamethasone 

did reduce c l in ic a l  signs and extend the survival time*

Ribavirin and P113 (angiotensin II antagonist -  

Saralasin  acetate) were examined in  v itr o  for any 

in h ib itory  e ffe c ts  on tumour transm ission of the  

cultured VM astrocytoma* In th is  preliminary 

experiment, Ribavirin appeared to  be without e f f e c t ,  

whereas the angiotensin II antagonist,P113 showed a 

capacity to delay outset of c lin ic a l signs*

This study extends c l in ic a l  and pathological data 

on th is  unique murine brain tumour*
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CNS C e n t r a l  Nervous System 
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INTRODUCriON

Gliomas account for 45% of a l l  primary 

in tracran ia l tumours of man, and astrocytomas constitube  

25“30^ of a l l  cerebral gliomas (Russel & Rubemstein, 1977)# 

There i s  no treatment other than temporary a lle v ia tio n  o f  

symptoms by drugs or major surgery and the prognosis i s  

poor, with nearly a l l  cases ending in  death . Very l i t t l e  i s  

known about the aetio logy  of astrocytomas and the study 

of th ese  tumours i s  lim ited by the lack o f a good animal 

model.

Tumours may a r ise  from factors operative in  embryonic 

l i f e  (Russel & Rubenstein). Genetic factors certa in ly  

account for some tumours^for example,in f iv e  out of seven 

fam ilies  in  a study there was a h istory of astrocytomas 

(K jellin  e t  a l ,  1960 )̂„ Carcinogenic chemicals are

responsib le for some human neoplasms and have been shown 

to  be capable of inducing experimental brain tumours in  

anim als, but they have yet to  be c ited  as s p e c if ic  

causative agents of primary intracranial tumours in  man* 

There i s  increasing in ter e st  in  the m odifications of the  

c e l l  genome by oncogenic viruses' but there i s  no d e f in ite  

evidence for supposing that b acteria l or v ir a l in fec tio n s  

cause gliomas in  man* Such v iruses have however produced



e x p e r im e n ta l  b r a i n  tum ours i n  many d i f f e r e n t  an im a ls  

( S ig n e r  & Swenberg, 1 9 7 5 ) ,  and have t h e r e f o r e  p ro v id e d  

u s e f u l  t o o l s  f o r  r e s e a r c h .

E x p e r im e n ta l  B ra in  Tumours Induced by Chemical C arc inogens

Gliom as have b een  s u c c e s s f u l l y  induced  by chem ical 

c a r c in o g e n s  i n  mice and o th e r  an im als  u s in g  a v a r i e t y  o f  

ro u tes^  i . e .  d i r e c t  i n t r a c e r e b r a l  im p la n t a t i o n  (Zimmerman 

& A rn o ld ,  1 9 4 1 ) ,  s y s te m ic  i n j e c t i o n  (Schmidek e t  a l  1 9 7 1 ) ,  

o r a l  a d m i n i s t r a t i o n  (S trooband  & B rucheiç 1 9 6 8 ) ,  and 

t r a n s p l a c e n t a l  tum our i n d u c t io n  ( J o s h i  e t  a l ,  1 9 7 4 ) .

a )  Poly  eye l i e  H ydrocarbons ( P G H )

The s u s c e p t i b i l i t y  o f  neu ro ec to d e rm a l t i s s u e s  t o  chem ica l 

c a rc in o g e n s  was f i r s t  d em o n s tra ted  i n  1939 (Seligm an & S hear)  

by d i r e c t  im p la n t a t i o n  o f  p e l l e t s  o f  a p o ly c y c l i c  h y d ro c a rb o n ,  

e . g .  m e th y lc h o la n th r e n e ,  i n t o  t h e  b r a in s  of m ic e .  T h is  

was confirm ed  by Zimmerman (1941 & 1955) who showed t h a t  

t h e  c y t o l o g i c a l  i d e n t i t y  o f  such tum ours depended g r e a t l y  

on t h e  a c t u a l  s i t e  o f  i m p l a n t a t i o n .  For i n s t a n c e ,  an 

ependymoma r e s u l t s  when t h e  c a rc in o g e n  im pinges  on t h e  

v e n t r i c u l a r  w a l l s ,  o r  an a s tro cy to m a  when t h e  a g e n t  i s  

p la c e d  i n  th e  s u b c o r t i c a l  r e g io n s  o f  t h e  p a r i e t a l  w h i te



m a tte r*  A nother v e ry  im p o r tan t  f in d in g  made by 

Zimmerman i n  t h i s  work was t h a t  t h e  c h e m ic a l ly '  inducéd  

ependymoma was e a s i l y  t r a n s p l a n t a b l e  b o th  su b c u ta n e o u s ly  

and i n t r a c e r e b r a l l y  i n t o  o th e r  m ic e ,  t h u s  p r o v id i n g ,  

f o r  t h e  f i r s t  t i m e ,  a r e p r o d u c ib le  b r a i n  tum our model*

Tumours o f  t h e  c e n t r a l  nervous system  ( G N S ) have 

a l s o  b een  produced t r a n s p l a c e n t a l l y  by o r a l  

a d m i n i s t r a t i o n  o f  d im e th y lb e n z a n th re n e  (DMBA) t o  p re g n a n t  

fem a le  r a t s  ( J o s h i  e t  a l ,  1974 )» T h is  r e s u l t e d

i n  v a r io u s  i n t r a c r a n i a l  tum ours a r i s i n g  i n  t h e  o f f s p r i n g  

o f  fem ale  r a t s  t r e a t e d  i n  t h i s  way*

b) N itro sa m in e s

The n i t r o s a m in e s  were f i r s t  in t ro d u c e d  as a group o f  

e f f e c t i v e  c a rc in o g e n s  i n  1964 ( Druckey e t  a l  )̂ ,

V a r io u s  m a lig n a n t  tum ours o f  t h e  CMS were produced 

t r a n s p l a c e n t a l l y  i n  t h e  o f f s p r i n g  when g r a v id  r a t s  were 

g iv e n  a s i n g l e  do se  of e t h y l n i t r o s o u r e a  (ENU) ( Iv a n o v ic k  & 

D ruckey ,  1 9 6 8 ) .  A r e l a t e d  c h e m ic a l ,  m e th y ln i t r o s o u r e a  

(MNU) when i n j e c t e d  s y s t e m i c a l l y  i n t o  a d u l t  o r  young r a t s  

was r e l a t i v e l y  s u c c e s s f u l  i n  p roduc ing  i n t r a c e r e b r a l  

tum ours  ( Swenberg e t  a l ,  1972a ). MNIJ has



a l s o  b een  found t o  in d u c e  b r a i n  tum ours  when g iv en  

o r a l l y  t o  r a t s  (S trooband  & B ru c h e r , 1 9 6 8 ) ,  and t h e  

r e s u l t a n t  tum ours were l a r g e l y  o ligodendrog liom as®

T hese models have  many inherent; d i s a d v a n t a g e s ,  

such  as t h e  long  s e r i e s  o f  ieV® i n j e c t i o n s  n e c e s s a ry  when 

u s in g  MNU, and t h e  traum a caused by i n t r a c e r e b r a l  

i m p l a n t a t i o n  o f  p e l l e t s  i n  t h e  case  o f  p o ly c y c l i c  

hydrocarbons®  The tum our models employing s y s te m ic  

i n j e c t i o n s  o f  n i t r o s a m in e s  have t h e  a d v a n ta g e  o v e r  PCH, 

i n  t h a t  t h e  b r a i n  i s  not t r a u m a t i s e d  by r u p t u r e  o f  t h e  

b lood  b r a i n  b a r r i e r  o r  by t i s s u e  damage a t  t h e  o u t s e t  

o f  t h e  experiment® The m a jo r  drawback how ever,  t o  

p rom oting  any o f  t h e s e  system s as e x p e r im e n ta l  m ode ls ,  

i s  t h e  enormous v a r i a b i l i t y  i n  b o th  t h e  h i s t o l o g i c a l  

ty p e s  of tum our produced  and t h e  long  l a t e n c y  p e r io d s  

w hich can  ran g e  from 68-750  days® R e p r o d u c i b i l i t y  i s  

a l s o  p o o r ,  e s p e c i a l l y  as t h e  ave rage  s u c c e s s  r a t e  v a r i e s  

from 1Cÿ̂  -  6Ĉ é (Swenberg, 1976)©

Exper im e n ta l  B ra in  Tumours induced  by Oncogen ic  V iru s e s

C e re b ra l  tum ours have been  induced  i n  r o d e n ts  and 

dogs by b o th  human and an im al v iru se s®  Not a l l  tum ours



induced  by v i r u s e s ,  how ever, a r e  a u t h e n t i c  n e u r o g l i a l  

tum ours  and some o f  t h e  p r e v io u s ly  r e p o r te d  ependymomas 

produced  i n  ro d e n ts  by i » v .  i n j e c t i o n  o f  v i r u s  have s i n c e  

been  i d e n t i f i e d  as meningiomas o r  tum ours o f  t h e  cho ro id  

p le x u s  (R u sse l  & R u b e n s te in ,  1977), Many o f  t h e  e x p e r im e n ta l  

tum ours t h a t  have  been  genu ine  ependymomas, have  been  

p roduced  i n  ham ste rs  by v a r io u s  v i r u s e s ,  f o r  example 

t h e  s im ia n  v i r u s  SV40 (G erber & K irc h ens t e i n ,  1962;

D u f fe l  & H inz 1 9 6 4 ) ,  t h e  a v ia n  a d e n o v iru s  (Maxïcini e t  a l  

19 6 9 ) and human J .C .  p a p o v i ru s  ( Walker e t  a l ,  1973 )•

The v a lu e  o f  such tum our models i s  l im i t e d  as  ependymomas 

a r e  r e l a t i v e l y  r a r e  i n  humans, a c c o u n tin g  f o r  l e s s  th a n  

o f  a l l  p r im ary  b r a i n  tumours©

The a v ia n  Rous Sarcoma V irus  (RSV) h a s  b een  r e p o r te d  

t o  in d u c e  ’t y p i c a l  g liom as* ( Ik u ta  & K um anlsh i ,  1971) 

b u t  t h e s e  r e p r e s e n te d  o n ly  5C^ o f  t h e  tum ours  t h a t  

occurred, a f t e r  90 days i n c u b a t i o n ,  and t h o s e  tum ours 

which dev e lo p ed  e a r l i e r  w ere o f  a wide v a r i e t y  o f  d i f f e r e n t  

tum our types® Puppies were i r f j e c te d  wi.th t h e  Schm id t- 

Ruppin s t r a i n  o f  RSV and r e p r o d u c ib le  b r a i n  tum ours  were 

s u c c e s s f u l l y  induced  '( B ig n e r  e t  a l ,  I 9 6 9  )>

most o f  which were a s tro c y to m a s  o r  t h e  j u v e n i l e  form -  

s p o n g io b la s to m a s 9 The most s u c c e s s f u l  model f o r  a



r e p r o d u c i b l e  v i r u s  induced  prim ary  a s tro c y to m a  so f a r ,  has 

b een  p r e s e n te d  (B ig n e r  e t  a l ,  Î9?3  and 1975/6) i n  

w hich  a v ia n  sarcoma v i s u s  (ASV) i n j e c t e d  i n t o  r a t s  o f  t h e  

F i s c h e r  344 s t r a i n ,  r e s u l t e d  i n  10C^ in c id e n c e  of 

a n a p l a s t i c  a s tro c y to m a s  about 110 days la te r©

A strocy tom as have  a l s o  been induced  r e l a t i v e l y  

q u ic k ly  and r e p r o d u c ib ly  by S h e in  (1968 & 1970) who used 

an in g e n io u s  t e c h n iq u e  t o  p roduce  t h e  tumours® He found 

t h a t  t r a n s f o r m a t i o n  i n  v i t r o  o f  c u l tu r e d  f o e t a l  o r  n e o n a ta l  

h a m s te r  a s t ro c y b e s  by polyoma o r  SV40 v i r u s e s ,  and 

s u b se q u en t  su b cu tan eo u s  o r  i n t r a c e r e b r a l  i n o c u l a t i o n  o f  

such  a s t r o c y t e s  i n t o  newborn o r  a d u l t  h a m s te r s  r e s u l t e d  i n  

a v e ry  h igh  p r o p o r t i o n  o f  astrocytom as®

The v i r u s  in d u ced  e x p e r im e n ta l  b r a i n  tum ours have 

two ad v an tag es  o v e r  chem ica l tum our i n d u c t i o n ,  i . e .  t h e  

number o f  p o s i t i v e  y i e l d s  i s  c o n s id e ra b ly  h i g h e r ,  u s u a l l y  

b e in g  i n  t h e  r e g io n  o f  75% o f  a l l  an im a ls  i n j e c t e d ,  and i n  

some models t h e  i n c u b a t io n  p e r io d  i s  s h o r t e r ,  b e in g  as 

l i t t l e  a s  3 0  days w i th  polyoma v i r u s e s  and even 15 days 

w i th  Rous sarcoma v i r u s  ( R u sse l  & R u b e n s te in ,  1977 ) .

The above s y s te m s ,  how ever, p roduce  tum ours  t h a t  a r e



o f t e n  m u l t i f o c a l  i n  o r i g i n  and p r e s e n t  a m ix tu re  o f  tum our 

t y p e s ,  f o r  few a r e  as  c o n s i s t e n t  as  t h e  F i s c h e r  r a t  -  

ASV model* S tu d ie s  on v i r u s  induced b r a i n  tum ours  in  

h a m s te r s ,  r a t s  and o t h e r  an im als  d e m o n s t r a te  t h e  a b i l i t y  

o f  c e r t a i n  oncogen ic  v i r u s e s  t o  c ro s s  s p e c i e s  b a r r i e r s ,  

b u t  th e y  shed l i t t l e  l i g h t  on t h e  r o l e  o f  in d ig e n o u s  

v i r u s e s  c a u s in g  spo n tan eo u s  tumours®

A S p o n tan e o u s ly  A r i s in g  Murine A strocytom a

A spo n tan eo u s  mouse b r a i n  tum our, f i r s t  d e s c r ib e d  by 

F r a s e r  (1971 ) i s  a t r u e  a s to c y to m a ,  a r i s i n g  i n  1*6% o f  

in b re d  VM m ice by 500 days o f  a g e ,  b e in g  more f r e q u e n t  i n  

m ales th a n  i n  fem ales  ( l» 5  s 1)® The a s tro c y to m a  was f i r s t  

n o t i c e d  i n  t h e  6 th  g e n e r a t io n  of  in b re e d in g  o f  t h e  VM s t r a i n ,  

a s  an i n c i d e n t a l  d i s c o v e r y  d u r in g  a s tu d y  on e x p e r im e n ta l  

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

( F r a s e r  & D ic k in so n ,  1 9 6 8 )® I t  was shown t h a t  t h i s  tum our 

cou ld  be  rep roduced  by i n t r a c e r e b r a l  p a s s i v e  t r a n s f e r  o f  

v i a b l e  tum our c e l l s  i n  t h e  in b re d  h o s t  s t r a i n  w ith  10C% 

s u c c e s s  ( F r a s e r ,  1 9 7 4 ) .  T h is  n a t u r a l  tum our p ro v id e s  an 

a b s o l u t e l y  un ique  e x p e r im e n ta l  m odel, w i th  a l l  t h e  

a d v a n ta g e s  t h a t  a r e  l a c k in g  i n  a r t ; i f i o i a l l y  in d u ced  tumours® 

Here i s  an an im al model where t h e  tum ours a r e  c o n s i s t e n t l y



o f  one t y p e ,  t h a t  o f  an a n a p l a s t i c  ast^rocytom a, and i n  which 

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

w i th  t h e  human d isease®  I t  i s  an a u to ch th o n o u s  tum our 

d ep en d in g  t o t a l l y  on n e u ra l  t i s s u e  f o r  s u c c e s s f u l  

p r o l i f e r a t i o n ®  S e v e ra l  a t te m p ts  t o  t r a n s f e r  t h i s  a s tro cy to m a  

t o  e x t r a n e u r a l  s i t e s  have been  u n s u c c e s s fu l  ( F r a s e r ,  1 9 7 5 ) ,  

and i n  t h i s  i t  re sem b le s  human g liom as which do not 

m e t a s t a s i s e  o u t s id e  t h e  CNS© A nother m a jo r  ad van tage  o f  

t h i s  model i s  t h e  v e r y  s h o r t  l a t e n c y  p e r i o d ,  which from 

h av in g  b een  6 0 -90  days i n  t h e  e a r l y  p a s s a g e s ,  i s  now reduced  

t o  abou t 21 days fo l lo w in g  i«c® i n j e c t i o n  o f  maximum d o ses  

o f  tumour®

T h is  tum our a t  f i r s t  appeared t o  keep a c l o s e  r e l a t i o n s h i p  

w i th  t h e  geno type  o f  o r i g i n ,  how ever, i t  was s u c c e s s f u l l y

p assag ed  i n t o  two o t h e r  s t r a i n s ,  a l th o u g h  w i th  a v e ry  low

1 1i n c i d e n c e ,  e g ,  / 2 7  C57BL m ic e ,  and / 2 8  A^G mice® The

number o f  s u c c e s s f u l  t r a n s p l a n t s  in c r e a s e d  i n  t h e  F  ̂ h y b r id s

10e g ,  VM X C57BL, i n  which / 2 2  mice, deve loped  t h e  tumour 

( F r a s e r ,  1 9 7 4 )® F r a s e r  a l s o  found t h e  VM tum our d id  not 

grow i n  t h e  BRVR s t r a i n ,  which has  an u n r e l a t e d  H-2 t y p e ,  

b u t  which a l s o  d e v e lo p s  a spon taneous  a s tro c y to m a  w ith  

a p p ro x im a te ly  t h e  same frequency® I t  has  s i n c e  been  found 

t h a t  i t  i s  p o s s i b l e  t o  t r a n s f e r  t h e  tum our by i®c® i n j e c t i o n
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i n t o  s e v e r a l  o th e r  mouse s t r a i n s ,  i n c lu d in g  BRVR ( F r a s e r ,  

1980) w ith  in c re a s e d  in c id e n c e  o f  tum our i n  t h e  Ff] hybrids®  

T h i s  work showed t h e r e  was no r e l a t i o n s h i p  be tw een  H-2 

t y p e  and s u s c e p t i b i l i t y  t o  t h e  tumour®

Of t h e  o c c a s io n a l  VM s u iv iv o r s  o f  t h e  i . e .  i n j e c t i o n  

o f  tum our g not one o u t  o f  n in e  deve loped  tum our when 

c h a l le n g e d  w ith  a second i . e .  i n j e c t i o n  ( F r a s e r  1975 )

a l th o u g h  p e r i p h e r a l  i n j e c t i o n s  p rov ided  no p r o t e c t i o n  t o  

r e i n o c u l a t i o n »  T h is  i s  o f  some im m unolog ical s i g n i f i c a n c e  

and g iv e s  y e t  a n o th e r  f a c e t  o f  tum our b io lo g y  t o  which 

t h i s  v e r s a t i l e  model could  be applied®

I n  t h i s  s tu d y  I  have s e t  out t o  e s t a b l i s h  t h e  

b i o l o g i c a l  c h a r a c t e r i s t i c s  of t h e  p assaged  VM a s t ro c y to m a ,  

i n c lu d in g  t h e  e f f e c t s ,  i n  v iv o  and i n  v i t r o ,  o f  some of 

t h e  d ru g s  used i n  t h e  t r e a tm e n t  o f  human tum ours  » I  have  

a l s o  a t te m p te d  t o  show w h e th e r  o r  not t h i s  tum our can be 

t r a n s f e r r e d  t o  any o th e r  mouse s t r a i n s  o r  i n t o  o th e r  

spec ies®



MATERIALS AND MEFHODS

ANIMALS

A v a r i e t y  o f  mouse s t r a i n s  and o th e r  an im a l s p e c ie s  

were used i n  t h i s  s tu d y ,  s ee  T a b le  1® With t h e  e x c e p t io n  

o f  h a m s te r s ,  a l l  b re e d in g  an im als  were m a in ta in e d  i n  

monogamous p a i r s  and t h e i r  o f f s p r i n g  weaned a t  f o u r  weeks®

A l l  an im a ls  were housed i n  p o ly th e n e  c a g e s ,  t h e  mice i n  

shoebox ty p e  cages and t h e  g e r b i l s ,  r a t s  and h a m s te r s  i n  

l a r g e r  ro d e n t  cages® Sawdust and t i s s u e  p a p e r  were s u p p l ie d  

as  l i t t e r  and b edd ing  and a l l  an im a ls  were fed  ad l i b i t u m  

on ro d e n t  com ple te  d i e t  p e l l e t s  (D ie t 41B, Angus M i l l in g  Co*, 

P e r th )  and p ro v id ed  w ith  a c o n s ta n t  supp ly  o f  w a te r * 1 Hamsters 

and g e r b i l s  were g iven  d i e t  supplem ents  o f  hay and a l s o  

s u n f lo w e r  seed s  tw ic e  weekly®
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Table 1

In b re d  Mouse S t r a i n s  

S t r a i n  H-2 ty p e

VM
MM
BSC

Source

Animal B reed in g  R esearch  O r g a n is a t io n  
E d inbu rgh .  C o u r te sy  o f  D rs .  F r a s e r  
and D ick inson#

C57BL/lOScSn b 

B10Lp — a  b 

BIO Da d 

B10A a  
AIŒ/j  k  

SJL 8

MRC L a b o ra to ry  Animals C en tre  (LAG) 
G a rs h a l to n ,  Surrey#

C58/J  k Im ported  from  J a c k so n  Labs Bar Harbour, 
Maine, U .S .A .

In b re d  Rat S t r a i n s

Osborne — Mendel 

Sprague -  Dawley 

AS

Brown — Norway

U n iv e r s i t y  D epartm ent o f  N eu rosu rge ry  
a t  I , N, S , ,  Glasgow.
C ourte sy  o f  D r. D .I*  Graham

H am sters

S y r ia n  -  random b re d LAG G a r s h a l to n  and R o u n d h il l  R abb it  
Farm, S h e f f i e ld #

G e rb i l s

M ongolian Random Bred U n iv e r s i t y  D epartm ent o f  D erm atology 
Anderson C o l le g e ,  Glasgow.
C o u r te sy  o f  P r o f e s s o r  Milne#
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The in b re d  VM mouse s t r a i n  o r ig i n a t e d  from s i b  

m atings  o f  t h e  random bred  Moredun I n s t i t u t e  s to c k  m ice 

o b ta in e d  by Drs A.G® D ic k in so n  and. VeM.H. Miekle®

The b re e d in g  n u c le u s  f o r  t h i s  s tu d y  was o b ta in e d  a t  

t h e  4 1 s t  g e n e r a t i o n  o f  in b re e d in g  and has  p ro g re s s e d  t o  

t h e  4 5 th  genera tion®  In b re e d in g  was co n t in u ed  by 

s u c c e s s iv e  m a tings  o f  s i b l i n g s  a t  weaning a g e ,  which were 

m a in ta in e d  t o g e t h e r  th ro u g h o u t  b re e d in g  l i f e ,  a r b i t a r i l y  t o  

t h e  s e v e n th  l i t t e r  f o r  p r o l i f i c  pa irs®
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PASSAGE OF VM ASTROCYTOMA.

1 a _ S ou rce  o f  A strocytom as

Six  fem ale  VM w ean lings  were k in d ly  

i n j e c t e d  by  Dr® F r a s e r  ( a t  ABRO E d in b u rg h ) ,  

w i th  t h e  VM a s t ro c y to m a ,  a t  t h e  54 th  passage® T h ese  

m ice  se rv ed  as t h e  f i r s t  so u rc e  o f  tumour f o r  t h i s  

s tu d y #  S in c e  th e n  s e r i a l  p a ssag e  has  been m a in ta in ed  

up u n t i l  t h e  6 7 th  p a ssa g e  and from f ro z e n  s to c k s  o f  

tuniour p re p a re d  from t h e  6 4 th ,  65th  and 6 6 th  p a s sa g e s

2® P rep a r a t i on o f  Tumour Inoculums

A® F re sh  Tumour: Mouse donors  e x h i b i t i n g

s e v e re  c l i n i c a l  symptoms were k i l le d ®  A f t e r  removing 

e a r s  and f u r  over  t h e  h e a d ,  t h e  b r a i n  was e x c i s e d  

( a s  a s e p t i c a l l y  as p o s s i b l e ) ,  by  c a r e f u l l y  c u t t i n g  

around each s id e  o f  t h e  craniuTi, s t a r t i n g  w ith  t h e  

p o in t  o f  f i n e  s c i s s o r s  th ro u g h  t h e  foramen magnum® 

A f t e r  removing t h e  c ran iu m , t h e  whole b r a i n  was 

l i f t e d  ou t i n t o  a s t e r i l e  p e t r i  d is h #  A s m a l l  p ie c e ,
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u s u a l l y  t h e  f r o n t a l  lo b e s  o r  c e re b e l lu m ,  was cu t  o f f  

and f ix e d  i n  10?  ̂ f o rm a l in  f o r  h i s t o l o g i c a l  exam ina tion*

The re m a in d e r  o f  t h e  b r a i n  was hom ogenised, u s in g  a 

manual g l a s s  h o m o g en ise r ,  i n  5ml s t e r i l e  t i s s u e  c u l t u r e  

f l u i d  (RPMX -» 1640 4- L -g l u t  ami n e ,  Gibco Bio c u l t  Ltd®, 

A b b o ts in c h ,  P a i s l e y . ) ,  w i th  added p e n i c i l l i n  and 

s t r e p t o m y c in ,  bu t w ith o u t  serum® G ross p a r t i c l e s  

w ere a l low ed  t o  s e t t l e  o u t ,  and t h e  c e l l  s u s p e n s io n  was 

t h e n  d e c a n te d  i n t o  a s t e r i l e  u n iv e r s a l  c o n t a in e r #  The 

c e l l  d e n s i t y  was a d ju s t e d  t o  ap p ro x im a te ly  10 c e l l s / m l  

d i l u t i n g ,  i f  n e c e s s a r y ,  w i th  t i s s u e  c u l t u r e  f l u i d ,  and 

t h i s  s u sp e n s io n  was used as  t h e  s ta n d a rd  tum our inoculum  »

B® S ta n d a rd  Frozen  Tumour S uspensions  S e v e ra l  b r a in s  

from m ice showing s e v e re  c l i n i c a l  s ig n s  o f  tum our w ere 

e x c ise d  as p r e v io u s l y  d e s c r i b e d ,  and homogenised i n  10ml 

t i s s u e  c u l t u r e  f l u i d  c o n ta in in g  d im e th y lsu lp h o x id e  

(DMSO)  ̂ which h e lp s  m a in ta in  t h e  i n t e g r i t y  o f  t h e  c e l l s  

d u r in g  f reez ing®  The c e l l  c o n c e n t r a t i o n  was a d ju s te d  t o  

2*10 c e l l s / m l  and t h e  s u sp e n s io n  a l iq u o te d  i n t ô  p l a s t i c  

s c re w - to p  ampoules c o n ta in in g  0«5ml each* T hese  ampoules 

were f r o z e n  t o  -70^C , I n s i d e  a p o ly s ty r e n e  c o n t a in e r  which 

a l low ed  t h e  c e l l  s u sp e n s io n  t o  f r e e z e  a t  a r a t e  o f  1^C 

p e r  m inute*  The ampoules cou ld  th e n  be thawed as
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r e q u i r e d  a t  37°C, and d i l u t e d  t o  t h e  r e q u i r e d  

c o n c e n tra t io n ®  S tocks  were t e s t e d  b e f o r e  and a f t e r  

f r e e z i n g  by i n j e c t i n g  t h e  maximum do se  (2®10^ c e l l s )  

i n t o  w ean lin g  mice® The f r e e z e r  l i f e  o f  t h e s e  s to c k s  

was about, 6 months a t  -7 0 °C ,  a f t e r  which t i m e  t h e  

la t e n c y  p e r io d  b e f o r e  s ig n s  o f  tum our were e v i d e n t ,  

became u n re l ia b le ®

3® Method of I n t r a c e r e b ra l  I n o c u la t io n

I n t r a  c e r e b r a l  (ic.) i n j e c t i o n s  o f  e x a c t l y  2Cj|jl

5s ta n d a r d  tum our inoculum  c o n ta in in g  2®10 c e l l s  were made 

u s in g  a 1ml l u e r  t i p  g l a s s  s y r in g e  w ith  a r e p e a t in g  

d i s p e n s e r  (b o th  from t h e  H am ilton S y r in g e  Company®) 

D is p o s a b le  hypoderm ic n e e d le s  s i z e  26G, long  (Y ale  

M ic ro la n c e ,  B ecton  D ic k in s o n ,  UK Ltd®, Wembley;, Middx©) 

w ere used  f o r  a l l  i,c, i n j e c t i o n s  ® A n e e d le  guard  was 

d e v is e d  by c u t t i n g  o f f  t h e  open end o f  t h e  p l a s t i c  

n e e d le  con ta in e r^ ' and r e t a i n i n g  i t  on t h e  hub o f  th e  

n e e d l e ,  such  t h a t  on ly  h a l f  t h e  n e e d le  was ex p o se d ,  ip ,  

4mm® T h is  p e rm i t te d  more r a p id  and r e p r o d u c i b l e
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i n j e c t i o n s ,  w i th o u t  r i s k  o f  m o r t a l i t y  due t o  v e ry  deep 

p e n e t r a t i o n  o f  t h e  n e e d le  i n t o  t h e  brain®

I n j e c t i o n s  were always made i n t o  t h e  r i g h t  

h e m is p h e re ,  midway betw een t h e  eye and t h e  r i g h t  e a r ;  

w h i l s t  h o ld in g  t h e  mouse f i rm ly  by  t h e  s c r u f f ,  w ith  one 

f i n g e r  a lo n g  t h e  l e f t  s i d e  of t h e  head t o  p r e v e n t  i t  

moving* Care was t a k e n  not t o  i n j e c t  n e a r  t h e  m id l in e  

o f  t h e  head i n  o r d e r  t o  avo id  t h e  s a g i t t a l  vein® Using 

a 26G n e e d l e ,  i n j e c t i o n s  could be e f f e c t e d  e a s i l y  by 

d i r e c t  p e n e t r a t i o n  th ro u g h  t h e  r e l a t i v e l y  s o f t  cranium  

o f  w ean lin g  mice w ith o u t  ' d r i l l i n g * , as  had been  

n e c e s s a ry  when u s in g  a 25G n e e d le  f o r  e a r l i e r  p a s s a g e s  

and i n  a d u l t  m ice ,  r a t s  and g e rb i ls®

16



CHARACTERISATION OF PASSAGED VM ASTROCYTOMA

1 Q Method o f  C l i n i c a l  G rad in g

C l i n i c a l  f e a t u r e s ,  a c c o rd in g  to  s e v e r i t y ,  were

a r b i t a r i l y  g raded  A,B,C,D o r  E as fo l lo w s :

A » m ild  d i s e a s e  -» S e iz u re s  were o b se rv ed  w ith

s l i g h t  r u f f l i n g  o f  t h e  f u r  o v e r  t h e  head and 

neck» Hind le g  s p re a d in g  and g r i p  r e f l e x e s  

were weak®

B «• m odera te  d i s e a s e  -  R u f f l in g  o f  t h e  f u r  was

more pronounced and m ice s t a r t e d  t o  t a k e  on a 

*pop-eyed* appearance»  O th e r  t r o p h i c  changes 

o c c u r r e d ,  in c lu d in g  s l i g h t l y  hunched p o s tu r e  

when r e s t i n g ,  h ind  l e g  r e f l e x e s  were p o o r  and 

m ice had s e i z u r e s ,  were jumpy and te n d e d  t o  h o ld  

t h e  t a i l  e r e c t  when s t a r t l e d ,  bu t t h e y  s t i l l  had 

normal m o b i l i ty *

C <- s e v e re  d i s e a s e  -  T ro p h ic  changes were v e ry

marked and t h e  mice were now p erm an en tly  

hunched , o f t e n  w ith  t h e  nose to u c h in g  t h e  ground*
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Weight lo s s  was n o t i c e a b l e  a l th o u g h  m ice fed  

no rm a l ly  i f  o f f e r e d  food on th e  f loo r®  Hind 

le g  r e f l e x e s  were absent® The m ice were 

co n sp ic u o u s ly  jumpy and s e iz u r e s  were common% 

e s p e c i a l l y  when d is tu rb e d ®  The m ice a t  t h i s  

s t a g e  were m a in ly  s t a t i o n a r y ,  b u t  had p e r io d s  

o f  a c t i v i t y ^  Mice i n  most e x p e r im en ts  were 

s a c r i f i c e d  a t  t h i s  s ta g e »

D -  v e ry  s e v e re  d i s e a s e  -  A l l  symptoms were

e x h ib i t e d  t o  a g r e a t e r  degree® The m ice  were

im m obile and s e i z u r e s  could be  provoked by 

d is tu rb a n c e ®  They d i d  not e a t ,  t h e  eyes were 

u s u a l l y  c lo se d  and m ice o f t e n  f e l t  c o ld  t o  

t h e  touch® Weight lo s s  was v e ry  marked a t  

t h i s  s t a g e  and a l l  m ice were em acia ted  a

E -  d e a th  ®

Weight l o s s :  Normal w e igh t  g a in  i n  w ean lin g  m ice was

fo llow ed  up t o  t h e  age o f  12 weeks by w eigh ing  c o n t r o l  

mice® Weight l o s s  was m on ito red  f o r  p a s s a g e  mice and 

f o r  t h o s e  e x p e r im e n ta l  mice r e c e iv in g  drug  t r e a tm e n ts »
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2© P r e p a ra t io n  o f  b r a in  t i s s u e  f o r  h i s t o lo g i c a l  ex am in a tio n

B ra in s  f o r  h i s t o l o g i c a l  e x a m in a tio n , from  bo th  

c o n t r o l  and e x p e r im e n ta l m ice were p la c e d  i n  10^ form alin®  

R o u tin e  s e c t io n s  w ere s ta in e d  w ith  haemalum and 

e o s in  and examined f o r  ev id en ce  o f tumour®

3® E le c t r o n  M icroscopy

M ice, a n a e s th e t i s e d  w ith  e t h e r ,  w ere p e r fu s e d  

w ith  a f r e s h  s o lu t io n  o f 2% g lu ta ra ld e h y d e  by f i r s t  

ex p o sin g  th e  h e a r t  and th e n  in s e r t in g  a b lu n te d  19G 

n e e d le  th ro u g h  a cub a t  th e  b a se  o f th e  l e f t  v e n tr ic le ®  

The n e e d le  was c a r e f u l ly  eased  in to  th e  a o r ta  and 

clam ped i n  p o s i t i o n .  The g lu ta ra ld e h y d e  was e x p e lle d  a t 

an even p r e s s u r e  from a 20ml s y r in g e  in to  t h e  aorlia®

The r i g h t  a tr iu m  was cu t to  a llow  d rainage®  P e r fu s io n  

was observ ed  t o  be com plete  when th e  s k in  o f  t h e  

mouse had become y e llo w is h  and th e  anim al was 

c o m p le te ly  t u r g i d ,  u s u a l ly  a f t e r  i n j e c t i o n  o f  about 

5 « 10 ml g lu ta ra ld e h y d e®  The p e rfu se d  b r a in  was
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removed a s  p r e v io u s ly  d e s c r ib e d  and f u r t h e r  f ix e d  in

2.̂ 0 g lu ta ra ld e h y d e ,  th e n  dehyd .rated  in  a lc o h o l  and 

b lo c k ed  in  epoxy r e s i n  and cured* G rids w ere th e n  c u t 

and s ta in e d  w ith  u ra n y l a c e ta t e  and le a d  c i t r a t e  and 

exam ined on a  P h i l i p s  201 e l e c t r o n  microscope®
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PASSIVE TRANSFER OF VM TUMOUR

1 1> P assag e  o f  tum our b y l i v e  ce 11 su sp en s io n s

A s u r v iv a l  c u rv e  was co n stru c tec i f o r  92 m ice 

in j e c te d  i c  w ith  f r e s h  s ta n d a rd  tum our inoculum®

U sing s ta n d a rd  f ro z e n  tum our s u sp e n s io n , d o se  re sp o n se  

cu rv es  f o r  b o th  tum our in c id e n c e  and p e r io d  o f  la te n c y  

w ere e s ta b l is h e d *

2 * P assag e  o f  tum our by k i l l e d  c e l l s

V ario u s  m ethods of k i l l i n g  c e l l s  were em ployed 

and th e  r e s u l t a n t  dead c e l l s  in je c te d  i n t r a c e r e b r a l l y  

i n to  w ean lin g  mice® F resh  s ta n d a rd  tum our su sp e n s io n  

was p re p a re d  in  each c a s e ;  h a l f  was t r e a t e d  t o  k i l l  

t h e  c e l l s ,  and th e  rem a in in g  l i v e  tum our su sp e n s io n  

was used as  a c o n tro l*

a® A s e r i e s  o f k i l l e d  c e l l  p r e p a r a t io n s  w ere 

made by f r e e z in g  and th aw in g  (from  «70^0 t o  37^C) 

from  one t o  fo u r  tim es®
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bo U lt r a s o n ic  ru p tu re  o f  c e l l s  was e f f e c te d  

u s in g  a s t e r i l i s e d  u n tr a s o n ic  probe® T h is  was 

im mersed i n  th e  tum our su sp e n s io n  in  a g la s s  

b e a k e r  r e s t i n g  on ice® The c e l l s  w ere exposed 

t o  3*5 am peres f o r  a t o t a l  o f  3 m in u tes  i n  30 

second b u rs ts©

c® Tumour c e l l s  w ere d is ru p te d  u s in g  s t e r i l e  

d i s t i l l e d  water® The c e l l  fragm en ts  w ere th e n  

c o n c e n tra te d  by c e n t r i f u g a t io n  a t  1500 rpm and 

used f o r  i* c»  in je c tio n s ©

d® Tumour c e l l s  w ere in c u b a te d  a t  37^0 in  a ^% 

s o lu t io n  o f t a n n ic  a c id  in  t i s s u e  c u l tu r e  f l u i d  

f o r  p e r io d s  o f 10,. •. and 30 m in u te s ; t h e  c e l l s  

w ere th e n  c e n t r i f u g e d  and washed th r e e  t im e s  

p r i o r  t o  i .c ©  in je c tio n ©

M ice w hich w ere a p p a re n t ly  u n a f fe c te d  by tum our 

w ere l e f t  f o r  6 months b e fo re  s a c r i f i c e .

3 © P assag e  o f  tum our by c e l l  f r e e  e x t r a c t s

C e l l  f r e e  e x t r a c t s  o f  d is ru p te d  tum our c e l l s  w ere 

p re p a re d  u s in g  a t i s s u e  h o m o g en ise r, l i v e  tu rnou t c e l l s .
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and dead tum our c e l l s  as p e r  a ,b ,  and c above® The

c e l l s  w ere c o n tr i fu g e d  a t  1500 rpm f o r  5 m in u tes  and

t h e  s u p e rn a ta n t  f i l t e r e d  th ro u g h  a washed 0»45jjm o r

0,22pm s t e r i l e  d is p o s a b le  M illex  f i l t e r  ( M il l ip o r e

UK L t d , ,  Abbey Road, London,)©  T h is  f i l t r a t e  was in j e c te d

ie C ,  in to  w ean lin g  m ic e , and c o n tro l  m ice r e c e iv e d

l i v e  s ta n d a rd  tum our inoculum » T hese m ice w ere l e f t  f o r  

6 m onths b e fo re  s a c r i f i c e .

4» A ttem p ts  to  in d u c e  tum our w ith  norm al b r a in  su sp e n s io n

Tumour f r e e  b r a in  su sp e n s io n s  w ere p re p a re d  from

a) o ld  VM m ice (> 16 months o ld )  and b) w ean lin g  VM mice® 

T hese  c e l l s  w ere in je c te d  i,c®  in to  1) a d u l t  VM m ice 

(>  16 months o ld ) ;  2) w ean lin g  VM m ice; 3) w ean lin g  MM 

m ice ; and 4 ) w ean lin g  BSG m ic e . T hese  m ice were l e f t  f o r  

6 months b e fo re  s a c r i f ic e ®
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PASSIVE TRANSFER OF VM ASTROCYTOMA INTO 

OTHER MOUSE STRAINS and OTHER SPECIES

1e T ra n s m is s io n  in t o  o th e r  in b re d  mouse s t r a i n s :

M ice of a l l  t h e  s t r a i n s  and h i s to c o m p a t ib i l i ty

ty p e s  p r e v io u s ly  l i s t e d  in  T ab le  1 ,  w ere in j e c te d  

5iaC* w ith  2 ,1 0  a s tro cy to m a  c e l l s  and were a l l  l e f t  

f o r  5 m onths u n le s s  any c l i n i c a l  symptoms o f  tum our 

w ere o b se rv ed  »

2© T ra nm iss io n  in to  q e r b i l s :

F our w ean lin g  g e r b i l s ,  sev en  te n -d a y  o ld  g e r b i l s  

and 30 n e o n a ta l  g e r b i l s  were in je c te d  i , c »  w ith  s ta n d a rd  

tum our suspension®  The w ean ling  and 10 day o ld  g e r b i l s  

w ere k ep t one y e a r  b e fo re  s a c r if ic e ®

3® T ra n m iss io n  in to  h a m s te r s :

H am sters w ere in j e c te d  i®c® w ith  s ta n d a rd  tum our
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inocu lum  as  n e o n a te s ,  g e n e r a l ly  one day a f t e r  b i r t h  

T h ese  an im a ls  were l e f t  f o r  3 t o  6 months b e fo r e  

s a c r i f i c e ®

4® T ra n mis s io n  i n to  i n b r ed r a t  s t r a i n s :

S ta n d a rd  tum our su sp e n s io n  was in je c te d  in t o  12 

Sprague Dawley and 12 O sborne Mendel s u c k lin g  r a t s  

10 days old® T hese  r a t s  w ere kep t 6 months b e fo re  

s a c r i f ic e ®

5® T ra n m iss io n  in to  im m unosuppressed r a t s  and g e r b i l s :

The VM a s tro cy to m a  was in je c te d  i®c® u n d er

a n a e s th e t i c  in to  t e n  a d u l t  AS r a t s  and t e n  a d u l t  BN

r a t s  and f i f t e e n  g e r b i l s  aged s ix  months® H a lf  o f  th e

r a t s  i n  each group and e ig h t  o f t h e  g e r b i l s  w ere

im m unosuppressed th r e e  days p re v io u s ly  w ith  300mg/kg

(8)cyclophospham ide (Endoxana , W.B. P h a rm a c e u tic a ls ,  

London) by i n t r a p e r i t o n e a l  in je c tio n ®  The an im als
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t h a t  w ere no t im m unosuppressed s to o d  as  c o n t r o l s  f o r  

t h i s  ex p erim en t ® T hese r a t s  were l e f t  f o r  6 months 

b e fo re  s a c r i f i c e .
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TISSUE CULTURE OF VM A-STROCYTOMA

1 * Method o f  t i s s u e  c u l tu r e :

Tumours b e a r in g  b r a in s  from s e v e re ly  a f f e c te d  m ice

w ere c o l le c t e d  as  a s e p t i c a l l y  as p o s s i b le ,  and p la c e d  i n

t i s s u e  c u l tu r e  f lu i d  + 1% p e n i c i l l i n  and s tre p to m y c in

(G ibco B io c u lt  L td ) in  a s t e r i l e  u n iv e r s a l  co n ta in er®

The b r a in s  w ere t r a n s f e r r e d  to  a s t e r i l e  p e t r i  d is h

and w ashed in  25ml d i s s e c t in g  f l u i d  (se e  A ppendix 1)

and th e n  t r a n s f e r r e d  to  a n o th e r  d is h  c o n ta in in g  20ml
2

f l u i d  and chopped in to  2mm p ie c e s  u s in g  f i n e  s c a lp e ls *

The b r a in  t i s s u e  p ie c e s  were th e n  p ip e t te d  i n to  a 

u n iv e r s a l  c o n ta in e r  and th e  g ro ss  p a r t i c l e s  a llow ed  to  

s e t t l e  o u t ,  and th e  s u p e r n a ta n t ,  c o n ta in in g  m ain ly  

n e c r o t ic  t i s s u e ,  was d isca rd ed ®  The p ie c e s  w ere 

re su sp en d ed  in  15ml d i s s e c t in g  f l u i d  and a g a in  a llow ed  

t o  s e t t le ®  T h is  w ashing p ro c e d u re  was tw ic e  r e p e a te d  

and th e  p a r t i c l e s  f i n a l l y  resu sp en d ed  in  c u l tu r e  

medium and 1ml in j e c te d  in to  each  5ml p l a s t i c  c u l tu r e  

flask®  The volum e in  each f l a s k  was made up t o  4®5ml 

w ith  c u l tu r e  medium (see  Appendix l )  and 0@5ml c o l la g e n a s e  

added t o  b re a k  up th e  t is s u e ®  The c u l tu r e s  w ere th e n
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p ip e t t e d  up and down to  b re a k  up a,ny re m a in in g  lumps 

and th e  c o l la g e n a se  washed o f f  by c e n t r i f u g a t io n  a t  

200g f o r  f i v e  m inutes*  The c e l l  p e l l e t  was 

re su sp e n d e d  in  c u l tu r e  medium and r e in o c u la te d  in to  $ml 

f l a s k s  and p la te d  a t  At t h i s  s ta g e  th e  b r a in  c e l l s

were found  to  ad h e re  to  th e  b ase  o f  th e  f l a s k ,  and to  

grow a s  a  monolayer® The c e l l s  were th e n  c u l tu r e d  f o r  

th e  r e q u ir e d  p e r io d  o f  tim e  o r  u n t i l  th e  c e l l s  became 

c o n f lu e n t ,  th e  c u l tu r e  medium was renew ed e v e ry  fo u r  

days#

The c e l l s  were re c o v e re d  from  c u l tu r e  by 

t r y p s i n i s a t i o n  a s  fo llo w s  : a f t e r  d is c a r d in g  th e

c u l tu r e  medium, enough PBS/lmM EDTA (see  A ppendix l )  

was added  to  j u s t  co v e r th e  m onolayer, in  o rd e r  to  wash o f f  

th e  serum  w hich c o n ta in s  a n t i try p s in ®  Enough 0#25^ T ry p s in  

(G ibco B io c u lt )  was a,dded to  co v er th e  momolayer and th e n  

poured  o f f  a f t e r  6 0  seconds and th e  f l a s k  in c u b a te d  a t  

37°G f o r  15™30 m in u te s , u n t i l  th e  c e l l s  w ere loosened®

The c e l l s  were th e n  re su sp en d ed  in  c u l tu r e  medium f o r  

e x p e r im e n ta l u se , o r  d i l u t e d  and s u b c u ltu re d  a t  a  

c o n c e n tr a t io n  o f 10^' c e lls /m l©
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2* T ra n sm iss io n  o f  tum our from  t i s s u e  c u l tu r e  in to  m ice»

The c u l tu r e d  tum our c e l l s  were t e s t e d  f o r  

o n c o g e n ic ity  a f t e r  v a ry in g  p e r io d s  o f t i s s u e  

c u l tu r e  ( l - 5  f iv e  days and 3 w eeks) by r e i n j e c t i o n  

in to  VM w ean lings*  The s u p e rn a ta n ts  from  c u l tu r e s  

were c e n t r i f u g e d  and f i l t e r e d  and a l s o  in j e c te d  

in to  m ice a s  c e l l  f r e e  e x t r a c t s  o f c u l tu r e d  

tumour*
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EFFECT OF DRUGS ON TUMOUR GROWTH IN VITRO

1» R ib a v i r in : T h is  was added a t  a  c o n c e n tr a t io n

o f  100jog/ml to  4 8  h o u r VM a s tro c y to m a  c u l t u r e s .

The c u l tu r e s  were s t a r t e d  f o r  4 8  h o u rs  w ith o u t th e  

d ru g  to  a llo w  th e  tum our c e l l s  to  commence norm al 

c u l tu r e  m etabolism * A f te r  two days c u l tu r e  w ith

th e  d ru g , th e  a s tro c y to m a  c e l l s  were h a rv e s te d  and

72 .1 0  c e l l s  in je c te d  ic* in to  each  mouse. C o n tro l 

mice w ere in j e c te d  w ith  tum our c e l l s  t r e a t e d  in  

th e  same m anner, b u t w ith o u t drugs* C e l l  v i a b i l i t y  

was t e s t e d  by su b c u ltu re #

2 .  P 113 (A n g io te n s in  I I  a n ta g o n is t  -  S a r a la s i n  A c e ta te

(E a to n  L a b o r a to r ie s ,  M orton Norwich P ro d u c ts  In c * ,

N orw ich, New York) was added to  4 8  h o u r o ld  c u l tu r e s

a s  f o r  R ib a v ir in *  The d ru g  was added a t  th r e e

c o n c e n tr a t io n s  : 0*7jpg/ml, 0 *07^ g /m l and 0 *0 0 7 jig/m l*

A f te r  4 8  h o u rs  in c u b a tio n  w ith  th e  d ru g , th e
7

a s tro c y to m a  c e l l s  were h a rv e s te d  and 2 * 1 0  c e l l s  

in j e c te d  ip, in to  each  o f  s i x  mice f o r  each  dose*

C o n tro l m ice r e c e iv e d  tum our c e l l s  w hich had been  

c u l tu r e d  w ith o u t th e  drug* C e ll  v i a b i l i t y  was 

t e s t e d  by su b c u ltu re *
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EFFECTS OF CHEMOTHERAPY

A v a r i e t y  o f  d ru g s w ere a d m in is te re d  o r a l l y ,  

i n t r a p e r i t o n e a l l y  ( i . p . )  o r  in t r a m u s c u la r ly  ( i .m . )  

to  VM mice to  d e te rm in e  w hether o r  n o t th e y  

a f f e c t e d  th e  tum our. A ll  mice were r e g u la r ly  

w eighed and  a s s e s s e d  f o r  c l i n i c a l  s ig n s  and 

compared to  c o n tro ls *

1» Hormone t r e a tm e n t : Mice o f  b o th  sex es

w ere g iv e n  o e s tro g e n  o r  t e s to s te r o n e *

a ) E th in y lo e s t r a d io l  ( ly n o r a l  ®) was g iv e n  by 

su sp e n d in g  ground 1mg t a b l e t s  in  th e  d r in k in g  

w a te r  to  g iv e  a  d a i l y  dose  o f  p e r  mouse, 

assum ing  a  12g mouse d r in k s  3ml w a te r /d a y .

b) T e s to s te ro n e  was g iv e n  by in t ra m u s c u la r  

i n j e c t i o n  o f 2)il P r im o te s to n  Depot (S h e r in g  A .G ., 

B e rlin /B e rg h a m e r)  g iv in g  a  dose  o f  20m g/l2g  m ouse/ 

week* Both d ru g s  were a d m in is te re d  from  th e  day 

o f  tum our i n j e c t i o n  u n t i l  s a c r i f i c e .

Two o th e r  ex p e rim en ts  were perfo rm ed  in  

w hich e t h i n y l o e s t r a d i o l  was g iv e n  f o r  2 weeks 

b e fo re  and a f t e r  tum our in o c u la t io n .
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2* T rea tm en t w ith  L ev am iso le ; The e f f e c t  o f  

L evam iso le  (IC I P h a rm a c e u tic a ls  D iv is io n ,  

M a c c le s f ie ld ,  C h esh ire )  was a s s e s s e d .  The d ru g  

was a d m in is te re d  by a l lo w in g  f r e e  a c c e s s  to  a  

s to c k  s o lu t io n  c o n ta in in g  1 2 5 mg p e r  l i t r e  o f  

d r in k in g  w a te r  (dose s  30m g/kg). The d ru g  was 

g iv e n  in  some ex p e rim en ts  from  th e  day o f  tum our 

i n j e c t i o n  and in  o th e r s  a s  p re tre a tm e n t f o r  2 

weeks p r i o r  to  i . e .  in je c t io n *

3 . T rea tm en t w ith  D exam ethasone; T h is  d ru g  was 

a d m in is te re d  e i t h e r  on th e  day o f  tum our in o c u la t io n  

o r  12 days a f te r w a r d s .  Dexamethasone p h o sp h a te

(H)(D ecadron , M erck, Sharp  and Dohme, Hoddesdon, 

H e r t s . )  4ing/rnl was d i l u t e d  and g iv e n  in  a  d ose  o f  

0 .1 4m g/kg/day  ( e q u iv a le n t  to  1 0 mg/7 2 kg  man) in  

th e  d r in k in g  w a te r .

4 .  T rea tm en t w ith  R ib a v i r in : R ib a v ir in  (1-B-D

R ib o fu ran o sy l 1 ,2 ,4  ™ T r ia s o le  -3 “  carboxam ide, IGN 

P h a rm a c e u tic a ls ,  N u c le ic  A cid R easea rch  I n s t i t u t e ,  

I r v in e ,  C a l i f o r n ia )  was g iv e n  by i . p .  i n j e c t i o n .

The dose  reg im e was 75m g/kg/day f o r  14 d ay s  fo llo w in g  

tum our in o c u la t io n  and was g iv e n  d is s o lv e d  in

0 .2m l s a l i n e .
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C o n tro ls  ; C o n tro l mice f o r  th e s e  ex p e rim e n ts  

w ere in j e c te d  i . e .  w ith  tum our on th e  same day 

and were g iv e n  no t r e a tm e n t ,  ex ce p t f o r  th o s e  

e x p e rim e n ts  in v o lv in g  in j e c t i o n s ,  where th e  same 

volume o f  s a l i n e  was in j e c te d  a t  th e  a p p r o p r ia te  

s i t e .

The r e s u l t s  were t r e a t e d  th ro u g h o u t to  a  S tu d e n ts  

t  t e s t  to  d e te rm in e  th e  mean la te n c y  p e r io d s ,  

s ta n d a rd  d e v ia t io n s  and p r o b a b i l i t y  (P) v a lu e s .
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RESULTS

CHARACTERISATION OF PASSAGED: VM ASTROCYTOMA 

1, C l i n i c a l  c h a r a c t e r i s t i c s

C l i n ic a l  s ig n s  o f  tum our were e v id e n t 15 

d ay s  a f t e r  i n t r a c e r e h r a l  in o c u la tio n *  These 

c o n s is te d  o f  m ild  s u b t le  s ig n s  w hich g ra d u a l ly  

i n t e n s i f i e d  u n t i l  th e  a n im a ls  d e a th  abou t 12 days 

l a t e r .  Mice w ere u s u a l ly  s a c r i f i c e d  a t  " s ta g e  G* 

o f  th e  d i s e a s e ,  abo u t 21 days fo llo w in g  i c

i n j e c t i o n .  See P la te  1 .

Some m ice w ith  th e  tum our showed a d d i t io n a l  

c l i n i c a l  f e a t u r e s  to  th o se  p re v io u s ly  l i s t e d .

These in c lu d e d  a t a x i a ,  in  w hich th e  mouse, when 

h e ld  by th e  t a i l ,  r e v o lv e s  v e ry  f a s t ;  and w alks 

in  c i r c l e s ,  h o ld in g  i t s  head  to  one s id e .  Tumour 

b e a r in g  m ice t h a t  were r o ta t e d  two o r  th r e e  tim e s  

by th e  t a i l  showed se v e re  e x a g g e ra tio n  o f  t h e i r  

a t a x i a  and o f te n  d ev e lo p ed  s e iz u r e s .

The w eigh t lo s s  found  in  tum our b e a r in g  mice

in j e c te d  ip . a t  21 days and 32 days o f  age can  be seen

in  F ig .1 ,  and th e  w eigh t g a in  in  norm al w ean lin g s  

i s  shown in  F i g .2 .
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2* P a th o lo g ic a l  c h a r a c t e r i s t i c s

a )  D i s t r i b u t io n  o f  th e  tum our The tum our was 

l a r g e ly  c o n fin e d  to  th e  w h ite  m a tte r ,  a t  l e a s t  in  

th e  e a r ly  s ta g e s ,  b u t a t  l a t e  s ta g e s  invaded  th e  

c e re b e llu m  and b r a in  stem#

At abou t 5 d ay s  fo l lo w in g  i# c .  i n o c u la t io n  

th e  tum our was o b serv ed  in  sm a ll f o c i  in  th e  

co rp u s ca llo su m , th e  s e p t a l  a r e a  and th e  f im b ria #  

By t e n  days th e  tum our had sp re a d  to  th e  f o r n ix ,  

co rp u s  s t r i a tu m  and a n t e r i o r  com m issure. From 

te n  d ay s  onw ards th e  tum our sp read  to  th e  th a lam u s 

and ex ten d ed  a lo n g  th e  p ed u n c les  in to  th e  c e r e b r a l  

h e m isp h e re s , and a lo n g  th e  d esc e n d in g  f i b r e s  to  

th e  b r a in  stem* L a te r ,  in  mice w ith  C o r  D s ta g e  

d i s e a s e ,  th e  tum our may sp re a d  in to  th e  v e n t r i c l e s  

and su b a ra c h n o id  sp a c e . No e x t r a c r a n i a l  e x te n s io n  

was observed#

B ra in  s w e ll in g  was co nsp icuous (see  P la t e  2) 

in  mice s a c r i f i c e d  a t  * s ta g e  C*. The d i s t r i b u t i o n  

o f  th e  tum our, w hich was o f te n  a sy m m e tric a l, can
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be seen  in  P la t e s  3a and b , showing th e  c o ro n a l 

s e c t io n  o f  a  b r a in  from  s e v e re ly  d is e a s e d  mouse 

( s ta g e  C) com pared w ith  t h a t  o f  a  norm al mouse*

o f  th e  tum our L ig h t m icroscopy

V i r tu a l ly  no v a r i a t i o n  in  h i s t o l o g i c a l  f e a t u r e s  

o f  th e  tum our was o b se rv ed  in  a l l  th e  m ice, g e r b i l s  

and h a m ste rs  t h a t  w ere examined* M ic ro sco p ic  

e x a m in a tio n  o f  th e  tum our showed v a r ia b le  c e l l u l a r  

p le iom orph ism  ra n g in g  from  a p p a re n t ly  w e ll  

d i f f e r e n t i a t e d  p i l o c y t i c  to  a n a p la s t ic  form s*

N u c le i were o f te n  e i t h e r  sm a ll and d a rk ly  

s t a i n i n g  o r  l a r g e r  w ith  a  more open s t r u c t u r e  

( P la t e s  4s. and b ) . M u ltin u c le a te d  g ia n t  c e l l s  

w ere o b se rv ed  and c e l l u l a r  cy top lasm  was p r e s e n t  

in  o n ly  m oderate  am ounts ( P la te s  4^  and b ) # M oderate 

b u t v a r ia b le  num bers o f  m ito se s  were found# A reas 

o f  asm pig inous n e c r o s is  w ith  p s e u d o -p a l l is a d in g  

o f  s u rv iv in g  c e l l s  were found  in  th e  most a n a p l a s t i c  

re g io n s  o f  th e  tum our.

The tum our ty p e  was i d e n t i f i e d  on g e n e ra l  

m o rp h o lo g ic a l f e a t u r e s  and was f u r t h e r  c h a r a c te r i s e d  

u s in g  s p e c ia l  s t a i n in g  te c h n iq u e s .  P h o sp h o tü n g s tic
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a c id  haem oto:xylin  p o s i t i v e  s t a i n s  showed th e  

p re se n c e  o f  g l i a l  f i b r e s  in  some c e l l s ,  b u t s i l v e r  

s t a i n s  f o r  r e t i c u l i n  were n e g a t iv e .  The h i s t o l o g i c a l  

ap p ea ran ce  o f  th e  tum our was in  k eep in g  w ith  

t h a t  o f  an  in te rm e d ia te  g rad e  o r  a n a p la s t i c  

a s tro c y to m a .

3 . E l e c t r o n .  M icro sco p y ;

As can be seen  from  P la te  5 , th e  n u c le i  

showed i r r e g u l a r  m orphology o f te n  w ith  a  p rom inen t 

n u c le o lu s  and clumps o f  h e te ro c h ro m a tin  a lo n g  

th e  n u c le a r  membrane. In  b e t t e r  d i f f e r e n t i a t e d  

a r e a s  o f  th e  tum our , b u n d le s  o f  n e u ro f i la m e n ts  

co u ld  be o b serv ed  in  th e  cy to p lasm  o f  th e  c e l l s  

b u t m ic ro tu b u le s  were s c a rc e  ( P la te s  6 and 7)*

In  some c e l l s ,  norm al m ito se s  were o b se rv ed  

a d ja c e n t  to  th e  a r e a s  o f n e c r o s i s ,  c e l l  d e b r i s  

was found  a lo n g  w ith  some p h a g o c y to s is  and th e  

o c c a s io n a l  p re se n c e  o f  po lym orphonuclear le u k o c y te s  

and m acrophages. No in c lu s io n  b o d ie s  w ere found  

and n o r was th e r e  any ev id en ce  o f  v i r a l  p a r t i c l e s .

The g e n e ra l  f e a t u r e s  w ere a g a in  c o n s i s te n t  

w ith  th o s e  o f  an  a s tro c y to m a .
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Plate la - Normal healthy 5 week old VM mouse.

f

Plate 1b - VM mouse (b weeks old) 21 days following
i.e. injection with standard,tumour inoculation 
exhibiting signs of stage * £ *.



Plate 2 - Gross comparison between the brains of 
a normal VM mouse (left) and a tumour bearing 
VM mouse (right). Note swelling of cerebral 
hemispheres in the tumour bearing brain.



Plate 3a - Coronal section of cerebral hemispheres of 
a normal VM mouse* x 16*

Plate 3b - Coronal section of cerebral hemispheres of 
tumour bearing VM mouse. Tumour is present in the deep 
white matter, including the corpus callosum (CC), 
hippocampus (H) and thalmus (T), x 16.
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Plate 4a =- Moderately anaplastic astrocytoma. There 
is some nuclear pleomorphism and the occasional multi
nucleated giant cell is seen.

Haemalum and eosin x 420.

Plate 4b - Anaplastic astrocytoma showing focal necrosis, 
nuclear pleomorphism and the occasional giant cell 
formation.

Haemalum and eosin x 420.
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Plate 5 - Low power electron micrograph to show tumour 
infiltrating the white matter of the corpus callosum. 
Note variation in size and shape of nuclei (N), the 
surviving bands of myelinated fibres (MY) and normal 
capillary (C).

Uranyl and lead x 4,000.





Plate 6 - Higher power electron micrograph of tumour 
cells. There is considerable irregularity in shape and 
size of nuclei (N) in which clumps of heterochromatin are 
seen. The cytoplasm is moderately abundant and contains 
the usual organelles. M « mitochondrion; G = Golgi 
apparatus; RLR = rough endoplasmic reticulum; D = dense 
bodies. Note bundles of neurofilaments (NF)•

Uranyl and lead x 12,000.

Plate T - Edge of tumour invading neurophil of corpus 
striatum. N - astrocytic nuclei; F = focus of necrosis; 
NF - bundles of neurofilaments.

Uranyl and lead x 12,000.
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P late  8.

A n a p la s t ic  a s tro c y to m a  p assag ed  in  g e r P i l  
from  t i s s u e  c u l tu r e *  The a p p e a ra n c e s  d i f f e r  
someWiat from  th o s e  o f  F ig u re  4 a s  th e  
îdaotoraicrograph h as  been ta k e n  from  th e  
e d ^  o f  th e  tum our*

Haeimlum and e o s in  x  4 2 0 *

P la te  9*

A n a p la s t ic  a s tro c y to m a s  p assag ed  i n  h a m ste r  
from  t i s s u e  c u l tu r e *  The a p p e a ra n c e s  a re  
s im i l a r  to  th o s e  seen  in  F ig u re  4*

Haemalum and e o s in  x  420*





PASSIVE TRA.NSPER OP m  TUMOUR 

1o L ive c e l l  p a s s a i ?

a ) P re s h  tum our p r e p a r a t io n s

The mean l a t e n t  p e r io d ,  i . e .  th e  a v e ra g e  tim e  

ta k e n  f o r  m ice i n j e c t e d  w ith  tum our t o  r e a c h  

s ta g e  G and be s a c r i f i c e d ,  was found to  be 2 2 .4  

T 2 . 4 3  days ( s e e  T ab le  2 ) ,  Of th e  111 m ice 

t h a t  w ere u sed  f o r  m a in ta in in g  th e  tum our 

p a s s a g e , th e r e  w ere fo u r  w hich f e l l  beyond 

t h i s  l a t e n t  p e r io d  and o n ly  t h r e e  m ice w hich 

d id  n o t d ev e lo p  tum our a f t e r  th r e e  m onths, 

g iv in g  a  97*3% in c id e n c e  o f  tum our t a k e .  The 

t h r e e  s u rv iv o r s  w ere r e c h a lle n g e d  w ith  tum our 

and w ere found  to  be a g a in  u n a f fe c te d  a f t e r  a  

f u r t h e r  t h r e e  m onths.
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Table 2

Tumour In c id e n c e  and L atency
L atency  — ( d u r a t io n  from  i . e .  i n j e c t i o n  o f  tum our 

u n t i l  G d i s e a s e  and tum our in c id e n c e  in  p a ssag e  mice 

in j e c te d  i . e .  w ith  s ta n d a rd  tum our inoculum  
(2 x 1 0 ^ c e lls /m o u se )

P assage  Mo* Tumour L atency
In c id e n c e  (d ay s)

54 7/8 26

55 7/7 23
56 8 /8 22

57 8 /1 0 22

58 12/12 19

59 6 /6 22

60 8 /8 21

61 6 /6 24
62 5/5 18

63 12/12 25

64 4 /5 27

65 6 /6 20

66 3/3 23
67 4 / 4 25

64 3 /3 21

65 4 / 4 22

66 3/3 21

9 7 . 5/0 = \

o

a  2 mice n o t in c lu d e d  in  c a l c u la t io n  had tum our a t  41 and 60 days

b 1 mouse n o t in c lu d e d  in  c a l c u la t io n  had tum our a t  32 days

c 1 mouse no t in c lu d e d  in  c a l c u la t io n  had. tum our a t  34 days*
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As can  be seen  from  Pig* 3 th e  s u r v iv a l  

p e r io d  on th e  s ta n d a rd  s u r v iv a l  cu rve i s  20*47 2*4

d a y s . The s u r v iv a l  v a lu e s  w ere o b ta in e d  from  

th e  number o f  m ice s a c r i f i c e d  a t  any g iv e n  

tim e  ta k e n  a s  a  p e rc e n ta g e  o f  th e  t o t a l  number 

o f  m ice i n j e c t e d  w ith  tum our,

b ) F ro zen  Tumour P r e p a r a t io n s ;

F ro zen  tum our s to c k s  were t i t r a t e d  o u t to  

v a r io u s  c e l l  d e n s i t i e s  from  $00 up to  2 .1 0 ^  c e l l s /  

20^1 d o se  and i t  was c l e a r l y  shown t h a t  b o th  

la te n c y  and tum our in c id e n c e  were dependen t upon 

d o se , i . e .  th e  number o f  c e l l s  in j e c te d  ( P ig .4 ) .

The th r e s h o ld  dose  f o r  in d u c in g  1 0 0 / tum our 

in c id e n c e  a p p e a rs  to  be abou t 7 .1 0 ^  c e l l s .  At 

h ig h  d o se s , i . e .  1 .10  o r  2*10 la te n c y  i s  s im i l a r  

to  t h a t  shown by f r e s h  c e l l  s u sp e n s io n s .

The age o f  r e c i p i e n t  m ice had no e f f e c t  on 

th e  la te n c y  o r  ta k e  o f  th e  tum our. T hree aged  

VM fe m a le s  ( ^  16 months o ld )  i n j e c te d  w ith  th e  

s ta n d a rd  inoculum  were s a c r i f i c e d  w ith  s ta g e  C 

d is e a s e  a t  2 1 .3 3  -  2 .5 3  days (P 0 .0 0 5 ) .
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2» K illed  o e il  -passage

Rup-bure o f  c e l l s  w ith  h y p o to n ic  s o lu t io n  

and ta n n ic  a c id  tre a tm e n t d id  no t ap p e a r to  

i n t e r f e r e  in  any way w ith  s u c c e s s fu l  tum our 

passage*  C e l ls  k i l l e d  by f r e e z in g  and th aw in g  

s e v e r a l  t im e s ,  were som etim es s u c c e s s fu l  in  

t r a n s m i t t i n g  tumour* Mice so t r e a t e d  w ith  k i l l e d  

c e l l  p r e p a r a t io n s  s u rv iv e d  lo n g e r  th a n  m ice 

t r e a t e d  w ith  s ta n d a rd  tum our su sp e n s io n s  (se e  

T ab le  3)* In  one experim en t u s in g  c e l l s  w hich 

had been  f ro z e n  and thaw ed f o u r  tim es^ an d  w hich 

were u sed  a t  th r e e  tim e s  th e  u s u a l  c o n c e n tr a t io n ,  

th e  r e c i p i e n t  mice d ev e lo p ed  se v e re  tum our, on 

a v e ra g e , a t  18 days fo l lo w in g  i . e .  in o c u la t io n *

Tumour c e l l s  d is r u p te d  by u l t r a s o n ic  tr e a tm e n t 

f a i l e d  to  p roduce tum our in  VM mice a f t e r  6 

months o b se rv a tio n *

M icroscopy o f  f ro z e n  and thaw ed p r e p a r a t io n s  

re v e a le d  no i n t a c t  c e l l s ,  b u t some i n t a c t  c e l l s  

w ere seen  in  h y p o to n ic a l ly  ru p tu re d  c e l l  p r e p a r a t io n s .

41



Table 3

T ra n sm iss io n  o f  VM a s tro c y to m a  by k i l l e d  o e ^ l 

p r é p a râ t  io n s •

Method o f  
c e l l  k i l l

Tumour
in c id e n c e

Mean
s u r v iv a l  (d ay s)

P

F re e z e  & thaw 0 /9 mm

x4 9 /9 1 8 .3 3 -  0 .5 < 0 . 0 0 5

7 /1 4 4 8 . 2 9 I  1 . 8 < 0 . 0 0 5

Xl 3 /3 4 1 . 3 3 -  1 . 1 5 < 0 . 0 0 5

x2 0 /3 —

x3 0 /5 —

x4 o /4 —

U ltr a s o n ic
r u p tu r e

o/ 2 2

H ypoton ic
ru p tu r e

4 /4 2 1 .7 5 "  1 . 5 > 0 .2

T ann ic  a c id

a t  37°C 10 mins 5 /5 3 3 .8 -  1 . 6 4 < 0 . 0 0 5

a t  37°C 30 mins 1 / 1 33 t  0
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3. Cell Free Passage

C e l l  f r e e  e x t r a c t s  o f  tum our c e l l  

p r e p a r a t io n s  f a i l e d  to  induce tum our in  a n y  o f  th e  

8 3  r e c i p i e n t  VM m ice.

T ab le  4

T ra n sm iss io n  o f  VM A strocy tom a by c e l l  f r e e  e x t r a c t s  
p re p a re d  from  k i l l e d  c e l l  su sp e n s io n s

Method o f  Tumour in c id e n c e
c e l l  ru p tu re

F re e z e  and thaw  O/IO

0 /9

0 /9

0 /7

M echan ica l — 0 / l2
hom ogen isat io n

U l t r a s o n ic  ru p tu re  0 / l 2

H ypo ton ic  ru p tu re  0 / 7

" 0 /7
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4 .  P assag e  w ith  Normal B ra in  S u sp en sio n s

As can he se e n  in  T ab le  5> a t te m p ts  to  

induce  tum our by i . e .  i n j e c t i o n  o f  aged  Yhl 

norm al b r a in  in to  aged and w ean lin g  BÎ mice w ere 

u n s u c c e s s f u l .  S im i la r ly  u s in g  young VM norm al 

b r a in  su sp en sio n *  tum our co u ld  n o t be p roduced  

in  aged  o r  w ean lin g  VM m ice.

T ab le  5

A ttem p ts  to  t r a n s m it  VM tum our w ith  norm al B ra in  hom ogenates

Inoculum R e c ip ie n t Tumour in c id e n c e

VM o ld  norm al

b r a in

hom ogenate

VM > 16 months 

VM w ean lin g s

BSG »
MM H

0/3
0/6
0/5
0 /6

VM w ean lin g s  

norm al b r a in  

hom ogenate

VM > 1 6  months 

VM w ean lin g s 
BSG "

0/3
0/6

0/4
0 /8
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PASSIVE TRANSFER OP VM ASTROCYTOMA INTO OTHER 

MOUSE STRAINS AND OTHER SPECIES

1. In b re d  mouse s t r a i n s

Tumour was s u c c e s s f u l ly  p assag ed  in to  th e  

G57BL/lOScSn s t r a i n ,  h a v in g  th e  same 

h i s to c o m p a t ib i l i t y  ty p e  a s  th e  VM (H -2 ^), S JL /j  

s t r a i n  (H -2^) and BSG s t r a i n  o f  unknown H-2 

ty p e .  A ttem p ts to  p roduce tum our in  v a r io u s  

o th e r  in b re d  mouse s t r a i n s  (se e  T ab le 6) were 

u n s u c c e s s f u l .
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Table 6

T ra n sm iss io n  o f  VM A strocy tom a in to  m ice o f  
o th e r  s t r a i n s  and h i s to c o m p a t ib i l i ty  (H—2) ty p e s ,

S t r a i n H—2 Tumour L atency
in c id e n c e (d a y s )

G57BL/10 b 2/10 4 6 , 7 3  days

B10Lp-a b 0/5

BIO A a 0/15

B10 D2 d 0/5

058 k 0/14

AICR k o/6

MM a 0/30

BSG ? 4/23 2 5 , 2 5 , 4 3 , 5 2

SJL s 2/12 36,65

VM c o n t r o l s b 12/12 2 5
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2. G erbils

Out o f  a  t o t a l  o f  5 6  g e r b i l s  i n j e c t e d  i . e .  w ith  

s ta n d a rd  tum our inocu lum , f i v e  o f  th o s e  w hich had 

been  i n j e c t e d  a s  n e o n a te s  w ere found to  have d ev e lo p ed  

tum our ( s e e  T ab le  ? ) ,  One o f  th e s e  f i v e  g e r b i l s  

was found  t o  be v e ry  w asted  a f t e r  28 d a y s , b u t d id  

n o t o th e rw is e  e x h ib i t  any o f  th e  c l i n i c a l  s ig n s  

p r e v io u s ly  d e s c r ib e d  f o r  W  m ice w ith  th e  tum our.

T h ree  s ib l i n g s  o f  t h i s  g e r b i l  d id  n o t t h r i v e  and 

w ere su b se q u e n tly  found  d ead , b u t c a n n ib a lism  by th e  

m other p re v e n te d  h i s t o l o g i c a l  c o n f irm a tio n  o f  tum our. 

These t h r e e  g e r b i l s  w ere excluded  from  th e  f i g u r e  o f  

in c id e n c e .  The o th e r  f o u r  g e r b i l s  w hich d ev e lo p ed  

tum our w ere a l s o  s i b l i n g s ,b u t  o f  a  d i f f e r e n t  g e r b i l  

f a m ily .  They showed no c l i n i c a l  s ig n s  o th e r  th a n  

slow  d ev e lo p m en t, and a t  s a c r i f i c e  w ere found to  

have v e ry  m ild  tum ours. The f i f t h  member o f  t h i s  

l i t t e r  had no tum our and was c o n s id e ra b ly  l a r g e r  

th a n  i t s  s i b l i n g s .  H is to lo g y  showed th e  tum ours i n  

th e  g e r b i l s  to  be a s tro c y to m a s , a lth o u g h  th e  s e c t io n s  

looked  s l i g h t l y  d i f f e r e n t  from  th e  u s u a l  p a ssag ed  

tum our i n  th e  VM mouse ( s e e  P la t e  8 ) .
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Table 7

T ra n sm iss io n  o f  VM A strocy tom a in to  o th e r  s p e c ie s

S p e c ie s

M ongolian
g e r b i l

S y r ia n
h am ste r

Age a t i.C i 
in j e c t io n

^  10 days 

n e o n a ta l

n e o n a ta l

L atency
(d ay s)

2 8 .4 4 .4 4

44.44

19,27 ,3 0

33,54

Tumour
in c id en ce

0 /2 6  * 

5 /3 0

5 /4 0

AS r a t  

BN r a t  

CM r a t  

SB r a t

a d u l t  

a d u l t  

10 days 

10 days

0/10  *  

0 / 1 0  * 

0 / 1 2  

0 / 1 2

8 G e rb ils  

5 AS r a t s  

5 BN r a t s

Im m unosuppressed w ith  300rag/kg cyclophospham ide 
3 d ays  p r i o r  to  i .c *  i n j e c t i o n  o f VM tum our.
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H am sters

The VM tum our was a l s o  s u c c e s s f u l ly  in d u ced  

in  a  second  s p e c ie s ,  th e  S y r ia n  ham ster#  F iv e  

h a m s te rs , th r e e  o f  w hich w ere s i b l i n g s ,  showed 

s ig n s  o f  w eigh t lo s s  and poor developm ent# On 

s a c r i f i c e  and h i s t o l o g i c a l  ex am in a tio n  th e s e  h a m ste rs  

w ere found  to  have tum ours w hich loo k ed  v e ry  

s im i la r  to  th e  p assag ed  m a te r ia l  in  th e  VM (se e  

P la t e  9)* T hese h a m ste rs  had been in j e c te d  a s  

n e o n a te s  w ith  s ta n d a rd  tum our inoculum  and d ev e lo p e d  

tum our w i th in  fo u r  weeks (se e  T ab le 7) ex ce p t 

f o r  one w hich was found  to  be s e v e re ly  a f f e c t e d  

by tum our a f t e r  54 days#

4# R ats

No tum ours were found  in  any o f  th e  in b re d  

r a t s  t h a t  were in j e c te d  w ith  VM tum our su sp e n sio n #

5# Im m unosuppressed R a ts  and G e rb ils

An u n s u c c e s s fu l  a tte m p t was made to  induce  

VM tum our in  5 r a t s ,  5 BN r a t s  and 8 g e r b i l s  

w hich had  been  im m unosuppressed w ith
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cyclophospham ide (300mg/kg) th r e e  days p r i o r  to  

%Pg i n j e c t i o n  w ith  tum our. The c o n t ro l  r a t s  and 

g e r b i l s  d id  n o t d ev e lo p  tum ours e i th e r #
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TISSUE CULTURE OF m  ASTROCYTOMA

The VM ■fc'umoiir was s u c c e s s f u l ly  m a in ta in e d  

i n  c u l tu r e  f o r  p e r io d s  o f up to  fo u r  w eeks. I t  

i s  n o t known hov7 lo n g  i t  i s  p o s s ib le  to  c u l tu r e  

th e  tum our and r e t a i n  i t s  a b i l i t y  to  r e in t r o d u c e  

tum ours i n  m ice . I n t r a c e r e b r a l  in o c u la  o f  

p rim ary  a s tro c y to m a  c u l tu r e s ,  th r e e  weeks o ld , 

were found  to  s u c c e s s f u l ly  t r a n s m it  th e  tum our 

back  in to  VM miooo S econdary  s u b c u ltu r e s  w ere 

u n s u c c e s s fu l  in  r e c i p i e n t  mice t h a t  were o b se rv ed  

f o r  n in e  w eeks.

As can  be seen  from  T ab le  8 , th e  in c id e n c e  

o f  tum our taJ.ce in  VM m ice depended upon c e l l  d e n s i ty  

and how lo n g  th e  tum our had been  c u l tu r e d .  D u ra tio n  

from  th e  tim e  o f  i . e .  in o c u la t io n  to  re a c h  s ta g e  C 

in  th e  r e c i p i e n t s ,  a l s o  bo re  r e l a t i o n  to  th e  tim e  

th e  tum our had  been  in  c u l tu r e ,  ê g. a f t e r  one d ay , 

i . e .  in o c u la t io n  o f  2 . 1 0  c u l tu r e d  c e l l s  p rod u ced  

c l i n i c a l  d is e a s e  G in  2 5 .5  d a y s , w hereas u s in g  

c e l l s  c u l tu r e d  f o r  f o u r  d a y s , th e  la te n c y  was 

3 4 . 4  d a y s .
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Table 8

T ra n sm is s io n  o f tum our w ith  t i s s u e  c u l tu r e d  

VM A strocy tom a

P e r io d  o f  
c u l tu r e

Dose
c e l l  no ./m ouse

Tumour
in c id e n c e

L atency
(d ay s)

P

1° 3 weeks 2000 5 /1 9 9 4 .4  t  1 9 , 2 3 <0 . 0 0 5

2° 6 weeks 100 0 /l2
1000 0 /l6
10^ 0 /l6
10^ 0 /l2

1° 0 day 2 .10^ 4 /4 2 5 . 5  «  1 . 8 9

1 " II 6/6 2 5 . 5  «  1 . 9 7 < 0 .2

2 " If 5/6 2 7 . 2  t  2 . 1 7 < 0 . 0 0 5

3 " If 6/6 3 0  t  1 ,26 < 0 . 0 0 5

4  " It 5 /5 3 4 .4  -  7 .8 > 0 . 0 5

5 ff
c u l tu r e s  u n h e a lth y 0 /4

7 " 0 /4

c e l l  f r e e  
e x t r a c t s  
^o 1 day

2 "

3 "

4  "

5 "

0 /3

0 /3

0 /3
o /i
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Tumours ta k e n  from  mice in j e c te d  i . e .  with, 

c u l tu r e d  tum our in o c u la ,  were found to  he 

s u c c e s s f u l  in  f u r t h e r  in d u c in g  tum our in  VM m ice, 

w ith  th e  same in c id e n c e  and la te n c y  a s  th e  s ta n d a rd  

in o c u la .
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EFFECT OF DRUGS ON TUMOUR GROWTH IN VITRO 

1 . R ib a v ir in

A ttem p ts  to  red u ce  tum our grow th in  r e c i p i e n t  

m ice by t r e a t i n g  p rim ary  tum our c u l tu r e s  w ith  

R ib a v ir in  a t  a  c o n c e n tr a t io n  o f 10(Jug/ml were 

u n s u c c e s s f u l .  B oth  c o n t r o l  and t e s t  mice re a c h e d  

s ta g e  C a t  th e  same t im e , i . e .  w ith in  3 0 .5  “

3 . 3 6  days ( P< 0 . 0 5 ) fo llo w in g  i . e .  i n j e c t i o n  

(T ab le  9)* The t r e a t e d  and c o n t ro l  tum our 

c u l tu r e s  w ere b o th  s u c c e s s f u l ly  s u b c u ltu re d ,  show ing 

t h a t  R ib a v i r in  had n o t k i l l e d  th e  tum our c e l l s .

T ab le  9

E f f e c t  o f  R ib a v ir in  in  v i t r o  on a b i l i t y  o f  c u l tu r e d  Wl tum our 
c e l l s  to  t r a n s m it  tum our.

No. o f  m ice T rea tm en t Tumour in c id e n c e  L atency
(d ay s)

2 0  i . e .  i n j e c t i o n  2 0 / 2 0  3 0 . 3  ™ 3 . 1 6
o f  2 , 1 0 ^ c u l tu r e d  , y n
tum our c e l l s  t r e a t e d  ^
w ith  1 0 ^ g /m l R ib a v ir in

10 C o n tro ls  i . e .  IO/IO 30 .55  -  3 .36
in j e c t i o n  2 .1 0  
c u l tu r e d  tum our 
c e l l s
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2# P 113 ( S a r a la s in  a c e t a t e )

Control mice and those in jected  with cultured, 

tumour treated  with 0*7ug/ml and 0*007ng/ml 

a l l  succumbed to the tumour w ithin 40-45  days* 

Mice in jected  with tumour treated  with 0*07ug/ml 

showed c l in ic a l  signs o f severe tumour on 

average a fte r  66 days; th is  includes one mouse 

presenting tumour as early  as 42 days and one 

mouse which survived u n til  134 days*
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EFFECT OF CHEMOTHERAPY

1. Hormones

a )  O e s tro g e n ; In  two e x p e rim en ts  th e  a d m in is t r a t io n  

o f  ÿ i g / mouse/ day o e s tro g e n  in  th e  d r in k in g  w a te r  

was found  to  s i g n i f i c a n t l y  a l t e r  th e  la te n c y  

o f  tum our developm ent in  b o th  m ales and fem ale  

VM m ice . As can  be seen  in  T ab le  10 th e  e f f e c t  

was to  s l i g h t l y  ex te n d  t h i s  p e r io d  by a  few  days^ 

and in  one exp erim en t by a  week. In  a  r e p e a t  

exp erim en t in v o lv in g  p re tre a tm e n t w ith  o e s tro g e n ,  

th e r e  was no a p p a re n t e f f e c t#
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Table 10

E f f  e e t o f  horm ones on co u rse o f W. A strocy tom a

No. o f 
& se x

m ice T rea tm en t Tumour
in c id e n c e

Lat ency 
(d ay s)

P

5 0^ c o n t ro l 5 /5 2 0 . é i  0 . 8 9

7 ? !» 7 /7 1 9 . 7 -  2 . 2 1

9 0^

1 0  5

t e s t o s t e r o n e  
i .m . 0 . 0 5 mg/ 
mouse/week

9 /9

1 0 / 1 0

2 i i  1 . 9 4  

2 0 . 4 Ï. 0 . 9 6

> 0 . 5  

> 0 . 5

1 0  tf’  

1 0 ^

o e s t r a d i o l  
o r a l  1 . 2; i g /  
mouse /d a y

9 / 1 0

1 0 / 1 0

2 3 . 11-  1 .8 3  

2 4 , 1  t  1 . 2

< 0 . 0 5

< 0 . 0 0 5

14 î
8  cr? 

8  0

o e s t r a d i o l  
o r a l  1 »2jxg/ 
m ouse/day 

from  2  weeks

1 4 / 1 4

8 /8

8 /8

2 9 . 7  i  2 .2  

2 0 . 5  i  0 . 9 3  

2 0 . 2 5 !  1 . 0 4

< 0 . 0 0 5

> 0 . 0 5

> 0 . 5

tim o u r i n j e c t i o n
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b) T e s to s te r o n e ;  T h is  had no e f f e c t  on th e  

l a t e n t  p e r io d  o r  in c id e n c e  o f  th e  tum our 

developm ent in  t r e a t e d  m ice .

2» L evam iso le

L evam iso le  d id  n o t p re v e n t o r d e la y  th e  

c o u rse  o f  tum our developm en t, even w ith  a  lo n g  

p r e in o c u lâ t io n  p e r io d  o f  tr e a tm e n t a t  a  dose  o f  

30m g/lcg/day. I f  a n y th in g  L evam isole s l i g h t l y  

sh o r te n e d  th e  l a t e n t  p e r io d  by a  s i g n i f i c a n t  

amount (P = < ,0 .005) (se e  T able 1 1 ) .
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Table 11

E f f e c t  o f  L evam isole  tr e a tm e n t bn th e  c o u rse  o f  VM 

A strocytom a*

T rea tm en t

C o n tro ls

30m g/kg/day 
in  d r in k in g  
w a te r

Tumour
in c id e n c e

12/12

2 4 / 2 4

L aten cy  P
( d a y s /

22 .9 2  t  1 .88

2 0 .8 8  i  1 .87 < 0 .005

30m g/kg/day 
in  w a te r  from  
2 weeks p r i o r  to  
i . e .  i n j e c t i o n  o f 
tum our

10/10 2 0 .6  t  0 .8 4  <0 .0 0 5
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3# Dexamethasone

T h is  d ru g  was a d m in is te re d  to  t r y  and 

c o n t r o l  c e r e b r a l  oedema in  tum our b e a r in g  m ice , 

a t  th e  do se  o f  0 . 14m g/kg/day. TfJhen a d m in is te re d  

on day  12, fo llo w in g  i . e .  in o c u la t io n  o f  tum our, 

D exam ethasone was w ith o u t a p p a re n t e f f e c t  on th e  

c l i n i c a l  c o n d i t io n  o r  s u r v iv a l  o f  m ice. However 

f i v e  m ice g iv e n  th e  d ru g  from  th e  day o f  tum our 

i n j e c t i o n  u n t i l  s a c r i f i c e ,  w h i ls t  s t i l l  

e x h i b i t i n g  s ta g e  B s ig n s  o f  th e  d i s e a s e ,  su rv iv e d  

f o r  lo n g e r .  These f iv e  m ice (se e  T ab le  12) 

showed a  l a t e n t  p e r io d  o f 2 4 * 8  «  1*2 d a y s , a s  

com pared w ith  2 0 .4 4  "  0 .7 3  days f o r  c o n t r o l  m ice . 

I n t e r e s t i n g l y ,  th e  s h o r t  t r e a tm e n t w ith  th e  d ru g  

a p p e a rs  to  v e ry  s l i g h t l y  red u ce  th e  l a t e n t  p e r io d .
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Table 12

E f f e c t  o f  Dexam ethasone tre a tm e n t on th e  c o u rse  o f  

VM A strocy tom a.

T rea tm en t Tumour
in c id e n c e

L aten cy
(d ay s)

C o n tro ls 9 /9
+

2 0 .4 4  " 0 .7 3

D exam ethasone IO/IO
from  Day 12

1 9 .3  "  0 .9 5  0 .0 0 9 3

D exam ethasone 5 /5  
from  Day 0

2 4 .8  -  1 .2 0 .00002
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4# R ibavirin

R ib a v ir in  a d m in is te re d  a t  a  dose  o f  1 3 ^ /  

k g /d a y , f o r  f o u r te e n  day s fo llo w in g  i . e .  in o c u la t io n  

o f  tum our had no s i g n i f i c a n t  e f f e c t  on th e  c l i n i c a l  

c o n d i t io n  o r  s u r v iv a l  p e r io d  o f  th e  t r e a t e d  m ice 

(se e  T ab le  13)# The s u r v iv a l  p e r io d s  f o r  b o th  

c o n t r o l  and t e s t  m ice i s  lo n g e r  th a n  th e  s ta n d a rd  

p e r io d  o f  22 d a y s , b u t t h i s  was t y p i c a l  o f  f ro z e n  

tum our s to c k s  used  f o r  t h i s  experim en t and w hich 

had  been  s to r e d  f o r  more th a n  s ix  m onths.
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Table 13

E f f e c t  o f  R ib a v ir in  a d m in is te re d  in  v iv o  on th e  

co u rse  o f  VM A strocy tom a

T rea tm en t Tumour L a tency
in c id e n c e

R ib a v i r in  in  17/17
0.3m l s a l i n e  -
1 .p .  75m g/kg/ 36 t  3 .4 5  >  0 .1
day  "" f o r  I 4  
d ay s
Tumour i* c .  on 
2nd day o f  d ru g  
tre a tm e n t*

C o n tro ls  -  i . p ,  I I / I I  
i n j e c t i o n  0 
0 , 95^ s a l i n e
i n j e c t i o n  0 .3m l 3 4 . 3 g + 2 . 6 9
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D ISC U SSIO N

The r e s u l t s  in  t h i s  s tu d y  d e m o n s tra te  th e  g e n e ra l  

b e h a v io u r  o f  th e  VM a s tro c y to m a  under e x p e r im e n ta l 

p a ssag e  c o n d i t io n s .  R e s u lts  a re  a l s o  g iv e n  o f  a t te m p ts  

to  t r a n s f e r  p a s s iv e ly  th e  tum our w ith  k i l l e d  c e l l s .

The e f f e c t s  o f  v a r io u s  d ru g s  on tum our g row th  in  v iv o  

and in  v i t r o  and th e  a b i l i t y  o f th e  tum our to  grow 

in  o th e r  mouse s t r a i n s  and in  o th e r  s p e c ie s  a re  a l s o  

deraonst r a t  e d ,

The c l i n i c a l  p r e s e n ta t io n  o f  th e  VM tum our i s  

s im i la r  to  t h a t  o f  many m urine d is e a s e s  i n  t h a t  a f f e c t e d  

mice show a  g e n e ra l  m a la ise  and w asted  a p p e a ra n c e . I t  

i s  however c h a r a c te r i s e d  by a  number o f  s p e c i f i c  

n e u r o lo g ic a l  s ig n s  such  a s  lo s s  o f r e f l e x e s ,  a t a x i a  and 

s e i z u r e s .  Weight lo s s  i s  p r im a r i ly  due to  an  in c r e a s in g  

i n a b i l i t y  to  re a c h  th e  food  hopper a s  even s e v e r e ly  

a f f e c t e d  m ice would e a t  r e a d i ly  i f  food  was p la c e d  

w ith in  r e a c h .  I t  was th e r e f o r e  a c c e p te d  a s  an  e x p re s s io n  

o f  c l i n i c a l  invo lvem en t o f  th e  tumour* W eight lo s s  was 

f i r s t  e v id e n t a t  a p p ro x im a te ly  15 days fo llo w in g  i , c ,  

i n j e c t i o n  w ith  tum our and c o in c id e d  w ith  th e  f i r s t
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c l in ic a l  signs*

A s in g le  sp o n tan eo u s  a s tro c y to m a  was found  in  

one 220 day  o ld  fem ale  from  th e  b re e d in g  co lo n y , 

u l t im a te ly  t o t a l l i n g  9 6  m ice . The sp o n tan eo u s  tum our showed 

a  s im i la r  h i s t o l o g i c a l  p a t t e r n  to  th e  p a ssa g e d  m a te r ia l*

The p a th o lo g ic a l  f e a t u r e s  o f  VM a s tro c y to m a s  

found in  t h i s  s tu d y  w ere s im i la r  to  th e  d e s c r ip t i o n  

g iv e n  o f  th e  h i s to lo g y  o f  sp o n ta n e o u s ly  a r i s i n g  VM 

a s tro c y to m a s  (E ra s e r ,  1971)* I t  was o b se rv e d , a s  

r e p o r te d  in  P ra s e r* s  s tu d y  ( I 9 8 0 ) ,  t h a t  in  se v e re  

c a se s  th e  tum our invaded  th e  v e n t r i c l e s  and su b a ra c h n o id  

s p a c e . Some tum ours in c lu d e d  s e v e r a l  g ia n t  m u l t i -  

n u c le a te d  c e l l s  and b o re  a  resem b lence  to  g l io b la s to m a  

m u ltifo rm e»  These f e a t u r e s  were a ls o  e v id e n t in  some o f  

th e  tum ours d e r iv e d  from  c u l tu r e d  VM a s tro c y to m a  c e l l s *

G iant c e l l s  w ith  b iz a r r e  n u c le a r  p a t t e r n s  t y p i c a l  o f 

g l io b la s to m a  m u ltifo rm e  have a l s o  been  r e p o r te d  in  

h ig h  g rad e  a s tro c y to m a  in d u ced  by N -m e th y ln itro s o u re a  

(Schm idek e t  a l ,  1971)*

P assag e  o f  th e  tum our was s ta n d a r d is e d  and th e  

v a r i a b i l i t y  in  la te n c y  p e r io d ,  a s  r e p o r te d  by E ra s e r  (1975)
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was m in im ised . The la te n c y  p e r io d  was found  to  be 

a p p ro x im a te ly  21 d a y s , w hich was s h o r te r  th a n  th e  25—30 

days in d ic a te d  by E ra s e r  ( 1 9 8 0 ) ,  T h is  was p o s s ib ly  a  

dose  re sp o n se  e f f e c t  a s  th e  s ta n d a rd  dose in  t h i s  s tu d y  

was 2 ,1 0 ^  c e l l s /0 » 2 / i l  a s  compared w ith  lO"  ̂ c e l ls /o » 2 ;n l  

u sed  by E r a s e r ,  A d e f i n i t e  r e l a t i o n s h ip  was found 

be tw een  th e  number o f  c e l l s  in j e c te d  and  th e  tum our 

la te n c y  p e r io d  and in c id e n c e .  The minimum la te n c y  

p e r io d  h as  y e t  to  be d e te rm in e d , b u t i t  i s  p o s s ib le  t h a t  

th e r e  i s  a  maximum c e l l  c o n c e n tr a t io n  above w hich 

th e r e  i s  no r e d u c t io n  in  tim e  f o r  th e  tum our to  

m a n ife s t  i t s e l f .  L ik ew ise , i t  i s  p o s s ib le  t h a t  th e r e  i s  

a  th r e s h o ld  number o f  c e l l s  below  w hich tum our canno t 

be in d u c e d . The th r e s h o ld  dose would be below  5 OO c e l l s ,  

b u t i t  w ould be d i f f i c u l t  to  e s t a b l i s h  a  v e ry  p r e c i s e  

num ber, s in c e  th e  p ro p o r t io n  o f tum our to  non—tum our 

c e l l s  may be v a r i a b l e .  I t  would how ever, be u s e f u l  

to  e s t a b l i s h  an  ap p ro x im ate  th r e s h o ld  dose o f  tum our 

inoculum  f o r  th e  in v e s t i g a t io n  o f  th e  immunology and 

chem otherapy o f  th e  tu m o u r. There were f o u r  c a se s  in  

w hich th e  tum our p re s e n te d  se v e re  s ig n s  a f t e r  30 d a y s , 

one b e in g  a s  l a t e  a s  6 0  d a y s . T h is  can  be e x p la in e d  

e i t h e r  by a  low r a t i o  o f  tum our c e l l s  to  norm al c e l l s  

in  th e  inoculum  g iv e n  to  th e s e  p a r t i c u l a r  mice o r  by 

a  s l i g h t  r e s i s t a n c e  to  th e  tum our in  th e s e  in d i v id u a l s .
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T hree m ice , a t  th e  5 4 t h ,  5 7 th  and 6 4 t h  p a s sa g e s  

(from  th e  f i r s t  p assag e  c a r r i e d  ou t by F r a s e r ,  1974) 

d e v e lo p ed  no tum our* These s u rv iv o r s  w ere c h a lle n g e d  

i . e .  w ith  th e  tum our and rem ained  u n a f f e c te d .

R e s is ta n c e  by VM mice to  th e  p assag ed  a s tro c y to m a  and 

to  su b seq u en t c h a l le n g e  h as  been  r e p o r te d  a t  e a r l i e r  

p a s sa g e s  (F ra s e r  1974 and I980 ) .  I t  was o b se rv ed  

t h a t  th e  la te n c y  p e r io d  was s l i g h t l y  lo n g e r  i n  th o s e  

p a s sa g e s  in c lu d in g  s u r v iv o r s .  T h is  was a l s o  r e p o r te d  by 

F r a s e r  (1974)* M̂ho su g g e s te d  th a t  t h i s  was due to  to o  

few  tum our c e l l s  b e in g  p r e s e n t  in  th e  inocu lum . T h is  

do es  n o t e x p la in ,  how ever, th e  r e s i s t a n c e  shown by 

th e s e  mice to  f u r t h e r  c h a l le n g e .  I t  i s  p o s s ib le  t h a t  

a  su b p o p u la t io n  o f th e  VM s t r a i n  i s  e i t h e r  p r iv i le g e d  

w ith  an  im m unologic r e s i s t a n c e  to  th e  tum our, o r  i s  

g e n e t i c a l l y  in c o m p a tib le  w ith  th e  tum our c a u s in g  a g e n t .  

The g e n e t i c a l l y  d e te rm in e d  p r e d is p o s i t io n  o f  VM mice to  

succumb o r r e s i s t  th e  p assag ed  a s tro c y to m a  co u ld  be 

t e s t e d  by o b se rv in g  th e  b eh a v io u r o f  th e  tum our i n  

s e l e c t i v e l y  b red  o f f s p r in g  o f  a p p a re n tly  immune VM 

m ice . A nother p o s s i b i l i t y  i s  t h a t  th e  s u r v iv in g  mice 

d id ^ in  f a c t , r e c e i v e  a  s u b th re s h o ld  dose w hich was 

s u f f i c i e n t  to  invoke a  c e l l  m ed ia ted  im m unity to  

su b seq u en t ch a llen g c o
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C o n tra ry  to  p re v io u s  b e l i e f ,  th e  b r a in  i s  n o t an 

im m u n o lo g ica lly  p r iv i le g e d  s i t e ^  b o th  i n h i b i t i o n  and 

r e j e c t i o n  o f  an  i* c ,  im p lan ted  mouse g lio m a have been  found 

fo llo w in g  in t r a d e rm a l im m un isa tion  o f  m ice w ith  iso lo g o u s  

g lio m a  -  a d ju v a n t m ix tu re  (S ch e in b e rg  & . T a y lo r , I 9 6 8 )*

VM m ice , how ever, immunised by v a r io u s  p e r ip h e r a l  

r o u te s  succumbed to  i n t r a c e r e b r a l  c h a lle n g e  w ith  th e  

tum our (F ra s e r  1 9 8 0 ) 0  I t  may be p o s s ib le  to  s t im u la te  

an  immune re sp o n se  i n  VM mice by i . e .  im m u n isa tio n  o f  a  

s u b th re s h o ld  dose  o f  tum our c e l l s .  Humoral a n t ib o d ie s  

c y to to x ic  f o r  c u l tu r e d  a s tro c y to m a  c e l l s  a r e  p r e s e n t  in  

human g liom a p a t i e n t s  and have been  s tu d ie d  f o r  d ia g n o s t ic  

u se  in  a  m ic r o c y to to x ic i ty  t e s t  ( P h i l i p s  e t  a l ,  1976). 

C e l lu la r  im m unity in  F is c h e r  r a t s  b e a r in g  p rim ary  b r a in  

tum ours h a s  been  d e m o n stra te d  by th e  s p e c i f i c  

i n h i b i t i o n  o f  p e r i t o n e a l  macrophage m ig ra t io n  by s o lu b le  

e x t r a c t s  o f  a v ia n  sarcom a v i r u s  induced  g lio m a t i s s u e  

( Adams e t  a l ,  1977 and 1978 ) « An a n tib o d y  

d ependen t c e l l u l a r  c y t o to x ic i t y  r e a c t io n  h a s  been shown 

to  cu re  a  mouse n eu ro b la s to m a  in  v iv o  (B y f ie ld  e t  a l  1976) 

T h is  was how ever a c h ie v e d  on a  tum our w hich w i l l  grow, 

su b c u ta n e o u s ly  in  sy n g e n e ic  A /j mice® The cu re  was 

e f f e c t e d  by f i r s t  i n j e c t i n g  a n tib o d y  c o a te d  mouse 

n eu ro b la s to m a  c e l l s  and th e n  r a t  s p le e n  c e l l s  in to  th e  

f la n k s  o f  mice#
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It has previously been reported that the 

VM tumour fa ile d  to grow in  any o f a v a r ie ty  of s i t e s  

outside the CITS, even using neonataliy thyraeotomised 

mice (Fraser, 1974)# The VM tumour has, however, 

been grown subcutaneously in  to ta l ly  imraunodeprived 

CBA mice, hnmunodeprivation was carried out as 

fo llo w s; 7 week old male G BA mice were neonatally  

thymectomised; 3 weeks la te r  they were given 85O rads 

whole body rad iation , followed immediately by an 

i .v #  in jec tio n  o f 5*10^ syngeneic bone marrow c e l l s .  

Immunodeprived mice were in jected  s .c#  with the 

standard VM tumour dose* After four weeks 

subcutaneous growth measuring 0.5cm across were found 

along a blood v e s s e l .  H isto lo g ica l observations 

were not availab le  at the time of w riting , but i t  i s  

p ossib le  that these growths were astrocytomas, as 

t is s u e  cultured c e l ls  have since been found to  grow 

intramuscularly and subcutaneously in  nude mice 

(Serano et a l ,  I98O). (Work done at the National 

H ospital for Neurological D iseases, Queen Square in  

conjunction with Dr. N* Bradley, Royal Marsden H osp ita l.)  

Such immunodeprivat ion techniques should be explored 

to  examine the p ossib le  extraneural growth o f the tumour 

in  VM mice.

Of th e  v a r io u s  m ethods o f  c e l l  k i l l  u s e d , o n ly
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u ltrason ic  rupture co n sisten tly  inh ib ited  tumour 

transm ission. It i s  possib le that the tumour 

transm itting capacity of the c e l ls  was destroyed 

by heat, as generation of high temperature i s  an 

inherant problem in  the sonication  of liq u id s . I t  

was attempted to  minimise th is  e ffe c t  ty  keeping 

tumour preparations on ice  during sonicat ion . 

A ltern ative ly , as sonication  disrupts the c e l l  

com pletely, i t  i s  p ossib le  that no s u f f ic ie n t ly  

large fragments remained to  allow  a membrane associated  

agent to  transmit the tumour*

Hypotnic c e l l  rupture showed no e f fe c t  on the 

tumour latency period or incidence. This i s  not 

surprising as a few in tact c e l l s  were seen amongst 

the large c e l l  fragments in  the preparation# Whole 

in tact c e l ls  may have p ersisted  in the inoculum.

C ell preparations k ille d  with tannic acid  were 

s t i l l  able to  transmit the tumour, although there was 

a s ig n ifica n t extension of the tumour latency period 

to  33 days. The incubation time with tannic acid  

did not vary the r e su lt , i . e .  tumour latency period 

was the same from both the 10 minute and 30 minute 

incubations* V ita l sta in in g  with methylene blue
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showed th a t  no v ia b le  c e l l s  w ere p re s e n t  in  th e  

inoculum® T h is  su g g e s ts  t h a t  i n t a c t  k i l l e d  c e l l s  

w ere a b le  to  t r a n s m it  th e  tum our and  th a t  th e  tum our 

c a u s in g  a g en t was n o t in a c t iv a te d  by ta n n ic  acid®

F reeze  and thaw  k i l l e d  c e l l  p r e p a r a t io n s  

p roduced  r a t h e r  v a r i a b le  re su lts®  In  some c a s e s  

t o t a l  tum our k i l l  was a c h ie v e d , and i n  o th e r s  th e  

o n c o g e n ic ity  o f th e  tum our was re ta in ed ®  VJhere 

s u c c e s s iv e  f r e e z in g  and th aw in g  was c a r r i e d  ou t 

o n ly  th e  X1 p r e p a r a t io n s  produced tum our, th e  X2,

X3 and X4 f r e e z e  and thaw  p r e p a r a t io n s  p ro d u c in g  no 

tum ours a f t e r  6 months observation®  Two p re v io u s  

X4 p r e p a r a t io n s  had , how ever, p roved  s u c c e s s f u l  in  

p ro d u c in g  tum ours and one had not® I t  i s  i n t e r e s t i n g  

to  n o te  t h a t  in  two e x p e rim e n ts , a  X4 and a  XI 

p r e p a r a t io n ,  th e r e  was a  s i g n i f i c a n t  d e la y  in  tum our 

la te n c y  p e r io d  to  4 8  and 4 I days re sp e c tiv e ly ®  In  

a n o th e r  X4 p r e p a r a t io n ,  th e  la te n c y  p e r io d  f o r  b o th  

t e s t  and c o n t r o l  a n im a ls  to  show se v e re  tum ours was 

o n ly  1 8  days® S in ce  t h i s  p r e p a r a t io n  c o n ta in e d  

th r e e  tim e s  th e  s ta n d a rd  c e l l  c o n c e n tr a t io n ,  and 

th e r e f o r e  a  g r e a t e r  c o n c e n trâ t  io n  o f  th e  t r a n s m is s ib le  

a g e n t ,  a  dose re sp o n se  e f f e c t  may acco u n t f o r  th e
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v e ry  s h o r t  la te n c y  period®  I n ta c t  c e l l s  were n o t 

found in  any o f  th e  X2, X3 o r  X4 f r e e z e  and thaw  

p r e p a r a t io n s ,  bu t some were seen  in  th e  XI 

p rep a ra tio n ®  I t  i s  n o t c l e a r  w hether a l l  c e l l s  were 

k i l l e d  by t h i s  method® I t  i s  th e r e f o r e  p o s s ib le  

t h a t  in co m p le te  c e l l  k i l l  m ere ly  ex ten d s  th e  tum our 

la te n c y  p e r io d  by a  dose re sp o n se  e ffec t®  I t  a p p e a rs  

th e r e f o r e  t h a t  VM tum our c e l l  frag m e n ts  and i n t a c t  

dead  c e l l s  can  t r a n s m it  th e  tum our, b u t t h a t  th e  

da,mage cau sed  by s u c c e s s iv e  f r e e z in g  and th a w in g , o r  

by ta n n ic  a c id  may i n h i b i t  o r  d e la y  th e  o n s e t o f  

tumours®

C e l l  f r e e  f i l t r a t e s  p re p a re d  from  a l l  th e  above 

m ethods o f  c e l l  k i l l  f a i l e d  to  produce any tum ours 

in  73 VM mice® P re v io u s  a t te m p ts  to  induce VM tum ours 

w ith  ioOo in o c u la t io n s  o f  c e l l  f r e e  f i l t r a t e s  were 

a l s o  u n s u c c e s s fu l  (F r a s e r ,  1975)» S u c c e s s fu l  

t r a n s m is s io n  o f  a  sp o n tan eo u s  t r a n s p l a n ta b l e  mouse 

n eu ro b la s to m a  u s in g  c e l l  f r e e  e x t r a c t s  h a s  been  

r e p o r te d  (P ra sa d  e t  a l  I 9 7 O) bu t a n o th e r  group  (Myers e t  a l ,  

1 9 7 1 ) f a i l e d  r e p e a te d ly  to  rep ro d u ce  t h e i r  work and 

c a s t  d o u b ts  on th e  v a l i d i t y  o f  Prasad® s methods*

The VM a s tro c y to m a  th e r e f o r e  r e q u i r e s  i n t a c t  c e l l s  o r  

c e l l  frag m e n ts  in  th e  inoculum  in  o rd e r  to  t r a n s m i t  

th e  tum our s u c c e s s fu l ly *
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These r e s u l t s  a re  d i f f i c u l t  to  i n t e r p r e t  

m e a n in g fu lly  a s  more work on th e  e f f e c t s  o f  c e l l  k i l l  

i s  n e c e s s a ry .  Three p o in t s  m ayjhow ever,he drawn 

from  th e s e  experim ents®  F i r s t ,  th e  M  a s tro c y to m a  

grows f a s t e r  in  th e  h o s t  from  in t a c t  v ia b le  tum our 

c e l l s 0 S eco n d ly , th e  t r a n s m is s ib le  tum our c a u s a t iv e  

a g e n t i s  a s s o c ia te d  w ith  c e l l  membranes o r  o th e r  c e l l  

s t r u c t u r e s .  T h ird .ly , i t  i s  p o s s ib le  t h a t  th e  tum our 

i s  t r a n s m i t t e d ,  in  th e  p assag e  s i t u a t i o n ,  by in f e c t io n  

o f  th e  h o s ts  b r a in  c e l l s ,  r a th e r  th a n  by p r o l i f e r a t i o n  

o f  in o c u la te d  tum our c e l l s ;  b o th  mechanisms may how ever 

work c o n c u r r e n t ly .  T h is  l a s t  p o in t  would be c l a r i f i e d  

by e s t a b l i s h i n g  th e  s e x u a l i d e n t i t y  o f  tum our c e l l s  

in  male and fem ale  mice® The o r ig i n a l  sp o n tan eo u s  

tum our, from  w hich th e  p assag ed  m a te r ia l  was d e r iv e d  

a ro s e  in  a  fem ale  YM. mouse® Chromosome b a n d in g  f o r  

exam ple, w ith  Giemsa o r  q u in a c r in e  s t a i n i n g  o f  m i to t i c  

tum our c e l l s ,  would d e m o n stra te  th e  VIW k ary o ty p e*

The VM a s tro c y to m a  was t r a n s m i t te d  a c ro s s  th e  

h i s to c o m p a t ib i l i ty  b a r r i e r ,  in to  th e  S JL /j  s t r a i n  

( H “  2 ^ ) ,  BSG s t r a i n  ( H — 2 unknown) and a l s o  in to  

th e  C57Sb/lO s t r a i n  o f  mouse, w hich h a s  th e  same H — 2 

ty p e  a s  th e  VM (H -  2^)* I'he number o f  such
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transm issions was very low and the tumour latency- 

period extended* The tumour could not he reproduced 

in  a number of other mouse stra in s  (Table 6)* I t  was 

reported by Fraser and McConnell (1975) that attempts to  

produce the tumour in  other stra in s had been generally  

unsuccessful* Subsequent work, however, has shown 

that the VM tumour can be induced in  other mouse 

s tr a in s , with increased tumour incidence in  the PI 

generation of VM hybrids e*g. VM/C57DL (Fraser I980)*

No correlation  was found in  e ith er  study between 

tumour incidence and h istocom p atib ility  type* It was 

proposed by Fraser and McConnell (1975) that the success 

of the tumour depended on i t s  maintaining a c lo se  

rela tion sh ip  with the genotype of origin* The tumour 

has however been su ccessfu lly  transm itted across the 

sp ecies barrier into 5 /4 0  hamsters and 5/30 neonatal 

g e r b ils . Three s ib lin g s  of one of the tumour bearing 

g erb ils  showed sim ilar wasting and poor development, 

but cannibalism by the mother prevented h is to lo g ic a l  

confirmation of tumour* The actual frequency of 

passaged VM tumour in  g erb ils  could be as high as 

8 / 30# The latency period was usually  longer than in  the 

VM h ost, being between three and eight weeks* The 

tumour could not be grown in  four d ifferen t rat stra ins#

74



T ra n s fe r  o f  b r a in  tum ours to  h e te ro lo g o u s  s p e c ie s  

in  no t unknownI human g lio b la s to m a s  have been  

t r a n s p l a n te d  b o th  d i r e c t l y  and i n d i r e c t l y ,  v i a  th e  

a n t e r i o r  chamber o f  a  g u in e a  p ig  ey e , in to  g u in e a  

p ig  and mouse b r a in s  (G reene 1951)* Human 

ependymomas and a s tro c y to m a s  t r e a t e d  in  th e  same way 

f a i l e d  to  grow and' Greene a t t r i b u t e d  th e  su c c e s s  o f  

th e  g lio b la s to m a  to  i t s  exbrerae m a lig n an cy . S im i la r ly  

th e  h ig h  m a lignancy  o f  th e  VM a n a p l a s t i c  as trocy tom a, may 

a,ccount f o r  i t s  s u c c e s s f u l  t r a n s m is s io n  in to  o th e r  

species®  Im m unosuppression w ith  cyclophospham ide 

d id  n o t a id  t r a n s m is s io n  o f  th e  tum our in to  a d u l t  

r a t s  and g e r b i l s .  The p o s s i b i l i t y  o f  t r a n s m i t t i n g  

th e  tum our in to  y e t  more mouse s t r a i n s  and s p e c ie s ,  

how ever, sh o u ld  be exam ined in  more d e t a i l .  The u se  o f 

im m unosuppressive d ru g s  and im m unodeprivat io n  

t e  clin ique 8, such  a s  i r r a d i a t i o n  and n e o n a ta l  thyme c to n y  

w ould be h e lp fu l»  The VM tum our may grow f o r  exam ple 

i n  th e  F is c h e r  r a t  in  w hich a r t i f i c i a l l y  induced  

a s tro c y to m a s  have been  o b ta in e d  by ieC® i n j e c t i o n  o f  

RSV (W ilfgong e t  a l  1973)® The monkey would be an 

o bv ious  c a n d id a te ,  a s  s u c c e s s f u l  grovrth o f  th e  VM 

tum our would p ro v id e  a  u s e f u l  p a r a l l e l  w ith  human 

g lio m a re s e a rc h #
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T hat th e  W  t-umotir i s  cap a b le  o f  t r a n s m i t t in g  

tuunonr to  o th e r  mouse s t r a i n s ,  and more im p o r ta n t ly  

to  o th e r  s p e c ie s ,  i s  c o n s is te n t  w ith  a  v i r a l  a e to lo g y *  

I t  a ls o  su p p o r ts  th e  h y p o th e s is  t h a t  th e  tum our i s  

t r a n s m i t t e d  by in f e c t io n  o f  th e  h o s t c e l l s ,  and no t be 

p r o l i f e r a t i o n  o f  in o c u la te d  ’ fo re ig n *  c e l l s »

The W! tum our was s u c c e s s f u l ly  m a in ta in e d  in  

c u l tu r e  f o r  s h o r t  p e r io d s ;  up to  th r e e  weeks in  

p rim a ry  (1 ° )  c u l tu r e  and s ix  weeks in  seco n d a ry  

(2 ° )  c u l tu re o  I t  f a i l e d  however on subseq u en t 

s u b c u ltu r in g e  F r a s e r  (1975) a ls o  found  t h a t  th e  VM 

tum our co u ld  be m a in ta in e d  in  t i s s u e  c u l tu r e ,  a lth o u g h  

he found  th a t  i t  f a i l e d  on th e  f i r s t  su b c u ltu re o  I t  

was found t h a t  tum our c e l l s  from  1*̂  c u l tu r e s  would 

t r a n s m it  th e  tum our back  in to  th e  h o s t ;  t h i s  was a ls o  

r e p o r te d  by F r a s e r  (1975)# Secondary  c u l tu r e s ,  

how ever, d id  n o t t r a n s m it  th e  tum our in to  W  mice» 

I n t r a c e r e b r a l  in o c u la t io n s  o f  th r e e  week o ld  c u l tu r e s  

o f  W  tum our a t  200 ce lls /b@ 02^l/m ouse  p roduced  

tum ours in  5 / l 9  m ice, a f t e r  an  av erag e  o f  94 d a y s , 

a l th o u g h  one tum our d ev e lo p ed  a s  e a r ly  a s  75 days»

T h is  shows a  s i g n i f i c a n t  d e la y  and r e d u c t io n  in  tum our 

in c id en ce »  A s im i la r  dose o f  s ta n d a rd  inoculum  

p ro d u ces  s e v e re  tum ours a f t e r  ap p ro x im a te ly  44 d.a5J'S
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in  lyfo  of mice* Some 1° cultures were maintained for  

only a week, and groups o f mice were in jected  i . e .  

with 2.10^ c e l l s  from cultures harvested on each 

day* Although the groups of mice were sm all, there 

was 100^ tumour incidence in  those groups in jected  on 

days 0-4* It i s  in terestin g  to note that the 

latency became progressively longer, being 34 days 

on day 4» as compared with 25 days on day 0* This 

culture unfortunately fa ile d  on day 5» but as tumour 

incidence had been 100% up to  day 4» i t  i s  u n lik ely  

that th is  explains the gradual extension of the latency  

period* It i s  p o ssib le , that had th is  culture  

survived fo r  three weeks, the latency period would 

have been comparable with that of the previous three 

week 1*̂  cu ltu re . A possib le  explanation i s  that the 

t is s u e  culture environment favours growth o f normal 

VM c e l l s ,  and that with time the proportion o f  

tumour c e l l s  diminishes* This might a lso  explain  

the fa ilu r e  o f 2° cultures to transmit tumours* An 

a ltern a tiv e  explanation for  the fa ilu re  of subcultures 

i s  that the incubation period had become so long 

that i t  f e l l  outside the 6 month observation period*

It  has since been reported that 5 c e l l  lin e s  have 

been su ccessfu lly  estab lished  in t is su e  cu ltu re,
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and that these c e l l  lin e s  reta in  th e ir  

tumourgenicity a fter  several subcultures and give  

r is e  to  tumours in  vivo not only in tracerebrally  

but subcutaneously and in trap eriton eally  

(Serano et a l  I980) .  Successful growth of the 

VM tumour in t is su e  culture w ill  be most u sefu l 

for  in v itr o  assays o f antitumour and a n tiv ir a l  

drugs and fo r  immunological studies#

The drug Ribavirin was synthesised by Witowski 

e t a l  ( 1972) and i t s  broad spectrum a n tiv ir a l a c t iv ity  

in  vivo and in  v itro  was described (Sidw ell et a l 1972, 

1973 and 1975)# The e f fe c ts  of Ribavirin on RNA and 

DMA viru ses was a lso  reported (Huffman et a l  1973)# 

Ribavirin has a lso  been shown to be e f fe c t iv e  

in  v itr o  against Erlich  a sc ite s  tumour c e l ls  (Smith 

e t a l 1974)# and Friend leukaemia virus (8id we 11 et a l  

1975)» from these stu d ies i t  was suggested that 

Ribavirin has d irect antitumour properties# The 

e f fe c ts  of Ribavirin were therefore examined on 1°

VM tumour cu ltu res. The Ribavirin treated  cu ltu res, 

when inoculated i . e .  into VM mice, produced tumours 

with the same latency period as untreated control 

cu ltu res, i . e .  about 30 days. Tumour incidence was 

100% in  both cases. Ribavirin may have fa ile d  to
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in h ib it or delay VM tumour growth at the 

concentration i .e *  100)ig/ml which was used* The VM 

tumour cultures should be treated with Ribavirin at 

a range of concentrations, before the e ff ic a c y  of  

the drug can be dismissed* Another explanation can 

be offered  in  that Ribavirin a f fe c ts  the early  stages  

of the virus cy c le , by in h ib ition  o f synth esis of  

v ir a l antigen and in fec tio u s virus when added w ithin  

4 hours of in fec tio n  of c e l l  cultures with influenza  

virus (Durr & Lindh Sidw ell et a l (1975)

concluded that t is su e  culture stud ies had shown that 

Ribavirin was not v iru cid a l at the c e llu la r  le v e l ,  

neither did i t  prevent penetration or absorption  

of virus to the c e ll#  Ribavirin has been shown to  

in h ib it in tra c e llu la r  synthesis o f v ir a l n u cleic  

acids and th e ir  incorporation into the v ir a l genome; 

i t  does th is  by in h ib itin g  inosinate dehydrogenase 

which i s  required by synthesis of guanine ribonucleosides  

(S treeter  et a l  1973)# Ribavirin was added 24 hours 

a fte r  p lacing the VM tumour c e l l s  in  culture* These 

c e l l s  would already be in fected  with the putative  

v iru s, and therefore would not be a ffected  by 

R ibavirin. I t might be informative to  in fec t normal 

VM brain c e l l  cultures with v iab le tumour c e l l s  or 

c e l l  fragments and to  te s t  the resu ltin g  cultures for
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oncogenioity in the VM mouse* Newly infected 

cultures could then he treated with Ribavirin at 

various concentrations before reinoculâtion into 

VM mice*

The s p e c if ic  angiotensin II  antagonist PI13 

was shown to suppress c e l l  growth of mouse fib ro b la sts  

and Simian SV 40  v irus transformed fib ro b la sts  

in  v itr o  (S ch ellin g  et a l 1975)* This drug was 

therefore examined, in a preliminary experiment, on 

the VM tumour in t is su e  culture* P 113 appeared to  

delay the onset of tumour where i t  had been added in  

low doses to  the tumour cultures prior to i.o *  

in jec tio n  into VM mice* Cultured c e l l s  treated  with 

0*07}J@/inl PII3 produced c l in ic a l  signs of severe tumour 

in  recip ien t mice on average 66 days a fte r  i*c* 

in jec tio n . There was considerable spread in  the 

r e su lts  and one mouse showed signs of severe tumour 

as early  as 43 days, and one as la te  as 134 days*

The control mice in jected  with untreated cultured  

c e l l s  succumbed to the tumour within about 42 days*

It i s  possib le that the PI13 suppressed c e l l  growth 

in  v itro  and thus slowed down the p ro lifer a tio n  of 

the inoculated tumour c e l l s  in  v ivo* The delay 

in  onset of tumour may r e f le c t  the time taken for
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c e l l s  a ffected  by P113 to recover. This experiment 

should be ex ten sive ly  repeated to determine the most 

e f fe c t iv e  dosage of PI13 to add to VM tumour cu ltu res.

The behaviour of both VM normal brain c e l l  cultures  

and tumour c e l l  cultures in  the presence of the 

drug should a lso  be determined.

A s e l e c t i o n  o f  d ru g s  w ere t e s t e d  in  v iv o  f o r  any e f f e c t s  

on th e  c o u rse  o f  th e  VM tum our. The u se  o f  s t e r o i d s ,  i . e .  

o e s t r a d i o l  and t e s t o s t e r o n e  was m a in ly  w ith o u t  e f f e c t .  In  two 

o f  th e  t r i a l s  w ith  o e s t r a d i o l ,  how ever, th e  tum our la te n c y  was 

s i g n i f i c a n t l y  ex ten d ed  (P -  0 ,0 0 2 ) by up t o  a  week i n  fem ale  

m ice o n ly . T h is  r e s u l t  was n o t c o n s i s t e n t ly  r e p e a ta b le ,  a  

p o s s ib le  e x p la n a tio n  i s  t h a t  s o lu t io n  o f  o e s t r a d i o l  t a b l e t s  

i n  d r in k in g  w a te r  d id  n o t g iv e  a  c o n s ta n t  d o sa g e . The e f f e c t  

o f  o e s tro g e n  on th e  VM tum our sh o u ld  be f u r t h e r  exam ined in  

view o f  th e  r e s u l t s  o b ta in e d  by g iv in g  o e s tro g e n  t o  r a t s  w ith  

a  t r a n s p l a n ta b l e  g lio m a . M ethy l- P re d n is o lo n e  was found  to  

in c r e a s e  s u r v iv a l ,  re d u c e  c e r e b r a l  oedema and d r a m a t ic a l ly  

d e c re a s e  th e  w e ig h t o f  tum ours i n  r a t s  w ith  i n t r a c e r e b r a l  

g lio m as  ( G urcay e t  a l ,  19?0 and 1971 )»

Use o f the iramunostimulant drug Levamisole did  

not delay or in h ib it the onset of tumour development.

In fa c t mice treated  with Levamisole succumbed to the 

tumour two days e a r lie r  than the con tro ls, which is
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s i g n i f i c a n t  in  a  la te n c y  p e r io d  o f  o n ly  20 days»

The dose ( 30mg/kg/d% r) g iv e n  was th e  e q u iv a le n t  o f  

t h a t  g iv e n  to  humans and may have a  s l i g h t  t o x i c i t y  

f o r  mice# L evam isole may have been i n e f f e c t i v e  i f  

th e  immune p ro c e s s e s  o f  th e  VM a re  no t a f f e c t e d  by 

th e  astrocytom a©  T h is  seems u n l ik e ly  in  v iew  o f  th e  

docum ented d e c re a se  in  im m unological com petence, 

a s  shown by d im in ish e d  re s p o n s iv e n e s s  o f  T c e l l s  to  

m ito g en s in  human g liom a p a t i e n t s  , ( Thomas e t

a l ,  1 9 7 5  ) f  and in  F is c h e r  r a t s  w ith  BSY induced  

a s tro c y to m a s  (Rossman e t  a l  19 7 8  )» A no ther p o s s i b i l i t y  

i s  t h a t  th o s e  immune re sp o n se s  in v o lv ed  w ith  th e  tum our 

a re  n o t a f f e c t e d  by Levam isole# I t  i s  a l s o  p o s s ib le  

t h a t  such  immune p ro c e s s e s  a re  in v o lv ed  e n t i r e l y  

w ith in  th e  b r a in ;  i t  may be s ig n i f i c a n t  t h a t  o n ly  

th o s e  mice w hich were immunised i« c * , s u rv iv e d  c h a lle n g e  

w ith  tum our# L evam isole  can p o te n t i a t e  an  e x i s t i n g  

immune re sp o n se  ; and a s  t h i s  tum our h as  a r i s e n  in  

g e n e t i c a l l y  i d e n t i c a l  in b re d  m ice, i t  i s  p o s s ib le  

t h a t  th e r e  i s  no r e j e c t i o n  o f  th e  is o lo g o u s  tumour#

I t  would be i n t e r e s t i n g  to  see  w hether L evam iso le  has 

a,ny e f f e c t  on th e  VM tum our in  h e te ro lo g o u s  systems®

b ex am eth aso n e , when a d m in is te re d  from  th e  day
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o f ioGo i n j e c t i o n  w ith  tum our was a b le  to  d e la y  

th e  o n s e t o f  c l i n i c a l  s ig n s  o f tum our by fo u r  days# 

%.en g iv e n  from  day 12 a f t e r  tum our in o c u la t io n  th e  

d ru g  had no b e n e f i c i a l  e f f e c t#  bexarnethasone i s  u sed  

to  c o n t r o l  oedema, i n  human tum ours and h as  been  shown 

to  in c re a s e  s u r v iv a l  o f  mice w ith  ependym oblastom a, 

by i n h i b i t i o n  o f tum our grow th and re d u c in g  oedema 

(S h a p iro  & , P o sn e r , 1974)® -̂ 'be same m echanisms

co u ld  acco u n t f o r  th e  d e la y  in  la te n c y  p e r io d  in  

th e  VM tumour® T hat th e  d ru g  d id  n o t a f f e c t  th e  

o n se t o f  tum our when g iv e n  a f t e r  day  12, i s  p o s s ib ly  

due to  th e  grow th  o f  th e  tum our b e in g  to o  f a r  

ad.vanced a t  t h a t  s ta g e .

R ib a v ir in  has been  shown to  be e f f e c t i v e  in  v iv o  

a g a in s t  v a r io u s  v i r u s  i n f e c t io n s ,  in c lu d in g  h e rp e s  

induced  e n c e p h a l i t i s  in  h am ste rs  (S id w e ll e t  a l  1973), 

sp o n tan eo u s  leukaem ia  in  AKR/J mice (Randawa e t  a l  

1 9 7 4 ) and to  have a n titu m o u r  a c t i v i t y  a g a in s t  F r ie n d  

leukaem ia  v i r u s  (S id w e ll e t  a l  1975)@ In  th e  l i g h t  

o f  t h i s  w ork, R ib a r v i r in  was g iv e n  i .p *  ■ to  VM mice 

in j e c te d  ioC® w ith  tumour® There w as, how ever, no 

e f f e c t  on tum our developm ent in  mice t r e a t e d  w ith  

R ibav irin©  The d o se , 75Aig/kg/day, was chosen  a s  th e
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sa fe s t  maximum as Ribavirin was to x ic  to  mice at 

higher does (Sidw ell et a l  1975)# Other dose 

regimes may, however, be more e f fe c t iv e  against the 

VM tumour* Khare e t  a l (1973) suggested that the 

e ff ic a c y  of Ribavirin was dependent a lso  on the 

concentration of influenza virus used to in i t ia t e  

in fec tio n , and that there was a maximum dose o f virus 

r.above which Ribavirin was in effective*  It i s  p ossib le  

th erefore, that the standard dose of VM tumour 

overwhelmed any e f fe c ts  of the Ribavirin. The i .p .  

route o f adm inistering Ribavirin may not be su itab le  

in  the case o f the VM tumour. Ribavirin was most 

e f fe c t iv e  when given i .p .  against Friend leukaemia 

virus (s id w ell, e t a l 1975) but was only e f fe c t iv e  

against en cep h a litis  when given i . e .  (Sidw ell e t a l  

1973)# R ibavirin should be tr ied  again in the VM 

mice by subcutaneous, o ra l, i.v *  and e sp ec ia lly

i . e .  rou tes. A simultaneous i . e .  in jec tio n  of VM 

tumour and Ribavirin might be the best way to t e s t  

the drug in  v iv o .

I t  i s  in terestin g  that Ribavirin has been shown 

to  have an immunosuppressive e ffe c t  on humoral 

antibody response, but not the c e l l  mediated response,
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in  influenza virus in  fe r r e ts  ( Potter e t a l  1974)»

It i s  p ossib le  that such immunosuppression in  VM 

mice could outweigh any therapeutic e f fe c t s  of 

Ribavirin against the VM tumour.

Combined immunotherapy and chemotherapy has been 

examined in  the ASV -  Fischer rat glioma model 

( Mahaley e t a l ,  197? ). I t  was found

that tr ip le  therapy with BCG + i .p .  in jec tio n s of 

sarcoma c e l ls  + i . v .  administered BCNU prolonged the 

survival time of rats with virus induced gliom a. It  

i s  suggested that such treatment be applied to the 

VM brain tumour model.

CONCLUSIONS

The spontaneous astrocytoma in  VM mice has been 

c l in ic a l ly  assessed and passive tran sfer in  the host 

was standardised. A c lear rela tionsh ip  between c e l l  

density  o f the inoculum and tumour incidence and 

latency period was demonstrated. The VM tumour was 

maintained in  t is su e  culture and could be transm itted  

back into the h o st. Preliminary in  v itro  drug
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t r ia ls  showed that low concentrations of P113 could 

delay the onset of the tumour in mice. In vivo  

treatment with Dexamethasone a lso  delayed the 

development of tumour. I t  was possib le to  

transmit the tumour with k il le d  c e l ls  and c e l l  

fragments, hut no tumours were induced by c e l l  free  

f i l t r a t e s .  The VM tumour was su ccessfu lly  induced 

in  hamsters, g erb ils  and some other mouse s tra in s .

The la t te r  findings suggest that the VM tumour may 

be transm itted by a membrane associated  v ir u s .

The oncogenicity of the passaged VM tumour 

appears to have increased with successive passages.

This i s  indicated by a decrease in  latency period, 

increase in  tumour incidence, and lo ss  of a host 

age fa cto r  described in  early  passages. (Eraser, 1975)# 

Transmission in to  other mouse stra in s and across the 

species barrier by la te r  passages (> 54ib passage) 

a lso  supports th is  hypothesis.

In the lig h t of experiments in th is  work and 

previous reports on the immunology of human gliomas 

and a r t i f i c ia l ly  induced animal tumours, the 

immunology of the VM astrocytoma and the p o s s ib i l i t ie s
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of immunotherapy and chemotherapy, in vivo and 

In v itr o , should be exten sively  examined» The 

spontaneously a r is in g  VM mouse astrocytoma i s  

autochthonous, co n sisten tly  reproducible and has 

a short incubation period which makes i t  an id ea l 

animal model for human glioma study*
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A W E m iX

1s T issue C ulture Media

D is s e c t ing f lu id

Tanks balanced s a l t  so lu tio n  (BSS) (Gibco B iocu lt Ltd)

P e n ic i l l in  j 
S treptom ycin)
ICanamycin
Amphotericin (Pimgizone ®  )

100ml

100 u n its/m l 
100 Jig/ml 
2e5}ig/ml

C ulture  Medium (Hams P I2 and a n t ib io t ic s )

P12 (10 x) (Plow)
H onessen tia l amino ac id s (Gibco) 
Herpes b u ffe r  (m) "
NaHCO 7»5%

Glutamine "
Ha OH (IH)
F o e ta l c a lf  serum "
Water
P e n ic i l l in  ^
8treptomycin<

Kanamycin

45 ml 
5 ml 
9 ml 

2#5ml 

5 ml 
to  pH 7.2
to 20%

400 ml

50u/ml

100)ig/ml

PBS/lrnmPTA 

0.9% S a lin e

Phosphate b u ffe r  (0.2M NaHgPO  ̂ sRHgO 

EDTA

900ml

: Ha2HP0^) pH 7.2 100ml

1 m illim ole
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We igh t m onitor fo r  26 normal YM. ^ mice

Days ^  grams SD

21 6.1 + 1.12

28 7.95 1. 7
31 8.9 1.24

35 10.98 1.95
40 12.59 2 .6 4
42 14.5 1.51
47 15.8 1.23
50 16.0& 0 .9 9
55 16.25 0 .8

58 16.59 1.11
63 16.97 1.33
70 17.69 1.56

77 18.83 2.73
84 20.72 2.7
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3. Weight monitor of 26 normal VM cTmice

Age Days 5c grams SD

21 6.2 t  .99
28 8 .52 1.38

31 10.38 1.55
35 12.63 1.55
40 15.23 1.7
42 16.45 1.58

47 18.1 1.28
50 18.36 1.45
55 19.72 0 .9 4
58 19.35 1.07
63 19.71 1.32
70 20.25 0.93
84 21.86 1.38
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4# Weight monitor fo r  VH passage mice in jec ted  a t 21 days

Age
(d ay s)

Ho# & 
sex

grams 8 .D .

21
26

31
35
40

43
46

23 $ 5 . 4 3

7 . 3 4

10.42

1 1 . 5 2

10.22

9 .8 1

8.3

f 0.42
0.81

1.35
1.68
1 . 9 4

1.02

0 * 9 8

21

26

31
35
4 0

43
46

25 o' 6.56
8.56  

10.56 
12^2 

11.06
9 . 5 6  

9 . 1 2

1*08

0 . 9

1.02

1 . 3 6

1.84

0 . 9 4

0 .83
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5* Weight m onitor of VM passage mice in je c te d a t 33 days

Age
(days)

Ho. & 
sex

ic. grams 8.D .

35 15 s 9.71 ~L 0.92

41 12.3 1.61

45 12.94 1.72
50 12.50 2 .6

54 12.25 2.86
56 10.79 2.36

35 15 10.57 1.13
41 13.21 2.32

45 14.86 3.04
47 16.92 2.59
50 15.72 3.33

54 14.94 1.92
56 12.44 2.93
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6. Weight monitor of VM passage mice in jec ted  Day 28 & 40

Age
(d ay s)

Ho. & 
se x

grams S .D .

TIC 28 days

28

35
4 2

5 0

5 2

9 . 5 3

1 2 . 4 2

13.3
11.42

9.66

+ 1.34
0.66

0.93
1.88
1.08

TIG 4 0  d ays 5 cr'

4 0

45
5 2

57 
59 
61 
40

45 
5 2

57 
59 
61

11
12.8
1 4 . 8

13.8 
12.6
10.4  
11
11.5
12.5 
11.28  

10.14
9 . 2 1

1.0
0 .8 4

0 .84
1.6
2 .6

1 . 9 5

0 .82
0 .82
0 .82

1 . 4 9

2 .48

2 . 2 3
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7. Dose Response fo r  VM Tumour c e l l  Suspension frozen  to  
-70°G in  10% DMSO a t 10*̂  c e lls /m l TCP

Dose
n o .c e l l s / 2 0 p l

Mean
In c u b â t io n  
P e r io d

S .D .
S ta n d a rd
D e v ia t io n

Tumour
In c id e n c e

2 .1 0 ^ 18 .8 -  1 . 3 16/16

1 . 1 0 ^ 26.1 t  1 . 9 9 / 9

1 .1o4 3 9 . 3 "  8 * 0 6 /6

4 . 1 0 ^ 43 -  1 2 . 2 7 / 8

2 .1 0 ^ 4 3 . 9
4- -  
-  1 2 .1 1 2 / 1 3

1 . 1 0 ^ 5 8 . 2 i  1 4 . 8  * 2 / 5

5 0 0 6 0 t  1 5 . 6  * 1 / 3

( ^ fo r  th e  purpose of t h i s  c a lc u la tio n  i t  was assumed th a t  a l l  
su rv iv o rs  succumbed on day 69 (end of experim ent) )•
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8« Transmission of VM Astrocytoma in to  Mongolian Gerbils

Age a t  i . e .  
in je c t io n

Tumour
incidence

Latency
(days)

P ath o lo g ica l 
grading  of 
tumour

6 months 0/7
6 months immuno— 

suppressed
o/8 —

3 weeks 0 /4 -
10 days 0/7 —
neonata l 1/4 - * 28 + 4"
neonata l 0 /4 "
neonata l 0 /4 -
neonata l 0/2 «

n eonata l 4 /5 44 +

n eonata l 0 /4 —
neonata l 0 /3 «

^ 3 s ib l in g s  were found dead and cannibalism  made 
h is to lo g ic a l  exam ination im possib le.
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Transmission of VM Astrocytoma in to  neonatal
Syrian Hamsters

Tumour in c id e n c e  L atancy  P a th o lo g ic a l  g rade  o f
(d ay s) tum our

0 / 6

0 /5 -

0 /4
0 /3 •"
1/3 27 + +
0 /2 —

0 /4 —
1/2 54 + + +
1/2 32 + +
2 /2 19

30
■I*
t  +

0 /2
0/1 -
0 / 5 —
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10 Dexamethasone weight monitor

Days p o s t 
i .o #  i n j e c t i o n

Ho# o f  
m ice

cc grams 8 .D .

0
5

10

14
19
21

6 c o n t r o l s 1 2 . 0 8

12.0
16.25
16.0
15.12
13.0

1.93
1.3
1.54
2 . 5 6

1.88

1 .4 1

0
5

10

14
1 9

2 4

28

10
D exam ethasone

D exam ethasone 
(from  day  O)

1 1 . 1 4

1 0 . 4 6

13.33
1 5 . 2 4

13.37
12.6
11.0

1 . 9

1.36
1 . 2 9

1.33
2.13
1.82

1 .4 1
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11 . W eight m o n ito r f o r  mice t r e a t e d  in  v iv o  w ith  

R ib a v i r in

Days p o s t 
i . e .  i n j e c t i o n

Ho. o f  YM 
mice (n)

W eight (g) 
(x  )

S .D .

0 20 8.95 «  2 .0 9
6 20 10.38 — 2 .0 9
12 20 12.21 -  2 .  0

16 20 12.88 -  2.03
20 20 13.32 t  2 .8 7

25 17 11.57 — 2*08

29 17 10.32 -  1 .73

35 17 9.7 t  0 .9 5
38 14 9.17 -  1 .93

CONTROLS

0 11 " 1*03
6 t  0.82
12 -  0 .9 7
16 -  1 .25
20 t  1.76
25 -  1 .0 9

29 t  1 .15

35 « 1 .0 4
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12* Weight m onitor fo r  mice t re a te d  w ith Levamisole

Days post 
i . e .  in je c tio n

Ho. of YM 
mice (n)

Weight (g)
(5c)

S .D .

0 24 13.7
4* 1.13

7 13.65 +
1.34

11 14.07
4"

0.95
14 14.6 4*

1.41
18 15.02 + 1.73
21 13.79

4-
0.7

24 11.63 +
1.04
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