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ci ted above, the  pa r t i c ipa t ion  of t he  I ibroblas t  is essent ial  
for success. This symbio t ic  associat ion of mas t  cell and 
f ibroblas t  forms the  basis of the  'mast-cel l  cycle' ,  de- 
scribed elsewhere 2. 

If, then ,  a mast-cel l  react ion in precancerous  mouse  
skin is to  be in t e rp re t ed  as an immunologica l  phenomenon ,  
it  would seem necessary  to  postula te ,  first, the  release of 
ant igenic  mater ia l  f rom the  hyperp las t i c  epidermis  and 
to envisage its con tac t  w i th  d i s t an t  l ymphocy te s  ; second, 

the  r e - en t ry  of these  l y m p h o c y t e s  into an area which  is 
still y ie lding specific an t igen;  and, th i rd ,  t he  reunion to 
occur in the  v ic in i ty  of young  col lagen-forming fibro- 
blasts.  Viewed in th is  way,  a mast-cel l  reac t ion  in mouse  
skin is no t  an obl iga tory  feature  of carcinogenesis :  i t  
ne i ther  favours  nor  h inders  t he  d e v e l o p m e n t  of cancer.  
Never theless ,  as an ' index  of p romot ion '  i t  m a y  shed 
l ight  on the  mechan i sm w h e reb y  an in i t ia ted  epidermis  
gradual ly  acquires t he  p r o p e r t y  of invasive g rowth  a, 4. 
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Summary. A sequent ia l  s t u d y  of ra t  brains t r ea ted  t r ansp lacen ta l ty  wi th  the  neuro t rop ic  carcinogen e thy ln i t rosourea  
reveals small  foci of cell prol i fera t ions  f rom the  age of 8 weeks. These lesions consis t  main ly  of und i f fe ren t ia ted  ceils of 
the  s u b e p e n d y m a l  p la te  type .  They  occur in those  areas in which  gl iomas develop and  represen t  the  earliest, h is to-  
logically detectable ,  changes  in the  deve lopmen t  of bra in  tumours .  

Ten years  ago DRUCKREY et al. 2 repor ted  t h a t  a single 
i.v. in ject ion of N-e thy l -N-n i t ro sou rea  (ENU) into 
p r e g n a n t  ra t s  induced t umour s  and mal fo rmat ions  in the  
offspring. Since t h e n  E N U ,  a simple n i t rosamide,  has  
p roved  to  be the  ideal  carcinogen in the  s t u d y  of ex- 
pe r imen ta l  neural  tumours .  A single dose of th is  com- 
pound  admin i s t e red  to foetal  and  neonata l  ra ts  induces a 
h igh incidence of neoplasms select ively and cons i s ten t ly  

Fig. 1. Diagrammatic representation of the distribution of lesions 
described in the text. 

in the  nervous  system.  The s t rong carcinogenic act ion of 
E N U  on the  nervous  tissue, however,  is res t r ic ted  to  the  
per ina ta l  per iod:  no t u m o u r  develops when  E N U  is ad- 
minis te red  to p r eg n an t  ra ts  before the  12th day  of gesta-  
t ion and the  suscept ib i l i ty  of the  nervous  sys t em to E N U  
also decreases w i th  increasing age 3, 4. 

Histological ly t he  t u mo u r s  are gliomas of the  cent ra l  
nervous  sys t em and  schwannomas  of the  cranial  and  
per iphera l  nerves,  a l though  neurob las tomas  have  also 
been repor ted  5. Mult iple tumours  are f requent :  neo- 
p lasms of macroscopic  size, mic ro tumours  and  early neo- 
plast ic  prol i ferat ions  are all p resen t  in the  same an imat  s. 
Cerebral  t umours  are no t  d i s t r ibu ted  h a p h a z a r d l y  bu t  
occur in cer ta in  preferent ia l  sites:  the  per ivent r icu lar  
area and the  subcort ical  whi te  m a t t e r  of the  cerebral  
hemispheres  are mos t  f r equen t ly  involved.  

Since mos t  s tudies  have  been carried out  on large, fully 
developed tumours  which  eventua l ly  killed the  animals,  
af ter  an average of 245 days,  very  l i t t le is known abou t  
the  ear ly  stages of t u m o u r  growth.  A sequent ia l  analysis  
of E N U - i n d u c e d  s chwannomas  of the  t r igeminal  nerves  
was recen t ly  publ i shedL bu t  similar s tudies  are lacking 
on the  earl iest  s tages of the  deve lopmen t  of cerebral  
gliomas. The purpose  of the  p resen t  communica t ion  is to 
describe the  deve lopmen t  of such E N U - i n d u c e d  gliomas. 

Material and methods. A single i.p. in ject ion of 40 mg 
of E N U  per  kg of b o d y  weight  was in jec ted  into p r eg n an t  
B D - I X  ra t s  on the  15th day  of gestat ion.  The E N U  was 
dissolved in a 3 m M  ci t ra te  buffer  con ta in ing  0.9.% 
(w/v) sod ium chloride, p H  adjus ted  to 6.0 a t  20~ Con- 
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t roI  r a t s  were in jec ted  w i th  the  buffer  alone. The  off- 
spr ing  were kil led b y  whole  b o d y  per fus ion  w i t h  10% 
formal-sa l ine  a t  ages 2, 4, 6, 8, 10 and  12 weeks. The  b r a i n s  
were r e m o v e d  a n d  processed for l ight  microscopy.  Ser ia l  
sect ions  of 5 p,m were cut,  s t a ined  w i t h  h a e m a t o x y l i n  a n d  
eosin a n d  s canned  w i t h  a l igh t  microscope.  I n  each  age 
group  f ive t r e a t e d  b ra ins  a n d  one con t ro l  were examined .  

Results.  The  ear l ies t  lesions, smal l  col lect ions of ceils, 
are seen f i rs t  in  8-week-old r a t s ;  t he  n u m b e r  of an ima l s  
showing  these  foci are 1/5, 4/5 and  5/5 in the  8, 10 
a n d  12-week-old groups  respect ively .  The  n u m b e r  of 
these  ea r ly  cell p ro l i fe ra t ions  var ies  f rom 1 to 5 in  a n y  
one animal .  On ave rage  1.6 lesions are found  in t h e  10- 
week-old r a t s  a n d  2.0 in t he  12-week-old group.  

The  d i s t r i b u t i o n  of t he  lesions is shown  in F igure  1. The  
areas  m o s t  f r e q u e n t l y  i nvo lved  are t he  ou t e r  aspec ts  of 
the  l a t e ra l  ven t r i c les  (Figure 2), t he  angle  of t he  ven t r i c l e  
be tween  t he  corpus  ca l losum and  t he  c a u d a t e  nuc leus  

Fig. 2. Part of an early neoplastic cell proliferation adjacent to the 
walI of the lateral ventricle. Ceils in mitosis are present. • 450. 

an d  the  subcor t i ca l  whi te  m a t t e r  a d j a c e n t  to  t h e  h ippo-  
campus .  In  2 cases increased  ce l lu la r i ty  is seen in t he  
cor tex  of t h e  pa r i e t a l  lobes n o t a b l y  a r o u n d  neurones  
(Figure 3). 

The  iden t i f i ca t ion  of the  cells is d i f f icul t  a t  l igh t  micro-  
scope level. T h e y  do, however ,  show fea tu res  of undif fe-  
r e n t i a t e d  cells: large, h y p e r c h r o m a t i c  nuclei ,  sparse  cyto-  
p l a s m  a n d  h i g h  nuc l ea r - cy top l a smic  rat io.  Mitoses,  al-  
t h o u g h  presen t ,  are  n o t  p l e n t i f u l  Occasional  cells dis- 
p l ay  t h e  fea tu res  of o l igodendrocy tes  or as t rocytes .  No 
s igni f ican t  differences  are found  b e t w een  t h e  lesions in 
10-week-old an d  12-week-old rats .  T r e a t e d  ra t s  of t h e  
y o u n g e r  age groups  an d  con t ro l  an i ma l s  do n o t  show these  
changes .  

Discussion.  The  ear ly  cell p ro l i fe ra t ions  occur  in those  
areas  in  wh ich  g l iomas  deve lop  an d  they ,  like gliomas,  are 
f r e q u e n t l y  mul t ip le  6, s, 9. These  f ind ings  therefore  sugges t  
t h a t  t h e  smal l  g roups  of cells h a v e  a l r eady  been  com- 
m i t t e d  to neop las t i c  ch an g e :  t h e y  r ep re sen t  t h e  earl iest ,  
morpholog ica l ly  d e t e c t a b l e  s tages  of t u m o u r  deve lopmen t .  
I t  is l ikely t h a t  most ,  if n o t  all, of these  lesions will 
progress  to  ful ly deve loped  gliomas.  

E l ec t ron  microscope inves t iga t ions  of ear ly  cell pro-  
l i fera t ions  r evea l  (LANTOS, unpub l i shed )  t h a t  mos t  of t he  
cells are similar ,  if n o t  ident ica l ,  to  t h e  s u b e p e n d y m a l  
p la t e  cells 1~ Moreover ,  u n d i f f e r e n t i a t e d  s u b e p e n d y m a l  
pIate  ceils are also p re sen t  in  large, p l eomorph ic  gl iomas 
of the  p e r i v en t r i cu l a r  regions t o g e t h e r  w i t h  var ious  gliaI 
cell types  11. These  f indings  s u b s t a n t i a t e  the  hypo thes i s  
t h a t  the  und i f fe ren t i a t ed ,  m i t o t i c a l l y  ac t ive  cells of t he  
s u b e p e n d y m a l  p la t e  are t h e  m o s t  suscept ib le  t a rg e t s  for 
the  carc inogenic  ac t ion  of E N U .  The  t r a n s f o r m e d  cells of 
the  s u b e p e n d y m a l  p la te  m a y  r e m a i n  in s i tu  and,  m a i n -  
t a i n i n g  t he i r  mu l t i p o t eu t i a l i t y ,  d i f fe ren t i a te  in to  dif- 
f e ren t  glial cell t ypes  to p roduce  mixed  gl iomas of t he  
p e r i v en t r i cu l a r  areas.  T r a n s f o r m e d  s u b e p e n d y m a l  cells 
m a y  also mi g ra t e  in to  the  wh i t e  m a t t e r  where, unde r -  
going the  same process  of i ncomple t e  d i f f e ren t i a t ion  and  
neoplas t ic  prol i fera t ion ,  t h e y  deve lop  in to  mixed  gliomas,  
o l i godend rocy tomas  or, occasional ly ,  a s t rocy tomas .  

The  f indings  in r a t  b r a ins  are r e l e v a n t  to  t h e  develop-  
m e n t  of g l iomas  in man.  A l t h o u g h  t h e  s u b e p e n d y m a l  
p la t e  of m a n  pers is ts  in a d u l t  life, i ts  mi to t i c  a c t i v i t y  is 
g rea tes t  in  deve lop ing  bra ins .  Since cell d ivis ion is a pre-  
requis i te  for  t i le d e v e l o p m e n t  of cancer,  foetal  and  neo-  
n a t a l  b ra ins  are more  suscept ib le  t h a n  the  b ra ins  of 
adul ts .  I t  is the re fo re  reasonab le  to  suggest  t h a t  foetuses  
of p r e g n a n t  w o m e n  exposed  to e n v i r o n m e n t a l  carcino-  
gens are a t  risk. I t  has  been  es t ab l i shed  t h a t  n i t rosamines ,  
fo rmed  b y  t h e  i n t e r ac t i o n  of n i t r i t e s  an d  secondary  
amines ,  are p r e s en t  in t h e  e n v i r o n m e n t  9,12. These  com- 
p o u n d s  m a y  exe r t  t he i r  carc inogenic  ac t ion  t r a n s p l a c e n t -  
a l ly  on the  suscept ible ,  m i t o t i c a l l y  ac t ive  cells of tile sub-  
e p e n d y m a I  p la te  of the  deve lop ing  foeta l  b r a i n  an d  t h e  
resu l t ing  b r a i n  t u rnou t s  will a p p e a r  in a d u l t  life m a n y  
years  a f t e r  the  carc inogenic  s t imulus .  

Fig. 3. Small groups of cells with hyperchromatic nuclei are seen in 
the cortex, notably around neurones. • 450. 
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