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dura t ions  (1-12 h) and allowed to recover  in wa te r  there-  
after.  Chromosome squashes  are p repared  following the  
convent iona l  Feulgen technique.  

Among  the  exper imen t s  w i th  di f ferent  combina t ions  of 
variables,  the  3 h t r e a t m e n t  in 100 p p m  and upwards  
resul ted in sca t te red  anaphases  and in ar res ted  recta-  
phases  w i th  well spread  ch romosome  conf igurat ions  due 
to spindle inhibi t ion.  Al though  25 p p m  seems to  be the  
min imal  effective concen t ra t ion  when  used for 6 h, pro- 
longed t r e a t m e n t s  in o ther  concen t ra t ions  resul ted  in 
ch romosome  diminut ion ,  thus  s imulat ing colchicine. 
Aqueous  recovery  of the  above mater ia ls  for 24 h ac- 
cumula ted  d ip lochromosomal  me taphases  and t e t rap lo id  
cell popula t ions .  The min imal  effect ive concen t ra t ion  of 
the  exotoxin  compares  well wi th  the  known spindle poi- 
sons 2, 9 a t  the  initial  s tages of C-mitot ic  act ivi ty ,  and ap- 
pears  to be s l ight ly more  efficient  towards  the  full effect  
(Table). The s imilar i ty  of exo tox in  wi th  v inb las t ine  and 
vincr is t ine  in this  connec t ion  is no tewor thy .  

Since the  exotoxin  is a known  R N A  polymerase  
inhibi tor  7, the  C-mitot ic  ac t iv i ty  has p ro b ab l y  resul ted 
f rom an in ter ference  wi th  the  syn thes i s  of pro te ins  in the  
spindle mic ro tubu la r  systems.  A few other  abnormal i t ies ,  
like p h r a g m o p l a s t  inhibi t ion,  ch romosome  bridges, etc, 
have  also been  not iced in h igher  t r e a t m e n t s  and are 
under  invest igat ion.  

The p resen t  s t u d y  suggests  tile u t i l i ty  of th is  bacter ia l  
exotoxin  as a cytological  tool, in view of its spindle-  
inhib i t ing  proper t ies  similar to colchicine. For  the  same 
reason, never theless ,  there  seems to be a need for caut ion  
in the  ex tens ive  use of commerc ia l  p repara t ions  of B. 
thuringiensis as a microbial  insecticide on crop plants .  

9 G. DEYSSON, Int. Rev, Cytol. 2d, 99 (1968). 
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Summary. The p romot ion  phase  of carcinogenesis  in mouse  skin is accompanied  by  a mast-cel l  react ion in the  upper  
dermis.  Ev idence  is p resen ted  which  suggests  t h a t  th is  m a y  be an immunologica l  response,  w h e reb y  d i s t an t  lympho-  
cytes  migra te  to the  area and, in the  presence of young f ibroblasts ,  become t r ans fo rmed  into t issue m a s t  cells. 

In  the  course of carcinogenesis  in mouse skin a si tua- 
t ion  develops in the  superficial  dermis  which  s t rongly  
favours  the  accumula t ion  of t issue mas t  cells, the  reac- 
t ion reaching its m a x i m u m  under  a papi l loma 1,2. This 
curious p h e n o m e n o n  can be induced  by  p romot ing  agents  
alone, or, more  intensely,  by  in i t ia t ion followed by  the  
r epea ted  appl icat ion of a non-carcinogenic  p romo te r  ~,~. 
The classical hyd roca rbons  act  in bo th  capaci t ies  5. 

The first,  and simplest ,  hypo thes i s  to account  for t he  
reac t ion  is to  pos tu la te  the  release of a chemical  factor  
f rom the  overlying,  hyperp las t i c  epidermis  which  acts  
d i rec t ly  on the  dermis  ~. So far, I have  failed to iden t i fy  
such a factor.  The m a s t  cell in the  mouse conta ins  hepar in ,  
h i s t amine  and  5 -hyd roxy t ryp t amine ,  bu t  ne i ther  t h e y  
nor  the i r  immed ia t e  precursors  have  proved,  on inject ion,  
to be capable  of el ici t ing a local d e v e l o p m e n t  of m a s t  
cells. In jec t ions  of hya luronic  acid and the  chondro i t in  
sulphates ,  B and C, were likewise ineffective% 

The absence of mi toses  in the  new cells, or in tile more  
ma tu r e  cells a l ready  present ,  suggests  a second h y p o t h e -  
sis, t h a t  the  new m a s t  ceils s t em f rom d i s t an t  precursors  
which  only declare themse lves  when  all the  condi t ions  
for the i r  fu l f i lment  have  been met .  The f irs t  cells, con- 
ta in ing a few o r thoch roma t i c  granules,  to  appear  under  
the  pa in t ed  epidermis  resemble  lymphocytes .  If  th is  is 
so, t h e y  could ei ther  be T - lymphocy te s  f rom the  thymus ,  
or B - lymphocy t e s  (bursa-equivalent  cells) f rom else- 
where.  BURNET 7 has suggested t h a t  the  m a s t  cell m a y  
be an end-cell  of the  T- lymphocy te .  However ,  m a s t  ceils 
are surpr is ingly numerous  in the  un t r ea t ed  skin of so- 
called 'nude '  mice, congeni ta l ly  lacking a thymusS:  these  
cells a t  least,  mus t  s t em f rom non - thymic  precursors.  

So far as the  B - lymphocy t e s  are concerned,  CSABA 9 
believes t h a t  the  spleen is the  'mast -ce l l  organ '  of the  
mouse.  Ye t  I have  found  t h a t  sp lenee tomy,  prior  to  
pa in t ing  wi th  DMBA, is w i t h o u t  effect  upon  the  emer-  

gence of papi l lomas or upon the  mast-cel l  response% 
This still leaves a considerable  residue of l ymphoey te s  in 
gut,  pe r i t oneum and nodes as possible an teceden t s  for 
the  m a s t  cell, and  two lines of evidence suggest  t h a t  such 
a t r ans fo rma t ion  m a y  occur. 

The f irs t  res ts  on histological  findings.  Mast  ceils are 
rare in encapsu la ted  lymphoid  tissue. When ,  however ,  
non-capsu la ted  lympho id  t issue lies in d i rect  con tac t  
wi th  young  connect ive  t issue - as in the  'mi lk  spots '  of 
the  o men t u m,  the  sol i tary nodules  of the  gut,  or even in 
l ympho id  nodules  in the  bone  mar ro w  - a t r ans fo rma t ion  
to mas t  cells is seen in the  b o u n d a r y  zone be tween the  
two tissues2. L y m p h o c y t e s  f rom encapsu la ted  foci m u s t  
f irst  t r averse  the  lympha t i c s  to reach a sui table site for 
the i r  full deve lopment .  

The second line of evidence is immunological .  GINS- 
BURG10, 11 has  devised an in v i t ro  sys t em in which lym-  
phocy tes  f rom a sensi t ized mouse  are cul tured on a 
monolayer  of f ibroblas ts  and are there  re - in t roduced  to  
the  specific ant igen.  A mass ive  d i f fe ren t ia t ion  into m a s t  
cells follows. I t  will be observed  t h a t  in b o t h  examples ,  

1 W. CRAMER and W. L. SIMPSON, Cancer Res. 4, 601 (1944). 
2 j .  F. RILEY, The Mast Cells (E. & S. Livingstone, Edinburgh 1959). 
3 J.  F. RILEY, Lance t  2, 1457 (1966). 
4 j .  E. RILEY, Exper i en t i a  24, 1237 (1968). 
5 I. BERENBLUIvl, N. S. HAROUR and N. TRAININ, Br. J. Cancer 72, 

402 (1958). 
6 j .  t:'. RILEY, unpubl i shed  data .  
7 F. ~M[. BURNET, Med. Hypothesis 1, 3 (1975). 
8 R. KELLER, M. ~r HESS and J.  F. RILEY, Exper i en t i a  32, 171 

{1976). 
9 G. CSABA, I. OLAH, J. KISS and C. DUNAY, Experientia 23, 944 

(1967). 
I0 H. GINSBIJR~, Ann. N.Y. Acad. Sci. 103, 20 (1963). 
11 H. GINSBURG and D. LAGUNOFF, J, Cell Biol. 35, 685 (1967). 
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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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