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D a t a  in tab le  1 for the  spon taneous  adenocarc inoma  and  
tab le  2 for t he  sa rcoma P 1798 indicate  t ha t ,  a t  least  w i th  
respect  to  cy to tox ic i ty  the  f ixed cells p rovoke  a s imilar  
i m m u n e  response.  High  t i te rs  agains t  t he  adenocarc inoma  
or the  sa rcoma cells were ob ta ined  f rom animals  immunized  
wi th  e i ther  formal in  or g lu ta ra ldehyde  f ixed cells. In  con- 
t r a s t  immun iza t i on  wi th  frozen or freeze dr ied  un t r ea t ed  
cells led to  m u c h  lower cy to tox ic  t i ters .  The t i t e r s  ob ta in -  
ed af ter  immuniza t ion  wi th  f ixed cells suggest  t h a t  the i r  
immunologica l  po ten t i a l  is no t  compromised  and  hence  
t h a t  the i r  immunologic  d e t e r m i n a n t s  are largely  in tac t .  
These f ixed cells are clearly no t  viable  cells, ye t  t h e y  
ma in t a in  immunogenec i t y  to  a far grea ter  e x t e n t  t h a n  the  
cells r endered  non-v iab le  b y  freezing and  subsequen t  
t hawing  or by  freeze drying.  This  suggest ion is also sup-  
po r t ed  b y  the  fact  t h a t  the  f ixed cells were non-oncogenic  
and p ro t ec t ed  agains t  large doses of viable  u n t r e a t e d  
homologous  t u m o r  cells. 
The above  evidence suggests  t h a t  formal in  or glutaral-  
dehyde  f ixa t ion  of neuramin idase  t r ea t ed  ceils resul ts  in 

cell p rese rva t ion  w i t h o u t  a l te ra t ion  of ant igeneci ty .  Al th-  
ough the  use of l iquid n i t rogen  freezers for slow cooling, 
w i th  concur ren t  use of p rese rva t ives  such as d i me thy l  
sulfoxide 13 m a y  resul t  in immuniz ing  cell p repara t ions  of 
equ iva len t  eff icacy to  t h a t  of fresh ceils, formal in  or 
g lu ta ra ldehyde  f ixa t ion  of neu ramin idase - t r ea t ed  malig-  
n a n t  cells is a s imple technique .  In  addi t ion ,  w i th  respec t  
to  an imal  or h u m a n  tumors ,  a s tock of cell can  be har -  
ves ted  whenever  t he  t umors  a r e  available,  or a t  a specific 
po in t  in t ime,  t r e a t ed  immedia te ly  w i th  neuraminidase ,  
f ixed wi th  e i ther  formal in  or g lu ta ra ldehyde ,  and used as 
a co n s t an t  source of immuniz ing  ceils wi th  avoidance  of 
possible immunogen ic  a l te ra t ion  of cell lines ma in t a ined  
in culture.  The use of neuramin idase- f ixed  t u m o r  cells as 
a source of an t igen  in de tec t ion  of autologous immuno-  
globulins or in t he  ear ly  de tec t ion  of neoplas t ic  prolifera-  
t ion  is under  invest igat ion.  
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Summary. A high percen tage  of squamous  cell carc inomas  were induced in the  skin of Swiss -Webster  mice by  repea ted  
topical  appl ica t ion  of e thyln i t rosourea ,  indicat ing t h a t  th is  n i t rosamide  possesses a p o t e n t  carcinogenic act ion when  
topica l ly  applied.  

W i t h  the  except ion  of me thy ln i t rosourea  (MNU) 4 mos t  
o therwise  carcinogenic n i t roso-compounds  have  no t  been  
p roven  to  be effect ive skin carcinogens in l abora to ry  
animals  5-7, when  topica l ly  applied,  despi te  t he  fact  t h a t  
these  subs tances  do no t  require  any  metabol ic  ac t iva t ion  to 
exer t  the i r  ac t iv i ty  7. We  r epor t  the  resul ts  of a sucessful 
a t t e m p t  to  induce ma l ignan t  t umors  in mouse  skin by  
repea ted  appl ica t ion  of 1 -e thy l - l -n i t rosourea  (ENU) di- 
rec t ly  on skin. 
52 r a n d o m l y  b red  8-week-old Swiss-Webster  mice (27 
males and 25 females) were housed b y  sex in groups of 
10 in clear plast ic  cages on San-i-cell  bedding.  They  were 
given W a y n e  pel le ted diet  (Allied mills, Chicago, Illinois) 
and t a p  wa te r  ad l ib i tum and were ma in t a ined  unde r  
s t anda rd  hygienic condi t ions  (cons tant  t e m p e r a t u r e :  
22 =E 2~ and humid i ty ;  12 h of artificial  l ight  per  per iod 
of 24 h). The in te rscapula r  region was shaved  (2.5 cm ~) 
and 33.4 [xl of a 1:% solut ion of E N U  (0.334 [xg) in pure  
dist i l led acetone (free of con t amina t i on  by  polycyclic 
a romat ic  h y d r o c a r b o n s - P A H  ) was appl ied topical ly  twice 
a week for 20 consecut ive  weeks wi th  an au toma t i c  dis- 
penser  (Hami l ton  Co., Whi t t i e r ,  Calif.). The  to ta l  dose of 
E N U  received by  each individual  an imal  was 13.34 mg. 

The solut ion of E N U  in ace tone  was p repa red  f resh ly  
immed ia t e ly  pr ior  to  each t r e a t m e n t  (pH 6.8-7.2 a t  room 
tempera tu re ) .  The animals  were t h e n  observed dai ly for 
appearance  and recording of tumors .  They  were al lowed 
to  die spon taneous ly  or were killed when  mor ibund.  All 
were au tops ied  and  all t issues and tumors  were observed  
microscopical ly.  
A group of 80 mice (40 males  and 40 females  of same age 
and  origin) were used as u n t r e a t e d  controls  and main-  
t a ined  under  the  same condi t ions  as the  t e s t  animals.  A 
to t a l  of 34 skin t u mo r s  (65.4% of all animals) were ob-  

1 Acknowledgments. This work was supported by PHS contract 
NO1 CP33 278 from the National Cancer Institute. 

2 Present address: Dept of Safety Assessment, Searle Laboratories, 
Box 5110, Chicago, Illinois, USA. 

3 The author is grateful to Miss M. Kuhse for expert technical 
assistance and to Dr S. S. Mirvish for providing the ENU. 

4 A. Graffi, F. Hoffmann and M. Schfitt, Nature 214, 611 (1967). 
5 A. Graffi and F. Hoffmann, Acta biol. reed. germ. 12, 623 (1964). 
6 P.N. Magee and J. M. Barnes, Adv. Cancer Res. 10, 163 (1967). 
7 H. Druekrey, R. Preussmann and S. Ivallkovic, Ann. N. Y. 

Acad. Sci. 163, 676 (1969). 

Sex Total No. of No. of squalnous 
skin tumors cell carcinomas 

A % squamous cell carcinomas, Survival time (weeks) b 
Treated Controls 

A % survival time~ 

Males 21 (77.8%) a 16 (59.2%) e 43.5 • 12.7 81.0 • 17.4 -46% 

+ 23.4% 

Females 13 (52,0%) a 12 (48.0%) e 53.7 4- 15.3 89.0 i 21.8 -40% 

% increase of squamous cell carcinomas in males over females, bMean -4- SE. o Percent decrease in survival time of treated over controls. 
a, e Percent of total number of animals in the group. 
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served  in the  t r ea t ed  group. They  consis ted  of 28 (53.8%) 
invas ive  squamous  cell carcinomas-16 in males  and 12 in 
females-4 were pap i l lomas  (3 in males,  1 in females) and 
1 k e r a t o a c a n t h o m a  in a male. No skin t umor s  developed 
in the  contro l  group. The mean  survival  t ime  of the  ani- 
mals  are given in the  t ame  along wi th  the  number s  of 
t u m o r s  in each group.  Among  o ther  t umors  induced in 
th is  expe r imen t  were a subs tan t ia l  numbe r  of l y m p h o m a s  
and  lung adenomas  which  were mos t  l ikely responsible  
for the  re la t ively  shor t  survival  of the  t r ea t ed  animals.  
A deta i led  pathological  repor t  will appear  later. 
A careful survey  of the  l i te ra ture  failed to provide  any  
in fo rmat ion  regarding ma l ignan t  skin t umors  induced in 
mice by  di rect  r epea ted  appl ica t ion  of E N U .  The da t a  
repor ted  here clear ly indicate  t h a t  no t  only  are P A H  
capable  of inducing ma l ignan t  tumors  in mouse  skin b y  

topical  appl icat ion,  b u t  also n i t rosamides  as well have  
th is  abi l i ty  and  m a y  be as p o t e n t  as PAH.  In  th is  s tudy ,  
E N U  appears  to have  as an effect  as did MNU as r ep o r t ed  
by  Graffi and H o f f m a n n  4, in t e r m s  of number s  of t u mor s :  
30 (69.7%). I t  is also possible to  conclude f rom our re- 
sults  t h a t  E N U  does no t  require  a p romot ing  agen t  such  
as c ro ton  oil to  exer t  a tumor igenic  influence as P A H  do. 
F r o m  these  results  it  can also be observed t h a t  the  n u m b e r  
of t umors  is h igher  in the  males,  indicat ing a d i f fe rent  
suscept ib i l i ty  to the  carcinogen based on sex; the  surviva l  
t ime of the  males is also shor te r  (A % = - 19%). 
F u r t h e r  expe r imen t s  are obvious ly  needed to  s t u d y  the  
mechan i sm of th is  d i rect  ac t ion which  does no t  fit  in to  
the  classical 2-stage carcinogenesis  t heo ry  ( ini t ia t ion-  
promot ion) ,  and  even tua l ly  disclose any  difference and  
s imi lar i ty  be tween  th is  act ion and  t h a t  of P A H .  

T h e  role  of the  s u b e p e n d y m a l  plate  in the  or ig in  of g l i o m a s  i n d u c e d  by e t h y l n i t r o s o u r e a  
in the  rat  bra in  
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Summary. The fine s t ruc ture  of early cell prol i ferat ions  induced t r ansp lacen ta l ly  by  e thy ln i t rosourea  in the  ra t  bra in  
reveals  t h a t  the  cells show features  of the  und i f fe ren t i a ted  cells of the  s u b e p e n d y m a l  p la te :  h igh  nuc lear -cy top lasmic  
ratio,  scarc i ty  of cell organelles and dominance  of free over  m e m b r a n e - b o u n d  r ibosomes.  These f indings suggest  t h a t  
most ,  if no t  all, gl iomas induced by  e thy ln i t rosourea  originate f rom these  pr imi t ive  cells. 

A single dose of N-e thy l -N-n i t rosourea  (ENU) in jec ted  
in to  p r e g n a n t  ra ts  dur ing the  second half  of ges ta t ion  in- 
duces  a h igh incidence of t umours  select ively and con- 
s i s t en t ly  in the  nervous  sys tem of the  offspring 2. The neo- 
p lasms  are gl iomas of the  bra in  and spinal  cord and 
s c h w a n n o m a s  of the  cranial  and per iphera l  nerves.  The 
cerebra l  gl iomas develop mos t  f r equen t ly  in areas ad- 
j acen t  to the  la teral  ventr ic les  and consis t  of a pleo- 
morph ic  mix tu re  of various glial cell types  a 5. Al though  
the  morphology,  including the  u l t ras t ruc ture ,  of these  

tumours  has  been ex tens ive ly  studied% ve ry  l i t t le  is 
known abou t  those changes  which  precede the  appear -  
ance of gross neoplasms.  However ,  Roscoe and  Claisse~, 
in a sequent ia l  in vivo-in vi t ro  s tudy,  found cells in 
culture which  showed the  charac ter i s t ics  of ma l ignan t  
cells af ter  a much  shor te r  in te rva l  t h a n  the  245 days  of 
la tency.  Histological  examina t ion  of serial sect ions  of ra t  
brains  a t  var ious  in tervals  following the  t r ansp lacen ta l  
admin i s t r a t ion  of E N U  revealed small  groups of ab n o rma l  
cells in 8-week-old rats.  These lesions, more  f r equen t ly  
seen in 10- and  12-week-old animals ,  were t h o u g h t  to re- 
p resen t  the  earliest,  his tological ly de tec tab le  changes  in 
the  d e v e l o p m e n t  of bra in  t u mo u r s  8. The purpose  of th is  
paper  is to descr ibe the  fine s t ruc tu re  of those  lesions 
which have  been  found in 16-week-old ra t s  in order  to  
ident i fy  the i r  cons t i t uen t  cells and  to  t ry  to es tab l i sh  the  
role of the  s u b e p e n d y m a l  p la te  in the  origin of gliomas. 
Materials and methods. A single dose of 40 mg of E N U  per  
kg of body  weight  was in jec ted  i.p. into p r eg n an t  B D - I X  
ra ts  on the  15th day  of ges ta t ion.  The E N U  was dis- 
solved in a 3 mM ci t ra te  buffer  conta in ing  0.9% sod ium 

Fig. 1. An early lesion adjacent to the ependymal lining (E) of the 
lateral ventricle (V). • 2300. 
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