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n e c t e d  w i t h  t h e  s e n s i t i v i t y  of t h e s e  s t ages  t o  t he  m u t a -  
genie a c t i o n  of f o r m a l d e h y d e  i tself .  A f t e r  i n j e c t i o n  of 
f o r m a l d e h y d e  in  h i g h l y  m u t a g e n i c  c o n c e n t r a t i o n s ,  us ing  
da i ly  b r o o d  changes ,  p e a k  s e n s i t i v i t y  was  o b s e r v e d  in 
s p e r m  s a m p l e d  o n  t h e  s econd  a n d  t h i r d  d a y  a f t e r  t r e a t -  
m e n t  ( u n p u b l i s h e d  work) .  A n o t h e r  poss ib i l i t y  is t h a t  
f o r m a l d e h y d e  speeds  n p  s p e r m  u t i l i z a t i o n  b y  kil l ing,  or  
o the rwi se  i n a c t i v a t i n g  s p e r m a t o z o a .  
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the Rad iob io log ica l  G r o u p  of the  I i e a l t h  Resea rch  Counci l  T .N.O.  

F. H.  SOBELS 

Les  o r g a n e s  qu i  se s o n t  r6v616s les p lus  a p t e s  k la prolif6-  
r a t i o n  t u m o r a l e  (Fig. 1) s o n t  le m e s o n e p h r o s ,  les gonades ,  
le m e t a n e p h r o s ,  le de rme ,  le p o u m o n ,  le p6r ios te ,  les m&- 
sen t~res  e t  les t u n i q u e s  de  l ' i n t e s t i n ,  ta  c ap s u l e  e t  tes ctoi- 
sons  du  foie. Le  m e s o n e p h r o s  es t  p a r t i c u t i 6 r e m e n t  f a r o -  
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Zusammen/assung 

Vor  e ine r  R 6 n t g e n b e s t r a h l u n g ,  d e r e n  Dosis  y o n  1700 
bis 2200 r va r i i e r t e ,  w u r d e  Drosophila-Mgnnchen F o r m a -  
l in l6sung  in s chwache r ,  ,, s u b m u t a g e n e r "  K o n z e n t r a t i o n  
in j iz ie r t .  Es  ze ig te  sich, dass  im Verg le i ch  zu den  Kon-  
t rol len,  we lche  n u r  b e s t r a h l t  w u r d e n ,  die M u t a t i o n s r a t e  
n a c h  F o r m a l i n - V o r b e h a n d l u n g  s i g n i f i k a n t  g e s t e i g e r t  
war.  D a b e i  w u r d e n  sp i t te re  E n t w i c k l u n g s s t a d i e n  de r  
S p e r m a t o g e n e s e  e r fas s t  als n a c h  e ine r  V o r b e h a n d l u n g  
mi t  Z y a n i d ,  Azid  u n d  e i n e m  o r g a n i s c h e n  P e r o x i d ;  bei  
re i fen  S p e r m a t o z o e n  liess s ieh j e d o c h  k e i n e  Z u n a h m e  de r  
M u t a t i o n s r a t e  fes t s t e l l en .  Die  B e f u n d e  weisen  d a r a u f  
hin,  da s s  e in  e rhOh te r  G e h a l t  a n  o r g a n i s c h e n  P e r o x i d e n  
in d e n  v o r b e h a n d e l t e n  Zel len  die C h r o m o s o m e n  e m p f i n d -  
l icher  m a c h t  f i i r  die m u t a g e n e  W i r k u n g  de r  R 6 n t g e n -  
b e s t r a h l u n g .  

Fig, 1. Invas ion  de la pa ro i  t g g u m e n t a i r e  vcn t ra l e  d ' u n  e m b r y o n  de 
Poulet ,  cul t ivde in vitro, p a r  le s a r c o m c  S 180 de  Souris .  Les cellules d u  
sarcorne peuvent &tre facilenmnt distingudes grace ~ leur taille et 5. 
leur coloration sombre. Elles envahissent pratiquement tout l'explant 
dont il ne subsiste localement que l'6piderme (ep.) et des cellules 
conjonctives Sparses. (Les r6gions les plus riches en cellules tumorales 

sont indiqu6es par des fl~ehes,) Grossissement × 122. 

Fable g la p ro l i f6 ra t ion  des  cel lules  t u m o r a l e s  qu i  s ' in f i l -  
t r e n t  d a n s  les espaces  i n t e r t u b u l a i r e s  (Fig. 2) e t  e n t o u r e n t  
les cana t i cu les  u r ina i r e s  qu ' i l s  f i n i s s en t  p a r  e n v a h i r ,  ap r~s  
d6g6n~rescence  de  l eu r s  cellules.  Les  cel lules  t u m o r a l e s  
m o n t r e n t  u n  a s p e c t  de  f i b r o b l a s t e s  fusel6s, l o r s q u ' e l l e s  
son t  en  m i g r a t i o n ;  u n  a s p e c t  o v o i d e  ou  a r r o n d i  q u a n d  

La cu l ture  de ce l lu l e s  t u m o r a l e s  s u r  des  
e x p l a n t s  d ' o r g a n e s  in oitro 

Des cel lules  t u m o r a l e s  p e u v e n t - e l l e s  e n v a h i r  des or- 
ganes  ou f r a g m e n t s  d ' o r g a n e s  e m b r y o n n a i r e s  e x p l a n t 6 s  
in vitro, c o m m e  elles c o l o n i s e n t  les t i s sus  de  l ' o r g a n i s m e  
en t i e r  ? J ' a i  a b o r d 6  ce p r o b l ~ m e  au  m o y e n  de la t e c h n i q u e  
de c u l t u r e  o r g a n o t y p i q u e  de ~¢VOLFF e t  HAFFEN l. Des  
f r a g m e n t s  d u  s a r c o m e  de  Sour i s  S 180 o n t  6t6 associ6s 5. 
des o r g a n e s  ou f r a g m e n t s  d ' o r g a n e s  e m b r y o n n a i r e s  de 
P o u l e t  de  6 5. 9 j o u r s  d ' i n c u b a t i o n .  Les  d e u x  f r a g m e n t s  
se s o u d e n t  i n t i m e m e n t ,  c o m m e  le f o n t  des  o rganes  
e m b r y o n n a i r e s  de  P o u l e t  e t  de  Sour i s  associ6s (XcVOLFF2), 

Au  c o n t a c t  d ' e x p l a n t s  de  d i f f6 ren t s  o rganes ,  les cet- 
lules t u m o r a l e s  p ro l i f~ ren t  a c t i v e m e n t .  El les  p e u v e n t  
e n t o u r e r  l ' o r g a n e  d ' u n e  so r t e  de  c o r t e x  d o n t  les cel- 
lules ex t6 r i eu r e s  s ' ex fo l i en t .  El les  p 6 n ~ t r e n t  en  m~me  
t e m p s  g l ' i n t 6 r i e u r  p a r  des  voles  & i n v a s i o n  qu i  e m p r u n -  
t e n t  g 6 n 6 r a l e m e n t  le s t r o m a  con jonc t i f .  E l les  se d i v i s e n t  
a c t i v e m e n t  d a n s  les t i s sus  de l ' h 6 t e  e t  f o r m e n t  soi t  des 
nodules  c o m p a c t s ,  so i t  des  traln&es o r i en t6es  qui  pro-  
p a g e n t  la  t u m e u r  g g r a n d e  d i s t a n c e  de  son  p o i n t  d ' en -  
tr6e. 

i ET. WOLFF e t  K.  HAFFEN, J .  exp .  ZooL 115,, 381 (1952); Texas  
Rep. BioL Med. 10, 463 (1952). 

2 ET. V¢OLFF, Bull. SOC. zooL Ft. 79, 357 (1954). - ET. WOLFF et 
J. P. W~m~R,  J. Embr. exp. Morph. 2, 161 (1954). 

Fig.  2. Associa t ion  d ' u n  f r a g m e n t  de  t u n m u r  S 180 de Sour i s  avec  
p lus ieurs  e x p l a n t s  de mesonephros  d ' e m b r y o n  de P'oulet  de  7 jours .  
L ' e x p l a n t  t u m o r a l  se d6ve loppe  su r  p lace  au  c o n t a c t  de  d e u x  des 
exp lan t s  de mcsoncph ros .  L ' i n v a s i o n  se fa i t  p a r  la p6r iph6r ie  des 
o rganes  aussi  b ien que  p a r  leur  face in te rne .  T o u t e s  les p lages  ou  
taches  sombre s  son t  des r6gions colonis6es p a r  des  cclhfles t umora l e s .  
m l ,  m'2 : e x p l a n t s  de m e s o n e p h r o s  envah i s  p a r  la t u n m u r ,  m 3  : e x p l a n t  
encore  in t ac t ,  t :  nodu le  t u m o r a l  d6velopp6 a u x  d6pens  d u  f r a g m e n t  

ini t ia l .  Gros s i s s emen t  × 75. 

d i e s  s o n t  g roup6es  en  aInas .  Les  m i t o s e s  s o n t  n o m b r e u s e s ,  
s o u v e n t  a b e r r a n t e s .  L ' o r g a n e  p e u t  ~ t re  c o m p l ~ t e m e n t  
e n v a h i  en  l ' e space  de  2 5. 4 jours .  O n  p e u t  a in s i  p r o p a g e r  
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la souche  t u m o r a l e  p a r  r ep iquages  success i fs  en cu l tu re  
d ' o rganes .  

D a n s  le cas des au t res  organes ,  les cellules t u m o r a l e s  
se m u l t i p l i e n t  au c o n t a c t  de  l ' e x p l a n t  de Poule t ,  f o r m a n t  
un  a m a s  c o m p a c t  ; elles s ' i n f i l t r e n t  d a n s  les t i ssus  s u i v a n t  
la d i rec t ion  des s t r a t e s  c o n j o n c t i v e s  ou des t u n i q u e s  
muscula i res .  Dans  !es o rganes  qui  p r 6 s e n t e n t  un  cloison-  
n e m e n t  conjonct i f ,  c o m m e  les gonades ,  l ' i nvas ion  se fa i t  
le long des t rav6es  con jonc t ives .  A la f aveu r  de ces voies  
de p4n4tra t ion ,  les cellules t u m o r a l e s  e n v a h i s s e n t  b ien-  
t 6 t  t o u t  l 'o rgane ,  en pa r t i cu l i e r  le c o r t e x  ovar ien ,  off 
elles o n t  t e n d a n c e  ~ p r e n d r e  la p lace  des  ovogonies .  

Ces r4su l t a t s  m o n t r e n t  q u ' o n  p e u t  cu l t ive r  e t  p ro -  
pager  des celiules t u m o r a l e s  sur  des  o rganes  exp lan t6s  
in  vitro. Cet te  m 6 t h o d e  d o n n e  la possibi l i t4  d ' 6 t u d i e r  les 
cond i t ions  de l ' i nvas ion  canc6reuse  d ' u n  organe ,  ind4-  
p e n d a m m e n t  de la c i rcu la t ion  e t  de  t o u t e  connex ion .  
Elle p e r m e t  d ' a b o r d e r ,  d a n s  des cond i t i ons  de s impl ic i t6  
qui  ne son t  j ama i s  r4alis4es d a n s  un  o rgan i sme ,  les p ro-  
bl6mes des affinit4s,  de  la s t i m u l a t i o n  e t  de  l ' i n h i b i t i o n  
des cellules t umora l e s .  El le  p e u t  o r i en t e r  les recherc t ies  
sur  la sensibi l i t6  dif f6rent ie l le  ~ ce r t a ines  s u b s t a n c e s  des  
cellules canc4reuses  e t  des  t i ssus  qu 'e l les  p a r a s i t e n t .  

E .  WOLFF 

Laboratoire d 'Embryo log ie  expdrimentale ,  Coll~ge de 
France,  Par i s ,  le 25 avri l  7956. 

Z u s a m m e n ] a s s u n g  

Se tz t  m a n  in O r g a n k u l t u r e n  i n  vitro kleine Tei ls t f icke 
eines S 180-Maus tumors  mi t  e m b r y o n a l e n  Organen  des 
H u h n e s  z u s a m m e n ,  so w a n d e r n  die t u m o r a l e n  Zellen 
in die  e x p l a n t i e r t e n  Organe  fiber, bev61kern sie u n d  ver -  
m e h r e n  sich ak t iv .  

Gewisse Organe  wie Vorniere ,  Mesen te r ien ,  D a r m -  
wand ,  K a p s e l  de r  Leber ;  H a u t ,  e rweisen  sich als beson-  
ders  gee igne t  ffir die E i n w a n d e r u n g  u n d  die V e r m e h r u n g  
der  t u m o r a l e n  Zellen. 

Sarcoma 180 Necrosis after Intra-Tumor Injection of Agents 

Agent mg per ml Days % Necrosis 

methylni t rogen mustard . . . 
methyl nitrogen mustard . . . 
methylni t rogen mustard . . . 
fl-naphthyl nitrogen mustard s . 
phenylni t rogen mustard s . . . 
p-chlorophenyl nitrogen mustard 
triethylene melamine 
triethylene melamine 
triethylene melamine 
tr iethylenephosphoramide• . . 
t r i e t h y l e n e p h o s p h o r a m i d e . . .  

0•07 
0•67 
0"57 

50 
50 
50 

0"40 
6"7 
0•67 

10 
10 

yt t r ium 90 fluoride 
chromic radiophosphate 
cortisone acetate 
hydrocortone 
testosterone propionate 
methyl testosterone. 
diethylstilbestrol 
estinyl estradiol 
aminopterin 
furadroxyl 
isoniazid 
p-aminosalicylate 
6-mercaptopurine 
6-mercaptopurine 
zinc peroxide 
p-menthane hydroperoxide 
p-menthane hydroperoxide 
colchicine 
urethane 
urethane 
myleran. 
controls.  
controls.  

25 a 
5 ~ 

50 
20 
25 
10 
10 
15 

3"3 
67 
50 
67 
67 
83 

333 
b 
h 

2"5 
67 

250 
0.8 

saline 
saline 

1 48 de3 
1 65=t=4 
3 8 1 ~ 9  
3 9 0 : ~ 4  
3 62 ~=4 
3 6 9 ~ 5  
1 68 -}=2 
1 80- t -4  
3 7 9 ± 7  
1 51=t=2 
3 8 5 ~ 6  
3 5 1 i z 7  
3 5 ~ 3  
2 14=t=3 
2 42:t=6 
2 31 4-4  
3 42=[-7 
3 55-56 
3 54~=5 
2 2 0 ± 5  
2 38=~6 
3 53 4-6  
2 4=t=2 
i 68 :j= 2 
3 84_-t=6 
2 48 -t-5 
1 6 4 ± 2  
3 87 ± 4  
2 28- t -4  
1 6 9 - 5 4  
3 8 3 ± 5  
1 2 0 / = 4  

! 3 + 2  
3 3 - v 2  

a Radioisotope concentrations are in millicuries per ml of injectate. 
b 0-03 ml of liquid p-menthane hydroperoxide• 

T u m o r  N e c r o s i s  Af ter  the  I n t r a - T u m o r  
Injec t ion  of C h e m i c a l  A g e n t s  and Col lo ida l  

R a d i o i s o t o p e s  

In  l a b o r a t o r y  and  clinical  i n v e s t i g a t i o n s  of t h e  use of 
r ad io i so topes  for  t h e  m a n a g e m e n t  of t u m o r s ,  col loidal  
r ad io i so topes  are  i n j ec t ed  d i r ec t ly  i n to  t h e  t u m o r  I w i t h  
t he  o b j e c t i v e  of p r o d u c i n g  a m a x i m u m  of t u m o r  necrosis .  
I n  v iew of t h e  inc reas ing  n u m b e r  of a n t i - t u m o r  chemi -  
cals w h i c h  h a v e  b e e n  successful  in p r o d u c i n g  t e m p o r a r y  
clinical  remiss ion  of neop l a s t i c  diseases  2, we h a v e  unde r -  
t a k e n  an  e x p l o r a t o r y  s t u d y  of t h e  ab i l i ty  of a series of 
t hose  a g e n t s  t o  p r o d u c e  t u m o r  necros is  a f t e r  i n t r a -  
t u m o r  in j ec t ion  3. 

S a r c o m a  180 t u m o r s  were  i n j ec t ed  on t h e  8 th  d a y  
a f t e r  t r a n s p l a n t a t i o n  4 to  t h e  ax i l l a ry  region of Swiss 

I R. H. FLOCKS, H. D. KERR, H. B. ELKINS, and D. A. CULP, 
J. Urol. 71, 628 (1954). 

2 C• C• STOCK, in: Advances in Cancer Research, Vol. 2 (Green- 
stein and Haddow, Academic Press, Inc., New York 1954), p. 426• 

3 Presented at the National Meeting of the American Association 
for the Advancement of Science, Berkeley, California, December 
1954. 

4 The original transplant material was donated by Dr. JoHN B. 
FIELD, Cancer Chemotherapy Laboratory, University of Southern 
California. 

mice.  T h e  i n j e c t a t e  was  a f resh ly  p r e p a r e d  so lu t ion  or 
suspens ion  of t he  a g e n t  in sa l ine ;  each  mil l i l i ter  con- 
t a i n e d  50 mg  of c a r b o n  b lack  7 to  m a r k  t h e  i n t r a t u m o r  
s i te  of deposi t ion•  F o r  each  agent ,  0-03 ml  was  in jec ted  
asep t i ca l ly  in to  each  of 5 t u mo r s .  A f t e r  t h e  a g e n t  h a d  
r e m a i n e d  in t h e  t u m o r  for  t h e  n u m b e r  of d a y s  s h o w n  in 
t h e  Table ,  t h e  an ima l s  were  sacr i f iced and  t h e  t u m o r s  
excised.  The  t u m o r s  were  f ixed in d i lu te  fo rmal in ,  sliced 
to  f ind  t h e  region of m a x i m u m  depos i t i on  of ca rbon  
black,  and  h e m a t o x y l i n  and  eosin sl ides of sec t ions  f rom 
th i s  reg ion  were  p r e p a r e d .  

T h e  e x t e n t  of gross t u m o r  necros is  was  t h e n  d e t e r m i n -  
ed b y  mic roscop ic  e x a m i n a t i o n ,  w i t h  t h e  absence  of 
s t a i n e d  cell nucle i  as t h e  c r i t e r ion  fo r  gross  necrosis .  This 
c r i t e r ion  was  se lec ted  because  of t h e  o b j e c t i v i t y  and 
re la t ive  ease of d e t e r m i n i n g  t h e  per  cen t  of t h e  t issue 
area  in w h i c h  t h e  nuclei  d id  n o t  s ta in .  I n a s m u c h  as 
t h e r e  was  some  v a r i a t i o n  in  size of t h e  i n j e c t e d  t u m o r s  
(wi th in  t h e  r a n g e  f r o m  1.0 to  1.5 cm),  t h e  per  cent  
necros is  was  ca lcu la t ed  on t h e  bas i s  of t h e  necros is  in 
t h e  1.0 cm circle c e n t e r i n g  on  t h e  s i te  of m a x i m u m  car- 

5 Donated by: Dr. W. C. J. Ross, The Chester Beatty Research 
Institute, The Royal Cancer Hospital, London, S.W.3• 

6 M. E. MORTON, Nucleonics 10, 92 (1952). - S. W. MAYER and 
M. E. MORTON, Proceedings o/ the O•R.LN.S. Con]erenee on Rare 
Earths in Medicine (1955) (in press)• 

7 Sterling MT grade, Godfrey L. Cabot, Inc., Boston 16, Mas- 
sachusetts. 


