
260 Specialia ]~XpERIENTIA XXII]4 

Cancer and Super-Regenerat ion in 
Tri turus  v ir idescens Limbs 

WADDINGTON 1 a n d  NEEDHAM 2 h a v e  sugges ted  t h a t  
cells shou ld  be less suscept ib le  to  cance r - induc ing  inf lu-  
ences if t h e y  are p a r t  of a n  i n d i v i d u a t i o n  field, a soma t i c  
region w h i c h  exe r t s  as y e t  u n c h a r a c t e r i z e d  morphog en i c  
cont ro l s  to  m a i n t a i n  t he  cel lular  c o m p o n e n t s  w i t h i n  i t  
as a n  i n t e g r a t e d  s t ruc tu re .  These  a u t h o r s  also sugges ted  
t h a t  t he  i n d i v i d u a t i o n  field m i g h t  be  able  to  con t ro l  a 
cance r  p laced  w i t h i n  it. The  r e g e n e r a t i o n - c o m p e t e n t  am-  
p h i b i a n  l imb  rep resen t s  a pe r s i s t en t  i n d i v i d u a t i o n  field 
in  a p o s t - e m b r y o n i c  o rgan i sm,  a n d  has  been  widely  used 
in a t t e m p t s  to  t e s t  b o t h  t he  above  hypotheses~-% The  
p r e sen t  a u t h o r s  h a v e  d e m o n s t r a t e d  7 t h a t  n o r m a l  a d u l t  
Xenopus laevis k i d n e y  i m p l a n t e d  in t he  n o n - a m p u t a t e d  
fore l imbs of r e c e n t l y - m e t a m o r p h o s e d  m e m b e r s  of t h e  
same species will  elicit  t he  d e v e l o p m e n t  of b o t h  l ymp h o -  
sa rcomas  and  accessory  l imb  s t ruc tu re s  ( super- regenera-  
t ion) .  W e  h a v e  also shown  s t h a t  m o u n d s  of 3 -methy l -  
c h o l a n t h r e n e  crystals ,  wh ich  a u g m e n t  t he  inc idence  of 
l y m p h o s a r c o m a  in Xenopus, w h e n  i m p l a n t e d  w i t h i n  am-  
p u t a t e d  or n o n - a m p u t a t e d  fore l imbs  of Xenopus, will  also 
in i t i a t e  th i s  dua l  response  of l y m p h o i d  cance r  f rom lym-  
pho id  ceils a t t r a c t e d  to t h e  si te  and  accessory  l imb  
s t r u c t u r e s  f rom r e g e n e r a t i o n - c o m p e t e n t  cells freed f rom 
the  l imb  t issue a rch i t ec tu re .  Whi l e  Xenopus is a n  u n u s u a l  
a n u r a n  in t h a t  i t  does r egene ra t e  fore l imbs  a m p u t a t e d  
a f t e r  m e t a m o r p h o s i s %  i t  is n o t  as eff icient  a t  t h e  process  
as p o s t m e t a m o r p h i c  urodeles,  such  as Triturus viridescens. 
Thus ,  i t  m i g h t  be  a rgued  t h a t  the  Xenopus l imb  failed to 
con t ro l  t he  d e v e l o p m e n t  of l y m p h o s a r c o m a  w i t h i n  it, 
because  i t  r ep resen t s  on ly  a weak  r egene ra t i ng  sys tem.  

The  p r e s e n t  r e p o r t  concerns  an  e x p e r i m e n t  us ing  
l y m p h o s a r c o m a  a n d  t he  urode le  l imb.  A p o p u l a t i o n  of T. 
viridescens was chosen  for t he  e x p e r i m e n t  a f t e r  two  of i ts  
m e m b e r s  h a d  been  ki l led and  found  to con t a in  ex tens ive  
l y m p h o s a r c o m a s .  20 newts  f rom the  infec ted  co lony were 
i m p l a n t e d  w i t h  f resh ly  b iops ied  k i d n e y  f rom normal ,  
adu l t  Rana pipiens. The  i m p l a n t s  were m a d e  s u b c u t a n e -  
ously  in t he  dorsa l  po r t i on  of t he  r ad io -u lna r  region of t h e  
r i g h t  fore l imb,  a s i te  used  in  p rev ious  r e sea rch  10 w h i c h  
h a d  d e m o n s t r a t e d  t h a t  R. pipiens xenogenic  k i d n e y  
graf t s  can  serve as powerfu l  inducers  of super - regenera-  
t ion  in  urodele  l imbs.  Some hos t s  died ear ly  in  t he  experi-  
men t ,  a n d  on ly  t he  12 recovered  be tween  41 a n d  68 days  
a f t e r  i m p l a n t a t i o n  will be  discussed in th i s  analysis ,  s ince 
grossly visible,  accessory  l imb  s t r u c t u r e s  b e c a m e  p reva -  
l en t  a t  t h i s  t ime  and  t he  pu rpose  of t he  e x p e r i m e n t  
was  to  look in to  t he  i n t e r a c t i o n  of cancer  a n d  super-  
regenera t ion .  9 of t he  12 r i g h t  fore l imbs h a d  deve loped  
accessory  l imb  s t ruc tu res ,  a n d  6 of these  9 h a d  also de- 
ve loped  l y m p h o s a r c o m a s  wh ich  were i n t e g r a t e d  w i t h  the  
r egene ra t i ng  sys tems.  F igure  1 shows a grossly vis ible  
super - regenera te ,  t he  l y m p h s a r c o m a  genera l ly  d i s t r i b u t e d  
wi th in  i t  and  t he  d i f f e r en t i a t i ng  ske le ton  of t he  accessory  
l imb.  F igure  2 shows t h a t  muscle  as well  as car t i lage  
d i f fe ren t ia tes  w i t h i n  a n  accessory  s t ruc tu re ,  a l t h o u g h  i t  is 
i n f i l t r a t ed  b y  t he  l y m p h o i d  t u m o r  cells. 3 of t he  l imbs  
deve loped  accessory  l imbs  b u t  h a d  no l y m p h o s a r c o m a ,  
whi le  t he  r e m a i n i n g  t h r e e  l imbs  ana lysed  bore  l y m p h o -  
s a rcomas  b u t  fai led t o  r e spond  to  t he  i m p l a n t s  b y  pro- 
duc ing  super - regenera tes .  11 of the  12 hos t s  possessed 
genera l ized v iscera l  l y m p h o s a r c o m a s  invo lv ing  t he  l iver,  
spleen a n d  kidneys ,  t he  si tes typ ica l ly  af fected b y  t h i s  
cance r  in  Xenopus a n d  t he  o t h e r  a m p h i b i a n  species 
p rev ious ly  t e s t ed  11. The  h igh  incidence  of cance r  in  t h e  
hos t s  c a n n o t  be  a t t r i b u t e d  to  t he  i m p l a n t a t i o n  p rocedure  
itself, s ince u n o p e r a t e d  con t ro l  an ima l s  t a k e n  f rom the  
same infec ted  p o p u l a t i o n  showed  a s imi la r ly  ex tens ive  

Fig. 1. A longitudinal section through a dorsally directed (top) super- 
regenerate. The remains of the xeuogenie kidney implant (I), newly- 
developed cartilaginous skeleton (C) and inultifoeal lymphosarconla 
(L) within the accessory structure may be observed. About x 100. 

Fig. 2. A longitudinal section through super-regenerate cartilage (C) 
and muscle (M). The normal accessory limb tissues were effectively 
separated from the remainder of the host limb by extensive lympho- 

sarcoma (L). About x 120. 
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occurrence of l ym phosa rcoma  (13 of 16). Two separa te  
contro l  series were also run,  involving the  imp lan ta t ion  
of R. pipiens k idney  in to  the  r igh t  forel imbs of T. viri- 
descens f rom uninfec ted  popula t ions ,  b u t  no lympho-  
sarcomas were obta ined.  

We consider  these results  to  suppor t  the  view t h a t  we 
have  expressed previously  s, namely ,  t h a t  an individua-  
t ion field, as represen ted  by  a r egene ra t ion -compe ten t  
amph ib i an  limb, is no t  capable  of control l ing cancer  de- 
veloping wi th in  it, if the  cells forming the  cancer  do no t  
possess l imb t i ssue-forming capacit ies.  T h a t  circulat ing 
and wander ing  cells f ind themse lves  wi th in  the  l imb does 
no t  necessari ly mean  t h a t  t h e y  are subjec t  to control  by  
the  ind iv idua t ion  field 12. 

Rdsumd. Du rein de Rana pipiens adultes  a 6t6 t rans -  
p lant6  dans  les membres  ant6rieurs  de v ing t  Triturus 
viridescens qui 6talent  en t ra in  de d6velopper  des lympho-  

sarcomes.  P a r m i  les 12 p a t t e s  analys6es, six 6ta ient  
infiltr~es pa r  le cancer  e t  ava ien t  r6pondu ~ la presence  
des greffes x6nog~niques en f o r m a n t  des s t ruc tu res  acces- 
soires de la pa t te .  Nous en avons  conclu que le c h a m p  de 
r~g6n6ration n ' e s t  pas  capable  de contr61er le d6veloppe-  
m e n t  de ce cancer.  

g .  N. ~UBEN, M. BALLS, 
and J. STEVENS 
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Act ion  of C a d m i u m  Chlor ide  on 
S e n s o r y  Gang l ia  1 

Cadmium is known as a h ighly  toxic meta l  which is em-  
ployed for several  indus t r ia l  purposes .  While s tudy ing  the  
pha rmaco logy  of cer ta in  metal l ic  compounds ,  we no ted  
tha t ,  in the  rat ,  the  subcu taneous  or in t ravenous  admin-  
i s t ra t ion  of c adm ium chloride p roduced  severe lesions of 
the  Gasserian ganglion and of the  spinal sensory ganglia. 
Here  we would like to repor t  the  work per formed wi th  a 
view to inves t iga t ing  this p h e n o m e n o n  more thoroughly .  

In the first  expe r imen t  80 Sprague-1)awley rats  (40 
males and 40 females) wi th  a mean  body  weight  of 189 g 
(range 180-198 g) were d iv ided into 4 equal  groups and 
given di f ferent  amoun t s  of c admium chloride (CdCI~, 
F isher  Scientific Co., Fai r lawn,  N.Y., U.S.A.) subcu-  
t aneous ly  in the  back, always in 1 ml of wa te r  at  the  doses 
indica ted  in the  Table.  All animals  were killed three  days  
af ter  the injections.  For  the  second exper iment ,  we in- 
jec ted  25 female ra t s  of 190 g (range 182-201 g) wi th  3.5 
mg of c adm ium  chloride in ] ml of wa te r  subcu taneous ly  
in the  back and killed 5 animals  30 min, 1, 3, 5, and 24 h 
respec t ive ly  a f te r  the  in ject ions  to s t u d y  the  chrono-  
logical deve lopmen t  of the  lesion. 

As can be seen in the  Table,  ganglionic lesions were 
found in all the  groups t r ea t ed  wi th  the  di f ferent  doses of 
c admium chloride. The percen tage  of incidence was similar 
in males and females. Macroscopically,  the  first  signs were 
observed 5 h af ter  the  in ject ion and consis ted of hemor -  
rhagic  spots  under  the  capsule;  24 h later  the  affected 
organs appeared  da rk  red because of massive hemorrhages  
sharp ly  localized in the ganglionic t issue (Figure). Oc- 

1 This work was supported by the John A. Hartford Foundation and 
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Hemorrhagic necrosis of sensory ganglia induced by cadmium 
chloride. Top: Macroscopic aspect of the Gasserian ganglion. The 
necrosis is sharply limited to the ganglionic tissue (arrows). Middle: 
Necrosis of the nerve cells in a spinal ganglion (Susa, PAS, • 120). 
Bottom: Pycnosis of nuclei and lysis of cytoplasm in the Gasserian 
ganglion cells which appear surrounded by hemorrhages (Susa, 

PAS, • 460). 


