
15.6. 1971 Specialia 695 

Effects of X-Irradiation on the Genetically-Determined Melanoma System of Xlphophorin Fish 

T h e r e  a re  m a n y  r e p o r t s  of t h e  decreased  p ro l i f e r a t ion  
of  cells in  a l l  t i s sues  as  a r e su l t  of e x t e n s i v e  phys io log ica l  
d a m a g e  caused  b y  X - i r r a d i a t i o n  x. H o w e v e r ,  s u c h  t r e a t -  
m e n t  s o m e t i m e s  gives  r ise t o  acce le ra t ed  pro l i fe ra t ion ,  
r e su l t i ng  in  t h e  a p p e a r a n c e  of t u m o r s  1,2. I n  o rde r  to  
i n v e s t i g a t e  t h i s  c o n t r o v e r s i a l  sub jec t ,  we h a v e  used t h e  
in  v i v o  s y s t e m  of g e n e t i c a l l y - d e t e r m i n e d  m e l a n o m a s  of 
x i p h o p h o r i n  fish,  wh ich  is p r o d u c e d  b y  c o m b i n i n g  c e r t a i n  
h e r e d i t a r y  fac to rs  of Platypoeci lus  maculatus  (p la tyf ish)  
a n d  x i p h o p h o r u s  helleri (swordta i l )  s. 

I n  p u r e b r e d  p la ty f i sh ,  w h i c h  c a r r y  a m a c r o m e l a n o -  
p h o r e  gene,  a de f ined  n u m b e r  of m a c r o m e l a n o p h o r e s  
fo rms  specif ic  b l a c k  spo t s  on  t h e  b o d y  surface.  F a h y b r i d s  
b e t w e e n  the se  2 species  show a n  inc rease  in  t h e  n u m b e r  
of t he se  m a c r o m e t a n o p h o r e s ,  r e su l t i ng  in  t h e  f o r m a t i o n  
of large, b l a c k  a reas  (p remelanomas) .  

Backc ross  h y b r i d s  b r e d  us ing  t h e  sword t a i l  as  t h e  
r e c u r r e n t  p a r e n t  show a n  a d d i t i o n a l  o v e r p r o d u c t i o n  of 
m a c r o m e l a n o p h o r e s  in  t he se  areas,  r e su l t i ng  in t h e  
f o r m a t i o n  of m e l a n o m a s .  Th i s  m e l a n o m a  f o r m a t i o n  c an  
be  r educed  to  n o r m a l  spo ts  b y  r e p e a t e d  backc ros s ing  
w i t h  p la ty f i sh .  Because  t he  g r a d u a l  r e p l a c e m e n t  of p l a ty -  
f i sh  c h r o m o s o m e s  b y  t h e  c o r r e s p o n d i n g  sword ta i l  chro-  
m o s o m e s  re su l t s  in  a n  e n h a n c e m e n t  of t h e  m a c r o m e l a n o -  
p h o r e  gene  expres s ion  a n d  t h e  oppos i t e  r e p l a c e m e n t  in  
a d i m i n u t i o n ,  i t  is conc luded  t h a t  p l a t y f i s h  repress ion  
genes  a re  c a p a b l e  of con t ro l l i ng  a n d  l i m i t i n g  t h i s  ex-  
p ress ion  4. 

Recen t ly ,  we h a v e  s tud ied  t he  effects  of X - i r r a d i a t i o n  
on  x i p h o p h o r i n  f ish h a v i n g  m a c r o m e l a n o p h o r e  genes  
u n d e r  va r i ous  degrees  of r epress ion  a n d  be ing  in  va r ious  
s tages  of d e v e l o p m e n t .  

Condit ions of irradiation.  The  a n i m a l s  were i r r a d i a t e d  
in a m e t a l  b a s i n  f i l led to  2 c m  w i t h  wa te r .  Th i s  b a s i n  
was  p laced  80 c m  f rom t h e  focus  of a R 6 n t g e n  Miller  
a p p a r a t u s  MG 150. X - r a y s  were  e m i t t e d  a t  a dose  r a t e  
of 22 R / m i n ,  150 kV,  12 m A  a n d  f i l te red  t h r o u g h  0.2 m m  
Cu a n d  0.5 m m  A1. 

Exper imen ta l  an imals  and  results, a) G e n o t y p e s  h a v i n g  
a repressed  m a c r o m e l a n o p h o r e  gene  ( p u r e b r e d  P.  macu-  
latus a n d  t h e  4 th  backc ros s  g e n e r a t i o n  t o w a r d  p la tyf i sh) .  
These  a n i m a l s  d i sp l ay  on ly  species-specif ic  m a c r o m e l a n o -  
p h o r e  spo ts  (Figure  1 a). 

W 'ho le -body  X - i r r a d i a t i o n  (100-2000 R) s of a d u l t  f ish 
of t h i s  t y p e  (n-----133) h a s  no  o b v i o u s  effect  on  t h e  
p r o d u c t i o n  of  m a c r o m e l a n o p h o r e  spots% However ,  t r e a t -  
m e n t  (500-2000 R) of e m b r y o s  a n d  female  ge rm cells 7 
causes  a u n i f o r m  e n l a r g e m e n t  of t h e  spo ts  to  t h i c k e n e d  
areas  in al l  f ish w h i c h  deve lop  f rom t h e m  (n = approx i -  
m a t e l y  1000; Tab le ,  f i r s t  row).  These  t h i c k e n e d  areas  
r e semble  those  p r e m e l a n o m a s  of n o n i r r a d i a t e d  F 1 h y b r i d s  
(Figure  l a, b a n d  c). N o n i r r a d i a t e d  of fspr ing  of f ish 
w h i c h  h a v e  been  i r r a d i a t e d  as e m b r y o s  also e x h i b i t  
t hese  en la rged  spo t s  (n = a p p r o x i m a t e l y  2000). S tocks  
of  t h i s  p h e n o t y p e  h a v e  b e e n  b r e d  successful ly  to  t h e  
7 t h  genera t ion .  

Th i s  e n l a r g e m e n t  of m a c r o m e l a n o p h o r e  spo t s  is caused  
b y  a n  increase  in  t h e  n u m b e r  of m a c r o m e l a n o p h o r e s  
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s The LD~(30 ) of adult P. maculatus varies around 2000 R, that of 
X. hdleri around 3500 R and that  of most hybrids around 3000 R. 
Whole-body X-irradiation (1000-2500 R) of genotypes having 
no macromelanophore gene (purebred X. helleri and certain back- 
cross hybrids; n = 100) has no effect on the lack of production 
of maeromelanophore spots, whether adults or embryos are treated. 

7 Sperm and spermatogonial stages present in adult males were 
not taken into consideration. 
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Fig. 1. a) Nonirradiated purebred Platypoecilus maculatus (Sp geno- 
type), b) Purebred P. maculatus (Sp genotype) irradiated as embryo. 
e) Nonirradiated F I hybrid between P. maculatus and Xiphophorus 
helleri (Sp genotype). 
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d i s p l a y e d  b y  y o u n g  an imals ,  t h e  m a c r o m e l a n o p h o r e  a reas  
of w h i c h  h a v e  n o t  ye t  b e e n  c o m p l e t e l y  p o p u l a t e d  b y  
the se  cells  (Figure  2a  a n d  b). Th i s  enlargement is n o t  
to  be  confused  w i t h  t he  h y p e r p i g m e n t a t i o n  8 d iscussed 
b y  o t h e r  a u t h o r s  8,9, because  d i f f e r en t i a t ed  m a c r o m e l a n o -  

p h o r e s  of x i p h o p h o r i n  f i sh  ex i s t  on ly  in a me lan i zed  
s t a t e  x0. 

b) G e n o t y p e s  h a v i n g  a n  i n c o m p l e t e l y  repressed  macro-  
m e l a n o p h o r e  gene (FI a n d  o t h e r  hybr ids ) .  These  geno- 
t y p e s  e x h i b i t  p r e m e l a n o m a s  (Figure  l c ) .  

W h o l e - b o d y  X - i r r a d i a t i o n  (150-3500 R) of a d u l t  f ish of 
th i s  t y p e  resu l t s  in a decrease  in p r e m e l a n o m a  f o r m a t i o n  
(n = 546). Howeve r ,  a s l igh t  a n d  d i s t inc t ,  b u t  t e m p o r a r y  
e n h a n c e m e n t  of t h e  n o r m M  o v e r p r o d u c t i o n  of m a c r o m e -  
l a n o p h o r e s  is caused  in d e v e l o p i n g  fish, w h e n  these  h a v e  
been  i r r a d i a t e d  (1000 R) as  e m b r y o s  or  female  ge rm cells 
(n = 152; Table ,  second row). T h e  effect  on  t h e  o f l sp r ing  
of t he se  f i sh  h a s  n o t  y e t  b e e n  inves t iga ted .  

c) G e n o t y p e s  h a v i n g  a de repressed  m a c r o m e l a n o p h o r e  
gene  (backcross  h y b r i d s  h a v i n g  on ly  t h e  m a c r o m e l a n o -  
p h o r e  gene -ca r ry ing  c h r o m o s o m e  f r o m  t h e  p la tyf i sh) .  
T h e s e  f i sh  d e v e l o p  m e l a n o m a s  (see F i g u re s  in  ref.4). 

W h o l e - b o d y  X - i r r a d i a t i o n  (150-2500 R) of a d u l t  f i sh  
of t h i s  t y p e  causes  a t e m p o r a r y  regress ion  or  d i s c o n t i n u a -  
t i o n  of m e l a n o m a  g r o w t h  (n = 79; Table ,  t h i r d  row). 
Th i s  o b s e r v a t i o n  h a s  b e e n  s u p p o r t e d  b y  re su l t s  showing  
c o r r e s p o n d i n g  decreases  in  H 3 - t h y m i d i n e  i n c o r p o r a t i o n  
a n d  in t h e  level  of free a m i n o  acids  in  t h e  cell  pool  n .  
No  o b v i o u s  ef fec t  o n  t h e  o f f spr ing  h a s  b e e n  no t iced .  

Discussion. A n  e n h a n c e m e n t  in  t h e  p r o d u c t i o n  of 
m a c r o m e l a n o p h o r e s  is caused  b y  X - i r r a d i a t i o n  of t h e  
ea r l i e r  d e v e l o p m e n t a l  s tages  of those  x i p h o p h o r i n  f i sh  
w h i c h  h a v e  a repressed  m a c r o m e l a n o p h o r e  gene. No 
such  e n h a n c e m e n t  is obse rved  as a resu l t  of t h e  s ame  
t r e a t m e n t  of t h e  s a m e  s tages  of f ish .which h a v e  a de- 
repressed  gene. These  resu l t s  h a v e  led us  to  t h e  conc lus ion  
t h a t  X - i r r a d i a t i o n  causes  a n  a l t e r a t i o n  in  t h e  s y s t e m  
of r ep ress ion  genes  of t h e  m a c r o m e l a n o p h o r e  gene .  S ince  
t h i s  a l t e r a t i o n  occurs  u n i f o r m l y  in  s o ma t i c  cells, as  wel l  
as  in  al l  ge rm cells, i t  is t h o u g h t  t h a t  th i s  r epress ion  gene  
s y s t e m  cons is t s  of c o m m o n  cell c o n s t i t u e n t s  wh ich  are  
p r e s e n t  in  v e r y  large  quan t i t i e s .  

On  t h e  c o n t r a r y ,  a regress ion  in t h e  p r o d u c t i o n  of 
m a c r o m e t a n o p h o r e s  is caused  b y  X - i r r a d i a t i o n  of adu l t s  
w h i c h  h a v e  a de repressed  m a c r o m e l a n o p h o r e  gene. Th i s  
ef fec t  is p r i m a r i l y  due  to  t h e  e x t e n s i v e  phys io log ica l  
d a m a g e  done  to  t h e  e n t i r e  m e l a n o m a  s y s t e m  b y  t h i s  
t r e a t m e n t  n .  F i sh  w h i c h  h a v e  a n  i n c o m p l e t e l y  repressed  
m a c r o m e l a n o p h o r e  gene show b o t h  regress ion of pre-  
m e l a n o m a  g r o w t h  u p o n  i r r a d i a t i o n  of a d u l t s  a n d  enhance -  
m e n t  of t h i s  g r o w t h  u p o n  t r e a t m e n t  of embryos ,  

Thus ,  t h e  effect  of X - i r r a d i a t i o n  on  t h e  m e l a n o m a  
s y s t e m  of x i p h o p h o r i n  f i sh  d e p e n d s  o n :  1. T h e  degree  
to  w h i c h  a r ep ress ion  gene  s y s t e m  is p r e s e n t  a n d  2. t h e  
d e v e l o p m e n t a l  s t age  of t h e  t r e a t e d  o rgan i sm.  T h i s  sug- 
gests  t h a t  r e p o r t s  o n  t h e  ef fec t  of X - i r r a d i a t i o n  h a v e  
c o n t i n u e d  to  d i sagree  because  t h e  gene t ic  c o n s t i t u t i o n  
a n d  d e v e l o p m e n t a l  s t ages  of t h e  s y s t ems  i n v o l v e d  h a v e  
n o t  been  t a k e n  in to  ser ious cons ide ra t i on  12. 

Fig. 2. a) Typical quantity of macromelanophores in a nonirradiated 
young purebred Platypoecilus maculatus, b) Increased quantity of 
maeromelanophores in a young purebred P. maculatus the grand- 
parents of which were irradiated as embryos. 

Observable effects of X-irradiation on melanoma systems having 
various degrees of repression and being in various developmental 
stages 

Repression Macromelanophore gene expression in adult fish 
gene 
system Nonirradiated Irradiated 

As adults As embryos and 
germ cells in 
adult females 

Complete Macromelano- Macromelano- Enhancement 
phore spots phore spots of spots to 

(no effect) premelanomas 

Incomplete Premelanomas Regression of Temporary 
premelanomas enhancement of 

premelanomas 

Absent Melanomas Regression of Melanomas 
melanomas (no effect) 
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Zusammen[assung. R 6 n t g e n b e s t r a h l u n g  v o n  E m b r y o -  
n e n  u n d  Ke imze l l en  b e s t i m m t e r  Z a h n k a r p f e n - G e n o t y p e n ,  
d e r e n  M a k r o m e l a n o p h o r e n p r o d u k t i o n  d u r c h  Kon t ro l l -  
gene  au f  die  B i l d u n g  k le ine r  F l e c k e n  b e g r e n z t  ist,  ver-  
u r s a c h t  be i  h e r a n w a c h s e n d e n  T ie ren  u n d  de ren  N a c h -  
k o m m e n  Pr~tmelanome.  D e m g e g e n i i b e r  h a t  d ie  gle iche 
B e h a n d l u n g  d iese r  E n t w i c k l u n g s s t a d i e n  be i  G e n o t y p e n ,  
de ren  M a k r o m e l a n o p h o r e n p r o d u k t i o n  infolge F e h l e n s  de r  
K o n t r o l l g e n e  i m  Ver lau fe  des  we i t e r en  L e b e n s  zu r  Me- 

l a n o m b i l d u n g  f i ihr t ,  ke inen  Ef fek t .  B e s t r a h l u n g  der  me-  
l a n o m t r a g e n d e n  A d u l t e n  dieses G e n o t y p s  v e r u r s a c h t  eine 
v o r i i b e r g e h e n d e  U n t e r b r e c h u n g  des T u m o r w a c h s t u m s .  

D. L. PURSGLOVE, A. ANDERS, 
G. D6LL a n d  F. ANDERS 

Genetisches Inst i tut  und Institut ]i~r Biophysik der 
Justus-Liebig- Universitat, D-a3 Giessen (Germany), 
4 January I971. 

Delay in Skin Allograft Rejection in Rats Grafted with Fetal Adrenal Glands 

T h e  a d r e n a l  g l and  is la rge  in t h e  m a m m a l i a n  fetus ,  
dec reas ing  l a t e r  a t  a d i f f e ren t  r a t e  acco rd ing  to  t h e  
species. I n  mice  1 a n d  r a t s  * t h i s  i n v o l u t i o n  is c o n s i d e r a b l y  
r e t a r d e d  w i t h  r e spec t  to  o t h e r  species  a n d  t h e  i m m u n o -  
logical  s y s t e m  of  t he se  a n i m a l s  is n o t  c o m p l e t e l y  devel -  
oped  a t  b i r t h  s-s. I n  m e n  e a n d  gu inea-p igs  ~ t h e  i n v o l u t i o n  
of t he  f e t a l  a d r e n a l  g l a n d  t a k e s  p lace  ea r ly  in  g e s t a t i o n  
a n d  t h i s  is co r re l a t ed  w i t h  a b e t t e r  d e v e l o p m e n t  of 
i m m u n o l o g i c a l  f u n c t i o n s  a t  b i r t h  s- t°  . These  facts ,  a d d e d  
to  t h e  well  k n o w n  f u n c t i o n a l  a n t a g o n i s m  b e t w e e n  a d r e n a l  
g l and  a n d  t h y m u s  a n d  t h e  i m m u n o s u p p r e s s i v e  a c t i o n  of 
a d r e n a l  g lucocor t icos te ro ids ,  sugges t  t h a t  t he  fe ta l  
a d r e n a l  g l a n d  m i g h t  b e  i n v o l v e d  in t h e  con t r o l  of  t h e  
d e v e l o p m e n t  of t h e  i m m u n o l o g i c a l  sys t em.  W i t h  t h e  a i m  
of exp lo r ing  t h i s  poss ib i l i ty ,  t h e  fo l lowing e x p e r i m e n t s  
were pe r fo rmed .  

Material and methods. 125 i n b r e d  ma le  a lb ino  r a t s  were  
g ra f t ed  on  t h e  10 th  d a y  a f t e r  b i r t h  w i t h  b l a c k  skin  
a l logra f t s  o b t a i n e d  f rom i n b r e d  ma le  hooded  ra ts .  T h e  
hos t s  were  t r e a t e d  as  fol lows:  I n  22 an imal s ,  fe ta l  
a d r e n a l  g l a n d s  were  i m p l a n t e d  u n d e r  t h e  sk in  o n  t h e  
6 th  a n d  8 th  d a y  a f t e r  b i r t h .  T h e  n u m b e r  of a d r e n a l  
g l ands  i m p l a n t e d  was  10 in  18 cases a n d  5 in 4 cases. 
The  a d r e n a l  g l a n d s  were  o b t a i n e d  f rom las t  week  of 
g e s t a t i o n  isogeneic fetuses.  I n  26 r a t s  isogeneic  a d u l t  
ad r ena l  g l a n d s  were i m p l a n t e d  u n d e r  t h e  sk in  on  t h e  
6 t h  a n d  8 th  d a y  a f t e r  b i r t h  (2-4 g l a n d s  pe r  an imal ) .  
33 a n i m a l s  were da i l y  i n j e c t e d  w i t h  d i f f e r en t  doses  of 
a su spens ion  of 16f l -me thy l  p r e d n i s o n e  ( f rom 10 to  
40 ~g) f r o m  t h e  6 th  d a y  a f t e r  b i r t h  u n t i l  t h e  r e j ec t ion  
of t h e  graf t .  44 r a t s  rece ived  t h e  sk in  a l logra f t  only.  

E v a l u a t i o n  of t h e  success  or fa i lu re  of t h e  sk in  g ra f t s  
was  b a s e d  on  gross  inspec t ion .  R e j e c t i o n  of g ra f t s  was  
c h a r a c t e r i z e d  b y  a n  in i t i a l  t a k e  fol lowed b y  i n f l a m m a t i o n ,  
i n d u r a t i o n ,  h a r d e n i n g  of t h e  graf t ,  a n d  u l t i m a t e  c o m p l e t e  

s lough.  P r o l o n g e d  s u r v i v a l  of t he  g ra f t  was  cons ide red  to  
be  p r e s e n t  w h e n  t he  g ra f t  showed a de l ayed  onse t  of t he  
ea r ly  ev idence  of re jec t ion .  

His to log ica l  s t u d y  was  p e r f o r m e d  in o rde r  to  d e t e r m i n e  
t h e  f a t e  of t h e  g r a f t ed  a d r e n a l  g l ands  a n d  t h e  e f fec t  of 
t h e  d i f f e r en t  t r e a t m e n t s  ove r  t h e  t h y m u s .  T h e  m a t e r i a l  
was  composed  of 7 r a t s  i m p l a n t e d  w i t h  10 fe ta l  a d r e n a l s  
o n  t h e  6 th  d a y  of life. 7 r a t s  da i ly  i n j ec t ed  b y  s.c. r o u t e  
w i t h  30 ~xg of 16f l -me thy l  p redn i sone .  8 r a t s  i m p l a n t e d  
w i t h  2 a d u l t  a d r e n a l s  o n  t h e  6 th  d a y  of life. 5 n o r m a l  ra ts .  

T h e  a n i m a l s  were  sacr i f iced on  t h e  16 th  d a y  of life. 
I n  t h e  a n i m a l s  in  w h i c h  ad rena l s  were  g ra f ted ,  a wide  
zone of sk in  a n d  s u b c u t a n e o u s  t i s sue  c o r r e s p o n d i n g  t o  
t h e  s i t e  of t h e  a d r e n a l  g ra f t s  a n d  t h e  t h y m u s  in al l  
a n i m a l s  were  f ixed  in 10% Formol ,  e m b e d d e d  in  paraf f in ,  
ser ial  sec t ioned  a t  6 t~m t h i c k  a n d  s t a i n e d  w i t h  H e m a -  

Treatment Skin allograft survival 
(days) 
No. Less 15 More 
of than to than 
ani- 15 50 50 
mals 

Skin allograft only 44 44 - - 
Implanted with 5 fetal adrenal glands 4 3 1 - 
Implanted with 10 fetal adrenal glands 18 10 1 7 
Implanted with 2-4 adult adrenal glands 26 25 - 1 
Daily injected with 10-25 btg of 16 MP 21 23 - - 
Daily injected with 30 iJ.g of 16 M P 5 4 - 1 
Daily injected with 40 txg of 16 MP 7 3 2 = 2 

16 MP, 16/~-methyl prednisone. • Death before day 50th. 

a b c d 

Thymus relative weight (thymus wt./body wt., mean S.E.) in: 
a) controls; b) animals grafted with 10 fetal adrenal glands; c) ani- 
mals grafted with 2 adult adrenal glands; d) animals injected daily 
from the 6th day after birth with 30 t.tg of 16fl-methyl prednisone. 
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