
1640 Specialia EXPERIENTIA 33/12 

Multiple oncogenesis  of neural crest ceils by steroids in suckling mice 
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Summary. I n  suckl ing  mice in jec ted  w i t h  s teroids,  mu l t i p l e  t u m o r s  occur red  in t h e  si tes where  n e u r a l  c res t  cells nor -  
m a l l y  are p resen t .  I t  is specu la t ed  t h a t  the  p h a s e  of t h e  cell  cycle of t h e  n e u r a l  c res t  cells m a y  h a v e  s o m e t h i n g  to do 
w i t h  i t s  cell surface  and  cel lular  p h e n o t y p i c  express ion  in t h e  s y s t e m  m e d i a t e d  b y  cyclic AMP.  

Stero ids  such  as h y d r o c o r t i s o n e  increase  t h e  cyclic A M P  
a n d  cell d e a t h  a p p e a r s  to  be m e d i a t e d  b y  cyclic A M P  1, 3. 
I t  is t h o u g h t  t h a t  cell d e a t h  b y  cy to tox ic  ac t ion  cor re la tes  
w i t h  m u t a t i o n  3. The  n e u r a l  c res t  cells of mouse  embryos ,  
whose  m o t h e r  h a d  been  in jec ted  i.p. w i t h  hydroco r t i sone ,  
show cell dea th .  T h e  same  is t rue  in n e u r a l  c res t  cells 
t r e a t e d  w i t h  a l k y l a t i n g  agen t s  4. W e  cons ider  t h a t  es- 
pecia l ly  t he  n e u r a l  c res t  ceils m a y  h a v e  s o m e t h i n g  to  do 
w i t h  cyclic nuc leo t ides  a,~. Therefore ,  a n  i n v e s t i g a t i o n  
was u n d e r t a k e n  to  d i scover  w h e t h e r  t u m o r s  of n e u r a l  
c res t  d e r i v a t i v e s  could be  induced  b y  t he  in jec t ion  of 
s te ro ids  in to  n e w b o r n  mice. 

Materials and methods. H y d r o c o r t i s o n e  a n d  a n d r o g e n  
were used  as steroid.  Sal ine suspens ion  of co r tone  ace t a t e  
( ace ta t e  cor t i sone  25 mg/ml ,  Merck, R a h w a y ,  N.J . ,  USA)  
was used as hydroco r t i sone .  A n d r o g e n d e p o t  ( enan th i c  
acid t e s t e r o n e  50 mg/ml ,  caloric acid t e s t e rone  50 mg/ml ,  
Y a m a n o u c h i  Se iyaku,  J a p a n )  was used as androgen .  
W i t h i n  24 h a f t e r  b i r t h ,  50 mice of t he  I C R - J C L  s t r a i n  
were i n j ec t ed  i.p. w i t h  a dose of 35 m g / k g  of hyd roco r -  
t i sone  a n d  10 mice  were in jec ted  i.p. w i t h  a lower  dose. 
Similar ly ,  40 mice were t r e a t e d  w i t h  a dose of 670 m g / k g  
of a n d r o g e n  w i t h i n  24 h a f t e r  b i r th ,  a n d  10 mice  were  
g iven  a lower  dose. The  a n i m a l s  were sacr i f iced a f te r  1-6  
days  fo l lowing in jec t ion .  50 i nd iv idua l  s of c o m p a r a b l e  age 
were used as con t ro l  specimens .  All  spec imens  were f ixed 
in 10% n e u t r a l  fo rma l in  and  e m b e d d e d  in paraf f in .  T r a n s -  
verse,  f r o n t a l  a n d  s ag i t t a l  sect ions  of 7 v m  in t h i cknes s  
were p r e p a r e d  serially,  a n d  s t a ined  w i t h  h e m a t o x y l i n  a n d  
eosin or ferr ic  ch lor ide  s t a i n  for melan ine .  

Results and discussion. In  suckl ing  mice  t r e a t e d  w i t h  a 
dose of 35 m g / k g  of hydrocor t i sone ,  or w i t h  a dose of 
670 m g / k g  of androgen ,  va r ious  morpholog ica l  and  h i s to -  

logical  a b n o r m a l i t i e s  were recognized.  A b n o r m a l i t i e s  were  
s imi la r  to  those  obse rved  in suckl ing  mice in jec ted  w i t h  

m i t o m y c i n  C 6-s, or e n d o t o x i n  9. F u r t h e r m o r e ,  in  the  pres-  
en t  e x p e r i m e n t  h a r d l y  a n y  dif ferences  were no t ed  be-  
tween  the  effects  of cor t i sone  a n d  androgen .  B o t h  t r e a t -  
m e n t s  resu l ted  in r e t a r d e d  phys ica l  d ev e l o p men t .  Char -  
ac te r i s t i c  f ea tu res  of a b n o r m a l  d e v e l o p m e n t  f rom 1 to 6 
days  a f te r  t r e a t m e n t  were t h e  fol lowing:  D r y o r  rough  skin ; 
m a r k e d  s h o r t e n i n g  of t h e  t r u n k  w i t h  r e l a t ive ly  less shor t -  
en ing  of t h e  e x t r e m i t i e s ;  knock -knees ;  def ic ien t  ha i r  for- 
m a t i o n  in t h e  t r u n k  reg ion ;  ak ines i s  or  r i g id i ty ;  f ine a n d  
i r regu la r  t r e m o r  of o u t s t r e t c h e d  ex t remi t ies .  On h is to-  
logical  obse rva t ion ,  mu l t i p l e  t u m o r s  or excessive cell pro-  
l i fe ra t ion  were seen in m a n y  d i f fe ren t  locat ions ,  all  of 
which ,  however ,  are  k n o w n  to  become  colonized in n o r m a l  
d e v e l o p m e n t  b y  n e u r a l  c res t  de r iva t ives .  T u m o r s  were 
seen in pe r ios t ium,  p e r i ch o n d r i u m,  bone  mar row,  t h e  
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Fig. 1. The oropharynx in a suckling mouse injected with hydro- Fig. 2. The stomach in a suckling mouse injected with hydrocortisone. 
cortisone. H-E stain. • 800. H-E stain. • 800. 
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walls of the  blood vessels, hear t ,  spleen, pa ro t id  glands,  
s u b m a n d i b u l a r  glands,  t ee th ,  oral mucosa,  s tomach ,  in- 
tes t ine ,  liver, lungs, pancreas ,  adrena l  glands,  t hy ro id  
gland,  t hymus ,  vibrissae,  skin, eyes, cranio-spinal  nerves  
and  ganglia,  s y m p a t h e t i c  nerves  and ganglia, nerve  p lexus  
of t he  per ios t ium,  pleura,  pia mater ,  bra in ,  kidneys,  uterus,  
and  test is .  Tumors  were composed  of sp ind le -shaped  ceils, 
e longa ted  sp ind le -shaped  ceils, large i r regular ly shaped  
cells, or  of basophi l ic  round  or oval  ceils in var ious  sizes. 
In  t h e  above  t issues and organs,  sp indle-shaped cells re- 
f r ac to ry  to the  s ta ins  were present .  In  some cases the  
t umor s  formed cell masses  or cell groups,  for example  in 
the  islets of Langerhans  of the  pancreas ,  in the  medul la  
of the  adrena l  glands,  and  in the  glomeruli  of the  kidneys.  
In  o the r  cases, t umors  showed the  charac ter i s t ics  of the  
in ter lac ing ne twork  of wavy,  f lowing s t r eams  of spindle-  
shaped  cells in which nuclear  pal isading was seen, for in- 

Fig. 3. The vibrissae in a suckling mouse injected with androgen. 
H-E stain. • 

s tance  in the  submucosa ,  muscular is  mucosae,  smoo th  
muscle layers or serosa of the  s tomach  and  intes t ine .  
Tumors  of me l an o ma  type  were seen in the  oral mucosa,  
tongue,  vibr issae and  skin. Fur the r ,  he te ro topic  melanin  
p igmen ta t i on  and  hyperkera t in iza t ion  were seen, for ex- 
ample  in the  gastr ic  mucosa.  W i t h  increasing age, t umors  
developed and  erosions were seen. In  mice in jec ted  wi th  
lower doses, morphologica l  abnormal i t ies  and tumorous  
g rowths  were general ly  absent .  
I t  is now well-establ ished t h a t  an adenyl  cyclase a t  the  
cell surface is s t imula ted  by  a wide var ie ty  of s teroid hor-  
mones  and t h a t  t h e r eb y  cyclic AMP concen t ra t ion  in- 
creases. Cell d e a t h  is med ia ted  by  cycle AMP 1, ~, and  cell 
dea th  by  cy to tox ic  ac t ion  correlates  wi th  mu ta t ion ,  and  
le thal  damages  to DNA are mani fes ta t ions  of the  same 
p h e n o m e n a  ~. We consider  t h a t  especial ly the  neura l  cres t  
ceils m a y  have  someth ing  to do wi th  cyclic AMP4, 5 and  
t h a t  the i r  D N A  nucleot ides  sequences m a y  be specific 4. 
I t  is said t h a t  cyclic AMP has a d i rect  effect  upon  t r an -  
script ion,  b u t  n o t  upon  repl icat ion of DNA10. I t  has  be-  
come a ques t ion  whe the r  so-called D N A  repair  processes  
res tore  the  original  DNA base  sequence or only  restore the  
D N A  t e m p l a t e  suff icient ly for D N A  repl icat ion to  occur 
and for the  cell to  survive,  b u t  wi th  its DNA still modif ied 
so as to lead to subsequen t  base sequence errors dur ing  
DNA synthes is  and  hence to muta t ion .  I t  has  been  s t a t ed  
t h a t  cyclic A M P  can induce und i f fe ren t i a ted  cells to dif- 
fe rent ia te  in to  the  der iva t ives  of the  neural  cres t  11-13. We 
consider  t h a t  the  neural  cres t  ceils m a y  be und i f fe ren t i a ted  
and p lu r ipo ten t i a l  ceils 14,1~. I t  was ascer ta ined is t h a t  the  
regional d i s t r ibu t ion  of the  neural  cres t  ceils in t he  
suckling mice14,15 cor responds  to the i r  d i s t r ibu t ion  
based on Pea r se ' s  hypo thes i s  ~, ~s. Fur the r ,  i t  was a l ready  
repor ted  t h a t  mul t ip le  t u mo r s  in suckling mice in jec ted  
wi th  m i t o m y c i n  C m a y  be b rough t  out  by  dys-  or dis- 
d i f ferent ia t ion  of neural  c res t  ceils 6, t h a t  mul t ip le  t u mor s  
in suckling mice in jec ted  wi th  endo tox in  m a y  somehow be 
connec ted  wi th  cyclic AMP in the  neural  cres t  cells ~, and  
t h a t  mul t i - sys temic  diseases m a y  be re la ted to  neura l  
crest  cells ~, 15. I t  has  been suggested t h a t  the  sens i t iv i ty  
of the  neural  c res t  ceils m a y  be re la ted  to  cell cycle 1~, t h a t  
cell dea th  in synchronized  cells follows ar res t  in the  G1 
phase  of the  cell cycle 1, and  t h a t  cyclic AMP m a y  ac t  in 
the  G 1 phase  20. F r o m  the  above,  we specula te  as follows: 
The phase  of the  cell cycle in the  neura l  cres t  cells m a y  
have  all i m p o r t a n t  re la t ion to  cell surface proper t ies  and 
thus  to  cellular pheno typ ic  express ions  in the  sys tem 
media ted  by  cyclic AMP. Errors  m a y  occur dur ing  re- 
p l ica t ion and /o r  t r ansc r ip t ion  of neura i  c res t  DNA,  in- 
duced by  s teroids  and med ia t ed  t h ro u g h  cyclic AMP, so 
t h a t  the  neura l  cres t  ceils m a y  m u t a t e  or dena ture .  We  
suggest  t h a t  a s imilar  process  m a y  account  for the  act ion 
of mi tomyc in  C 6-s, 19 or endo tox in  9 in suckling mice. 

Fig. 4. The skin of the orofacial region in a suckling mouse injected 
with androgen. H-E stain. • 400. 
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