
Upsala J Med Sci 91: 295-298, 1986 

Accumulation of Retinoids in Embryonic Neural and Neural 
Crest Cells as Part of the Mechanism of Teratogenesis 

Lennart Dencker - 
Department of Toxicology, Uppsala University, Uppsala Biomedical Center, 

Box 594, S-75124 Uppsala, Sweden 

INTRODUCTION 

Even though drugs for a long t i m e  have been t e s t ed  with r e spec t  to t e ra togen ic  

effects, t h e r e  a r e  very f ew d a t a  on t h e  dose-effect  relationship for  t h e  embryo. This 

contribution will focus on t h e  distribution of ret inoic  acid in t h e  ear ly  rodent  embryo,  

and r e l a t e  this  distribution to known effects on development.  

Vitamin A is s ince long known to be  a teratogen (3). Megadoses of vi tamin A have  

been suspected, but  no t  proven, t e r a togen ic  in man. The las t  f ew  years,  retinoids have  

been introduced as pharmaceut icals  to be  taken orally, e i the r  as ant i -acne drugs 

(Accutane,  13-cis-retinoic acid),  o r  against  psoriasis (E t r e t ina t e ,  an  e s t e r  of a ret inoic  

acid derivative).  Present ly  (mid 1986), 50-100 cases of more  or less seve re  malforma- 

tions have  been reported (for review, see ref.  7). As is t h e  case with experimental  

animals  exposed in t h e  ea r l i e s t  s t a g e s  of gestat ion,  a lso children born to t r e a t e d  

mothe r s  exhibit  mainly microt ia ,  brain,  eye,  and facial  malformations,  in addition to 

thymus and h e a r t  anomalies.  The good correlat ion be tween  clinical  and an ima l  

experimental  findings (7) makes t h e  experimental  animals  sui table  to work with f rom a 

mechanis t ic  point of view. 

RESULTS AND DISCUSSION 

14 14  C (RA- C )  was adminis tered to pregnant  mice  

on Day 9 (8 1/2 days) of gestat ion,  and t h e  mice were  used for autoradiography s tudies  

(10, 1 I ) ,  embryonic  radioact ivi ty  was  observed preferent ia l ly  in t h e  neuroepithelium of 

t h e  neural  folds in t h e  head region at one and 4 h (not  shown). Already at th i s  ea r ly  

developmental  s tage,  but  also l a t e r ,  t h e  concentrat ion in t h e  neuroepithelium along t h e  

neural  t u b e  varied considerably.  Thus, at Day 9 through Day 12, s egmen t s  of t h e  c e n t r a l  

nervous system had high radioact ivi ty ,  up to 10 t imes  higher than ma te rna l  blood, while 

o the r s  had low ac t iv i ty  (Fig. 1). From Day 13 and onwards,  a considerably lower up take  

of RA-  

When All-trans-retinoic acid-15- 

14 . C in t h e  cen t r a l  nervous system was observed. 
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Fig. 1. Image of autoradiogram (Day 10, 4 h a f t e r  RA- I4C injection) produced by 

computer ized densi tometry (see a r t i c l e  by R. d'Argy, this  issue). It is pa r t  of 
t h e  uterus,  where t h e  decidua has  a relatively high concentrat ion (dark 
encircling of t h e  embryo). The highest concentrat ion in embryo is found in t h e  
neural  t ube  and t h e  visceral  arches.  

Maxi 11 a Brain ves ic les  

SDinal cord Spinal cord P1 acenta 

Fig. 2. Autoradiograms showin par ts  of u t e r i  from two  mice at Day 11 of gestation, 
injected i.v. with RA- l5C (1 mg/kg b.w.1 and killed 4 h later.  The autoradio- 
gram to t h e  l e f t  is from a control (vehicle-injected) mouse, t h e  one to t h e  
right is f rom a mouse injected with 50 rng/kg b.w. of nonlabelled RA 1 hr 
before  t h e  radioactive dose. Note t h e  very marked reduction in embryonic 
radioactivity,  which was most pronounced in organs with a normally high 
act ivi ty  (e.g. maxilla, brain vesicles, spinal cord). 
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Not only t h e  neuroepi the l ium,  bu t  a l so  a c lus t e r  of ce l l s  in c lose  apposit ion to t h e  

e d g e  of t h e  neu ra l  fold,  w e r e  found to a c c u m u l a t e  ac t iv i ty  a f t e r  RA-14C injection a t  

Day 9. The  s a m e  high ac t iv i ty  w a s  observed  at Day 10, now in t h e  a r e a  of t h e  v iscera l  

a rches ,  and  a t  Days 11-12 in t h e  maxillary region. 

I t  is s t r ik ing  t h a t  t h e  ce l l s  ou ts ide  t h e  neura l  t issues,  where  ac t iv i ty  has  been  

observed, have  a posit ion in t h e  e m b r y o  t h a t  very  much r e sembles  wha t  has  been  

descr ibed  fo r  c r an ia l  neura l  c r e s t  ce l l s  (4). I t  ha s  been  shown t h a t  c r an ia l  neura l  c r e s t  

c e l l  migra t ion  in ea r ly  embryogenes is  may b e  disorganized by RA, and  t h a t  t h e s e  ce l l s  

c a n  b e  damaged  or killed, while no o the r  embryonic  ce l l s  a r e  visibly compromised  (12). 

RA d rama t i ca l ly  r educes  t h e  s i ze  of t h e  f i r s t  and second v iscera l  a r c h e s  (where  w e  

found RA to accumula te ) ,  which eventua l ly  g ive  r i se  to t h e  maxilla,  mandible,  and  e a r  

(1 ) .  

Since t h e  ac t iv i ty  observed  h e r e  was  1) r e s t r i c t ed  to c e r t a i n  ce l l  types ,  and  2) 

var ied  in concen t r a t ion  within one  and  t h e  s a m e  t i ssue  ( t h e  neuroepi the l ium) ,  i t  was  

sugges ted  t h a t  t h e  up take  may  b e  med ia t ed  by some  binding pro te in  or o t h e r  

accumula to ry  mechanism. If so, i t  migh t  a l so  b e  sa turab le .  In expe r imen t s  where  

re la t ive ly  low i.v. doses  of RA-14C (1 mg/kg b.w.) were  combined  with i.p. in jec t ions  of 

high doses  of nonlabelled RA (50 mg/kg b.w.), t h e  normally ve ry  spec i f ic  up take  of 

rad io labe i  in t h e  embryonic  t a r g e t  organs  was  inhibited,  a l though ma te rna l  blood and  

p l acen ta l  concen t r a t ions  were  una f fec t ed  (Fig. 2). In th i s  s i tua t ion ,  mos t  embryon ic  

o rgan  an lagen  were  at t h e  leve l  of m a t e r n a l  blood concent ra t ion .  

CONCLUSIONS 

I t  r ema ins  to b e  shown wha t  is t h e  mechanism of RA accumula t ion  in t h e  neura l  

and  presumed c ran ia l  neu ra l  c r e s t  cells .  However,  w e  suggest a n  in t e rp re t a t ion  based on  

o n e  of t h e  c u r r e n t  t heo r i e s  of RA (and  v i tamin  A) ac t ion  via spec i f ic  cy top la sma t i c  

receptors .  R A  r e c e p t o r s  have  been  found in many mal ignant  ce l l s ,  including neura l  

t umours  (neurobias tomas)  ( 2 )  and a r e  m o r e  abundant  in organs  of young than  in older 

an imals  (6). RA is known to inf luence  genomic  expression (5) and  d i f fe ren t ia t ion  (8), 

which sugges ts  a n  in t e rac t ion  with t h e  ce l l  nucleus. 

I t  i s  t empt ing  to assign a ro le  fo r  t h e  pu ta t ive  r ecep to r  in embryon ic  develop- 

ment .  Both excess  and  def ic iency  of v i tamin  A causes  deve lopmenta l  e r r o r s  (3, 13). It is 

in te res t ing  to n o t e  t h a t  RA adminis te red  to vitamin-A-deficient an ima l s  c a n  prevent  

mal format ions  and  embryonic  dea th  and  resorptions,  th roughout  t h e  organogenet ic  

period, bu t  no t  l a t e r ,  in t h e  r a t  (9). I t  may thus  b e  t h a t  a RA recep to r  is  expressed  

most  abundant ly  in ea r ly  ges t a t ion  and  t h a t  i t  is  RA (or some  me tabo l i t e  of RA) r a t h e r  

t h a n  v i tamin  A which is necessary  fo r  ea r ly  embryonic  deve lopment .  Too high doses  

may  however cause  a n  "overstimulation" of RA-dependent events ,  leading to CNS, eye ,  

e a r ,  fac ia l ,  thymus ,  and  g r e a t  vessle mal format ions .  
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