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Thus ,  in  islet  cells, gap  j unc t i ons  could theo re t i ca l ly  be  
used for in te rce l lu la r  passage  of ions, m e t a b o l i t e s  and  
o the r  possible  types  of s ignal  molecules.  I n  t h a t  way,  gap 
j unc t i ons  m a y  p l ay  a role in  t h e  con t ro l  of is let  ceils '  secre- 
t o ry  ac t iv i ty .  I t  is n o t  k n o w n  if t i g h t  j u n c t i o n s  also pa r t i -  
c ipa te  in  in te rce l lu la r  c o m m u n i c a t i o n .  

~s We thank M. Sidler-Ansermet and M. Bernard for technical 
assistance. This work was supported in part by grants from Fonds 
National Suisse de la Recherche Scientifique and by a grant-in-aid 
from Hoechst-Pharmaceuticals, Frankfurt-Hoechst, Germany. Pre- 
liminary findings (L- ORCI, A. E. LAMBERT, Y. KANAZAWA, W. 
STAUFFACHER, Ch. ROUILLER and A. E. RENOLD, Diabetes 20, 
326, 1971) and the present work (L. ORCI, R. H. UNGER and 
A. E. RENOLD, Abstr. 7th ann. meetind Europ. Soc, Clin. Invest., 
Rotterdam, 1973, p. 157) have been reported in an abstract form. 

Rdsumd. Ce t r a v a i l  d6cr i t  la pr*sence de sp6cia l isa t ions  
des m e m b r a n e s  p l a s m a t i q u e s  en t r e  les cellules endocr ines  
des i lots  de L a n g e r h a n s  chez le ra t .  Ces sp6cia l isa t ions  son t  
r6v616es p a r  le c ryod6capage  (<dreeze-etching~>) et  appa -  
r a i s sen t  sous la fo rme de nexus  (<~gap-junctions~>) ou de 
jonc t ions  serr6es ( , t i g h t - j u n c t i o n s , ) .  El les  r e p r 6 s e n t e n t  
p r o b a b l e m e n t  la base  s t r uc tu r a l e  d ' u n  couplage  ion ique  
et  m 6 t a b o l i q u e  en t r e  les cellules endocr ines .  
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Effects of Nerve  Growth  Factor on Competent  Chick E c t o d e r m  

Severa l  a u t h o r s  h a v e  shown  t h a t  t h e  whole  e c t o d e r m  
area  of t he  ch ick  e m b r y o  a t  s tages  3 to  4 (stages accord-  
ing to HAmBURGeR a n d  HAMILTO~ 1) is c o m p e t e n t  to  
r eac t  to  neu ra l  i nduc t i ve  st imuli~-5.  

BJERRE a n d  NORD 6 could d e m o n s t r a t e  t h a t  t he  ma le  
mouse  s u b m a x i l l a r y  gland,  b u t  no t  t he  female,  a n d  dif- 
f e ren t  ne rve  g rowth  fac to r  (NGF) p r e p a r a t i o n s  pur i f ied  
f rom the  g land  of t h e  ma le  mouse;  ac ted  s t rong ly  neura l -  
iz ing on  c o m p e t e n t  ch ick  ec tode rm in v i t ro .  A n  i m m u n o -  
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Fig. 1. Stages 3-5. Explanted areas from presumptive neural plate at 
stages 3-4 (area 1) and from presumptive epidermal ectoderm at 
stages 3-5 (area 2). 

f luorescence m e t h o d  was  used for iden t i f i ca t ion  of neu ra l  
d i f ferent ia t ion ,  as neu ra l  an t i gen  p r o d u c t i o n  in cu l tu res  
m a d e  f rom ch ick  e c t o d e r m a l  exp l an t s  could be  used as 
an  i nd i ca t i on  of such  a d i f f e r en t i a t i onL  I n  t he  inves t i -  
ga t ion  b y  BJERRE a n d  IX~ORD 6, N G F  was p re sen t  in  t h e  
cu l ture  m e d i u m  of t h e  e x p l a n t e d  ec toderm,  t a k e n  f rom 
the  p r e s u m p t i v e  ep ide rma l  region a t  s tages  3+ to 4, t h roug-  
h o u t  t h e  cu l tu re  per iod  (8 days) ;  t he re fo re  i t  could  no t  
be  conc luded  w h e t h e r  N G F  h a d  a d i rec t  ac t ion  on t he  
ec toderm,  or w h e t h e r  N G F  r a t h e r  s u p p o r t e d  t h e  au to-  
neura l ized  cells t h a t  n o r m a l l y  would  h a v e  died du r ing  t he  
cu l tu re  period.  The  p re sen t  s t u d y  used t h e  i m m u n o f l u o -  
rescence m e t h o d  to  ru le  th i s  ou t  a n d  also to  i nves t i ga t e  
t he  poss ib i l i ty  of a va r i ed  effect  of N G F  on d i f fe rent  re- 
gion~ and  ages of t h e  ec toderm.  

Method. E x p l a n t s  were t a k e n  f rom t h e  p r e s u m p t i v e  
ep ide rma l  region of t he  ch ick  e c t o d e r m  a t  s tages  3 to  
5 and  f rom t h e  p r e s u m p t i v e  neu ra l  p l a t e  a t  s tages  3 to  4 
as shown  in t he  Figure.  The  e x p l a n t e d  region,  w r a p p e d  in 
a piece of v i te l l ine  m e m b r a n e  p r e p a r e d  I r0m an  un in-  
c u b a t e d  egg, was  p u t  on  a mi l l ipore  fi l ter s t r ip  a n d  p laced  
on  a piece of gel - foam ins ide  a L e i g h t o n  t u b e  c o n t a i n i n g  
1 m l  cu l tu re  m e d i u m ,  cons i s t ing  of 3 m l  h u m a n  serum,  
3 m l  50% e m b r y o  ex t rac t ,  and  7 m l  Tyrode .  The  L e i g h t o n  
t u b e s  were i n c u b a t e d  a t  37~ for 8-10 days ;  t h e r e a f t e r  
t h e  cu l tu res  were freed, crushed,  a n d  processed for t he  
immunof luo rescence  inves t iga t ion .  An t i s e ra  specific to  
an t igens  p r e sen t  in  t h e  ch ick  cen t r a l  ne rvous  s y s t e m  were 
used for  t h e  f irst  of t he  four  s teps  in  t h e  i m m u n o f l u o r e s -  
cence process  (for f u r t h e r  de ta i l s  of t h e  immunof luo re s -  
cence m e t h o d  a n d  i ts  specificity,  see ref. ~). 

7 S N G F  p r e p a r e d  accord ing  to  VARON et  al. ~ a n d  
t e s t ed  for t h e  specific a c t i v i t y  b y  t h e  t i ssue  cu l tu re  m e t h -  
od accord ing  to  LEvI-MONTALCINI et  a12 was a d m i n -  
i s te red  a t  va r ious  t imes  du r ing  t h e  cu l tu re  per iod.  The  
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Table I. Explants made from presumptive epidermal ectoderm at 
stage 4. The amount of NGF added to the culture medium and the 
time that NGF was present in it are indicated. Fraction of cultures 
producing neural antigens. 

Addition to the culture 
medium 

The time that NGF Results (%) 
was present in the 
culture medium 

Table II. Explants made from presumptive neural plate at stages 3-4 
(area i) and from presumptive epidermal ectoderm at stages 3-5 
(area 2). About 100 BU of NGF was added to each experimental 
culture. Controls were grown without NGF. Fraction of cultures 
producing neural antigens. 

Stage of Explanted Control series NGF-treated 
explantation area series (%) series (%) 

About 100 13U of NGF Day 1 12/23 (52) 
Days 1-2 12/23 (52) 
Days 1M 16[23 (70) 
Days 1-8 18/22 (82) 
Days 2-8 7/22 (32) 

About 10 BU of NGF Days 1-8 11/25 (44) 
Without NGF -- 9/28 (32) 

Stage 3 Area 1 7/19 (37) 20/24 (83) 
Area 2 6/19 (32) 19/29 (66) 

Stage 3 + Area 1 8[21 (38) 22/24 (92) 
Area 2 7/23 (30) 16/23 (70) 

Stage 4 Area 1 9/25 (36) 22/24 (92) 
Area 2 9/28 (32) 18/22 (82) 

Stage 5 Area 2 3/21 (14) 7/20 (35) 

7 S N G F  p r e p a r a t i o n  used in t he  p re sen t  i nves t i ga t i on  
gave  an  o p t i m u m  (4+) f ibre response  a t  a p r o t e i n  concen-  
t r a t i o n  of about"  10 ng /ml .  A biological  u n i t  (BU) would 
t hus  co r re spond  t o  a b o u t  10 n g / m l  of th i s  N G F  prepa-  
ra t ion ,  1 B U / m l  be ing  a r b i t r a r i l y  def ined as the  N G F  
c o n c e n t r a t i o n  in  a n  assay  s y s t e m  showing  a m a x i m u m  
(4 +) f ibre response  (cf. ref. 8). 

Results and discussion. 574 cu l tu res  were e x a m i n e d ;  
119 of these,  be ing  necrot ic ,  were discarded.  Thus ,  79% 
of t h e  cu l tu res  were useful.  Those  cu l tu res  c o n t a i n i n g  
neura l  an t i gens  showed  f luorescence m o s t l y  in  large areas  
of t he  cul ture .  As Tab le  I shows, t he  a d d i t i o n  of a b o u t  
100, b u t  n o t  10, B U  of N G F  to t h e  cu l tu re  m e d i u m  on 
the  first  d a y  of i n c u b a t i o n  of t he  e x p l a n t e d  ec toderm,  
t a k e n  a t  s tage  4 f rom t he  p r e s u m p t i v e  ep ide rma l  region,  
m a r k e d l y  increased  t he  f r e q u e n c y  of neura l  an t igen -p ro -  
duc ing  cul tures .  T h e  m o s t  p r o n o u n c e d  effect  of N G F  was 
obse rved  w h e n  i t  was  p r e s en t  in t he  m e d i u m  for t he  whole  
cu l tu re  per iod,  a n d  g r a d u a l l y  decreased  w h e n  i t  was  pre-  
sen t  for  success ively  s ho r t e r  periods.  TheSe d a t a  sugges t  
t h a t  the  m o s t  i m p o r t a n t  mode  of ac t ion  of N G F  in t he  
p re sen t  s y s t e m  is to  s u p p o r t  t he  d e v e l o p m e n t  of cells 
neura l i zed  b y  t he  cond i t ions  of t he  cu l tu re  p rocedure  and  
t he  cu l tu re  milieu,  r a t h e r  t h a n  mere ly  to  inf luence  d i rec t ly  
t he  c o m p e t e n t  ec toderm,  even  t h o u g h  such  a more  im-  
m e d i a t e  inf luence  m i g h t  also c o n t r i b u t e  to  t he  N G F -  
induced  effect. T h u s  N G F  m u s t  be  p r e s en t  in  t h e  cu l tu re  
m e d i u m  f rom the  first  d a y  of i n c u b a t i o n  a n d  for  more  t h a n  
4 days  onwards  to p e r m i t  t he  d e v e l o p m e n t  of a m a x i m u m  
f r equency  of neu ra l  a n t i g e n - p r o d u c i n g  cul tures .  BJERRE 10 
p rev ious ly  sugges ted  a s u p p o r t i n g  or pe rmis s ive  mode  of 
ac t ion  of N G F  in a s imi l a r  in  v i t ro  sys tem,  a n t i - N G F  
se rum be ing  shown  to i n h i b i t  in  v i t r o  t he  neu ra l  an t i gen  
p r o d u c t i o n  of ch ick  e x p l a n t s  d u r i n g  t he  neura l  i n d u c t i o n  
a n d  t he  ea r ly  neu ra l i za t ion .  Moreover ,  i t  was  d e m o n -  
s t r a t e d  t h a t  N G F  s t imu la t ed ,  a n d  i ts  a n t i s e r u m  inh ib i t ed ,  
t he  d e v e l o p m e n t  of c a t e c h o l a m i n e - c o n t a i n i n g  cells f rom 
y o u n g  ch ick  e m b r y o s  in vi t ro ,  sugges t ing  t h a t  N G F  in 
th i s  s y s t e m  p r i m a r l y  h a d  a p r e se rv ing  role wh ich  p e r m i t t e d  
a d e v e l o p m e n t  of c a t e c h o l a m i n e - c o n t a i n i n g  cel ls  t h a t  
o the rwise  would n o t  h a v e  su rv ived  11. 

The  a d d i t i o n  of a b o u t  100 13U of N G F  to  t he  cu l tu re  
m e d i u m ,  a f t e r  t he  c o m p e t e n t  e c tode rm t a k e n  a t  s tage  4 
h a d  g rown  in v i t ro  for  1 day,  d id  no t  af fec t  i ts  c a p a c i t y  
to  p roduce  neu ra l  a n t i g e n - c o n t a i n i n g  cu l tu res  (Table  I). 
E v e n  if  N G F  in t he  p re sen t  s y s t e m  h a d  some effect  on  the  
p r e s u m p t i v e  e p i d e r m a l  e c t o d e r m  t a k e n  a t  s tage  5, t he  
f r e q u e n c y  of neu ra l  a n t i g e n - p r o d u c i n g  cu l tures  was low 
in t h i s  series c o m p a r e d  w i t h  t h e  series of e x p l a n t s  t a k e n  
f rom the  p r e s u m p t i v e  e p i d e r m a l  ec tode rm a t  younge r  
s tages  (Table  II) .  These  resul t s  agree  t h a t  t he  p r e s u m p -  

r ive  ep ide rma l  ec toderm,  e i the r  deve loped  in ovo or  m 
vi t ro ,  r a p i d l y  loses i ts  neura l  c o m p e t e n c e  a f te r  s tage 4. 

The  con t ro l  series in Tab le  I I  d e m o n s t r a t e  a fa i r ly  
h i g h  c a p a c i t y  of a u t o n e n r M i z a t i o n  for t he  c o m p e t e n t  
e c tode rm ( taken  a t  s tages  3 to  4) in  t he  p r e sen t  s y s t e m ;  
i.e. a b o u t  1 ou t  of 3 con t ro l  cu l tu res  p roduce  neura l  an t i -  
gens. I n  add i t ion ,  Tab le  I i  shows s l igh t  dif ferences  in  t he  
f r equency  of au toneu ra l i z ed  cu l tu res  be tween  t he  dif- 
f e ren t  regions  of t he  ec tode rm t h r o u g h  s tages  3 to  4. Thus  
t he  p r e s u m p t i v e  neu ra l  p l a t e  ec tode rm has  a s l igh t ly  
h igher  t e n d e n c y  for a u t o n e u r a l i z a t i o n  t h a n  has  t he  pre-  
s u m p t i v e  ep ide rma l  ec toderm.  W i t h  t he  presence  of 
a b o u t  100 B U  of N G F  d u r i n g  t he  whole  cu l tu re  period,  
the  f r equency  of neura l  a n t i g e n - p r o d u c i n g  cu l tures  is 
m a r k e d l y  increased  in all  series of e x p l a n t s  t a k e n  a t  
s tages  3 tO 4. The  s t i m u l a t o r y  effect  of N G F  seems to 
be  more  or less the  same  in all  t hese  series, a n d  the  
differences  in  t he  capac i ty  of a u t o n e u r a l i z a t i o n  b e t w e e n  
p r e s u m p t i v e  ep ide rma l  a n d  p r e s u m p t i v e  neu ra l  p l a t e  
e c t o d e r m  seem to be ref lec ted  also a f t e r  N G F - t r e a t m e n t .  
Thus  the  p r e s u m p t i v e  n e u r a l  p l a t e  ec tode rm has  a h ighe r  
c a p a c i t y  t h a n  t he  p r e s u m p t i v e  ep ide rma l  ec tode rm to 
fo rm neu ra l  a n t i g e n - p r o d u c i n g  cu l tu res  also w h e n  t r e a t e d  
w i t h  N G F  1~. 

Zusammen/assung. Mit  e iner  I m m u n o f l u o r e s z e n t - T e c h -  
n ik  wi rd  gezeigt,  dass  der  neura le  W a c h s t u m s f a k t o r  in  
v i t ro  sowohl  au f  k o m p e t e n t e s  E c t o d e r m  wie s u c h  auf  die 
e igent l iche  Region  der  N e u r a l p l a t t e  e inen  s t imu l i e r enden  
Einf luss  ausfibt ,  i n d e m  m e h r  neura le  Zel len en t s t ehen .  
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