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Differentiat ion of N e u r o b l a s t o m a  Cells Induced by 

Neuroblas toma. i s  a fairly common  ma l ignan t  t u m o u r  in 
children. I t  has  been  found  in autops ies  of in fan ts  under  
3 m o n t h s  of age over  40 t imes  as of ten  as i ts  expec ted  
ra te  of occurrence 1. Al though  neurob las toma  is considered 
a ma l ignan t  tumour ,  observa t ions  have  been repor ted  
suggest ing t h a t  neurob las toma  m a y  ma tu re  and  form a 
benign tumour ,  gangl ioneuroma 3, a. 

Nerve  g rowth  factor  (NGF), a macromolecular  prote in ,  
is known t o  s t imula te  t he  neur i te  ou tg rowth  of the  em- 
bryonic  s y m p a t h e t i c  and sensory  ganglia ~. There  are no 
earlier repor t s  of t he  possible effect  of pur i f ied N G F  on 
h u m a n  neu rob la s toma  ceils in vi tro.  The effect  of sera 
f rom normal  and neu rob la s toma  pa t i en t s  have,  however ,  
been tes ted  in the  cul tures of neu rob la s toma  ceils w i th o u t  
any  s ignif icant  differences 5. No clinical correlat ions be- 
tween  the  se rum levels of NGF-l ike  subs tance  and  the  
ac t iv i ty  of neurob las tomas  have  been  demons t ra t ed% 
In  view of the  obvious in teres t  of the  possible effect  of N G F  
on the  g rowth  of neu rob la s toma  cells, the  p resen t  s tudy  
was carried out.  

Neurob la s toma  cells f rom a 4-year-old girl were culti- 
va t ed  in Falcon plast ic  pe t r i  dishes in a Tricine buffered 
Medium 199 comple ted  wi th  10% hea t - i nac t i va t ed  new- 
born  calf serum and 300 rag/100 ml of glucose. This cul ture 
med ium  has  been  found  sui table  for cul tur ing sympa th ico -  
b las ts  f rom chick embryos  and  it has  been  descr ibed in 
detai l  by  HERVONEN and  RECHARDT 7. Af ter  p re l iminary  
cul ture  for 2 days,  small  clusters  of cells were subcu l tu red  
in t he  same m ed ium wi thou t  and  wi th  1 I U / m l  of pur i f ied  

Nerve Growth  Factor in vitro 

N G F  (Burroughs and  Wel lcome Research  Labora tor ies ,  
England) .  The cells were cul tured f rom 1 to 3 weeks, were 
obs@rved dai ly  by  phase  con t ras t  microscope,  and  
pho tographed .  

Neurob la s toma  cells were observed in the  cul tures  as 
small  round  ceils, which  of ten  formed small  clusters.  
These ceils seemed to  be incapable  of adher ing  on the  
surface of the  plast ic  pe t r i  dishes. The neurob las toma  cells 
in the  contro l  m e d i u m  w i t h o u t  N G F  rema ined  round  and  
failed to  produce  any  processes (Figure 1). Af te r  an init ial  
delay f rom some days  to 1 week 's  period,  several  neuro- 
b l a s toma  ceils were observed growing on the  surface of 
the  cul ture medium.  In  the  m e d i u m  conta in ing  NGF,  
several  cells were observed to  grow processes,  as i l lus t ra ted  
in  Figures  2 and  3, in which  long axon-l ike processes are 
seen. 

The neurob las toma  cells were no t  cloned. Therefore,  i t  
is possible t h a t  o ther  k inds  of cells have  or ig inated in t he  
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Fig. 1. Living neuroblastoma cells cultured for 1 week without NGF. 
No nerve fibre growth is seen. Dark field microscopy. Photographed 
through the culture dish. • 400. 

Fig. 2. Living neuroblastoma cells cultured for 1 week with 1 IU NGF 
in the culture medium. Several branching nerve fibres originate from 
the ceils. • 400. 
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Fig. 3. Long axon-like process originates from a cell cluster. Phase 
contrast microscopy. F hotographed through the culture dish. x 500. 

t u mo u r ,  l ike more  m a t u r e  cell t ypes  or st i l l  und i f f e r en t i a t -  
ed cells, wh ich  would  b e h a v e  l ike n e u r a l  c res t  ceils a n d  be  
sens i t ive  to  NGF.  On t h e  o t h e r  h a n d ,  no  a x o n  f o r m a t i o n  
was obse rved  in  cu l tu res  w i t h o u t  NGF,  a l t h o u g h  t h e  ceils 
were t a k e n  f rom t h e  same  n e u r o b l a s t o m a .  Severa l  agen t s  
are k n o w n  to induce  t h e  d i f f e r en t i a t i on  of n e u r o b l a s t o m a  
cells such  as p r o s t a g l a n d i n s  an d  cyclic A M P  8,9. The  
p r o m o t i o n  of neu r i t e  g r o w t h  w i t h  N G F  would  be  m e d i a t e d  
t h r o u g h  cyclic AMP,  as h a s  also been  suggested,  b y  
ROISEN et  al. ~0. 

F u r t h e r  s tud ies  on  t h e  n a t u r e  an d  m a t u r a t i o n  s tages  
of t h e  processes p roduced  b y  cu l tu red  n e u r o b l a s t o m a  cells 
w i t h  N G F  are needed,  i.e. b y  f luorescence a n d  e lec t ron  
microscopy.  However ,  our  o b s e rv a t i o n s  show t h a t  pur i f ied  
N G F  causes  d i f f e r en t i a t i on  in  v i t ro  of the  t u m o u r  Cells 
an d  s u g g e s t  t h a t  t h e  s p o n t a n e o u s  t r a n s f o r m a t i o n  of 
h u m a n  n e u r o b l a s t o m a s  to  g an g l i o n eu ro mas  m a y  be  due  
to t h e  ac t ion  of a NGF- l i ke  subs tance .  

Zusammen/assung.  D u r c h  Zf i ch tung  in v i t ro  wi rd  
gezeigt, dass  Zel len eines m e n s c h l i c h e n  N e u r o b l a s t o m s  
u n t e r  d e m  Einf luss  eines N e r v e n w a c h s t u m s f a k t o r s  die 
F~ihigkeit haben ,  s ich in Nervenze l l en  zu d i f fe renz ieren  
u n d  somi t  die Zellen dieses bSsa r t igen  T u m o r s  h is to-  
genet i sehe  P o t e n z e n  besi tzen,  welche n i c h t  a k t i v i e r t  
werden.  
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Development of the New Pacinian Corpuscles.  Studies on the Foreign Innervation of Mesentery 

D e v e l o p m e n t  of t he  r ecep to r s  is one of t he  m o s t  im-  
p o r t a n t  b u t  u n f o r t u n a t e l y  unso lved  p rob l ems  of sensory  
phys io logy.  I t  is wel l  k n o w n  t h a t  t he  g r o w t h  of a f fe ren t  
ne rve  f ibres  p roduces  sensory  recep tors  specific to  t h e  
g iven  t issue.  However ,  i t  is ye t  to  be  seen w h a t  d e t e r m i n e s  
t he  d e v e l o p m e n t  of such  recep to r s  : t h e  p rope r t i e s  of n e r v e  
f ibres  1, 2 or j u s t  t h e  spec i f ica t ion  of t i ssue  e l emen t s  3-5. 

W h e n  s t u d y i n g  t h e  process  of r ecep to r  deve lopmen t ,  
u s ing  n o t  on ly  morpho log ica l  b u t  also phys io log ica l  
me thods ,  i t  is v e r y  i m p o r t a n t  to  h a v e  a poss ib i l i t y  of 
c o n t i n u o u s  o b s e r v a t i o n  of a single sensory  e l e m e n t  a t  
va r ious  s tages  of d e v e l o p m e n t .  So, t h e  P a c i n i a n  cor- 
puscles  of ca t  mesen te ry ,  v i s ib le  even  to  t h e  n a k e d  eye, 
are well  su i ted  for a s t u d y  of t h i s  k ind.  P r e l i m i n a r y  r e p o r t  
was p u b l i s h e d  e lsewhere  6 

The  f i rs t  series of e x p e r i m e n t s  were p e r f o r m e d  to  f ind  
ou t  t he  r egene ra t i on  a b i l i t y  of  m e c h a n o r e c e p t o r s  of the  
mesocolom I n  16 a d u l t  ca t s  t h e  P a c i n i a n  corpuscles  were 
e x t i r p a t e d  or s i m p l y  t he  n e r v e  f ibres  were  severed.  T h e  
d a t a  show t h a t  even  8 m o n t h s  a f t e r  ope ra t i on  t he  rege- 
n e r a t i o n  of r ecep to r s  f rom t h e  r e m a i n e d  n e r v e  f ibres  
could n o t  be  seen anywhere .  These  resu l t s  conf i rm well  
w i t h  o t h e r  d a t a  7-11. 

Af t e r  f in i sh ing  t he  f i r s t  p a r t  of expe r imen t s ,  we 
i n v e s t i g a t e d  t he  effect  of a d d i t i o n a l  i n n e r v a t i o n  of 
m e s e n t e r y  t i ssue  b y  t he  soma t i c  sens i t ive  n e r v e  (n. 

saphenus)  foreign to  th i s  t issue,  w h i c h  ramif ies  in  t h e  
h a i r y  sk in  of an  a n i m a l  where  P a c i n i a n  corpuscles  are 
absen t .  To accompl i sh  t h i s  task ,  t h e  ne rve  was d issected  
on  t h e  level  of t h e  knee  j o i n t  a n d  t h e n  i ts  c en t r a l  end  was 
guided  in to  t h e  a b d o m i n a l  c a v i t y  a n d  l ed  b e t w e e n  t he  
two layers  of mesen te ry .  Original ly ,  t he re  were no  Paci-  
n i a n  corpuscles  a t  al l  in  t h e  mesocolon  of some cats .  I n  
o t h e r  ca ts  all  P a c i n i a n  corpuscles  were e x t i r p a t e d  f rom 
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