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S u b c e l l u l a r  D i s t r i b u t i o n  o f  C a t e c h o l a m i n e s  a n d  E n z y m e s  i n  H u m a n  N e u r o b l a s t o m a  

Cell f r a c t i o n a t i o n  s tud ies  of n e u r o b l a s t o m a  are scarse. 
PAGE a n d  JACOBY 1 obse rved  t h a t  a ' g ranu le  f rac t ion ' ,  
o b t a i n e d  f rom a n e u r o b l a s t o m a ,  c o n t a i n e d  n o r a d r e n a l i n e  
(NA); however ,  these  a u t h o r s  did  no t  m e n t i o n  t he  dis t r i -  
b u t i o n  of n o r a d r e n a l i n e  ill t h e  va r ious  subce t lu la r  frac- 
t ions .  H6RTNAGL et  al. 2, s t u d y i n g  one n e u r o b l a s t o m a  
b y  m e a n s  of d e n s i t y  g r a d i e n t  c en t r i f uga t i on  me thods ,  
r e p o r t e d  t h a t  n o r a d r e n a l i n e  was s to red  in dense  cell 
par t ic les .  

Material  and methods. 18 h u m a n  t u m o r s  w i t h  t he  
h is to logica l  d iagnos is  of n e u r o b l a s t o m a  were cu t  in to  
smal l  pieces i m m e d i a t e l y  a f t e r  surgical  r e m o v a l  and  
k e p t  in an  ice-cold 0.25 M sucrose solut ion.  U p o n  a r r iva l  
in  t he  l abo ra to ry ,  i.e. a f t e r  t i m e  i n t e rva l s  f rom 30 m i n  to  
3 h, t h e  pieces were f ine ly  chopped ,  suspended  ill 5 
vo lumes  of 0.25 M sucrose and  homogen ized  in a Po t t e r -  
E l v e h j e m  glass hom ogen i ze r  f i t t ed  w i t h  a t e f lon  pestle.  

Af te r  f i l t r a t i on  t h r o u g h  surgical  gauze, the  h o m o g e n a t e  
was r e p e a t e d l y  sub j ec t ed  to  d i f fe ren t ia l  c en t r i f uga t i on  in 
wh ich  5 s e d i m e n t s  a n d  a f ina l  s u p e r n a t a n t  were o b t a i n e d  
( ro tor  A40  of Spinco L Ul t r acen t r i fuge ) ,  as p rev ious ly  
descr ibed  a for t he  s t u d y  of t he  no rad rene rg i c  ne rvous  
sys tem.  I n  shor t ,  t h e  f i l t r a t e  was  f i r s t ly  cen t r i fuged  
a t  5,000 r p m  (3,020 ga~) for 10 rain  to  give s e d i m e n t  1 .  
The  s u p e r n a t a n t  was  cen t r i fuged  a t  17,500 r p m  (20,203 
gay) for 15 m i n  to  give a s e d i m e n t  wh ich  was r e suspended  
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gen t ly  b y  h a n d  in 10 ml  of 0.25 M sucrose. The  suspens ion  
was r ecen t r i fuged  a t  17,500 r p m  for  15 rain  to  yield sedi- 
m e n t  2 and  a s u p e r n a t a n t  wh ich  was c o m b i n e d  w i t h  t he  
p rev ious  s u p e r n a t a n t .  The  c o m b i n e d  s u p e r n a t a n t s  were 
cen t r i fuged  a t  17,500 r p m  for  30 rain to  give s e d i m e n t  3. 
The  s u p e r n a t a n t  was cen t r i fuged  a t  30,000 r p m  (59,364 
gay) for 22 min  to give s e d i m e n t  4. The  s u p e r n a t a n t  was 
cen t r i fuged  a t  30,000 r p m  for 35 rain  to  give s e d i m e n t  
5 a n d  a f ina l  s u p e r n a t a n t .  

Fo r  dens i t y  g r a d i e n t  cen t r i fuga t ion ,  a s e d i m e n t  
co r re spond ing  to  t h e  p a r t i c u l a t e  f r ac t ions  2 to 5 was 
r e suspended  in 0.25 M sucrose (0.2 ml /g  of or ig inal  t issue)  
a n d  appl ied  to a dens i t y  g rad ien t .  G r a d i e n t s  r ang ing  f rom 
0.3 M to 1.7 M sucrose were used. The  b o t t o m  of each  
t u b e  c o n t a i n e d  0.5 ml  of 2.0 M sucrose. The  t ubes  
c o n t a i n i n g  t he  d e n s i t y  g r ad i en t s  were cen t r i fuged  for 
150 min  in  t h e  S W  40 h e a d  of t h e  Spinco u l t r acen t r i fuge  a t  
40,000 r p m  (200,704 gay). Af te r  c e n t r i f u g a t i o n  t he  
t ubes  were p u n c t u r e d  a t  t h e  b o t t o m  a n d  f rac t ions  of 1 ml  
col lected for  analysis .  E s t i m a t i o n s  of n o r a d r e n a l i n e  (NA), 
p ro t e in  a n d  enzymes  were car r ied  ou t  as p rev ious ly  
descr ibed  3. 

Results. The  Tab le  shows eno rmous  v a r i a t i o n s  in  t he  
ac t iv i t i es  of t h e  b i o s y n t h e t i c  enzymes  a n d  of m o n o a m i n e  
oxidase  (MAO), and  in t he  N A  c o n t e n t  of t he  h u m a n  
n e n r o b l a s t o m a s  s tudied .  I n  general ,  t u m o r s  w i t h  a h igh  
dopamine- /~-hydroxylase  (DflH) a c t i v i t y  also showed  a 
h igh  c o n t e n t  of NA, b u t  excep t ions  d id  occur.  

F igure  1 i l lu s t r a t e s  t he  r e su l t  of a d i f fe ren t ia l  cen t r i fuga-  
t ion  of a t u m o r  h o m o g e n a t e .  The  h o m o g e n a t e  of h u m a n  
n e u r o b l a s t o m a  con t a in s  severa l  enzymes  wh ich  in o the r  
t i ssues  h a v e  been  shown  to  be  cha rac t e r i s t i c  for d i f fe ren t  
t ypes  of subce l lu la r  par t ic les  or s t ruc tures ,  e.g. MAO 
(mi tochondr ia ) , /~ -g lyce rophospha tase  a n d  f l -glucuronidase 
(lysosomes) a n d  a lka l ine  p h o s p h a t a s e  (microsomal  ele- 
ments ) .  I t  can  be  seen t h a t  a large p a r t  of b o t h  N A  and  
DflH is associa ted  w i t h  par t ic les ,  t he  d i s t r i b u t i o n  of 
wh ich  differs  f rom the  e n z y m e  m a r k e r s  a l r eady  m e n t i o n e d .  

F igure  2 shows t h a t  these  subce l lu la r  pa r t i c les  can  
also be  d i s t i ngu i shed  on t he  basis  of t h e i r  equ i l i b r ium 
dens i ty .  T h u s  t h e  d i s t r i b u t i o n  of N A  is d i f fe ren t  f rom 
t h a t  of t he  m a r k e r  enzymes  for  o t h e r  pa r t i c l e s  b u t  
r e sembles  v e r y  closely t he  d i s t r i b u t i o n  of Dri l l ,  excep t  for 
a r e l a t ive ly  larger  f r ac t ion  of t he  l a t t e r  in  lower dens i ty  
regions.  However ,  some n e u r o b l a s t o m a s  also showed  
d i s t r i b u t i o n s  in  wh ich  N A  a n d  D/3H did  no t  comple te ly  
coincide.  

F r o m  t h e  va lues  of N A  (ng) a n d  Dr i l l  (units)  ca lcuIa ted  
f rom g rad i en t s  f rom those  p a r t s  of t h e  cu rve  on  t h e  more  
dense  side of t he  peaks  - where  on ly  i n t a c t  N A  par t ic les  
occur  3 - a r a t io  can  be ob ta ined ,  wh ich  gives t he  r e l a t ive  
N A  c o n t e n t  of t he  s torage  par t ic les ,  s ince D/~H, w h i c h  is 
b o u n d  for 8 0 - 8 5 %  to  t he  m e m b r a n e  of t h e  par t ic le ,  
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F i g .  1. Distribution patterns of NA and enzyme markers between 
fractions obtained by differential centrifugation of human neuro- 
blastoma homogenates. The abscissa gives the proportion of the total 
protein in each fraction, beginning with the low speed sediment on 
the left; the ordinate gives the relative specific activity of each sub- 
stance, which is the proportion of the constituent in a fraction 
divided by the proportion of the total protein in the fraction. 
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can be t aken  as an index  for the  number  of NA part icles .  
This  ra t io  ranged f rom 0.30 to 1.50 in the  18 neuro-  
b las tomas  s tudied.  

Discussion. The very  large var ia t ions  in enzyme  
act iv i t ies  and NA con t en t  observed  in these  neuroblas-  
t omas  are no t  surpris ing,  in v iew of the  large func t iona l  
and evolut ional  differences d isplayed by  h u m a n  neuro-  
b las tomas ,  as ref lected in  the  d i f ferent  pa t t e rn s  of 
adrenergic  subs tances  and metabo l i t e s  excre ted  in the  
urine. 

The observa t ions  p resen ted  in th is  paper  provide  
evidence thal~ in neu rob la s toma  NA is s tored in a par t ic le  
jus t  as i t  is in adrenergic  nerves.  The par t ic le  conta ins  
Dri l l  and  i ts  s ed imen ta t i on  and  dens i ty  character is t ics  
are ve ry  similar  to  those  of bovine  splenic nerve  par t ic les  a. 
Comparison of the  NA/DfiH rat ios  in neu rob la s toma  wi th  

Enzyme activities and noradrenaline content of human neuro- 
blastomas (n = 18) 

Const i tuent  Neurob las toma 

Tyrosine  hydroxy lase  0-0.46 
Dopa decarhoxylase  0 6.34 
Dopamine-/~-hydroxylase 366-38,365 
Monoamine oxidase  0.05-5.23 
Noradrena l ine  4.2-190 

The concentration of each constituent is expressed per g wet weight 
of original tissue; NA in nmoles; enzyme activities in enzyme units. 

t he  same in splenic nerve  3 (0.38 ~z 0109) suggests  t h a t  
the  NA co n t en t  is no t  lower in h u m a n  neu rob la s toma  
t h a n  in splenic nerve.  Accordingly,  assuming  t h a t  the  
ac t iv i ty  of DflH is s imilar  in b o t h  cases, i t  can be concluded 
t h a t  the  a m o u n t  of NA per  par t ic le  is a t  least  as h igh  in 
neu rob la s toma  as in bovine  splenic nerve.  These results  
conf i rm and ex tend  those  of HORTNAGL et al. ~ and  p e rmi t  
us to conclude t h a t  the re  is no reason to believe t h a t  the  
cont inuous  release of amines,  precursors  and metabo l i t es  
in h u m a n  neu rob la s toma  is due to a NA storage defect .  

In  sympa the t i ca l l y  i nne rva t ed  tissues, 2 types  of 
s torage  par t ic les  have  been  found.  The more  dense  of 
these  par t ic les  - a t  least  for the  dog spleen 4 - conta in  
Drill, the  o thers  conta in  only very  l i t t le  if any  DflH 
act iv i ty .  F r o m  the  resul ts  of the  p resen t  g rad ien t  centr i -  
fuga t ion  expe r imen t s  it  would appear  t h a t  there  is a t  
p resen t  no evidence for the  occurrence of 2 t ypes  of 
s torage par t ic les  in h u m a n  neuroblas t0ma.  I t  is obvious  
t h a t  if the  less dense par t ic le  is indeed  lacking, th is  
difference be tween  adrenergical ly  i nne rva t ed  t issue and 
h u m a n  neu rob la s toma  m a y  be an i m p o r t a n t  one. 

Ano the r  po in t  which  is w o r t h  men t ion ing  is the  
occurrence,  in some cases, of Dril l  in lower dens i ty  
regions,  where  no NA has  been  found.  If  the  occurrence 
of Dri l l  in low dens i ty  regions is real and no t  the  resul t  
of an ar tefact ,  we are dealing wi th  a similar  s i tua t ion  
as has been found  in s tel late  ganglia 5. W h e t h e r  the  
presence  of m e m b r a n o u s  DflH is t he  resul t  of i m m a t u r e  
vesicles or p roduced  by  exocytos is  6 which m a y  be 
coupled wi th  an increased th reshold  value for its removal  
is diff icult  to  decide a t  p resen t  bu t  the  presence  of 
these  s t ruc tures  could p lay  a role in de te rmin ing  the  
q u a n t i t y  and  na tu re  of the  p roduc t s  which  are released. 
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Fig. 2. Sucrose density gradient centrifugation of particles from 
human neuroblastoma. A particulate fraction equivalent to fractions 
2 to 5 (see methods) was suspended in 0.25 M sucrose and centrifuged 
on a linear gradient (0.3 1.7 M sucrose). For normalization methods 
see BOWERS and DE DUVE 7. 

Rdsumd. Dans  18 cas de neu rob la s tome  h u m a i n  la 
noradr6nal ine  (NA) et  la dopamine- f l -hydroxylase  pr6- 
s en t en t  des profils  de d i s t r ibu t ion  intracellulaire iden- 
t iques,  sugg6rant  un s tockage darts la m6me part icule.  Le 
con tenu  en NA de ces par t icules  n ' e s t  pas  inf6rieur & 
celui des par t icules  du neff  spl6nique ; on peu t  en conclure 
q u ' u n  s tockage d6fec tueux de NA dans  les cas de neuro- 
b las tome  est  peu probable .  
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