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Morphologic and eleetrophoretic findings in mice bearing trans- 
planted HIPA tumor 

Generations Histologie Virus- Electrophoretie 
form like pattern 

particles 
A C 

1st to 2nd Undiff. sarcoma 0 0 normal 
3rd Differentation into 0 0 normal 

Plasmocytoma 
4th Differentation into 0 0 ~-2-globulin peak 

Plasmocytoma 
5th to 26th Differentationinto 0 + + + 0t-2-globulin peak 

Plasmocytoma 
27th to 37th Plasmocytoma 0 + normal 
38th to 70th Plasmocytoma 0 0 normal 
71th to 78th Plasmocytoma + + normal 

Zusammen/assung. U n t e r s u c h u n g e n  a n  e inem P l a smo-  
c y t o m  yon  BALB/c -MAusen  e r g a b e n  ke ine  B e z i e h u n g e n  
zwischen  d e m  V o r k o m m e n  y o n  v i rus / ihn l i chen  P a r t i k e l n  
des  T y p u s  , A ,  u n d  , C ,  u n d  de r  Sekre t ion  yon  I m m u n o -  
g lobul in .  
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Immunohistoehemieal Studies on Phenylethanolamlne-N-Methyltransferase, Dopa-Decarboxylase 
and Dopamine-fl-hydroxylase 

W i t h  t h e  use  of specif ic  a n t i b o d i e s  t o w a r d s  d o p a m i n e -  
f l -hydroxylase  (DBH)  t h e  loca l i za t ion  of t h i s  e n z y m e  in  
t h e  a d r e n a l  m e d u l l a  a n d  in  t h e  p e r i p h e r a l  n e r v o u s  s y s t e m  
was  desc r ibed  1-4. I n  a d d i t i o n  we also i n v e s t i g a t e d  t h e  
cel lu lar  loca l i za t ion  of D B H  in  t h e  c e n t r a l  n e r v o u s  sys-  
t e m  a,4. W e  e x t e n d e d  the se  s tudies ,  a n d  t h e  loca l i za t ion  
of o t h e r  c a t e c h o l a m i n e  s y n t h e s i z i n g  e n z y m e s  was  inves t i -  
g a t e d  in  va r i ous  t issues.  T he  p r e s e n t  p a p e r  descr ibes  t h e  
cel lu lar  loca l iza t ion  of d o p a - d e c a r b o x y l a s e  (DCA), phe -  
n y l e t h a n o l a m i n e - N - m e t h y l t r a n s f e r a s e  (PNMT)  a n d  D B H  
in  p e r i p h e r a l  a n d  c e n t r a l  t i s sues  of m a m m a l s .  A pre-  
l i m i n a r y  r e p o r t  on  t h e  cel lu lar  loca l i za t ion  of P N M T  in 
t he  a d r e n a l  m e d u l l a  was  p r e v i o u s l y  p r e s e n t e d  4. 

Male  Sp rague  D a w l e y  r a t s  (body  wt .  150-170 g) were 
used in  t he se  s tudies .  I n  some e x p e r i m e n t s  guinea-pigs ,  
h a m s t e r s  a n d  mice  were  also s tud ied .  

P N M T  was  pur i f i ed  f r o m  t h e  s u p e r n a t a n t  f r ac t i on  of 
b o v i n e  a d r e n a l  m e d u l l a  b y  t h e  p r e v i o u s l y  r e p o r t e d  pro-  
cedure6,% T h e  u l t r a c e n t r i f u g e  p a t t e r n  r evea l s  t h a t  t h e  
e n z y m e  is h o m o g e n o u s  a n d  a mo lecu l a r  w e i g h t  of 31 ,000-  
33,000 was  e s t i m a t e d  b y  t h e  men i scus  d e p l e t i o n  m e t h o d  
of YPHANTIS L T h e  pur i f i ed  e n z y m e s  show severa l  b a n d s  
on  disc gel e lec t rophores is ,  b u t  al l  t h e  p r o t e i n  s t a i ned  
b a n d s  are  e n z y m a t i c a l l y  ac t ive ,  i n d i c a t i n g  t h e  poss ib le  
p resence  of c o n f o r m a t i o n a l  P N M T  i soenzymes  e. 

DCA was  pur i f i ed  f r o m  b o v i n e  a d r e n a l  g l ands  b y  a 
r e c e n t l y  desc r ibed  p rocedu re  s, 9. 

D B H  was  pur i f i ed  f rom b o v i n e  a d r e n a l  g l and  as  de-  
sc r ibed  p rev ious ly  10. 

I m m u n i z a t i o n  a n d  t e s t i n g  of a n t i b o d i e s  was  p e r f o r m e d  
as p r e v i o u s l y  desc r ibed  s,4. 

T h e  i m m u n o h i s t o f l u o r e s c e n t  p rocedu re  h a s  p rev ious ly  
been  desc r ibed  in  d e t a i l  4. C r y o s t a t e  sec t ions  f rom un f i xed  
t i s sue  were  used.  T h e  sec t ions  were  u sua l ly  pos t - f ixed  in  
ace tone  for  10 min .  T h e  i n d i r e c t  m e t h o d  was  used  for  t h e  
s t a i n i n g  (see11), w h i c h  i n v o l v e d  t h e  use  of f luoresceine-  
i s o t h i o c y a n a t e  (FITC) labe l led  sheep  a n t i - r a b b i t  i m m u n o -  
globul ine .  Before  t h e  use  of F I T C l a b e l l e d  i m m u n o g l o b u l i n e  
i t  was  s h a k e n  w i t h  m o u s e  l iver  p o w d e r  or  b r a i n  p o w d e r  
(Miles Labora to r i e s ,  USA)  a t  r o o m  t e m p e r a t u r e  for  2 h in  
o rde r  to  r e m o v e  as m u c h  as poss ible  of t h e  F I T C  label led  
p r o t e i n s  n o t  r e l a t ed  to  t h e  specif ic  a n t i g e n s  u n d e r  inves t i -  
ga t ion .  F u r t h e r m o r e ,  t h e  specific a n t i b o d i e s  aga i n s t  DCA, 
P N M T  a n d  D B H  were  i n c u b a t e d  w i t h  s e r u m  f rom t h e  
species s tud ied  o v e r n i g h t  a t  r o o m  t e m p e r a t u r e ,  in  o rder  

to  r emove  unspec i f ic  an t ibod ie s .  As a specif ic i ty  test ,  pre-  
i m m u n e  s e r u m  was  used  i n s t e a d  of t h e  specific a n t i b o d y  
serum.  

PNMT.  Adrenal medulla. I n  r a t  a n d  mouse  m o s t  of t h e  
g l and  cells showed  a specif ic  g reen i sh  immunof luo re scence  
of m o d e r a t e  i n t e n s i t y  w h i c h  was  local ized to  t h e  cyto-  
p l a sm of t h e  cells (F igure  1). T h e  ou t l i ne s  of these  f luores-  
c en t  cells were s o m e w h a t  i nd i s t i nc t ,  p r o b a b l y  due  to  some  
dif fus ion of t h e  P N M T .  I n  gu inea-p igs  p rac t i ca l ly  al l  of 
t he  g land  cells showed  a specif ic  immunof luo rescence .  T h e  
cells of t h e  a d r e n a l  c o r t e x  d id  n o t  show a n y  specif ic  
f luorescence.  

Peripheral and central ~ervous system. No specif ic  
immunof luo re scence  was  o b s e r v e d  in  t h e  s y m p a t h e t i c  
gangl ia  or in  t h e  CA cell  bod ies  of t h e  cen t r a l  n e r v o u s  
sys tem.  F u r t h e r m o r e ,  no  specif ic  i m m u n o f l u o r e s c e n c e  was  
observed  c ran ia l  of a t r a n s e c t i o n  of t h e  sciat ic  nerve ,  
wh ich  con ta ins  m a n y  ad rene rg i c  a x o n s  xs,ls. - I n  a l l  
sec t ions  of t h e  b r a i n  t h e r e  a p p e a r e d  a s t r o n g  unspeci f ic  
f luorescence in t h e  ap ica l  p a r t s  of t h e  e p e n d y m a  ou t -  
l in ing  t he  ven t r i c l e s  a n d  in  t h e  gl ial  cells, especia l ly  t h e  
astrogl ia .  

DCA. Adrenal medulla. A specif ic  i m m u n o f l u o r e s c e n c e  
of weak  i n t e n s i t y  was  o b s e r v e d  in t h e  c y t o p l a s m  of 
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p r ac t i c a l l y  al l  g l a n d  cells of h a m s t e r  (Figure  2), m o u s e  
a n d  guinea-pig .  No  specific i m m u n o f l u o r e s c e n c e  was  ob-  
se rved  in t h e  a d r e n a l  cor tex .  

Kidney. A s t r o n g  i m m u n o f l u o r e s c e n c e  was  o b s e r v e d  in  
t h e  d i s t a l  a n d  p r o x i m a l  t ubu l i .  

Peripheral and ~entral nervous system. A specif ic  i m m u -  
nof luorescence  of w e a k  t o  m o d e r a t e  i n t e n s i t y  was  ob-  
s e rved  in  t h e  N A  cell bod ies  of t h e  s y m p a t h e t i c  gang l i a  
(F igure  3) a n d  t h e  D A  cell  bod ies  of t h e  s u b s t a n t i a  n i g r a  
a n d  t h e  N A  cell  bod ies  of locus coeruleus.  Also t h e  5 - H T  
cell  bod ies  e x h i b i t e d  a w e a k  specif ic  immunof luo re scence .  
N o  specif ic  f luorescence  was  o b s e r v e d  in  t h e  CA n e r v e  
t e r m i n a l s .  Unspec i f i c  f luorescence  a p p e a r e d  in t h e  epen-  
d y m a  a n d  t h e  gl ial  cells as for  P N M T .  

D B H .  Adrenal medulla. I n  r a t  t h e  g l and  cells  e x h i b i t e d  
a g reen  specific i m m u n o f l u o r e s c e n c e  wh ich  in m o s t  cells 
was  of w e a k  to  m o d e r a t e  i n t ens i t y .  Severa l  i s l ands  of 
cells, however ,  c o n t a i n e d  a s t r o n g  specif ic  i m m u n o -  
f luorescence.  

Peripheral and central nervous system. T h e  N A  cell 
bod ies  of t h e  s y m p a t h e t i c  gang l ia  (F igure  4) a n d  of t h e  
pons  a n d  m e d u l l a  ob longa t a ,  e.g. t hose  in  t h e  locus 
coeruleus,  e x h i b i t e d  a specif ic  i m m u n o f l u o r e s c e n c e  of 
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m o d e r a t e  in t ens i ty .  T h e  D A  cell  bod ies  showed  no  specific 
immunof luo re scence .  F u r t h e r m o r e ,  a f t e r  t r a n s e c t i o n  of t h e  
c e n t r a l  a s c e n d i n g  N A  axons ,  a s t r o n g  specif ic  i m m u n o -  
f luorescence  a p p e a r e d  in  t h e  N A  a x o n s  of t h e  cell b o d y  
s ide b u t  n o t  in  t h e  D A  axons .  Unspec i f i c  f luorescence  
a p p e a r e d  in t h e  e p e n d y m a  a n d  t h e  glial  cells as  for  P N M T  
a n d  DCA. 

T h e  p r e s e n t  p a p e r  gives  t h e  f i r s t  d e m o n s t r a t i o n  of  t h e  
ce l lu lar  loca l i za t ion  of  P N M T  a n d  of  D C A  in  t h e  a d r e n a l  
m e d u l l a  a n d  of D C A  in  t h e  p e r i p h e r a l  a n d  c e n t r a l  n e r v o u s  
s y s t e m  of m a m m a l s .  

P N M T  was  f o u n d  to  be  local ized to  t h e  c y t o p l a s m  of 
m o s t  of t h e  a d r e n a l  m e d u l l a r y  g l a n d s  in r a t s  a n d  mice  
a n d  in a l l  m e d u l l a r y  cells in  t h e  guinea-pig .  These  r e su l t s  
s u p p o r t  t h e  v iew t h a t  t h e  P N M T  is local ized in  t h e  
a d r e n a l i n e - c o n t a i n i n g  g l a n d  cells, s ince t he se  cells a re  in  
m a j o r i t y  in  r a t s  a n d  mice  a n d  c o n s t i t u t e  p r a c t i c a l l y  a l l  
g l and  cells in  t h e  guinea-pig .  T h e  fa i lure  of d e m o n s t r a t i n g  
P N M T  in t h e  p e r i p h e r a l  a n d  c e n t r a l  CA c o n t a i n i n g  cell 
bod ies  a n d  f ibres  is in  a g r e e m e n t  w i t h  t h e  co n cep t  t h a t  
t h e  p e r i p h e r a l  s y m p a t h e t i c  a u t o n o m i c  n e r v o u s  s y s t e m  of 
m a m m a l s  is e n t i r e l y  b u i l t  up  of N A  n e u r o n s ;  also t h e r e  
is v e r y  l i t t l e  a d r e n a l i n e  f o u n d  in  t h e  m a m m a l i a n  b r a i n  
(see 14). 

D CA  was f o u n d  to  h a v e  a w idesp read  d i s t r i b u t i o n  in  
t h e  m a m m a l s  s tud ied .  Thus ,  i t  could  be  local ized to  p rac-  
t i ca l ly  al l  a d r e n a l  m e d u l l a r y  cells a n d  to  b o t h  p e r i p h e r a l  
a n d  c e n t r a l  C& cells bodies .  T h e  fa i lure  to  d e m o n s t r a t e  
D CA  a n d  D B H  in t h e  CA n e r v e  t e r m i n a l s  c a n  p r o b a b l y  
b e  a c c o u n t e d  for  b y  t h e  r e l a t i ve ly  low s e n s i t i v i t y  of t h e  
t e c h n i q u e  d u e  to  low p e n e t r a t i o n  of t h e  a n t i b o d i e s  i n t o  
t h e  n e r v e  t e r m i n a l s  a n d ] o r  to  d i f fus ion  of t h e  CA syn-  
t he s i z ing  e n z y m e s  o u t  of t h e  t e r m i n a l s .  

N o t  on ly  was  D CA  f o u n d  in  t h e  D A  a n d  N A  cell  bod ie s  
b u t  a lso in  t h e  5 - H T  cell  bodies ,  w h i c h  sugges t s  t h a t  t h e  
d o p a d e c a r b o x y l a s e s  of t h e s e  n e u r o n s  a re  s i m i l a r  or  iden-  
t ical .  T h e  k i d n e y  d e c a r b o x y l a s e  a lso seems  t o  b e  s imi lar .  

W i t h  t h e  p r e s e n t  i m m u n o f l u o r e s c e n t  t e c h n i q u e  t h e  
s t r o n g e s t  i m m u n o f l u o r e s c e n c e  was  o b t a i n e d  w i t h  t h e  
D B H  an t ibod ies .  I n  c o n t r a s t  to  DCA, D B H  was  o n l y  
local ized in t h e  N A  neurons ,  n o t  in  t h e  D A  n e u r o n s  xs. 

Fig. 1. Rat adrenal medulla. PNMT. A specific immunofluorescence 
of medium to strong intensity is observed in most of the adrenal 
medullary gland cells. The rest of the gland cells show no immuno- 
fluorescence at  all. × 160. 
Fig. 2. Hamster adrenal medulla. Dopa-decarboxylase. A specific 
immunofluorescenee of moderate intensity is observed in practically 
all the adrenal medullary gland cells, x 250. 
Fig. 3. Rat superior cervical ganglion. Dopa-decarboxylase. A 
specific immunofluorescence of weak to strong intensity is observed 
in the cytoplasm of the vast majority of the ganglion cells, x 250. 
Fig. 4. Rat superior cervical ganglion. Dopamine-fl-hydroxylase. 
A specific immunofluorescence of weak to strong intensity is observed 
in the vast majority of the ganglion cells. × 250. 

Zusammen]assung. P N M T  k o n n t e  m i t  Hi l fe  e iner  i m m u -  
n o h i s t o c h e m i s c h e n  F l u o r e s z e n z m e t h o d e  ausschl iess l ich  in 
b e s t i m m t e n  Markze l l en  d e r  N e b e n n i e r e  n ach g ew i e s en  
werden .  D D K  w u r d e  in  Markze l l en  de r  Nebenn ie re ,  in  
p e r i p h e r e n  u n d  z e n t r a l e n  K a t e c h o l a m i n -  u n d  Se ro ton in -  
n e u r o n e n  ge funden .  D B H  k a m  in  Markze l l en  de r  N e b e n -  
n iere  u n d  n u r  in  p e r i p h e r e n  u n d  z e n t r a l e n  N o r a d r e n a l i n -  
n e u r o n e n  v o r .  
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