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(Figur  1). E i n  ers tes  M a x i m u m  l iegt  a m  3. Tag, d a n a c h  
wi rd  das  Ausmass  der  H e m m u n g  deu t l i ch  geringer ,  u m  
v o m  5. Tag  an  s tufenweise  wieder  z u z u n e h m e n ,  bis  
zwischen d e m  12. u n d  13. Tag  ein k o m p l e t t e r  Ausfal l  der  
M a k r o p h a g e n m i g r a t i o n  deu t l i ch  wird  (Figur  2). 
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Fig. 1. Makrophagen Migrations-Hemmtest in verschiedenen Ver- 
suchsans~ttzen. Im Gegensatz zu den Kontrollen tritt  bei den mit 
RAUSCHER-Virus infizierten Tiered eine st~irkere Hemmung auf. 

Die vo r l i egenden  B e o b a c h t u n g e n  zeigen, dass  w g h r e n d  
de r  F r t i hphase  der  RAUSCHE~-Leuk/~mie eine v e r m i n d e r t e  
W a n d e r u n g  y o n  M a k r o p h a g e n  s t a t t f i n d e t ,  die e inen  
c h a r a k t e r i s t i s c h e n  Ver lauf  zeigt.  Der  K u r v e n v e r l a u f  bis 
z u m  5. Tag  1/~sst s ich n i c h t  e inhe i t l i ch  erkl/~ren. Die 
auf fa l lend  s t a rke  H e m m u n g  a m  3. T ag  muss  au f  eine 
spezif ische immuno log i sche  A n t i g e n s t i m u l a t i o n  der  T- 
L y m p h o z y t e n  zur t ickgef t ihr t  werden.  A m  4. Tag  wi rd  
eine ger ingere  H e m m u n g  de r  W a n d e r u n g  der  Makro-  
p h a g e n  deut l ich .  Hierf i i r  s che inen  q u a n t i t a t i v e  Ver/ inde-  
r u n g e n  der  L y m p h o z y t e n  der  <~thymus d e p e n d e n t  area~) 
ftir den  R e a k t i o n s a u s f a l l  v e r a n t w o r t l i c h  zu sein. Diese 
I n t e r p r e t a t i o n  deck t  s ich m i t  unse ren  E rg eb n i s s en  i iber  
die Pro l i fe ra t ionsprozesse  w~Lhrend der  F r i i h p h a s e  der  
Rausche r l euk / tmie  in de r  Milz (KOMITOWSKI e t  al. 7). 
I n  den  e r s t en  5 Tagen  n a c h  der  I n f e k t i o n  zeigte s ich ers t  
eine V e r m i n d e r u n g ,  d a n n  eine R e p o p u l a t i o n  der  L y m p h o -  
z y t e n  der  <~thymus d e p e n d e n t  area~>. Inwiewe i t  de r  
Reak t i o n s au s f a l l  a b  d em 5. Tag  auf  eine spezif ische 
i mmu n o l o g i s ch e  A n t i g e n s t i m u l a t i o n  der  T - L y m p h o z y t e n ,  
oder  au f  eine d y n a m i s c h e  V e r ~ n d e r u n g  de r  M a k r o p h a g e n  
selbst,  wie yon  a n d e r e n  A u t o r e n  (CHAR et  al. 11) pos tu l ie r t ,  
zur i ickzuf t ihren  ist, beda r f  we i te re r  Abk l s  

Summary. In  t h e  course of v i rus - induced  leukemias ,  
t he re  are changes  in cel lular  as well  as in  h u m e r a l  im-  
m u n i t y .  O b s e r v a t i o n s  were m a d e  w i t h  t h e  m a e r o p h a g e  
m i g r a t i o n  t e s t  d u r i n g  t h e  ea r ly  phase  of R A ~ S C ~ R -  
leukemia .  The  cha rac t e r i s t i c  phase  changes  found  are  
discussed.  
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Fig. 2. Schemat ische  Dars te l lung  des Migrat ionstes tes  w~hrend de r  
Beobachtungszeit. 
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P a r t i a l l y  C o a t e d  V a c u o l e s  - -  a N e w  T y p e  of  E n d o c y t o t i c  S t r u c t u r e  

Microp inocy to t i c  vesicles bea r ing  f i l amen tous  or s p i n y  
a d o r n m e n t s  on  t h e i r  l i m i t i n g  m e m b r a n e  h a v e  of ten  been  
seen in  cells engaged  in  p r o t e i n - u p t a k e ,  a n d  t e r m s  such  as 
fuzzy vesicles, coa ted  vesicles, deco ra t ed  veiscles  a n d  
a c a n t h o s o m e s  h a v e  been  used to desc r ibe  t h i s  t y p e  of 
endocy to t i c  vesicle 1, 2. However ,  to  t h e  bes t  of our  know-  
ledge, such  a d o r n m e n t s  h a v e  no t  h i t h e r t o  been  obse rved  
on t h e  m u c h  larger  p i n o c y t o t i c  vacuoles  wh ich  form w h e n  

folds or ruff les  of t h e  cell m e m b r a n e  (which are  p r e s en t  as 
s l ender  processes  or f i lopodia  in  sec t ioned  mate r ia l )  
i m p o u n d  f lu id  or o t h e r  ex t r ace l lu l a r  ma te r i a l .  

Such  a p h e n o m e n o n  has  n o w  been  wi tnessed  b y  us in  
t h e  synov ia l  cells of a p a t i e n t  who  h a d  long s t a n d i n g  
mul t ip l e  sclerosis, psor ias is  a n d  a r th r i t i s .  E l e c t r o n  
microscopic  e x a m i n a t i o n  of synov ia l  i n t i m a l  cells f ound  
free in  a knee  j o i n t  effusion a n d  in a b iopsy  of t h e  synov ia l  
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Fig. 1. Electron mierograph showing fibrin (F) in joint space and a synovial cell with numerous filopodia (P). Note dense plaques (arrowheads} 
one of which is cup-shaped (arrow). • 27,000. 

m e m b r a n e  ob ta ined  wi th  a Poly-Bickel  needle showed 
t h a t  t h e y  were s ingular ly  well endowed wi th  f i lopodia  
which  appeared  to .be engaged in t r a p p i n g  f ibr in  lying 
in t he  jo in t  space (Figure 1). 

The r emarkab le  endocy to t i c  powers  of synovia t  cells 
have  been amply  documen ted  and  reviewed a. I t  has  been 
shown t h a t  t h e y  can t ake  up no t  only small  pa r t i cu la te  
m a t t e r  such as carbon,  t h o r o t r a s t  and colloidal gold wi th  
the  aid of mic rop inocy to t i c  vesicles, b u t  also larger 
s t ruc tures  such as ent i re  e ry throcy tes ,  cell f r agment s  

and masses  of f ibr in  by  the  aid of f i lopodia which fuse 
w i th  each o ther  or the  cell m e m b r a n e  to form p inocy to t ic  
vacuoles.  

1 D. W. FAWC~T% J. Histochem. Cytochem. 13, 75 {1965). 
D. W. FAWCETT, An Atlas of Fine Structure. The Cell. Its Organelles 
and Inclusions (Saunders, Philadelphia and London 1967). 

3 F. N. GHADIALLY and S. ROY, Ultrasiructure o] Synovial Joints in 
Health and Disease (Butterworths, London 1969). 

Fig. 2. Two dense plaques (P) are seen on a synovial cell. The 
material forming the external coat of the plaque is similar in ap- 
pearance to the fibrin (F) lying in the joint space (J). x 62,000. 

Fig. 3. Filopodia (P) encircling fibrin (F). A dense plaque is seen 
on the surface of the synovial cell (arrowhead). • 53,000. 
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Fig. 4. A fibrin (F) containing partially coated vacuole within a 
synovial cell. A little more than half the circumference of the vacuole 
is coated. Note the dense filamentous coat (C) on the cytoplasmic 
surface of the vacuolar membrane (arrowhead) and the less dense 
(L) interval between the membrane and the dense coat (*) lining the 
vacuole. • 70,000. 

The up take  of f ibr in  and  cell f r agmen t s  by  p inocy to t i c  
vacuoles has been no ted  in the  r h e u m a t o i d  synovia l  
m e m b r a n e  as also the  a b u n d a n t  phagosomes  and  phago-  
lysosomes which form from such act ivi ty3,  4. In  such 
instances,  however ,  the  vacuoles are no t  coated.  In  the  
case repor ted  in th is  p~per,  the  up take  of f ibr in  was 
largely accompl ished  wi th  the  aid o f  par t ia l ly  coated 
vacuoles (up to 800 n m  in d iameter) ,  t h a t  is to  say  
vacuoles where  only a por t ion  of the  c i rcumference of the  
vacuole was coa ted  and  bore f i l amentous  decora t ions  on 
its cy top lasmic  surface. 

A detai led s t u d y  of numerous  synoviaI  ceils f rom th is  
case pe rmi t s  us to depic t  the  p robab le  s tages in t he  forma-  
t ion of these  vacuoles.  The f irs t  s tage of th is  process  
(Figure 2) is r a the r  s imilar  to t he  fo rma t ion  of coated 
microp inocy to t ic  vesicles, such as those  found in e ry thro-  
b las ts  t ak ing  Up ferr i t in  5 or insect  oocyte  t ak ing  up pro te in  
to form yolk  bodies  s, v, for a t  such a s tage a dense p laque  
develops on the  cell membrane .  

Closer examina t ion  shows t h a t  th is  p laque  consists  of a 
focal acquis i t ion  of an electron dense f i l amentous  coat,  
approx.  35 nm th ick  on the  cy top lasmic  aspec t  of t he  
p lasma membrane ,  and  a s imilar  coat  abou t  50 n m  th ick  
on the  outer  surface of the  membrane .  However ,  t he  ou te r  
surface coat  was invar iab ly  separa ted  f rom the  p lasma  
m e m b r a n e  by  a less dense or lucent  lamina,  abou t  20 nm 
thick,  while the  coat  on the  cy top lasmic  surface was 
closely a t t ached  to  the  p lasma  membrane .  

In  t he  case of coa ted  microp inocy to t ic  vesicles (usually 
abou t  80 to  140 nm), such a s tage is followed by  an in- 
vag ina t ion  of the  dense p laque  to form the  micropino-  
cy to t ic  vesicle. I t  is in te res t ing  to  note  t h a t  dur ing  the  
fo rmat ion  of the  pa r t i a l ly  coa ted  vacuoles also, we saw 
saucer -shaped  and cup-shaped  plaques  ind ica t ing  t h a t  
invagina t ion  of the  p laque  had  commenced  bu t  in no 
ins tance  did the  process  cont inue  to  form a fully coated 
vacuole,  t h a t  is to  say a vacuole coa ted  along i ts  ent i re  
circumference.  I t  would appear  t h a t  t he  final  ac t  of 
e n g u l f m e n t  was achieved wi th  the  aid of f i lopodia 
(Figure 3), and  since the  m e m b r a n e  c o m p o n e n t  der ived 
f rom these  was no t  coated,  a par t ia l ly  coa ted  vacuole 
resul ted  f rom this  process  (Figure 4). 

Thus  par t i a l ly  coa ted  vacuoles seem to represen t  a 
pecul iar  form of endocy to t i c  process  where  bo th  the  
invag ina t ing  mechan i sm of microp inocy tos i s  and  the  
enwrapp ing  act ion of a fold or folds f rom the  cell m e m b r a n e  
p lay  a pa r t  in impound ing  pro te inaceous  mater ia l  f rom 
the  extracel lular  env i ronment .  The significance of th is  
p h e n o m e n o n  is obscure,  b u t  one m a y  specula te  t h a t  th is  
could indica te  e i ther  a he igh tened  or speeded  up endo- 
cy to t ic  ac t iv i ty ,  or t h a t  th is  represen ts  a defect ive 
microp inocy to t ic  mechan i sm whereby  the  dense p laque  
fails to  invag ina te  comple te ly  and  the  endocyto t ic  act  is 
comple ted  by  the  process of pinocytosis .  

Whi le  the  fo rmat ion  of these  par t ia l ly  coa ted  vacuoles 
was easy to follow, the i r  u l t ima te  fate  was diff icult  to  
t race  wi th  confidence.  I t  seems to  us t h a t  a t  some s tage 
t h e y  lose the  dense coat  on the  cy top lasmic  surface and  
hence  become diff icult  to ident i fy .  I t  is in te res t ing  to  note  
t h a t  a s imilar  observa t ion  was made  by  ROTt~ and PORTER 7 
regard ing  the  coa ted  vesicles in t he  oocyte  of Aedes 
aegypti, where  also t r ans i t ions  f rom coated  vesicles to 

Fig. 5. Synovial cell containing numerous dense bodies (D) accept- 
able as phagosomes and phagolysosomes. • 

4 F. N. GHADIALLY and S. RoY, Ann. rheum. Dis. 26, 426 (1967). 
M. BESSlS and J. BRETON-GORIUS, C.r. Soc. Biol., Paris 750, 1903 
(1956). 

6 E. ANDERSON, J. Cell Biol. 20, 131 (1964). 
T. F. RoT~ and K. R. PORTER, J. Cell Biol. 20, 313 (1964). 
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yolk  bodies  was di f f icul t  to  t race,  p r e s u m a b l y  due  to  loss 
of t h e  coa t  on  t he  cy top l a smic  surface.  

However ,  s ince in  our  m a t e r i a l  n m u e r o u s  dense  bodies  
accep tab le  as phago lysosomes  (Figure 5) where  f ib r in  
seemed to be in t h e  process  of b r e a k d o w n  were presen t ,  
we t h i n k  t h a t  t he  p a r t i a l l y  coa ted  vacuole  is a t y p e  of 
phagosome  b y  wh ich  t he  synov ia l  cells of t h i s  p a t i e n t  
were i m p o u n d i n g  f ib r in  f rom t h e  j o i n t  space. 

Zusammen[assung. Bei  e inem I n d i v i d u u m  m i t  Mul- 
t ip le r  Sklerose, Psor ias is  u n d  A r t h r i t i s  k o n n t e  m a n  bei  
e l ek t ronenmik roskop i s che r  Kon t ro l l e  y o n  Synovia lge-  
webe des Knies  feine F i lopod ien  nachweisen ,  die wahr -  

schein l ich  a n  der  A u f n a h m e  von  Ze l l f ragmenten ,  F i b r i n  
u n d  E r y t h r o z y t e n  im Ge lenkspa l t  be te i l ig t  And.  

F. N. GHADIALLY, A. F. ORYSCHAK and  
I). ~r MtTCHELL 8 

Department o/ Pathology and the Rheumatic 
Disease Unit, University Hospital, University o[ 
Saskatchewan, Sashatoon (Canada), 20 November 7973. 

s Work supported by the Medical Research Council of Canada and 
the Canadian Arthritis and Rheumatism Society. 

Biogenic Amines  in a Retransplantable Neurogenic Teratocarcinoma 

Monophy le t i c  neurogen ic  t e r a t o c a r c i n o m a s  are t u m o r s  
composed  of e m b r y o n a l  c a r c i n o m a  ceils, w h i c h  are t h e  
s t e m  cells of t he  t u m o r ,  a n d  n e u r o e c t o d e r m a l  t i ssues  
der ived  f rom the  s t e m  cells 1. Desp i te  t h e  fac t  t h a t  th i s  
n e u r o e c t o d e r m a l  t i ssue  s t ems  f rom r a p i d l y  p ro l i fe ra t ing  
m a l i g n a n t  ceils, i t  r esembles  in m a n y  respects  t h e  n o r m a l  
neu ra l  t i s sue  der ived  f rom n o r m a l  embryon ic  cells 1, 2 I n  
t h i s  s t u d y  we h a v e  ana lysed  t h e  neurogen ic  t e ra toca rc i -  
n o m a s  for t he i r  c o n t e n t  of b iogenic  amines ,  k n o w n  to 
h a v e  a specific role in  neu ro t r ansmis s ion ,  in order  to  get  
some ins igh t  in to  t h e  func t iona l  s t a t u s  of th i s  pecu l ia r  
t u m o r .  

Materials and methods. A r e t r a n s p l a n t a b l e  neurogen ic  
t e r a toca r c inoma ,  descr ibed  in de ta i l  e lsewhere  1, was  
o b t a i n e d  u p o n  r e t r a n s p l a n t a t i o n  of m u r i n e  embryo -  
der ived  e x p e r i m e n t a l  t e r a toca rc inomas .  T u m o r  was 
h is to logica l ly  composed  of e m b r y o n a l  c a r c inoma  cells 
a n d  neura l  t i s sue  of v a r y i n g  degrees  of m a t u r i t y  as 
d e t e r m i n e d  h i s tochemica l ly  a n d  u l t r a s t r u c t u r a l l y  ~. Ma- 
t u r i t y  of va r ious  e l emen t s  of t he  t u m o r  was, however ,  
p r e d o m i n a n t l y  on t he  cytological  level  and  t he  overa l l  
h is to logica l  o rgan i za t i on  of t he  t u m o r  was r a t h e r  low. 
Neura l  t i ssue  in t h e  t u m o r  d id  no t  mimic  a n y  organized  
n e u t r a l  s t r u c t u r e  excep t  e m b r y o n i c  neura l  tubes .  Syn-  
apses  and  g l iovascular  j u n c t i o n s  were no t iced  as the  
s igns of t h e  h ighes t  s t r u c t u r a l  o rgan iza t ion .  

T u m o r - b e a r i n g  mice  were decap i t a t ed ,  t h e i r  t u m o r s  
a n d  b r a i n s  removed ,  w a s h e d  in ice cold saline,  dr ied w i t h  
f i l ter  p a p e r  and  s tored  a t  15 ~ u n t i l  t h e  n e x t  day,  w h e n  
b iochemica l  ana lyses  were pe r fo rmed .  5 - H y d r o x y t r y p t -  
a m i n e  (5-HT) and  5 -hydroxy indo lace t i c  acid (5-HIAA) 
were e x t r a c t e d  and  spec t ro f luo romet r i ca l ly  d e t e r m i n e d  
accord ing  t o  t h e  m e t h o d  of CURZON and  GREEN 3. Nor-  
ad rena l i n  (NA) and  d o p a m i n e  (DA) were also d e t e r m i n e d  
spec t ro f luo romet r i ca l ly  us ing  a s l igh t  mod i f i ca t i on  of t he  
m e t h o d  descr ibed  b y  LAVEI~TY a n d  TAYLOR 4. Iden t i f i -  
ca t ion  of each  s u b s t a n c e  i n v e s t i g a t e d  was pe r fo rmed  by  
record ing  t h e i r  exc i t a t i on  and  f luorescence spect ra .  I n  
add i t i on  to  u n t r e a t e d  animals ,  a n  e x p e r i m e n t a l  g roup  of 

4 t u m o r - b e a r i n g  an ima l s  received 25 m g / k g  body  we igh t  
of t r a n c y l p r o m i n e  (Parna te ,  SK & F-385)  i.p. 1.5 h p r io r  
to  decap i t a t i on .  A n o t h e r  g roup  of 4 an ima l s  bea r ing  
neurogen ic  t e r a t o c a r c i n o m a s  was g iven  p robenec id  in a 
dose of 200 m g  pe r  kg b o d y  we igh t  b y  single i.p. i n j ec t ion  
1.5 h p r io r  to  decap i t a t i on .  

Results. As shown  in t h e  Table ,  t he  t u m o r s  e x a m i n e d  
c o n t a i n e d  5 -HT a n d  5 - H I A A  in a m o u n t s  c o m p a r a b l e  or 
even  h ighe r  t h a n  those  m e a s u r e d  in n o r m a l  mouse  bra ins .  
There  was, however ,  m u c h  more  v a r i a t i o n  in t he  c o n t e n t  
of these  subs t ances  in t u m o r s  t h a n  in t he  bra ins .  I t  is 
n o t a b l e  t h a t  t he  t u m o r s  did  no t  c o n t a i n  NA a n d  D A  in 
m e a s u r a b l e  a m o u n t s .  

T r e a t m e n t  of t u m o r  bea r ing  an ima l s  w i t h  t r a n c y l -  
p r o m i n e  caused  an increase  of 5 -HT in t u m o r s  for 29% 
( P  < 0.05) and  a decrease  of 5 - H I A A  for 60% ( P  < 0.01) 
in  r e l a t i on  to  con t ro l  values.  I n j e c t i o n  of p robenec id  to  
t u m o r - b e a r i n g  an ima l s  caused  no  d e t e c t a b l e  increase  in 
t h e  c o n t e n t  of 5 - H I A A  in t h e  t umor s .  

Discussion. Our  d a t a  show t h a t  neurogen ic  t e r a to -  
ca r c inomas  c o n t a i n  5 -HT a n d  5-HIAA,  desp i te  t h e i r  
s t r u c t u r a l  i m m a t u r i t y  on t he  h is to logica l  level. R e m a r k -  
able  is, however ,  t h e  absence  of N A  and  D A  in t h e  t umor s .  

I t  is k n o w n  t h a t  e m b r y o n a l  neu ra l  t i ssues  c o n t a i n  
less 5 -HT and  5 - H I A A  t h a n  t h e  a d u l t  ones  ~. The  d a t a  
o b t a i n e d  on t e r a t o c a r c i n o m a s  i nd i ca t e  that his to logical ly  
i m m a t u r e  neu ra l  t i ssues  do no t  necessar i ly  h a v e  lower 
a m o u n t s  of 5 -HT and  5 - H I A A  t h a n  n o r m a l  adu l t  b r a i n  
if t he  cells fo rming  those  t i ssues  h a v e  a t t a i n e d  full 
cytologic  m a t u r i t y .  I t  is also e v i d e n t  t h a t  t he  neura l  
t i ssues  der ived  f rom m a l i g n a n t  s t em ceils do no t  lack 
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Content of 5-HT, 5-HIAA, NA and DA in the brain and the neurogenic teratoearcinoma of mice 

5-HT 5-HIAA NA DA 

Brain 637 ~- 37 (6) 302 j :  26 (6) 264 j :  13 (4) 458 :L 42 (4) 
Tumor 1123 4- 304 (6) 276 =~ 71 (6~ 0 (4) 0 (4) 

Values are given in nanograms per gram of tissue and represent the means ~ S.E. Number of animals is given in brackets. 


