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phages  9. I t  is r e l a t ed  to t he  s m o o t h  muscle  a n t i b o d y  
w h i c h  appea r s  in  m a l i g n a n t  disease ~0. T he  i m m u n o s u p -  
press ive  g lobul in  p roduced  b y  t u m o u r  is a b s o r b e d  v ia  
t i le t u m o u r  capi l lar ies  in to  t h e  t u m o u r  vascu la tu re .  I t  
b inds  to  t h e  s m o o t h  muscle  f ibres  in  i t s  p a t h ,  i.e. to  t he  
muscle  f ibres  of t he  pos t -cap i l l a ry  venules .  T h u s  t u m o u r  
vessels, or g ra f t  vessels t h a t  h a v e  fo rmed  anas tomoses  
w i t h  t u m o u r  vascu l a tu re ,  b e c o m e  coa t ed  w i t h  'mac ro -  
phage  repe l len t '  globulin.  T he  presence  of t h i s  pep t i de  in 
the  vessel  wal l  ef fect ively  b locks  diapedesis .  

I n  t he  case of widespread  t u m o u r ,  t he re  are  large 
a m o u n t s  of a l p h a  globul in  in  t he  c i rcu la t ion  ~. These  
b i n d  to  vessel  walls  o the r  t h a n  t u m o u r  walls.  Se rum 
globul ins  also coa t  c i rcu la t ing  m o n o c y t e s  and  a b r o g a t e  
t he i r  c y t o t o x i c i t y  ~. 

H e n c e  t he  non-specif ic  general ized a n e r g y  i n  p a t i e n t s  
w i t h  a d v a n c e d  cancer  ~3. H e n c e  also t h e  reversa l  of such  
a n e r g y  a f te r  e x t i r p a t i o n  of t u m o u r  ~4, a f te r  w as h ing  of 
leucocytes  ~ or a f te r  infus ion  of s t r ep tok inase  ~6 - a n  en- 
zyme  wh ich  specif ical ly c leaves  a l p h a  g lobul in  17. 

R e - i m p l a n t a t i o n  of a n  i . t .  o v a r y  in to  a n o n - m a l i g n a n t  
e n v i r o n m e n t  res tores  i ts  v u l n e r a b i l i t y  to  i m m u n e  a t t a c k  
as t h e  a l p h a  globul in  r equ i red  to  coa t  t he  vessel  wal l  is 
no  longer  avai lable .  This  concep t  suggests  a new a p p r o a c h  
to  p rob i ems  of o rgan  t r a n s p l a n t a t i o n  or cance r  i m m u n o -  
t h e r a p y .  

Organ  t r a n s p l a n t a t i o n :  Pe r fus ion  of t h e  donor  o rgan  
w i t h  i m m u n o s u p p r e s s i v e  mac rog lobu l in  before  a n d  a f te r  
g ra f t ing  i s  

Cancer  i m m u n o t h e r a p y :  R e m o v a l  of a lphag lobu l in  
f rom t h e  vessel  wal l  a n d  f rom the  b lood  s t r e a m  b y  the  
fol lowing m e a n s :  a) E r a d i c a t i o n  of t h e  source of macro-  
globul in ,  fie. e x t i r p a t i o n  of accessible t u m o u r l l ;  b) Pre-  
v e n t i o n  of n e o f o r m a t i o n  of th i s  pep t i de  b y  specific in- 
h ib i to r s  19 and  c) Diges t ion  of g lobul ins  a l r eady  fo rmed  16. 

I t  is p e r h a p s  on ly  t h e n  t h a t  c o n v e n t i o n a l  i m m u n o -  
t h e r a p y  can  b e c o m e  ful ly effective.  
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Ultrastructural  s tudy of vanadocytes  in Asc id ia  ma laca  1 
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Summary. The  u l t r a s t r u c t u r a l  aspects  of v a n a d o c y t e s ,  found  in t h e  c i rcu la t ing  b lood  of Ascidia  malaca ,  were s tud ied  
in fo rmal ine- f ixed  mater ia l .  Tile . results  ind ica te  t h a t  t he  d iverse  morpho log ica l  aspec ts  of ' v a n a d o p h o r e s '  r epor t ed  
here,  are p r o b a b l y  concerned  w i t h  d i f fe ren t  me tabo l i c  s tages  of v a n a d i n e .  

Il l  t h e  b lood  of tun ica tes ,  v a n a d i u m  is found  in ce r t a in  
p a r t i c u l a r l y  acidic cells, cal led v a n a d o c y t e s  ~. F ine  s t ruc-  
t u r a l  s t u d y  of such  cells in  Ciona in tes t ina l i s  revea led  t he  
presence  of c e r t a i n  cy top l a smic  areas  w i t h  special  elec- 
t r o n  a b s o r b a n c e  f acu l ty  a. Th i s  t y p e  of abso rbance ,  ob-  
s e r v e d  also in Pha l lu s i a  m a m m i l l a t a ,  is f ound  in b o t h  
osmium-f ixed  a n d  fo rmal in - f ixed  m a t e r i a l L  On t he  basis  
of such  obse rva t ions ,  i t  was  sugges ted  t h a t  t h i s  pa r t i c -  
u l a r  t y p e  of e lec t ron  a b s o r b a n c e  in, some cy top la smic  
areas  is due  to  t h e  a c c u m u l a t i o n  of v a n a d i u m .  These  
a reas  h a v e  b e e n  t e r m e d  ' V a n a d o p h o r e s ' .  I n  t he  p r e s e n t  
work  Ascidia  m a l a c a  v a n a d o c y t e s  were  sub j ec t ed  to  a n  
u l t r a s t r u c t u r a l  s t u d y  to o b t a i n  a b e t t e r  u n d e r s t a n d i n g  of 
c e r t a i n  m o r p h o f u n c t i o n a l  aspec ts  of t h e  ' v a n a d i u m -  
fil led'  cy top l a smic  areas.  
The  b lood  of Ascid ia  malaca ,  col lected t h r o u g h  a punc -  
t u r e  in  t he  hea r t ,  was  cen t r i fuged  a t  800 • g for 10 mill. 
The  sed imen t ,  c o n t a i n i n g  cells, was  f ixed in 10% n e u t r a l  
fo rmal ine  p r e p a r e d  in f i l tered sea  wate r .  Th i s  t y p e  of 
f i xa t ion  was  p re fe r red  to  t h a t  in  OsO 4, s i n c e ; t h i s  is 
r educed  in t h e  cells c o n t a i n i n g  h e m o v a n a d i n e  ( t r i va l en t  
v a n a d i u m )  r ende r ing  t he  v a n a d 0 p h o r e s  h igh ly  e lec t ron-  
dense.  Osmium-f ixed  m a t e r i a l  is, f u r t he r m or e ,  n o t  sui t -  
able,  because  OsO,  increases  t h e  cons i s t ency  of v a n a -  

dophores  a n d  t h u s  h inde r s  in t he  p e n e t r a t i o n  of resin. 
T h e  b lood cell pellets ,  o b t a i n e d  as a b o v e  a n d  f ixed in 
n e u t r a l  formal ine ,  were d e h y d r a t e d  a n d  inc luded  ill E p o n  
accord ing  to t h e  m e t h o d  of L u f t  ~. Sect ions,  o b t a i n e d  on 
L. K.  B. U l t r o t o m e  I I I ,  were  s t a ined  w i t h  lead c i t r a t e  a n d  
u ran i l  ace t a t e  a n d  t h e n  s tud ied  a t  t h e  e lec t ron  microscope 
Ph i l ips  E M  200. 
The  v a n a d o c y t e s  of Ascid ia  m a l a c a  (4-6 ~m in d iameter ) ,  
s t a i ned  as above ,  c o n t a i n  h igh ly  e lec t ron  dense  cyto-  
p la smic  inc lus ions  of 1.5 ~m, a r o u n d  t he  nuc leus  (fig- 
ure  1). S imi la r  e lec t ron  dense  cy top l a smic  areas  can  be 
obse rved  also in u n s t a i n e d  sections,  a l t h o u g h  less in tense  
t h a n  those  of s t a i ned  p r e p a r a t i o n s  (figure 2). On t h e  basis  
of these  o b s e r v a t i o n s  t h e  e lec t ron-dense  cy top la smic  
areas  in t he  b lood  cells of Ascidia  m a l a c a  can  be  con- 
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I:ig. 1. Vanadocytes front the blood of Ascidia malaca, l)ouble staining. In some the 'vanadophores' are homogenefmsly ele(tron-dense, while 
others show a granulo-filamentous organization. • 12,000. 

sidered homologous  to the  ' vanadophores '  r epor ted  in 
Ciona intest inal is  and Phal lus ia  mammil la ta .  The vana-  
dophores  of each vanadocy t e  show a diverse u l t ras t ruc-  
tura l  organizat ion.  The vanadophores  p reva len t ly  mani -  
fest  a granular  f i lamentous  componen t ,  which  in a vana-  
dophore  m a y  be highly  concen t ra t ed  (and thus  not  easily 
resolved), in ano the r  scarce, and still in ano the r  m a y  
d i sappear  to ta l ly  f rom the  mat r ix .  Somet imes  this  t ype  
of variable organizat ion can be observed in a single vana-  
dophore  (figure 1) in which light, g ranula r - f i l amentous  
areas are encircled by  more  compac t  and highly  e lectron 
dense areas. These var iable  u l t r a s t ruc tu ra l  appearences  
m a y  p robab ly  represen t  d i f ferent  metabol ic  stages of 
vanadium.  

I t  is known t h a t  p e n t a v a l e n t  vanad ium,  p resen t  in sea 
water ,  is cap tu red  t h ro u g h  the  branchia l  ep i the l ium and 
ass imilated in par t icu lar  blood cells ( c o m p a r t m e n t  cell). 
Here  it is reduced in to  t r iva len t  f rom which  on b inding  
wi th  a g lycoprote in  forms the  h ighly  e lec t ron-dense  
h e m o v a n a d i n e  6. In  Phal lus ia  mammi l la ta ,  the  vana-  
docytes  which migra te  in t he  test ,  where  t hey  release 
v a n a d i u m  wi th  cellulose format ion,  show a reduc t ion  of 
e lec t ron-dense  cy top lasmic  vacuol izat ing and appearence  
of f i lamentous  s t ruc tures .  
Similar morphological  character is t ics  a t  the  u l t ras t ruc-  
tura l  level were observed  in the  v a n a d o c y t e s  found also 
in the  circulat ing blood of Ascidia. The p resen t  observa-  
t ion led us to consider  t h a t  the  u l t r a s t ruc tu ra l  var ia t ions  
in the  vanadophores  of circulat ing v a n a d o c y t e s  of Ascidia 
malaca,  p ro b ab l y  express  d i f ferent  metabol ic  s tages 
(probably  bound  to catabol ic  stages) of vanadine ,  as ob- 
served analogously in the  t e s t  in Phal lus ia  mammi l la ta .  

Fig. 2. Fine structure of vanadocytes from the blood of Ascidia 
malaca without staining. Note that the 'vanadophores' are electron- 
dense. • 12,000. 6 M. Kalk, Q. J. microsc. Sci. 104, 483 (1963). 


