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Presence of endothelial granules in the aorta of vertebrates 
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Class No. of No. of species in 
species studied which the granules are 

absent and percentage 

Estimation of granules 
frequency in cytoplasm 

Authors 

Birds 4 3 (75%) low 

Mammals 10 1 (10%) low 

Reptiles, Amphibians, Fishes 11 0 (0%) high 

SANTOLAYA and BERTINI 9 

WEIBEL and PALADE6; 
LEMEUNIER, BURRI and WEIBEL I0 
SANTOLAYA and BERTINI 9 

SANTOLAYA and BERTINIg~ 
STEINSIEPE and WEIBEL s 

The data were prepared by pooling the results of present and previous observations made by  us and other authors 

The  b a t s  (Myotis chiloensis) were c a p t u r e d  in  t he  p r o x i m i t y  
of t h e  ci ty.  

The  species s tud ied  present ,  inspi re  of t he i r  pecul ia r  
e v o l u t i o n a r y  charac ter i s t ics ,  a p ic tu re  s imi la r  to  t h a t  
found  b y  us or o the r  a u t h o r s  in  m o s t  species of t he  same  
class, as regards  t h e  presence  a n d  f r equency  of endo-  
the l i a l  granules ,  I n  f ac t  these  bodies  are  a b s e n t  in  pengu in ,  
a n d  t h e y  are  found  in a low n u m b e r  in  b a t  and  seat. The  
endo the l i a l  granules  are a b s e n t  as well  in b i rds  o the r  
t h a n  penguin ,  such  as ch ick  (Gallus domesticus) a n d  p igeon 
(Columba livia). These  3 b i rds  differ  widely  w i t h  respec t  
to  e n v i r o n m e n t ,  f l igh t  a n d  feeding h a b i t s ;  one of t h e m  
u n d e r w e n t  cross b reed ing  a n d  select ion b y  man .  Never -  
theless,  t hese  species h a v e  in c o m m o n  t h e  lack of such  
granules .  The  resul t s  of our  fo rmer  a n d  p r e s en t  observa-  
t ions  on  endo the l i a l  g ranules  ( a b d o m i n a l  aor ta )  t oge the r  
w i t h  those  of o the r  au thors ,  are shown  in t h e  Table .  I t  
appea r s  t h a t  none  of t he  11 cold-blooded species gave  a 
p i c tu re  s imi la r  to  t h a t  found  i n  b i rds  or m a m m a l s .  On ly  
one of t he  10 m a m m a l s  s tud ied  did  n o t  p re sen t  endo-  
the l i a l  granules .  These  s t r u c t u r e s  were a b s e n t  in  3 of t h e  4 
b i rds  s tudied.  

Cer ta in ly  more  species m u s t  be  i n v e s t i g a t e d  to r each  
a re l iable  conclus ion;  how eve r  i t  seems a t  p r e s en t  t h a t  
endo the l i a l  g ranules  t e n d  to  d i s appea r  in birds,  t h e i r  fre- 
quency  is m u c h  lower in m a m m a l s  t h a n  in  rept i les ,  
a m p h i b i a n s  a n d  fish. I t  is the re fore  t e m p t i n g  to  consider  
t h e  granules  as a f i ne - s t ruc tu ra l  a spec t  of evo lu t ion  in 
ve r t eb ra t e s .  Anyway ,  t he  d a t a  of t h e  Tab le  s t rong ly  

sugges t  t h a t  i m p o r t a n t  changes  h a p p e n e d  in endo the l i a l  
ceils t h r o u g h  t h e  e v o l u t i o n a r y  s teps  t h a t  p roduced  w a r m -  
b looded  an ima l s  1~ n 

Resumen. Se descr ibe  la u l t r a e s t r u c t u r a  de c61ulas 
endote l ia les  de a o r t a  a b d o m i n a l  de murci61ago, foca y 
p ingu ino  y se d i scu ten  los r e su l t ados  en  func idn  de es tud ios  
p receden te s  nues t ros  y de o t ros  au to res  sobre  esas c61ulas 
en d i fe ren tes  especies. L a  presencia ,  o ausencia ,  y fre- 
quenc ia  de los grAnulos c i toplasmAticos  en las c61ulas 
endote l ia les  en las especies e s tud i adas  pa recer fa  la 
express idn  de un  proceso evo lu t ivo  a n i v e l  de clases. 
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Release of a Cytotoxic  Factor by Murine Spleen Cells in the Presence  of a T u m o u r  Allograft  

The  i m m u n e  response  is a complex  p h e n o m e n o n  in- 
vo lv ing  cel lular  d i f f e ren t i a t ion  which  resul t s  in  a serolog- 
ical i m m u n i t y  and  in a ce l l -media ted  i m m u n i t y  which  
p l ay  a p a r t  in  n u m e r o u s  defence m e c h a n i s m s  of the  
o rgan i sm and,  in  pa r t i cu la r ,  in g ra f t  re jec t ion .  

D u r i n g  t he  pa s t  few years  m a n y  repor t s  h a v e  i nd i ca t ed  
the  i m p o r t a n c e  of soluble  media tors ,  especial ly  l y m p h o -  
toxins ,  in  cel l -based i m m u n i t y .  These  l y m p h o t o x i n s  are 
l i be r a t ed  b y  t h e  secondary  s t i m u l a t i o n  in  v i t ro  of lym-  
pho id  cells sensi t ized aga ins t  molecu la r  an t igens  such  as 
t u b e r c u l i n  or ]3.G.G. 1-~ or aga ins t  cel lular  an t igens  6. 

Us ing  double  c o m p a r t m e n t e d  di f fus ion c h a m b e r s  we 
h a v e  d e m o n s t r a t e d  t h a t  t h e  spleen cells of mice  which  
h a v e  re j ec ted  a t u m o u r - a l l o g r a f t  re lease a large a m o u n t  
of a soluble  fac tor  w h e n  re-exposed  to  t he  ant igen .  This  
soluble fac to r  is cy to tox ic  ~ and  non-specif ic .  

On t he  o the r  hand ,  i t  is k n o w n  t h a t  a t u m o u r  a l lograf t  
m a y  be  accep ted  e i the r  t e m p o r a r i l y  or p e r m a n e n t l y .  I n  

th i s  s i t ua t i on  i t  is r e l e v a n t  to  ask w h e t h e r  p r o d u c t i o n  of 
t he  cy to tox ic  fac to r  is con t inued ,  reduced  or comple t e ly  
suppressed.  I n  o rder  to  s t u d y  t h i s  p r o b l e m  we h a v e  used 
a specific t u m o u r  f rom one s t r a i n  of mice  which,  w h e n  
gra f ted  in to  a d i f fe ren t  s t ra in ,  t akes  successful ly  in  a 
ce r t a in  n u m b e r  of cases. 

Material and Method. The  t u m o u r  concerned  is a rhab -  
d o m y o s a r c o m a  induced  in C3H mice b y  m e t h y l c h o l a n -  
t h r e n e  and  used b e t w e e n  t h e  63rd a n d  72nd gene ra t i on  
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Spleen cells of animals sensitized to a turnout allograft 
Compartment A �9 Allograft rejected AlIograft accepted 

Without antigen With antigen Cytotoxic index o "Without antigen With antigen Cytotoxic index 
(%) (%) 

Experiment 1 4.8 -t- 0.87 b 0.33 • 0.05 92.2 4.26 4- 0.98 1.89 ~ 0.75 55.63 
Experiment 2 4.26 4- 0.88 1.14 4- 0.31 73.23 4.92 -~ 0.06 4.71 • 1.13 4.26 
Experiment 3 Target cells 2.42 4- 0.33 0.25 4- 0.05 89.6 2.93 4- 0.36 1.57 4- 0.59 29.5 
Experiment 4 2.62 • 0.96 0.55:6 0.08 79.0 4.22 ~ 0.68 2.9 4- 0.73 31.2 
Experiment 5 Compartment B 3.68 • 0.31 0.74 • 0.29 79.8 2.26 ~ 0.36 1.32 -b 0.56 41.5 
Experiment 6 1.61 nh 0.41 0.30 nL 0.03 81.36 1.93 4- 0.26 1.59 4- 0.37 17.61 

*The experiments were carried out in diffusion chambers with 2 compartments A and B. beach figure represents the average of the number 
of target cells X 10~/ml found in 5 diffusion chambers • standard error. ~ Cytotoxic index represents the % of target cells killed when the spleen 
cells are brought together again with the antigen. 

oi graft ing.  Mice of the  Swiss/B s t ra in  received a f r agmen t  
measur ing  i m m  3 of th is  t u m o u r  which  took  successfully 
in abou t  a qua r t e r  of t he  animals .  

For  each e x p e r i m e n t  we have  compared  the  a m o u n t  of 
cy to tox ic  factor  released by  the  spleen cells of mice which  
received graf ts  on the  same day  and  which  e i ther  re jec ted  
or accep ted  the  allograft .  I n  the  la t t e r  case t h e  t u m o u r  
carr ied by  the  mouse  had  a d iamete r  be tween  2 and  4 cm. 

The e x p e r i m e n t  was carried out  in double  compar t -  
m e n t e d  diffusion chambers ,  the  c o m p a r t m e n t s  A and  B 
being identical ,  based on the  chamber s  descr ibed by  
ALGIRt~ s, and formed by  joining toge the r  2 s imple  diffusion 
chambers ,  the  cent ra l  m e m b r a n e  being c o m m o n  to  both .  
The m e m b r a n e s  were Millipore fi l ters of 0.1 vm poros i ty  
and  impermeab le  to  cellular pene t ra t ion .  

In to  c o m p a r t m e n t  A was  in t roduced  0.2 ml  of a 
suspension of spleen ceils f rom mice which  had  e i ther  
accep ted  or re jec ted  the  tumour ,  in a concen t ra t ion  of 
100 • 10 6 nuc lea ted  cells/ml. In  some cases these  cells had  
been re -exposed  to  t he  ant igen in t he  form of viable  
t u m o u r  cells in a concen t ra t ion  of 2 • 106 cells/ml, and  in 
o the r  cases n o t .  Targe t  cells, t aken  f rom a chemical ly-  
induced t u m o u r  in. mice  of the  Swiss/B strain,  were 
in t roduced  in to  c o m p a r t m e n t  B in a concen t ra t ion  of 
2 • 106 cells/ml. 

W h e n  filled and  sealed, t he  chambers  were imp lan t ed  
under  the  skin of the  back  of the  mouse.  5 days  la ter  t h e y  
were r em oved  and the  t a rge t  cells coun ted  af ter  the  
occasional  aggregate  had  been  broken  up wi th  the  aid of a 
syringe.  Fo r  each m e a s u r e m e n t  t he  m e a n  was t aken  of 
t he  n u m b e r  of t a rge t  cells ill 5 diffusion chambers  4- the  
s t anda rd  error. 

The cy to tox ic  index  represen ts  the  percen tage  of t a rge t  
cells killed when  the  spleen cells had  been re -exposed  to 
the  ant igen.  

Results and discussion. The resul ts  are shown in t he  
Table.  I t  can be seen t h a t  in those  mice which  had  
re jec ted  the  t u m o u r  al lograf t  there  was a h igh a m o u n t  of 
cy to tox ic  fac tor  released by  the  spleen ceils which  had  
been  re -exposed  to  t he  ant igen.  In  the  mice which  had  
accepted  the  allograft ,  t he  spleen cells re -exposed to t he  
an t igen  also released a cy to tox ic  factor  b u t  the  level was 
much  lower. The results  show t h a t  there  is a re la t ionsh ip  
be tween  the  a m o u n t  of cy to tox ic  fac tor  released and  the  
accep tance  or re jec t ion  by  the  mouse  of the  allogeneic 
t umour  graft .  

Several  hypo theses  m a y  be advanced  to  expla in  these  
f indings.  The m a i n t e n a n c e  of the  allogeneic tu rnout  graf t  
cor responds  to  a depress ion  of t he  immunologica l  defence 
mechanisms .  W h e n  re -exposed  to t he  ant igen,  the  spIeen 
cells of the  an imal  par t i a l ly  depr ived  of i m m u n i t y  release 

less cy to tox ic  f a c t o r  t h a n  those  of the  an imal  which  
re jec ted  the  tumour .  This  immunologica l  depress ion could 
be expla ined  by  the  d i sappearance  of cer ta in  clones of 
immunologica l ly  c o m p e t e n t  cells capable  of reac t ing  to 
the  ant igens  carried by  the  al logeneic t u m o u r  cells. 

A fu r the r  exp lana t ion  m i g h t  be t h a t  the  an imal  has in 
i ts  se rum e i ther  facititas an t ibodies  or b locking factors,  
s u c h  a s  H E L L S T R O M  9,10 h a s  d e m o n s t r a t e d  under  cer ta in  
condi t ions .  These factors,  by  becoming  a t t a ch ed  to  the  
l y mp h o i d  cells, m igh t  d imin ish  the i r  abi l i ty  to  react  to  
the  ant igen.  

I f  t he  exis tence of a par t ia l  depress ion of i m m u n i t y  in 
an an imal  bear ing the  t u m o u r  is accepted,  it  is pe r t i nen t  
to  ask w h e t h e r  th is  depress ion is specific for t he  ant igens  
carr ied by  the  t u m o u r  al lograft  or whe the r  it  is opera t ive  
in the  response  to  all ant igens.  F u r t h e r  expe r imen t s  
would be necessary  to answer  th is  quest ion.  

I t  m u s t  also be po in ted  out  t h a t  our results  would 
expla in  the  p h e n o m e n o n  of c o n c o m i t a n t  i m m u n i t y  
observed by  GERSHON n who showed in vivo t h a t  an 
an imal  w i th  an allogeneic l y m p h o m a  m a y  re ject  a second 
graf t  of the  same lymphoma .  The presence  of a cy to tox ic  
factor  in vivo would expla in  t he  re ject ion of the  second 
t u m o u r  graft .  

Rdsumd. Des cellules spl6niques de souris, a y a n t  accept6 
une allogreffe tumora le ,  l ib6rent,  lorsqu'el les  sont  remises 
en pr6sence des cellules tumora les  dans  des chambres  g 
diffusion, un fac teur  cy to tox ique  soluble mats  & un t aux  
bien moindre  que lorsque la souris a re je t t6  l 'a l logreffe 
tumora le .  
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