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Fig. 1. Eifet de la chloroquine sur la captation de ltC-s~rotonine. 
Chaque point repr~sente la moyenne de 2 experiences. 
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Fig. 2. Representation selon LINEWEAV~R et BURN de la captation de 
14C-s~rotonine. Chaque point repr~sente la moyenne de 2 expfirienees. 

La  ch to roqu ine  ne  modi f ie  n i l e  n o m b r e  des granules  
p l a q u e t t a i r e s  ni leur  vo lume  (Tableau  II) .  Ce r6su l t a t  
p r o u v e  auss i  que la l*C-s6rotonine lib6r6e est  d 'o r ig ine  
c y t o p l a s m i q u e  et  n o n  granulai~e.  Ainsi,  la ch lo roqu ine  a 
une  ac t ion  d i f f6rente  sur  les granules  p l a q u e t t a i r e s  e t  
l eucocyta i res  pu i squ 'e l l e  p rovoque  une  vacuo l i s a t ion  de 
ces dern ie rs  avec  f o r m a t i o n  de f igures  my61iniques 3-s. 
P a r  contre ,  dans  les p l aque t t e s ,  elle modi f ie  la m e m b r a n e  
p l a smique  en d i l a t a n t  le sys t6me des vacuoles  c o m m u n i -  
q u i n t  avec  la surface  (SCS) qui  cor respond  ~t une  invagi -  
n a t i o n  de ta m e m b r a n e  p l aque t t a i r e .  

Les mesures  de c a p t a t i o n  de s6rotonine  m e t t e n t  en 
6vidence  une  i n h i b i t i o n  de ce p h 6 n o m 6 n e  (Figure 1) 
sugg6ran t  aussi  une  a l t 6 r a t i on  de la m e m b r a n e ;  le dia-  
g r a m m e  de LINEWEAVER et  BURK m o n t r e  en  effet  que  
l ' i n h i b i t i o n  est  comp6 t i t i ve  (Figure 2). 

Ains i  l ' ensemble  de ces r6su l t a t s  d 6 m o n t r e n t  que la 
l ib6ra t ion  de s6ro tonine  observ6e est  b i en  d 'o r ig ine  cyto-  
p l a smique  et  qu 'e l le  est  la cons6quence  d ' u n e  pe rm6abi l i t6  
pass ive  pu i sque  la c a p t a t i o n  ac t ive  est  inhib6e.  Ceci est  
corrobor6 p a r  le fa i l  q u ' e n  pr6sence de s6ro tonine  i ro ide  
e x t r a p l a q u e t t a i r e  ( 2 •  .3 M)  la l ib6 ra t ion  de I~C- 
s6ro ton ine  sous Fac t ion  de la ch lo roqu ine  es t  t r~s d iminu6e  
(Tab leau  I). 

L ' i n h i b i t i o n  de la c a p t a t i o n  es t  de t y p e  comp6t i t i f  e t  
p o u r r a i t  r6su l te r  d ' u n e  i n t e r a c t i o n  de la ch lo roqu ine  avec  
les D-r6cepteurs  de la s6rotoninel~.  

Summary. On e lec t ron  microscopy,  p la te le t s  exposed  to 
ch lo roqu ine  exh ib i t  no  a b n o r m a l i t y ,  excep t  for  surface  
connec t ing  sys tem.  However ,  w h e n  p la t e l e t s  were label led  
w i t h  1~C sero tonin ,  t he re  was l i be ra t i on  of a large  a m o u n t  
of r a d i o a c t i v i t y  wh ich  is i n h i b i t e d  w h e n  t he  ex t race l lu la r  
c o n c e n t r a t i o n  of s e ro ton in  is increased.  I t  appea r s  t h a t  
ch lo roqu ine  is a c o m p e t i t i v e  i n h i b i t o r  of s e ro ton in  u p t a k e  
by .p la te le t s .  
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Cell-Mediated Immuni ty  Associated with Long Term Transplantation Resistance to a 
Syngeneic  Tumour  of Spontaneous Origin. Detection by Two in vitro Tests 

T r a n s p l a n t a t i o n  res i s t ance  to  syngene ic  t u m o u r  celts 
has  been  s h o w n  to  be  a c c o m p a n i e d  b y  ce i l -media ted  
i m m u n i t y  d e t e c t a b l e  b y  in v i t r o  t es t s  1-~. I t  h a s  been  
shown  p rev ious ly  t h a t  a t r a n s p l a n t e d  i m m u n o g l o b u l i n -  
secre t ing  s a r coma  of s p o n t a n e o u s  or ig in  (ISIS130) 
regressed in syngene ic  r a t s  a f t e r  a single dose of cyclo- 
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Table I. Percent migra*:ion of spleen cells in the presence of turnout ceils 
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Tumour cell Control rats Resistant rats 

Spleen cell 
ratio 

Significance ~ 
(p) 

1:20 80.67 b 89.27 85.2 8.8 2.6 44.3 0.069 
84.84 54.57 189.6 42.9 
98.56 98.20 65.16 91.2 46.53 146.04 44.81 
76.33 49.19 45.41 31.70 48.73 59.38 

100.28 95.45 37.76 112.92 90.64 142.19 

mean = 81.13 mean = 70.59 

1:30 85.50 60.72 56.9 72.3 28.7 79.0 0.24 
41.17 44.98 128.4 11.9 
93.89 66.20 78.44 100.7 43.37 106.43 79.11 
86.90 35.94 53.66 39.89 72.87 51.87 
79.22 81.06 85.61 112.94 90.78 131.27 

mean = 68.54 mean -- 74.76 

1:70 134.11 134.99 60.0 96.1 8.3 24.4 0.0023 
100.19 163.04 151.5 90.2 

89.97 116.35 60.65 106.39 40.7 N.T. 67.8 
189.56 171.88 82.06 40.94 90.32 64.70 
95.66 105.82 68.52 94.55 89.74 126.63 

mean ~ 123.83 mean = 76.63 

Overall mean 91.17 73.95 0.029 

Significance was assessed by Mann-Whitney U-test to give the probabili ty that  resistant rats are not different from control rats. ~Each 
line represents 1 experiment within 1 tumour cell/spleen cells ratio. Corresponding lines with other ratios are derived from the same 
experiments. N.T., not tested. 

Table If. Percent inhibition of migration iI1 rats resistant to ISIS~a 0 

Experiment Rats Talmour cell/spleen cell ratio Average 

1:20 1:30 1:70 

1 1 0 22.1 55.4 25.82 
2 89.6 1.1 28.6 39.78 
3 96.9 60.7 93.8 83.80 
4 48.0 --  8.1 81.8 40.58 

2 1 --172.0 --196.0 --15.1 --127.73 
2 38.4 72.6 31.5 47.49 

3 1 --  4.4 --  26.6 --19.5 -- 16.85 
2 46.7 40.4 54.2 47.13 
3 -- 67.2 -- 33.8 N.T. -- 50.53 
4 48.7 0.6 23.8 24.32 

4 1 27.6 12.6 54.6 31.62 
2 49.5 35.0 76.9 53.80 
3 22.3 -- ~8.7 50.0 17.90 
4 5.4 15.5 64.2 28.36 

5 1 61.4 - -  6.8 3 1 . 9  28.85 
2 7.4 -- 13.3 10.9 1.69 
3 --  15.4 -- 40.9 6.2 -- 16.70 
4 -- 45.3 -- 6 3 . 8  --25.7 --  44.92 

N.T., not tested. 
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p h o s p h a m i d e .  T h e  t r e a t e d  r a t s  s u b s e q u e n t l y  d e v e l o p p e d  a 
l o n g - l a s t i n g  spec i f i c  r e s i s t a n c e  t o  a c h a l l e n g e  w i t h  t h e  
s a m e  t u m o u r  ce l l s  5. I t  is  a n t i c i p a t e d  t h a t  c e l l - m e d i a t e d  
i m m u n e  m e c h a n i s m s  a r e  i n v o l v e d  in  t h i s  r e s i s t a n c e .  I n  
t h e  p r e s e n t  e x p e r i m e n t s ,  t w o  t e s t s  w e r e  u s e d  t o  d e m o n -  
s t r a t e  c e l l - m e d i a t e d  i m m u n i t y  in  v i t r o  i n  r a t s  w h i c h  

d i s p l a y  l o n g - t e r m  r e s i s t a n c e  t o  ISIS130, a n d  to  a s se s s  
f u r t h e r  t h e  a n t i g e n i c i t y  of  t h i s  t u m o r  of s p o n t a n e o u s  
o r ig in .  

M a t e r i a l s  a~d  methods .  L O U / C  r a t s  w e r e  m a d e  r e s i s t a n t  

t o  ISIS130 a n d  c h a l l e n g e d  as  p r e v i o u s l y  d e s c r i b e d  s. 
7 t o  13 m o n t h s  a f t e r  t h e  f i r s t  g r a f t ,  a l a s t  c h a l l e n g e  of 

106 I S I S l a  0 ce l l s  w a s  g i v e n ,  2 - 4  d a y s  b e f o r e  e a c h  in  v i t r o  
t e s t .  IS IS ,30  g r o w n  in  a s c i t e s  f o r m  w e r e  u s e d  as  t a r g e t  
cel ls .  E f f e c t o r  ce l l s  w e r e  o b t a i n e d  b y  d i s s o c i a t i o n  of  s p l e e n  
cei ls .  D i r e c t  M I F  t e s t s  w e r e  p e r f o r m e d  a c c o r d i n g  to  
LESPINATS a n d  POUPON 6. T h e  p e r c e n t  m i g r a t i o n  7 a n d  t h e  
p e r c e n t  i n h i b i t i o n  of m i g r a t i o n  for  r e s i s t a n t  r a t s  s w e r e  
c a l c u l a t e d  as  d e s c r i b e d .  C y t o t o x i c i t y  t e s t s  w e r e  p e r f o r m e d  
as  d e s c r i b e d  b y  BRUNNER e t  al .  9. H o w e v e r  t h e  ce l l s  w e r e  
i n c u b a t e d  2 0 - 2 4  h. I n  e a c h  t e s t ,  2 or  3 c o n t r o l  r a t s  of t h e  
s a m e  age  w e r e  p r o c e s s e d  a l o n g  w i t h  t h e  r e s i s t a n t  r a t s .  

Resul t s .  As  s e e n  in  T a b l e  I ,  m i g r a t i o n  w a s  r e d u c e d  in  t h e  
p r e s e n c e  of I S I S I ~  0 ce l l s  b o t h  to r  n o r m a l  s p l e e n  ce i l s  a n d  

for  s p l e e n  ce l l s  f r o m  r e s i s t a n t  r a t s  a t  t u m o u r  ce l l  t o  
s p l e e n  ce l l  r a t i o s  of 1 : 2 0  a n d  1 : 3 0  b u t  o n l y  w i t h  t h e  
l a t t e r  ce l l s  a t  t h e  r a t i o  of 1 :70 .  T h e  o v e r a l l  d i f f e r e n c e  
b e t w e e n  p e r c e n t  m i g r a t i o n  of c o n t r o l  a n d  r e s i s t a n t  r a t  
s p l e e n  ce l l s  is  s i g n i f i c a n t  (p 0.029) b u t  m o r e  so a t  t h e  
r a t i o  1 : 70 (p 0.0023).  T h e  p e r c e n t  i n h i b i t i o n s  of m i g r a t i o n  
( T a b l e  I I )  w e r e  p o s i t i v e  for  13/18 r a t s ,  m o s t  of t h e m  in  
t h e  r a n g e  of 25 to  55. M o s t  a n i m a l s  h a d  e i t h e r  p o s i t i v e  or  
n e g a t i v e  v a l u e s  a t  a l l  3 r a t i o s  of t u r n o u t  t o  s p l e e n  cel ls .  
C h r o m i u m - r e l e a s e  t e s t s  for  c y t o t o x i c i t y  of s p l e e n  ce l l s  
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Table n I .  Results of cytotoxieity test in rats resistant to ISISI~ 0 

EXPERIENTIA 31/2 

Experiment Spleen ceil Rat cpm -t- S.E.- C.I. (%)~ P (2 c~) c 

Tumour cell 
ratio 

1 300:1 1 1174-4-23 15.76 <0.001 
2 11694-18 15.31 <0.001 

2 300:1 1 32284-36 7.67 <0.02 

2 32084-37 8.73 <0.025 

3 300:1 1 1108158 --0.3 N.S. 

4 300:1 1 14144-44 --10.8 <0.025 
2 15774-29 -- 0.9 N.S. 

5 50:1 i 6964-20 5.0 N.T. 

6 300:1 1 29734-63 68.9 <0.001 
2 25924-49 35.5 <0.001 
3 23854-34 17.4 <0.001 

7 150:1 1 1120::I213 24.7 <0.001 
2 11044-15 22.1 <0.001 

8 300:1 1 27404-76 0.67 N.S. 

2 30954-63 18.8 <0.001 
3 30544-64 16.7 <0.001 
4 27554-39 1.4 N.S. 

, Standard error of the mean. b Cytotoxicity index, o The significance of the difference from the control rats was determined by Student's 
t-test. N.S., non significant. 

d e m o n s t r a t e d  s ignif icant  cy to tox ic i ty  in 11/17 res i s t an t  
rats.  Again indiv idual  differences were observed among  
indiv idual  rats,  a l though the  in te rna l  var ia t ions  wi th in  
each ra t  were snlall (SE: 2 -5% of the  mean).  

Disc~4ssion. Our resul ts  show t h a t  the  pers i s tance  of 
t r an sp l an t a t i on  res is tance is accompanied  by  a de- 
mons t rab le  cel l -mediated i m m u n i t y  in the  ma jo r i t y  of the  
rats.  This i m m u n i t y  was de tec ted  in v i t ro  as late  as 71/2 to 
13 mon ths  af ter  t he  p r ima ry  sensi t izat ion.  Migrat ion 
inh ib i t ion  tes t s  showed tha t ,  in the  ma jo r i t y  of res i s t an t  
animals,  spleen cells p roduced  a s t ronger  inhib i t ion  of 
migra t ion  in t he  presence  of t u m o u r  cells t h a n  did contro l  
spleen cells. Cyto tox ic i ty  tes t s  gave resul ts  along the  same 
lines. The ma jo r i t y  of the  res i s t an t  ra t s  had  a s ignif icant  
cy to tox ic i ty  index compared  to  control  ra t s  whereas  a 
few ra ts  a l though  res i s tan t  to  t umour  challenges did no t  
show in v i t ro  cy to tox ic i ty  oi the i r  spleen cells. 

The d i sc repancy  be tween  the  2 in v i t ro  tes t s  and  
t r a n s p l a n t a t i o n  expe r imen t s  leads to  several  considera-  
t ions. First ,  tile in vi t ro  tes ts  used m a y  be tess sensi t ive to  
de tec t  t u m o u r  i m m u n i t y  t h a n  the  t r a n s p l a n t a t i o n  experi-  
ments ,  possibly because i m m u n e  cells m a y  no t  be 
favourab ly  concen t ra t ed  in t he  spleen. Second, spleen cells 
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m a y  provide  inh ib i to ry  ac t iv i ty  tor the  r eac t iv i ty  of the  
specifically sensi t ized ceils poss ib ly  t h r o u g h  blocking 
factors  1~ Third,  in vivo and  in v i t ro  expe r imen t s  m a y  
de tec t  d i f ferent  ant igens  or d i f fe rent  sets of ant igens.  At  
present ,  no conclusion can be d rawn  here. 

In  mos t  migra t ion  inh ib i t ion  tes t s  it  was observed t h a t  
the  t u m o u r  cells p roduced  an effect  on the  migra t ion  of 
cont ro l  spleen cells and  t h a t  th is  effect  was dose-dependent .  
This  could represen t  toxic  p h e n o m e n a  or a lower re- 
ac t iv i ty  of cont ro l  spleen cells of an i m m u n e  nature .  

In  conclusion, it  has  been shown t h a t  t r a n s p l a n t a t i o n  
res is tance  to  a Syllgeneic t u m o u r  of spon taneous  origin is 
accompanied  by  ce l l -media ted  i m m u n i t y  to  the  t u m o u r  
cells de tec tab le  by  two in v i t ro  tes t s  several  m o n t h s  
af ter  t he  p r i m a r y  immuniza t ion .  These resul ts  fu r the r  
subs t an t i a t e  the  presence  of t u m o u r  associa ted ant igens  
in these  t u m o u r  cells. 

Rdsumd. Deux tes t s  in v i t ro  on t  permis  de d6tecter  une 
immuni t6  cellulaire an t i tumora le  chez des ra t s  r6s is tant  
5. 1~ t r a n s p l a n t a t i o n  d ' u n  sarcome d 'or ig ine  spontan6e  
(I SI $120). Ces r6sul ta ts  sont  une ind ica t ion  suppl~menta i re  
de la pr6sence d 'an t ig~nes  associ6s aux tumeurs  sur ces 
cellules. 
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