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Ultrastructure of Lymphocyte-Mediated Cytotoxicity. II.~,Interaction Between tHuman 
Lymphocytes and 'A-ntib6dy-Coated Chicken Erythrocytes ~ - ~  

I n  a p r e v i o u s  s t u d y ,  t h e  u l t r a s t r u c t t t r - a t  a p p e a r a n c e  
o f  t h e  i n t e r a c t i o n  b e t w e e n  n o r m a l  h u m a n  p h y t o h e m a g -  
g l u t i n i n  ( P H A )  - s t i m u l a t e d  l y m p h o c y t e s  a n d  c h i c k e n  
e r y t h r o c y t e s  ( C h R B C )  w a s  i n v e s t i g a t e d  ~. I n t e r d i g i t a t i o n s  
o c c u r r i n g  b e t w e e n  e f f e c t o r  a n d  t a r g e t  ce l ls  w e r e  c o n s i d e r e d  
t h e  m o r p h o l o g i c a l  c o u n t e r p a r t  of  t h e  c y t o t o x i c  e f f e c t  o f  
l y m p h o c y t e s ,  s i n c e  t h e y  a p p e a r e d  w i t h ,  a n d  f o l l o w e d  
t h e  s a m e  t i m e  c o u r s e  of  r a d i o c h r o m i u m  (51Cr) r e l e a s e  
f r o m  C h R B C .  Close  c o n t a c t  b e t w e e n  l y m p h o c y t e s  a n d  
C h R B C  2 o n l y  w a s  c o n s i d e r e d  n o n - s i g n i f i c a n t ,  s i n c e  i t  
o c c u r r e d  f r e q u e n t l y  a lso  in  t h e  a b s e n c e  o f  c y t o t o x i c i t y .  
I n  t h i s  r e p o r t  we  p r e s e n t  t h e  r e s u l t s  of  a s t u d y ,  p e r f o r m e d  
b y  t h e  s a m e  t e c h n i q u e s ,  of  t h e  i n t e r a c t i o n  b e t w e e n  n o r m a l  
h u m a n  l y m p h o c y t e s  a n d  c h i c k e n  e r y t h r o c y t e s  c o a t e d  
w i t h  spec i f ic  a n t i b o d y  ( A b - C h R B C )  a t  t h e  u l t r a s t r u c t u r a l  
level .  

Mater ia ls  and  methods. T h e  p r e p a r a t i o n  of  l y m p h o c y t e s  
o b t a i n e d  f r o m  h e a l t h y  v o l u n t e e r s  a n d  of  t a r g e t  ce l ls  a n d  
t h e  r a d i o c h r o m i u m  l a b e l i n g  of  t h e  l a t t e r  h a v e  a l r e a d y  
b e e n  d e s c r i b e d  ~. F o r  t h e  c y t o t o x i c i t y  a s s a y ,  0.5 m l  o f  
l y m p h o c y t e s  s u s p e n s i o n  w e r e  m i x e d  w i t h  0.5 m l  of  C h R B C  
s u s p e n s i o n  in  t e s t  t u b e s ,  t o  e a c h  of  w h i c h  0.5 m l  of  
r a b b i t  a n t i - C h R B C  a n t i s e r u m  w e r e  a d d e d  a t  o p t i m a l  
c o n c e n t r a t i o n  (10-*  d i l u t i o n ) .  T h e  t u b e s  we re  i n c u b a t e d  
in  t h e  s a m e  c o n d i t i o n s  as  o u r  p r e v i o u s  e x p e r i m e n t  ~ fo r  
10, 30, 45 m i n  a n d  for  1, 2, 4, 8, 18, 20, 24 h .  T h e  c y t o -  
t o x i c  e f f ec t  o f  l y m p h o c y t e s  w a s  e v a l u a t e d  b y  m e a s u r i n g  
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Kinetics of human normal lymphocyte cytotoxieity on radiochromium-labelled Ab-ChRBC and of lymphocytes-Ab-ChRBC interdigitation 

Incubation t ime,  incubation mixtures ~ 

Lymph. + Ab-ChRBC Lymph.  -}- ChRBC d- RNS b 

'~ICr release (%) o Interdigitation (%) a ~lCr release (%) o Interdigitation (%) a 

0 1.0 0 0.5 
10 min 3.0 25 0.5 
30 min 4.0 28 1.0 
45 rain 6.5 28 1.2 

1 h 8.0 32 1.2 
2 h 17.0 32 1.5 
4 h 35.6 --  1.5 
8 h 65.0 2.0 

18 h 71.5 2.0 
20 h 80.2 --  2.0 
24 h 84.0 --  2.0 

m 

"Lymphocytes/ target  cells ratio 25/1. h Rabbit normal serum. ~ were corrected for the spontaneous radiochronfium release from ChRBC 
incubated without lymphocytes, aThc percentage (%) was calculated on 200 ChRBC. 

Fig. 1. Lymphocytes-Ab-ChRBC 
interaction, 10 mil~ incubation. An 
interdigitation between effector 
and target cell is visible. • 14,200. 
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Fig. 2. Lymphocytes-Ab-ChRBC 
interaction, 30 min incubation. 1 
Lymphocyte interdigitates with 2 
Ab-ChBRC. • 14,900. 

t h e  r a d i o c h r o m i u m  release  f rom A b - C h R B C  a t  t h e  dif- 
f e ren t  i n c u b a t i o n  t imes .  As a nega t ive  control ,  l y m p h o -  
cytes  were i n c u b a t e d  w i t h  r ad ioch romium- l abe l l ed  C h R B C  
w i t h  add i t i on  of d e c o m p l e m e n t e d  s e rum o b t a i n e d  f rom 
n o n - i m m u n i z e d  r abb i t s .  A t  each  i n c u b a t i o n  t ime;  ali- 
q u o t s  of t he  samples  were processed for e lec t ron  micro-  
scopy 1. An  iden t ica l  se t  of e x p e r i m e n t s  were pe r fo rmed  
us ing  non- labe l l ed  C h R B C  in order  to  exclude  a n y  possible  
a r t i f a c tua l  effect  of r a d i o c h r o m i u m  on t h e  u l t r a s t r u c t u r a l  
a p p e a r a n c e  of A b - C h R B C .  

Resulls. Q u a n t i t a t i o n  of cy to tox ic i ty .  R a d i o c h r o m i u m  
release f rom A b - C h R B C  is s h o w n  in t he  Table .  The  
cy to tox ic  effect  r a p i d l y  increased  be tween  20 m i n  a n d  6 h 
a n d  t h e n  s lowly to  84% a t  24 h. I n  con t ro l  expe r imen t s ,  
r a d i o c h r o m i u m  release n e v e r  exceeded  2 %.  U l t r a s t r u c t u r a I  
s tudy .  I n  t h e  samples  o b t a i n e d  f rom the  c y t o t o x i c i t y  

assays,  a n  inc idence  of i n t e r d i g i t a t i o n s  b e t w een  ef fec tor  
a n d  t a r g e t  cells of a b o u t  20% was  a l r eady  p r e s e n t  a f t e r  
on ly  10 mi n  of i n c u b a t i o n  (Table  a n d  F igure  1). B y  4 h,  
i n t e rd i g i t a t i o n s  were  no  longer  visible.  I n  s eve ra l in s t ances .  
a single l y m p h o c y t e  i n t e r d i g i t a t e d  w i t h  more  t h a n  one  
A b - C h R B C  (Figure  2). On ly  r a r e ly  1 A b - C h R B C  in te r -  
d i g i t a t e d  w i t h  2 l y m p h o c y t e s  (Figure  3). No e v i d e n t  
morpho log ica l  dif ferences  were obse rved  b e t w e e n  in te r -  
d i g i t a t i n g  a n d  n o n - i n t e r d i g i t a t i n g  l y mp h o cy t e s .  I n  
con t ro l  expe r imen t s ,  no  i n t e rd i g i t a t i o n s  were observed .  
No differences  were  obse rved  in t h e  inc idence  of in te r -  
d ig i t a t ions  b y  use of r ad ioch romium- l abe l l ed  or un labe l l ed  
A b - C h R B C .  

Discussion. T h e  resu l t s  of t h i s  s t u d y  are in  a g r e e m e n t  
w i t h  t hose  o b t a i n e d  in P H A - i n d u c e d  cy to tox ic i s  1 as  fa r  
as t h e  morpholog ica l  p h e n o m e n a  of i n t e r d i g i t a t i o n  are  

Fig. 3. Lymphocytes-Ab-ChRBC 
interaction, 1 h incubation. 1 
Lymphocyte interdigitates with 
several Ab-ChRBC. One of the 
latter interdigitates also with a 
second lymphocyte. • 15,600. 
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concerned .  However ,  t he  co r re l a t ion  be t w een  a p p e a r a n c e  
an d  p e r c e n t a g e  of r a d i o c h r o m i u m  release and  of in te r -  
d ig i t a t ions  is m u c h  s t r i c t e r  in  P H A - i n d u c e d  t h a n  in 
a n t i b o d y - m e d i a t e d  cy to tox ic i ty .  The  d i f fe ren t  k ine t ics  
of t he  two  cy to tox ic  p h e n o m e n a  m a y  be  exp la ined  b y  t he  
f ac t  t h a t  t he  effector  cells are  n o t  t h e  same in t h e  two  
sys tems .  I n  P H A - i n d u c e d  cy to tox ic i ty ,  t he  ef fector  
ceils are cons idered  to  be  T ceils, whereas  in  a n t i b o d y -  
m e d i a t e d  c y t o t o x i c i t y  t h e  effector  ceils, w h i c h  h a v e  
recep to r s  for t h e  Fc  f r a g m e n t  of i m m unog l obu l i n s ,  m a y  
be long  to  a s u b p o p u l a t i o n  of B cells l ack ing  surface  
immunog lobu l i n s ,  or to  a n  en t i r e ly  d i f fe ren t  p o p u l a t i o n  
of l ymphocy t e s .  T h e  fo rmer  t y p e  of c y t o t o x i c i t y  impl ies  
coope ra t i on  be twee n  severa l  cell t ypes  which  is p r o b a b l y  
no t  necessa ry  in t h e  l a t t e r  ~-s. These  func t iona l  d i f ferences  
are no t  cor re la ted  w i t h  specific u l t r a s t r u c t u r a l  c h a r a c t e r -  
ist ics wh ich  m i g h t  al low a d i s t inc t ion  be t w een  these  
d i f fe ren t  cell t ypes  on  morpho log ica l  g rounds .  I t  seems 
l ike ly  t h a t  in  P H A - i n d u c e d  cy to tox ic i ty ,  t he  a c t i v a t i o n  
of ef fector  cells a n d  t h e i r  c o n t a c t  w i t h  a n d  c o n s e q u e n t  
d a m a g e  to  t a r g e t  cells is s lower and  more  progress ive,  
p r e s u m a b l y  because  of t he  more  complex  m e c h a n i s m s  of 
cell coope ra t i on  m e n t i o n e d  above .  The  i n t e r d i g i t a t i o n  
p h e n o m e n o n  appea r s  iden t i ca l  in t he  two  types  of cy to-  
tox ic i ty .  The  r e l a t ive ly  f r e q u e n t  occur rence  of in te rd ig i -  
r a t i ons  b e t w e e n  a single l y m p h o c y t e  a n d  severa l  Ab-  
ChR13C is in a g r e e m e n t  w i th  t h e  o b s e r v a t i o n  t h a t  pre-  
s u m a b l y  each  effeefor  cell has  t h e  c a p a c i t y  of de s t roy ing  
severa l  t a r g e t  cells s and,  accord ing  to our  f indings,  also 
a t  t h e  same t ime.  

The  o b s e r v a t i o n  of in t e rd ig i t a t ions ,  also in those  
c y t o t o x i c i t y  assays  in wh ich  A b - C h R B C  h a d  n o t  been  
label led  w i t h  r a d i o c h r o m i u m ,  seems to exclude  a n y  
re levance  of t h e  t r a c e r  in t he  i n d u c t i o n  of t he  p h e n o -  

menon .  Once es tab l i shed ,  as i t  is in  our  opinion,  t h a t  
i n t e r d i g i t a t i o n  is t he  morpho log ica l  ev idence  of t he  cyto-  
tox ic  effect  of l y m p h o c y t e s  on  t a r g e t  cells, t h e  i n t i m a t e  
m e c h a n i s m s  b y  wh ich  th i s  p h e n o m e n o n  occurs  r e m a i n  to  
be  e luc ida ted .  S tudies  are now in progress  to  i nves t i ga t e  
t h e  changes  occur r ing  in t he  electr ic  charges  a t  t he  surface  
of cells d u r i n g  t h e  p h e n o m e n o n  in o rder  to  e s t ab l i sh  
w h e t h e r  or  n o t  t h e y  m a y  p l a y  a m a j o r  role in  it. 

Summary. I n  t h e  course  of a n t i b o d y - m e d i a t e d  lym-  
p h o c y t e  cy to tox ic i ty ,  u l t r a s t r u c t u r a l  s tud ies  show in te r -  
ac t ion  b e t w e e n  effector  a n d  t a r g e t  cells cha rac t e r i zed  b y  
in t e rd ig i t a t ions .  The  s igni f icance  of t h e  o b s e r v a t i o n  is 
discussed.  
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P r o d u c t i o n  of  A n t i b o d i e s  to  A m a n i t i n s  as  t h e  B a s i s  
' \ ,  . 

Amanitinsl ,  2 are t he  m a i n  tox ins  of the  toads too l s  
Amanita phalloides (Dea th  Cap) a n d  Amanita verna 
(Des t roy ing  Angel) wh ich  are respons ib le  for some h u n -  
dreds  of poisonings,  w i t h  m a n y  dea ths ,  eve ry  yea r  3. 
There  has  been  no m e t hod ,  un t i l  now, for measu r ing  t he  
c o n c e n t r a t i o n s  of these  t ox ins  in biological  fluids. W e  
descr ibe here  a r a d i o i m m u n o a s s a y  which  allows de tec t ion  
of as l i t t le  as 0.5 ng  of a m a n i t i n s  per  ml  of serum.  

Since the  f i rs t  a t t e m p t  of Ca lme t t e  in  1897, severa l  
effor ts  were m a d e  in t he  pa s t  to  o b t a i n  an  a n t i s e r u m  to  
t he  t o x i n s  of Amanita phalloides b y  in j ec t ing  an ima l s  
w i t h  ex t r ac t s  of t he  toads too l  4. The  low molecu la r  we igh t  
of t h e  tox ins  ( abou t  900) accoun t s  for t he  fai lure  of these  
a t t empts~ .  More r ecen t ly  f l - amani t in  was m a d e  an t igen ic  
b y  c o n j u g a t i n g  i t  to  p ro te ins  s-8. The  con juga t e s  p r o v e d  
to  be  v e r y  tox ic  for those  cells wh ich  d i sp lay  a h igh  
p ro t e in  up take ,  such  as l iver  s inusoida l  cells 9, p r o x i m a l  
t u b u l e  ceils of k i d n e y  19, and  m a c r o p h a g e s  n.  As a conse-  
quence  of th i s  t o x i c i t y  t h e y  could n o t  be  a d m i n i s t e r e d  
to r a b b i t s  and  mice in i m m u n o g e n i c  dosesT. 

I n  t he  e x p e r i m e n t s  r epo r t ed  here,  we succeeded in 
o b t a i n i n g  an t ibod ie s  aga ins t  a m a n i t i n s  b y  in j ec t ing  
i m m u n o g e n i c  doses of an  a m a n i t i n - a l b u m i n  c o n j u g a t e  
in to  t he  ra t ,  wh ich  is severa l  t imes  more  r e s i s t a n t  to  
a m a n i t i n s  12, as well  as to  a m a n i t i n - p r o t e i n  con juga t e s  13, 
t h a n  r a b b i t s  a n d  mice. 

Fo r  the  p r e p a r a t i o n  of t he  con juga te ,  /~-amanit in  (16 
rag) was  al lowed to r eac t  w i t h  30 m g  of r a b b i t  s e rum 
a l b u m i n  (RSA) and  13 m g  of 1 cyc lohexyl -3- (2-mor-  
pho l iny l - (4 )e thy l ) ca rbod i imide  (Morpho-CDI)  in  1.5 ml  

for  T h e i r  R a d i o i m m u n o a s s a y  

of w a t e r  a t  22 ~ for 24 h. The  con juga t e  ( a m a n i t i n - R S A )  
was  s e p a r a t e d  f rom free f l - amani t in  a n d  f rom u n r e a c t e d  
Morpho-CD1 by  gel f i l t r a t ion  on a 1.2 • 100 cm co lumn  of 
S e p h a d e x  G-75 equ i l ib ra ted  and  e lu ted  w i th  0 .9% NaC1 
solut ion.  The  mola r  ra t io  of a m a n i t i n  to  a l b u m i n  in 
a m a n i t i n - R S A ,  ca lcu la ted  accord ing  to DERENZINI et  
al. 9, was  found  to be  1.4. The  c o n j u g a t e  was b r o u g h t  to  a 
p ro t e in  c o n c e n t r a t i o n  of 4 m g / m l  b y  v a c u u m  dialysis  
aga in s t  0 .9% NaC1 and  was emuls i f ied w i t h  a n  equa l  
v o l u m e  of comple t e  F r e u n d ' s  a d j u v a n t .  
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