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F r o m  t h e  D i v i s i o n  o f  I m m u n o l o g y ,  T h e  N e t h e r l a n d s  C a n c e r  I n s t i t u t e ,  A n t o n i  v a n  L e e u w e n h o e k  H u i s ,  1 0 6 6  C X  A m s t e r d a m ,

T h e  N e t h e r l a n d s

I n  t h e  p r e s e n t  s t u d y  a  u n i q u e  a n t i b o d y  ( N K I - L 1 6 )  
r e a c t i n g  w i t h  t h e  a - c h a i n  o f  t h e  h u m a n  l e u k o c y t e  
f u n c t i o n - a s s o c i a t e d  A g - 1  ( L F A - 1 )  i s  d e s c r ib e d »  w h i c h  
s t i m u l a t e s  h o m o t y p i c  c e l l - c e l l  i n t e r a c t i o n s  i n  a  m a n 

n e r  v e r y  s i m i l a r  t o  1 2 - 0 - t e t r a d e c a n o y l - p h o r b o l - 1 3 -  
a c e t a t e  (T P A ) , i n  c o n t r a s t  t o  o t h e r  a n t i - L F A  - 1  m A b  
w h i c h  i n h i b i t  c e l l  a g g r e g a t i o n .  T h e  i n d u c t i o n  o f  a g 

g r e g a t e  f o r m a t i o n  o f  E B V - t r a n s f o r m e d  B  c e l l s  ( J Y )  a n d  
C T L  c l o n e s  b y  T P A  o r  N K I -L  1 6  i s  n o t  a c c o m p a n i e d  b y  
a n  i n c r e a s e  i n  t h e  e x p r e s s i o n  o f  L F A - 1 .  N e v e r t h e l e s s ,  
t h i s  c l u s t e r  f o r m a t i o n  i s  L F A - 1  d e p e n d e n t ,  i n a s m u c h  
a s  a n t i - L F A - 1 a n t i b o d i e s ,  o t h e r  t h a n  N K I - L 1 6 ,  c o m 

p l e t e l y  a b r o g a t e  a g g r e g a t i o n .  S i m u l t a n e o u s  a d d i t i o n  
o f  N K I - L 1 6  a n d  T P A  d id  n o t  r e s u l t  i n  a  f u r t h e r  i n c r e a s e  
o f  t h e  s p e e d  o f  c l u s t e r  f o r m a t i o n ,  s u g g e s t i n g  t h a t  a  
s i m i l a r  p a t h w a y  i s  a c t iv a t e d .  I m m u n o p r é c i p i t a t i o n  a n d  
e n z y m e  d i g e s t i o n  s t u d i e s  r e v e a l e d  t h a t  N K I - L 1 6  r e c 

o g n i z e s  a  u n i q u e  e p i t o p e  o n  t h e  a - c h a i n  o f  L F A - 1 ,  
m o s t  l i k e l y  s i t u a t e d  c l o s e  t o  t h e  t r a n s m e m b r a n e  s e g 

m e n t  o f  t h e  m o l e c u l e .

I t  i s  h y p o t h e s i z e d  t h a t  N K I - L  1 6  o r  T P A  c a n  c a u s e  
t h e  L F A - 1  m o l e c u l e  t o  c o n v e r t  f r o m  a n  i n a c t i v e  t o  a n  
a c t i v e  c o n f i g u r a t i o n , t h e r e b y  p e r m i t t i n g  b i n d i n g  o f  L F A -  
1  t o  i t s  n a t u r a l  l i g a n d .

LFA-13 b e lo n g s  to a  fam ily  o f a d h e s io n  m o le c u le s  c o n 
s i s t in g  of LFA-1, CR3 (C 3biR ), a n d  p l5 0 .9 5 .  All th re e  Ag 
a re  b im o le c u la r  g lycop ro te in  co m p lex es  w i th  a n  a f /3-sto- 
ch io m e try . T h ey  s h a re  a  c o m m o n  ft s u b u n i t  w i th  a  M r o f 
9 5  k D a  b u t  d iffer in  th e ir  a s u b u n i t s  w i th  M r o f 170 , 165, 
a n d  150 k D a , respectively  (1, 2).

LFA-1 w a s  f irs t  id en tif ied  b y  m A b t h a t  in h ib i t  ta rg e t  cell 
ly s is  by  cy to tox ic  T  cell c lo nes, b o th  in  m o u s e  (3) a n d  m a n  
(4, 5) by  p re v e n tin g  c o n ju g a te  fo rm a tio n  (6, 7). S in c e  th e n  
i t  h a s  b ec o m e  c lear th a t  LFA-1 a c ts  a s  a  g e n e ra l  c e llu la r  
a d h e s io n  m olecu le  m e d ia t in g  a  v a r ie ty  o f  h e te ro ty p ic  a n d  
h o m o ty p ic  cell-cell in te ra c t io n s  (2, 8 —11).

R eceived  fo r p u b l ic a t io n  A u g u s t  31 , 1 9 8 7 .
A ccep ted  fo r p u b l ic a t io n  N o v e m b e r  3 0 ,  1 9 8 7 .
T h e  c o s ts  o f  p u b l ic a t io n  of t h i s  a r t ic le  w e re  d e f ra y e d  i n  p a r t  b y  th e  p a y 

m e n t  of p a g e  c h a rg e s .  T h is  a r t ic le  m u s t  th e re fo re  b e  h e r e b y  m a rk e d , a d 

v e r t i s e m e n t  i n  a c c o rd a n c e  w ith  I S  U .S .C . S e c t io n  1 7 3 4  so le ly  to  in d ic a te  
t h i s  fact.

1 S u p p o r te d  b y  G r a n t  NK18 3 -1 9  f ro m  th e  Q u e e n  W ilh e lm in a F u m d  (N e th 
e r l a n d s  C a n c e r  F o u n d a t io n ) .

2 A d d re s s  c o r r e s p o n d e n c e  a n d  r e q u e s t s  fo r  r e p r i n t s  to  D r. G . D. K e ize r , 
D iv is io n  o f  Im m u n o lo g y , T h e  N e th e r l a n d s  C a n c e r  I n s t i t u t e ,  P le s m a n la a n  
121 , 1 0 6 6  CX  A m s te rd a m , T h e  N e th e r la n d s .

3 A b b re v ia t io n s  u s e d  in  th is  p a p e r :  L F A -1 , le u k o c y te  f u n c t io n - a s s o c ia t e d  
a n t ig e n  1 ;T P A , 12 -C M etrad ecan o y l-p h o rb o M 3 -ace ta te ; PBL, p e r ip h e ra l  b lo o d  
le u k o c y te s ;  RI, re la tive  im m u n o f lu o r e s c e n c e  in te n s i ty ;  T EA , t r i e th a n o la -  
m in e .

B o th  B a n d  T  ly m p h o c y te s  c a n  b e  in d u c e d  to  fo rm  a g 
g re g a te s  in  v i tro  a f te r  s t im u la t io n  w i th  Ag, le c t in s ,  o r  p h o r-  
b o l e s te r s  (TPA) (12 , 13). T h e s e  cell-cell in te r a c t io n s  c a n  b e  
b lo ck ed  b y  an ti-L F A -1  m A b, in d ic a t in g  a n  im p o r ta n t  ro le  
fo r  th is  m o le c u le  in  in te r c e l lu la r  a d h e s io n  p ro c e s s e s  (11, 
1 2 ).

In  a d d i t io n ,  r e c e n t ly  th r e e  in d e p e n d e n t  r e p o r ts  h a v e  b e e n  
p u b l is h e d  w h ic h  in d ic a te  t h a t  s o m e  a n ti-L F A -1 m A b a re  
ab le  to  in d u c e  p ro l i f e r a t io n  a n d  cell a g g re g a t io n  in  m u r in e  
ly m p h o c y te s , w h ic h  u n d e r l in e s  th e  im p o r ta n c e  o f LFA-1. 
T h e  p re c is e  ro le  o f LFA-1 In  t h i s  p ro c e s s  is  n o t  c lea r, i n 
a s m u c h  a s  th e  p ro l i f e r a t io n  o c c u r re d  o n ly  a f te r  c o n c o m i 
t a n t  a d d i t io n  o f Ag (14), C o n  A s u p e r n a t a n t  (15), o r  a n t i 
b o d ie s  w h ic h  c ro ss - lin k  th e  5 -c h a in s  of su rfa c e  IgG m olecu les  
(16). H ow ever, t h e  a b il i ty  to  u s e  s t im u la to r y  a n d  in h ib i to ry  
m A b in  im m u n o lo g ic  p ro c e s s e s  m a y  b e  very  h e lp fu l in  d e 
l in e a t in g  th e  w o rk in g  m e c h a n is m  of LFA-1.

W e n o w  p r e s e n t  th e  c h a r a c te r i s t i c s  o f a m A b d ire c te d  
a g a in s t  th e  h u m a n  LFA-1 a - c h a in ,  w h ic h , in  c o n t r a s t  to  
o th e r  a n ti-L F A -1 a n t ib o d ie s ,  s t im u la te s  r a th e r  t h a n  i n h ib 
i t s  h o m o ty p ic  cell a g g re g a te  fo rm a tio n , b u t  d o es  n o t  a ffec t 
cell p ro l i f e ra t io n  (G. D. K eizer, u n p u b l i s h e d  re su lts ) .  T h e  
r e s u l t s  o b ta in e d  w i th  th i s  a n t ib o d y  a re  v ery  s im i la r  to  th o se  
o b ta in e d  a f te r  t r e a tm e n t  o f  ceils w i th  TPA. T o th e  b e s t  o f  
o u r  k n o w le d g e , t h i s  is  t h e  f i r s t  r e p o r t  o f  a n  a n t ib o d y  d i 
r e c te d  a g a in s t  h u m a n  LFA-1 w h ic h  s t im u la te s  cell-cell c o n 
ta c t ,

M A TER IA LS AND M E T H O D S

A n t i b o d i e s . T h e  m A b  S P V  L I ,  S P V  L 7 ,  a n d  S P V  L l  I ( f u r t h e r  n a m e d  
L I ,  L 7, a n d  H I ,  r e s p e c t iv e ly ) ,  a n d  C L B  5 4  w e r e  r a i s e d  a s  d e s c r i b e d  
p r e v i o u s l y  (2 , 17 ). T h e  m A b  S P V - L 1 0 ,  N K Ï-L 1 5 , a n d  N K I-L 1 6  ( f u r t h e r  
n a m e d  L 1 0 ,  L I  5 ,  a n d  L 1 6 )  w e r e  o b t a i n e d  b y  i m m u n i z i n g  B A L B /e  m ic e  
w i t h  a  C T L  c lo n e ,  J Y  c e l l s ,  a n d  m o n o c y t e s ,  r e s p e c t iv e ly .  H y b r i d o m a  
s u p e r n a t a n t s  w e r e  s c r e e n e d  fo r  i n h i b i t i o n  o f  T  c e l l - m e d i a t e d  'k i l l in g  o r  
f o r  i n h i b i t i o n  o r  s t i m u l a t i o n  o f  t h e  f o r m a t i o n  o f  h o m o t y p i c  a g g r e g a t e s  
b e t w e e n  J Y  c e l ls .  T h e  m A b  M H M  2 3  a n d  M H M  2 4  w e r e  a  g i f t  o f  D r .  A. 
M c M ic h a e l  (N u f f ie ld  D e p a r t m e n t ,  J o h n  R ad c lifT e  H o s p i t a l ,  UK) (1 8 ) .  
T h e  p u r i f i e d  m A b  6 0 . 3  w a s  k i n d l y  p r o v i d e d  b y  D r .  M . H a r l a n  ( D e p a r t 
m e n t s  o f  M e d i c i n e ,  P a t h o l o g y ,  a n d  P e d i a t r i c s ,  U n i v e r s i t y  o f  W a s h i n g 
t o n ,  S e a t t l e )  ( 1 9 ,  2 0 ) .  T w o  a n t i b o d i e s  K lo s  a n d  R u p i - 1  w e r e  u s e d  a s  
c o n t r o l s .  K lo s  r e c o g n i z e s  a n  i d i o t y p i c  d e t e r m i n a n t  o n  Ig. R u ip i - l  r e c 
o g n i z e s  a n  A g  w i t h  a  M v o f  3 5  k D a  o n  h u m a n  m o n o c y t e s .  B o l h  a n t i 
b o d i e s  a r e  n o n r e a c t i v e  w i t h  t h e  c e l ls  u s e d ,  a s  d e t e c t e d  b y  i m m u n o p r é 
c i p i t a t i o n .  All a n t i b o d i e s  w e r e  p u r i f i e d  o n  a  B a k e r - B o n d  m A b  H P L C  
c o l u m n  ( J .  T .  B a k e r ,  P h i l i p s b u r g ,  N J ) .

C e lls ,  T h e  h u m a n  c y t o t o x i c  T  c e ll  c l o n e  J S - 1 3 6  w a s  u s e d  in  t h i s  
s t u d y .  T h i s  c lo n e  i s  d i r e c t e d  a g a i n s t  H L A -D R  (2 1 )  a n d  w a s  c u l t u r e d  in  
s e r u m - f r e e  m e d i u m  ( l in o le a )  a s  d e s c r i b e d  p r e v i o u s l y  (2 2 ) .  A c t i v a t e d  
P B L  w e r e  o b t a i n e d  b y  c u l t u r i n g  P B L , i s o l a t e d  b y  d e n s i t y  g r a d i e n t  c e n 
t r i f u g a t i o n  o v e r  F i c o l l - H y p a q u e ,  i n  t h e  p r e s e n c e  o f P H A  ( 0 .1  /¿g /m l)  fo r
4  c lays. T h e  h u m a n  E B V - t r a n s f o r m e d  B  ce ll  l i n e  J Y  w a s  c u l t u r e d  in  
l i n o l e a  s u p p l e m e n t e d  w i t h  2 %  h u m a n  A B  s e r u m .

L a b e l i n g  o f  m A b ,  m A b  w e r e  d i r e c t l y  l a b e l e d  w i t h  F IT C  b y  u s i n g  t h e  
f o l lo w in g  p r o c e d u r e .  H P L C - p u r i f i e d  m A b  w e r e  d i a ly z e d  a g a i n s t  0 .1  M
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N a 2C 0 3 (p H  8 .5 )  f o r  2  h .  S u b s e q u e n t l y ,  3 7 . 5  /¿g F IT C  ( S i g m a  I s o m e r  
1. No. 7 2 5 0 )  i n  0 . 5  M  N a 2H C O Lt (p H  9 .6 )  w e r e  a d d e d  to  e a c h  m g  o f  
p r o t e in ,  fo l lo w e d  b y  a  2 - h  i n c u b a t i o n  a l  r o o m  t e m p e r a t u r e .  m A b -F IT C  
c o n j u g a t e s  w e r e  s e p a r a t e d  f r o m  f r e e  F IT C  b y  m e a n s  o f  a  B io -G e l  P -2  
c o l u m n  ( B io - R a d ,  R i c h m o n d ,  C A ).

I m m u n o f l u o r e s c e n c e .  C e l l s  w e r e  i n c u b a t e d  fo r  3 0  m i n  a t  0 °C  i n  P B S  
c o n t a i n i n g  1% B S A  ( S i g m a ,  S t .  L o u i s ,  M O ), 0 .0 1 %  s o d i u m  a z id e ,  a n d  
a p p r o p r i a t e  d i l u t i o n s  o f  t h e  d i f f e r e n t  m A b  fo l lo w e d  b y  i n c u b a t i o n  w i t h  
F IT C - la b e le d  g o a t  F ( a b ) 2 a n t i - m o u s e  IgG  a n t i b o d y  ( N o r d ic ,  T i l b u r g ,  T h e  
N e t h e r l a n d s )  f o r  3 0  m i n  a t  0 °C . T h e  r e l a t i v e  f l u o r e s c e n c e  i n t e n s i t y  w a s  
m e a s u r e d  b y  F A C S  IV a n a l y s i s ,  a n d  w a s  c a l c u l a t e d  a s :

m A b

F l u o r e s c e n c e  i n t e n s i t y  o f  u n l a b e l e d  c e lls .

E p i to p e  d e t e r m i n a t i o n .  1. T r y p s i n  d i g e s t i o n :  P H A - a c t i v a t e d  P B L  (5 
x  1 0 7) w e r e  w a s h e d  tw ic e  a n d  r e s u s p e n d e d  i n  P B S  a t  a  c o n c e n t r a t i o n  
o f  2  x  1 0 6 c e l l s /m l .  S a m p l e s  o f  2 5 0  /A  o f  t h i s  s u s p e n s i o n  ( o r  e q u i v a l e n t  
a m o u n t s )  w e r e  p r e i n c u b a t e d  i n  1 5 - m l  F a l c o n  t u b e s  a t  3 7 ° C  fo r  5  m i n  
fo llo w ed  b y  t h e  a d d i t i o n  o f  a  s i m i l a r  v o l u m e  o f  P B S  c o n t a i n i n g  t r y p s i n  
( 1 7 .5  U /m l,  B o e h r i n g e r ,  M a n n h e i m ,  F R G ) a n d  D N ase -1  [ s t r a i n  C o w a n -  
1, S ig m a ) .  T h e  r e a c t i o n  w a s  s t o p p e d  a t  v a r i o u s  t i m e  p o i n t s  b y  t h e  
a d d i t i o n  o f  1 4  m l  i c e - c o ld  D M E M  s u p p l e m e n t e d  w i t h  1 0 %  B S A  a n d  
t r y p s i n  i n h i b i t o r  (5  m g / m l ,  B o e h r i n g e r  M a n n h e i m ) .  S u b s e q u e n t l y  t h e  
ce lls  w e re  w a s h e d  tw ic e  i n  t h e  s a m e  m e d i u m  a n d  k e p t  o n  ic e  u n t i l  u s e  
in  t h e  i m m u n o f l u o r e s c e n c e  a s s a y .  T h e  v i a b i l i t y  o f  t h e  c e l l s  w a s  > 8 5 %  
a s  d e t e r m i n e d  b y  t r y p a n  b l u e  e x c l u s i o n .

2. C r o s s - b l o c k i n g  e x p e r i m e n t s :  T o  d e t e r m i n e  w h e t h e r  t h e  v a r i o u s  
m A b  w e r e  d i r e c t e d  a g a i n s t  s h a r e d  o r  u n i q u e  e p i t o p e s ,  tw o  d i f f e r e n t  
m e t h o d s  w e r e  a p p l i e d .  I n  m e t h o d  A , c e l ls  w e r e  i n c u b a t e d  w i t h  a p p r o 
p r i a t e  d i l u t i o n s  o f  a  s i n g l e  m A b  ( m A b  1 o r  m A b  2 )  o r  w i t h  a  m i x t u r e  
o f  tw o  m A b  (m A b  1 a n d  m A b  2 ) .  S u b s e q u e n t l y ,  c e l l s  w e r e  i n c u b a t e d  
w i t h  a  F I T C - la b e le d  g o a t  a n t i - m o u s e  Ig G  a n t i b o d y  a f t e r  w h i c h  t h e  RI 
w a s  d e t e r m i n e d .  m A b  w e r e  j u d g e d  to  s h a r e  c o m m o n  e p i t o p e s ,  i .e . ,  to  
c r o s s - b lo c k  e a c h  o t h e r ,  w h e n  t h e  R I o f  t h e  c e l l s  t r e a t e d  w i t h  t h e  m i x t u r e  
o f  m A b  d i d  n o t  e x c e e d  t h e  h i g h e s t  R I  v a l u e  o f  t h e  c e l l s  t r e a t e d  w i t h  a  
s in g le  m A b  ( e i t h e r  m A b  1 o r  m A b  2 ) .  F u r t h e r m o r e ,  m A b  w e r e  d e f i n e d  
to  r e c o g n iz e  u n i q u e  d e t e r m i n a n t s  i f  t h e  a d d i t i o n  s u m  o f  t h e  R I  v a l u e s  
o f  ce lls  t r e a t e d  w i t h  m A b  1 o r  w i t h  m A b  2  w a s  e q u a l  ( ± 2 0 % )  to  t h e  R I 
v a lu e  o f  t h e  c e l ls  t r e a t e d  w i t h  t h e  m i x t u r e  o f  b o t h  m A b  1 a n d  2 .  I n  
m e t h o d  B , t h e  m A b  LI, L 7 ,  L l l ,  L I 6 ,  a n d  C L B  5 4  w e r e  d i r e c t l y  l a b e l e d  
w i t h  F IT C  a s  d e s c r i b e d  a b o v e .  C e l l s  w e r e  i n c u b a t e d  w i t h  u n l a b e l e d  m A b  
1 fo r  3 0  m i n  a t  4 °C , f o l lo w e d  b y  t h e  a d d i t i o n  o f  F I T C - la b e le d  m A b  2 , 
A f te r  3 0  m i n ,  c e l l s  w e r e  w a s h e d  o n c e  w i t h  P B S  a n d  a n a l y z e d  b y  F A C S  
IV m e a s u r e m e n t s  o f  t h e  R I  v a l u e .  E a c h  m e a s u r e m e n t  w a s  a c c o m p a n i e d  
b y  a  c o n t r o l  s a m p l e  to  w h i c h  o n ly  t h e  F I T C - la b e le d  m A b  w e r e  a d d e d .  
U s a g e  o f  m e t h o d  A  o r  B  l e d  to  i d e n t i c a l  r e s u l t s .

R a d i o l a b e l i n g  a n d  i m m u n o p r é c i p i t a t i o n .  C e ll  s u r f a c e  r a d i o i o d i -  
n a t i o n  w i t h  N a  125I ( A m e r s h a m ,  U K ) w a s  c a t a l y z e d  b y  1 , 3 , 4 , 6 - t e t r a -  
c h lo ro -3 o ’,6o' d i p h e n y l g l y c o l u r i l  ( l o d o g e n ,  P i e r c e  C h e m i c a l  C o . ,  R o c k 
fo rd ,  IL) a s  d e s c r i b e d  p r e v i o u s l y  ( 2 3 ) .  F o r  i m m u n o p r é c i p i t a t i o n  (2 4 ) ,  
r a d io l a b e l e d  c e l l s  w e r e  I y s e d  w i t h  1%  N o n i d e t  P - 4 0  i n  0 . 0 1  M  t r i e t h a -  
n o la m in e - H C l  (p H  7 .8 ) ,  0 . 1 5  M  N a C l ,  1 m M  P N S F ,  0 . 0 2  m g /m l  o v o 
m u c o i d  t r y p s i n  i n h i b i t o r  ( S i g m a ,  T E A /N a C l  b u f f e r ) .  N u c l e a r  d e b r i s  w a s  
r e m o v e d  f r o m  t h e  l y s a t e s  b y  c e n t r i f u g a t i o n  a t  1 3 , 0 0 0  x  g  f o r  1 5  m i n  
a t  4°C . M a t e r i a l  i n s o l u b l e  i n  t h e  ly s i s  b u f f e r  w a s  r e m o v e d  b y  c e n t r i f 
u g a t i o n  a t  1 0 0 , 0 0 0  x  g  f o r  3 0  m i n  i n  a n  a i r - d r i v e n  c e n t r i f u g e  ( B e c k m a n  
I n s t r u m e n t s »  P a lo  A lto ,  C A ], L y s a t e s  w e r e  p r e c l e a r e d  f u r t h e r  b y  s u c 
c e s s iv e  i n c u b a t i o n s  w i t h  f o r m a l i n - f i x e d  S t a p h y l o c o c c u s  a u r e u s  ( s t r a i n  
C o w a n  I) a n d  m o u s e  Ig G  c o u p l e d  t o  p r o t e i n  A S e p h a r o s e .  P r c c l e a r e d  
ly s a te s  w e r e  i n c u b a t e d  f o r  3  to  4  h  w i t h  a  s p e c i f i c  m A b  c o u p l e d  to  
p r o t e i n  A  S e p h a r o s e .  T h e  i m m u n o p r e c i p i t a t e s  w e r e  r e m o v e d  f r o m  t h e  
ly s a te s  b y  c e n t r i f u g a t i o n  a t  1 3 , 0 0 0  x  p .  P r e c i p i t a t e s  w e r e  r e s u s p e n d e d  
in  0 .2  m l  T E A /N a C l  b u f f e r  w i t h  0 .5 %  s o d i u m  d e o x y c h o l a t e  a n d  c e n 
t r i f u g e d  f o r  1 5  s e c  a t  1 3 , 0 0 0  x  g .  S u b s e q u e n t l y  i m m u n o p r e c i p i t a t e s  
w e re  w a s h e d  e x t e n s i v e l y  i n  0 .0 1  M  T E A /H C 1  (p H  7 .8 ) ,  0 .2 %  N o n i d e t  P -  
4 0 .

E le c t r o p h o r e s i s  a n d  a u t o r a d i o g r a p h y . S D S - P A G E  w a s  c a r r i e d  o u t  
o n  v e r t i c a l  s l a b  g e l s  (6  to  8 %  ) a c c o r d i n g  to  a  m o d i f i c a t i o n  o f  t h e  L a e m m l i  
p r o c e d u r e  (2 5 ) ,  a s  d e s c r i b e d  p r e v i o u s l y  (2). K o d a k  X A R -f i lm  w a s  u s e d  
in  c o m b i n a t i o n  w i t h  i n t e n s i f i e r  s c r e e n s  ( C r o n e x  L i g h t n i n g  P l u s ,  D u 
p o n t  C h e m i c a l  C o . ,  N e w t o n ,  C T )  f o r  a u t o r a d i o g r a p h y  o f  125I - l a b e le d  
m a t e r i a l s .

P e p t id e  m a p p i n g .  T o  p e r f o r m  o n e - d i m e n s i o n a l  p e p t i d e  m a p p i n g ,  
s p e c i f ic  b a n d s  w e r e  c u t  o u t  o f  t h e  g e l  t h a t  h a d  p r e v i o u s l y  b e e n  f ix e d ,  
d r ie d ,  a n d  a u t o r a d i o g r a p h e d .  T h e  g e l  s l i c e s  w e r e  s o a k e d  i n  a  T r i s - H C l  
b u f f e r ,  c o n t a i n i n g  0 .5 %  S D S ,  f o r  1 5  m i n ,  a n d  w e r e  t r a n s f e r r e d  to  a  
s e c o n d  g e l  ( s t a c k i n g  g e l  5 % ;  r u n n i n g  g e l  1 5  to  1 7 % ). T h e  g e l  s l i c e s  w e r e  
o v e r la y e re d  w i t h  1 0  /xl 2 0 %  g ly c e r o l .  S u b s e q u e n t l y  a  s e c o n d  l a y e r  ( 1 0  
fi\)  w a s  a d m i n i s t e r e d  c o n t a i n i n g  1 0 %  g ly c e r o l  a n d  V 8  p r o t e a s e  (0 .1  m g /  
m l) .  S u b s e q u e n t l y  t h e  g e l  w a s  r u n  ( 1 0 0  V ) u n t i l  t h e  d y e  f r o n t  o f  t h e  
s a m p l e  b u f f e r  ( o f  m .w .  m a r k e r s )  r e a c h e d  t h e  b o r d e r  b e t w e e n  s t a c k i n g

a n d  r u n n i n g  g e l. A f te r  a n  i n c u b a t i o n  p e r i o d  o f  3 0  m i n  (2 5 °C ) r u n n i n g  
o f  t h e  g e l  w a s  c o n t i n u e d  fo l lo w e d  b y  f i x a t i o n  a n d  a u t o r a d i o g r a p h y .

Q u a l i t a t i v e  a g g r e g a t i o n  a s s a y . H o m o ty p ic  a g g r e g a t i o n  o f  ce lls  w a s  
m e a s u r e d  i n  a  q u a l i t a t i v e  m a n n e r  b y  a  m o d i f i c a t i o n  o f  t h e  m e th o d  
d e s c r i b e d  b y  R o t h l e i n  a n d  S p r i n g e r  (12 ). C e lls  w e r e  w a s h e d  tw ic e  in  
l i n o l e a  c o n t a i n i n g  1 % p o o l e d  AB s e r u m  r e s u s p e n d e d  a n d  s e e d e d  in  96 - 
w e l l  m i c r o t i t e r  p l a t e s  (N o . 3 5 9 6 ,  C o s t a r ,  C a m b r id g e ) .  E a c h  w ell c o n 
t a i n e d  1 x  1 0 5 c e l l s ,  m A b  (0 .1  to  10  /xg /m l), a n d / o r  T P A  (1 to  10 ng / 
m l) .  C e l l s  w e r e  i n c u b a t e d  fo r  v a r i o u s  p e r i o d s  o f  t i m e  (s e e  R e s u i t s )  a t  
3 7 ° C , a f t e r  w h i c h  a g g r e g a t e  f o r m a t i o n  w a s  d e t e r m i n e d  b y  a t  l e a s t  tw o  
i n v e s t i g a t o r s  b y  l i g h t  m ic r o s c o p y .  S c o r e s  r a n g e d  f r o m  0  to  5-1- w h e re  
0  i n d i c a t e d  t h a t  e s s e n t i a l l y  n o  c e lls  w e re  a g g r e g a t e d  In  c l u s t e r s :  1 + 
i n d i c a t e d  t h a t  < 1 0 %  o f  t h e  ce lls  w e r e  f o u n d  i n  lo o s e  c l u s t e r s :  2 +  i n 
d i c a t e d  t h a t  < 5 0 %  o f  t h e  c e l ls  f o r m e d  lo o s e  c l u s t e r s :  3  +  i n d i c a t e d  t h a t  
< 8 0 %  o f  t h e  c e l l s  w e r e  f o u n d  in  lo o s e  c l u s t e r s ;  4  +  i n d i c a t e d  t h a t  > 8 0 %  
o f  t h e  c e l ls  w e r e  f o u n d  i n  s m a l l  c o m p a c t  a g g r e g a t e s :  5  +  i n d i c a t e s  t h a t  
> 9 0 %  o f  t h e  c e l l s  f o r m e d  l a r g e  c o m p a c t  c l u s t e r s .  I t  w a s  o u r  e x p e r ie n c e  
t h a t  t h e  d i f f e r e n c e s  i n  t h e  r e s u l t s  o b t a i n e d  b y  tw o  i n d e p e n d e n t  o b 
s e r v e r s  w a s  n e g l ig ib le .

Q u a n t i t a t t u e  a g g r e g a t io n  a s s a y .  C e lls  w e re  s e e d e d  i n  f la t  b o t t o m  
m i c r o t i t e r  p l a t e s  a s  d e s c r i b e d  a b o v e .  T h e  n u m b e r  o f  n o n a g g r e g a t i n g  
c e l ls  w a s  c o u n t e d  b y  t h e  u s e  o f  a  c a l i b r a t e d  m a s k  c o n s i s t i n g  o f  s q u a r e s  
( 0 .4 6  m m )  i n  t h e  o c u l a r  ( Z e i s s  C P L W l O x / 1 8 )  o f  a n  i n v e r t e d  m ic r o s c o p e  
(L e i tz  D ia v e r t ) .  W i t h i n  e a c h  w e ll  a t  l e a s t  s i x  r a n d o m l y  c h o s e n  a r e a s  
w e r e  c o u n t e d ,  fo l lo w e d  b y  th e  c a l c u l a t i o n  o f  t h e  m e a n  a n d  t h e  to ta l  
n u m b e r  o f  n o n a g g r e g a t i n g  cells . P e r c e n t  a g g r e g a t i o n  w a s  d e t e r m i n e d  
a c c o r d i n g  to  t h e  f o r m u l a :

„  No. o f  f re e  ce lls
P e r c e n t  a g g r e g a t i o n  = 1 ------------------ -------  x  1 0 0 % .

to ta l  N o. o f  ce lls

T h e  e x p e r i m e n t s  w e r e  c a r r i e d  o u t  i n  t r i p l i c a t e .  T h e  S D  w i t h i n  e a c h  
e x p e r i m e n t  w a s  u s u a l l y  l e s s  t h a n  10% .

R ESU LTS

I m m u n o p r é c ip i ta t io n ,  We p rev io u sly  d e sc r ib e d  several 
a n t ib o d ie s  re a c tiv e  w ith  LFA-1 (2). In  a  c o m p a ra tiv e  im 
m u n o p r é c ip i ta t io n  s tu d y  w ith  125I-labeled PH A -activated  
PBL, tw o new ly  g e n e ra te d  a n tib o d ie s  L15 a n d  L I 6 show ed  
th e  c h a r a c te r i s t ic  p a t t e r n  of LFA-1 (Fig. 1 ). T h e se  mAb, like 
L I ,  L7, L 10, L l l ,  a n d  MHM 24, p re c ip i ta te d  a n  a -c h a in
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F ig u re  1, I m m u n o p r é c ip i t a t i o n  of LFA-1 from  a  125I-labeled  ly sa te  of p e 
r i p h e r a l  b lo o d  m o n o n u c l e a r  cells, w i th  v a r io u s  an ti-L F A -1 m A b. I m m u n o 
p r e c ip i t a t e s  w e re  s u b je c t e d  to SD S-PA G E a n d  a u to ra d io g r a p h y .  (A) S P V -L 1 , 
(B) SPV -L7, (C) S P V -L 10 , (D) MHM 24 , (£) SPV-L11, (F) NKI-L15. (G) NKI- 
L 1 6 , (H) M HM  2 3 .  (i) 6 0 .3 ,  a n d  (J)  CLB 54.
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w ith  a  M r o f 1 70  k D a a n d  a  /3-chain  o f 95 k D a , respec tiv e ly . 
A n ti-/3 -cha in  m A b (CLB 54, MHM 2 3 , 6 0 .3 )  p r e c ip i ta te  in  
a d d i t io n  to  th e s e  tw o b a n d s ,  th e  t t-c h a in  o f  th e  p i 50*95 
m o le c u le  (Fig. 1). To prove t h a t  L I 5 a n d  L 1 6  re a c te d  w ith  
LFA-1 b u t  n o t  w i th  a n  LFA-l-Iike Ag, p re c le a r  a n d  p e p tid e  
m a p p in g  e x p e r im e n ts  w ere c a r r ie d  o u t. R e p e a te d  p re c le a r 
in g  (4 tim es) o f ly sa te s  of CTL w ith  m A b 6 0 .3  o r L7, follow ed 
b y  im m u n o p ré c ip i ta t io n  w ith  L I 5 o r  L I 6, r e s u l te d  in  a  
c o n s id e ra b le  r e d u c t io n  (> 90% ) of th e  im m u n o p re c ip i ta te d  
m a te r ia l  (re su lts  n o t  show n). S im ila r  o b se rv a tio n s  w ere  m a d e  
in  re c ip ro c a l  e x p e r im e n ts  w h ic h  in d ic a te s  t h a t  m A b L I 5 
a n d  L I 6  b o th  reco g n ize  LFA-1. F u r th e r  ev id e n c e  is  p ro v id e d  
b y  a  p e p tid e  m a p  w h ic h  w as m a d e  of im m u n o p r e c ip i ta te s  
o b ta in e d  w ith  th e  m Ab L l l ,  L15, L 16 , a n d  MHM 24 . T h e  
a -  a n d /o r  /3 -cha ins  w ere  ex c ised  f ro m  th e  gel, d ig e s te d  by  
V8 p ro te a s e ,  a n d  s u b s e q u e n tly  s u b je c te d  to  8  to  15% S D S - 
PA G E. As s h o w n  in  F ig u re  2 , id e n tic a l  p a t t e r n s  w ere  o b 
s e rv e d , s h o w in g  th a t  all m Ab reco g n ize  th e  LFA -1 Ag.

J Y - J Y  in teractions . R ecen tly  i t  h a s  b e e n  re p o r te d  t h a t  
m A b d ire c te d  a g a in s t  LFA-1 in h ib i t  b o th  s p o n ta n e o u s  a n d  
T P A -in d u ce d  h o m o ty p ic  cell-cell in te r a c t io n s  o f  JY  cells (12, 
13). T h e  in c re a s e d  a d h e s io n  of cells a f te r  TPA  s t im u la t io n  
c o u ld  n o t  b e  a t t r ib u te d  to a  h ig h e r  e x p re s s io n  of LFA-1 o r 
to  a n  in c re a s e d  m otility . T h e se  r e s u l t s  w e re  c o n f irm e d  a s  
s h o w n  in  T a b le s  I a n d  II. All mAb d ire c te d  a g a in s t  LFA-1, 
e x c e p t L I 6, s tro n g ly  in h ib i te d  th e  a g g re g a te  fo rm a t io n  of 
JY  cells (Table I), w h ereas  th e  in c reased  a d h e s iv e n e s s  c a u se d  
b y  a d d i t io n  o f TPA w as n o t  a c c o m p a n ie d  b y  a n  in c re a s e d

A B C D E F

1 8 -

1 4 -

6 -
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Figure 2. T r e a tm e n t  of th e  S D S -P A G E -p u r if ie d  a-  a n d  /3 -c h a in s  o f  LFA-
1 w i th  V8 p ro te a s e .  (A) L I 1 /3 -ehain ; (B) L 1 6 /3 - c h a in ;  (C) M HM  24  a - c h a i n ;  
(D) L 16  a - c h a in ;  (E) L 15  a -c h a in ;  (F) L I 1 a - c h a in .  B a r s  i n d i c a t e  re la t iv e  M r 
(k D a) a s  d e f in e d  b y  p r e s ta in e d  m a r k e r s .

2 6 -

e x p re ss io n  of LFA-1 (Table II). S u rp r is in g ly , a d d i t io n  of mAb 
L I 6 s tro n g ly  s t im u la te d  th e  a d h e s iv e  c a p a c i ty  o f  s p o n ta 
n e o u s ly  a g g re g a t in g  JY  cells, q u i te  s im i la r  to  TPA  (T able I). 
In  s o m e  e x p e r im e n ts ,  s t im u la t io n  o f a g g re g a t io n  by  mAb 
L 16  co u ld  a lre a d y  b e  o b s e rv e d  a t  a  c o n c e n t r a t io n  of 5 0  n g / 
m l (d a ta  n o t  s h o w n ) .

B o th  TPA in d u c e d  JY  cell c lu s te r in g ,  a n d  a g g re g a tio n  
in d u c e d  b y  m A b L I 6 , c o u ld  b e  in h ib i te d  b y  all o th e r  a n t i -  
LFA -1 m A b a v a ila b le  (T ab le  I). To s tu d y  th e  p ro c e s s  o f  a g 
g re g a te  fo rm a t io n  in  m o re  d e ta i l  a n d  to  c o m p a re  th e  effects  
of TPA  a n d  m A b L I 6, k in e t i c  e x p e r im e n ts  w e re  p e rfo rm e d . 
As s h o w n  in  F ig u re  3 , b o t h  m A b L I  6  a n d  TPA  in d u c e d  a  
r a p id  c lu s te r  f o r m a t io n  r e a c h in g  a  m a x im u m  (i.e ., > 9 0 %  
of th e  cells i n  la rg e  c o m p a c t  c lu s te r s )  a f te r  3 h  o f  in c u b a t io n  
a t  37°C . S im u l ta n e o u s  a d d i t io n  of TPA  a n d  m A b L I 6  d id  
n o t  f u r th e r  a c c e le ra te  t h e  a g g re g a t io n  p ro c e s s  in  c o m p a r 
i s o n  w ith  t h e  a d d i t io n  o f e i th e r  TPA  o r  L 16 . T h e  h y p e r 
a g g re g a t io n  in d u c e d  b y  th e s e  c o m p o u n d s  la s te d  fo r m o re  
t h a n  72  h  fo r  b o th  s t im u l i .  I n h ib i t io n  o f s p o n ta n e o u s  o r  
s t im u la te d  a g g re g a te  f o r m a t io n  in d u c e d  b y  o th e r  an ti-L FA - 
1 m A b d e c re a s e d  a f te r  2 4  h  (Fig. 3). T a k e n  to g e th e r  th e se  
d a ta  s u g g e s t  t h a t  TPA  o r  L 1 6  m a y  in d u c e  a g g re g a te  fo r 
m a t io n  b y  a  s im i la r  L F A -1 -m e d ia te d  m e c h a n is m .

W e e x c lu d e d  th e  p o s s ib i l i ty  t h a t  m A b L I 6 a c c id e n tly  h a d  
b e e n  c o n ta m in a te d  w i th  TPA, s in c e  b o th  h y b r id o m a  su -  
p e r n a t a n t s  a n d  H P L C -p u rif ie d  a n t ib o d ie s  w e re  effective in  
in d u c in g  a g g re g a t io n .  F u r th e r m o r e ,  a d d i t io n  o f TPA  to  
n e u t r o p h i l s  c a u s e d  a  r a p id  o x id a tiv e  b u r s t ,  w h e r e a s  in  c o n 
t r a s t  a d d i t io n  o f m A b L I 6 w a s  fo u n d  to  b e  in e ffec tiv e  (re 
s u l t s  n o t  s h o w n ) .

CTL-CTL in te r a c t io n s .  In  c o n t r a s t  to  JY  cells, u n s t i m u 
la te d  c lo n ed  h u m a n  C TL d o  n o t  fo rm  s p o n ta n e o u s  h o m o 
ty p ic  c o n ju g a te s  in  v itro  (Fig. 4). N e v e r th e le ss , th e  a d d i t io n  
o f sm a ll  q u a n t i t i e s  o f TPA  (1 n g /m l)  o r  m A b L I 6  (50 ng /m l) 
to  a  C D 3 +CD4~t C D 1 6 ~  CTL c lo n e  (c lone J S -1 3 6 )  in d u c e s  
r a p id  a g g re g a t io n  of t h e  ce lls  (F igs. 5 a n d  6, resp ec tive ly ). 
S im ila r  r e s u l t s  w ere  o b ta in e d  b y  u s in g  o th e r  CTL c lo n es  
re g a rd le s s  o f t h e i r  p h e n o ty p e .  S im i la r  to  JY  cells, th e  a g 
g re g a te  f o r m a t io n  o f  J S - 1 3 6  cells in d u c e d  b y  TPA  w a s  n o t  
a c c o m p a n ie d  b y  a n  in c r e a s e  in  e x p re s s io n  o f  LFA-1 o n  th e  
cell s u r fa c e  o f CTL (T ab le  II). N e v e r th e le s s , a g g re g a t io n  i n 
d u c e d  b y  m A b L I  6 o r  TPA  s e e m s  to d e p e n d  o n  th e  p re s e n c e  
o f LFA-1, s in c e  o th e r  a n ti-L F A -1 m A b w ere  ab le  to  c o m 
p le te ly  a b ro g a te  a g g re g a t io n  (T ab le  I). F u r th e r m o r e ,  a n t i -  
L FA -1 /3~chain m A b w e re  f o u n d  to  b e  s l ig h tly  le ss  in h ib i to r y  
t h a n  a n t i  LFA-1 a - c h a in  m A b, b o th  for JY -JY  a n d  CTL-CTL 
in te r a c t io n s .

W e a lso  ca i-ried  o u t  k in e t ic  s tu d ie s  w i th  J S - 1 3 6  (Fig. 7). 
In  s p i te  o f  th e  7- to  10-fo ld  h ig h e r  e x p re s s io n  o f LFA-1 o n  
th e  CTL c lo n e s  c o m p a re d  w i th  JY  cells (T ab le  II), th e  o n s e t  
o f  a g g re g a t io n  a f te r  a d d i t io n  o f  TPA o r  m A b L I 6 o c c u r re d  
a f te r  3 0  to  6 0  m in .  A fte r  th i s  p e r io d , cells a g g re g a te d  in  a  
s im i la r  f a s h io n  a s  JY  cells . In  g e n e ra l ,  n o  d if fe re n c e s  in  
k in e t ic s  w e re  o b s e rv e d  b e tw e e n  TPA  t r e a tm e n t  o r  s t i m u 
l a t io n  w i th  L I 6. A g a in , th e s e  d a t a  s u g g e s t  t h a t  TPA- o r  
L 1 6 - in d u c e d  cell a g g re g a t io n  is  m e d ia te d  by  a  s im ila r  
m e c h a n is m .

No in v o lv e m e n t  o f  FcR.  I n a s m u c h  a s  m A b L 16  h a s  a  
d if fe re n t  iso  ty p e  (IgG 2 a) t h a n  m o s t  o f th e  o th e r  an ti-L FA - 
1 a n t ib o d ie s  a p p lie d  in  th i s  s tu jd y  (T ab le  I), in d u c t io n  o f  
a g g re g a te  f o r m a t io n  o f JY  cells o r  CTL m ig h t  b e  d u e  to  a n  
F c R -m e d ia te d  p ro c e s s .  H ow ever, s t r o n g  ev id e n c e  a g a in s t  
t h i s  p o s s ib i l i ty  c o m e s  f ro m  th e  fo llo w in g  o b s e rv a t io n s .  (1) 
A  c o n tro l  a n t ib o d y ,  W 6 /3 2  (IgG 2a) d i r e c te d  a g a in s t  HLA
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A b i l i ty  o f m A b  to in h ib i t  or s t im u la t e  f o r m a t i o n  o f  s p o n ta n e o u s  or in d u c e d  h o m o ty p ic  ce ll  aggrega tesa

Ag mAb la o type
JY JS-136

Medium TPA L16 Medium TPA L16

3 4- 5 + 5 + 0 4  + 4 +

L FA -1 « M H M  2 4 Ig G l 0 1 + 1 + 0 0 0

L FA -1 a L I Ig G l 0 0 0 0 0 0

L F A -la L7 Ig G l 0 0 1 + 0 0 0

L F A -la L 1 0 Ig G l 0 0 0 0 0 0

L F A -la L l l Ig G l 0 0 0 0 0 0

L F A -la L 15 Ig G l 0 1 + 1 + 0 0 0

L F A -la L 1 6 Ig G 2 a 5 + 5 + 5 +■ 4 + 4 + 4 +

HLA-ABC- W 6 /3 2 Ig G 2 a 3 + 5 + 5  + 0 4  -(■ 4 +

LFA- Iß 6 0 .3 Ig G 2 a 1 + 2  + 1 + 0 1 + 1 +
LFA* Iß M H M  23 Ig G l 1 + 2-1- 2 + 0 1 + 1 +

LFA- Iß C LB  5 4 I g G l 1 + 1 1 + 0 1 + 1 +

R u p i - l b Ig G l 3  + 5 + 5  + 0 4 + 4 4-

K lo sb Ig G 2 a 3 + 5 - f 5  + 0 4 + 4 +

11 m A b  (5 /xg/m l) w e r e  a d d e d  to  u n s t i m u l a t e d  a n d  T PA  (1 0  
(c lo n e  J S - 1 3 6 ) .  A f te r  4  h t t h e  a g g r e g a te  f o r m a t io n  w a s  s c o r e d  

b A n t ib o d i e s  n o n r e a c t i v e  w i th  t h e  cells.

T A B L E  II

E x p r e s s io n  o f  L F A -11 H LA c la s s  I, a n d  CD 16 a n t ig e n s  o n  J Y  ce l ls  a n d  th e  
C TL c lo n e  J S - 1 3 6  a s  m e a s u r e d  b y  a n  in d ire c t  im m u n o f lu o r e s c e n c e

a s s a y a

R ela tiv e  F lu o re s c e n c e  In te n s i ly
m A b ------------------------------------------------------------------------------

J Y  JY  (TPA) J S - 1 3 6  J S - 1 3 6  (TPA)

K los 0 .4 0 .3 0 0
R u p i - 1 0 0 .1 0 0
L 10 3 .7 3 .5 2 3 . 7 2 6 .0
L 16 3 .2 3 .4 1 5 .5 15 .1
6 0 .3 3 .7 3 .6 2 2 .5 2 5 .0
W 6 /3 2 5 7 .5 5 6 . 2 4 3 . 7 4 3 . 7
« -C D  16 ND ND 0 0

u C ells w e re  c u l t u r e d  a t  3 7 °C  a n d  t r e a t e d  w i t h  o r  w i t h o u t  T P A  (1 0  n g /m l)  
fo r  1 h .  S u b s e q u e n t l y  a n  im m u n o f l u o r e s c e n c e  a s s a y  w a s  p e r f o r m e d  a s  d e 
s c r ib e d  i n  M a te r ia ls  a n d  M e th o d s .  T h e  r e s u l t s  o f  a  ty p ic a l  e x p e r im e n t  a re  
s h o w n  (n  =  5).

t im e(m in)

F igure  3 . K in e t ic s  o f  a g g r e g a t io n  o f  J Y  cells . A g g re g a t io n  in  th e  p r e s e n c e  
o f  TPA  ( ■) ,  5  n g /m l;  L IB  (À ), 0 .1  M g/ml o r  m e d i u m  a lo n e  ( • ) .  T h e  o p e n  
s y m b o ls  r e p r e s e n t  t h e  a d d i t i o n  of m A b  CLB 5 4  (1 ¿ig/m l) to L 1 6  s t i m u l a t e d  
(A) o r  u n s t i m u l a t e d  (O ) cells ,

c la ss  I Ag d id  n o t  in d u c e  a g g re g a te  fo rm a tio n ,  d e s p i te  th e  
fact  t h a t  th e s e  Ag a r e  a b u n d a n t ly  p r e s e n t  o n  b o th  CTL a n d  
JY  cells (T able II); (2) th e  m A b  6 0 .3  (IgG 2a) w h ic h  r e a c ts  
w ith  th e  /3 -ch a in  o f LFA-1 s t ro n g ly  in h ib i t s  a g g re g a te  fo r 
m a t io n  (T ab le  I); a n d  (3) th e  CTL c lo n e  (JS -1 3 6 )  d o e s  n o t  
e x p re s s  F cR  a s  ju d g e d  b y  (a) n o n re a c t iv i ty  w i th  a n t ib o d ie s  
d ire c te d  a g a in s t  CD 16  a n d  (b) n o n r e a c t iv i ty  w i th  a  c o n tro l  
m A b (KIos) o f  th e  s a m e  iso  ty p e  (T ab le  II).

E pitope  d e te r m in a t io n . A s d e s c r ib e d  ab o v e , m A b d i 
r e c te d  a g a in s t  LFA-1, w i th  t h e  e x c e p tio n  o f  m A b L I 6, In 
h ib i te d  h o m o ty p ic  a g g re g a te  fo rm a t io n .  T h e re fo re  i t  w a s  o f  
in te r e s t  to  d e te r m in e  w h e th e r  L 16  r e a c te d  w i th  a  t h u s  fa r  
u n k n o w n  e p ito p e  o f  th e  LFA-1 m o lecu le . T h e  f in d in g  t h a t  
L 16 in d u c e s  a g g re g a te  f o r m a t io n  in d ic a te s  t h a t  L I 6 d o e s  
n o t  r e a c t  w i th  th e  b in d in g  s i t e  o f  LFA-1. T o d e te r m in e  th e

n g /m l)-  o r  L 1 6  (0 .5  /¿ g /m l) - s t im u la te d  JY  cells o r  a  CTL c lone  
v is u a l ly  a s  d e s c r ib e d  i n  M a i e r i a / s  a n d  M ethods .

e p i to p e s  o f th e  v a r io u s  LFA-1 a n tib o d ie s , P H A -stim u la ted  
PBL w ere  t r e a te d  w i th  t iy p s in  for v a r io u s  le n g th s  of tim e, 
fo llow ed b y  im m u n o f lu o re s c e n c e . As d e p ic te d  in  F ig u re  8A, 
m A b L I 6 reco g n ize s  a n  ep ito p e  o n  th e  LFA-1 a -c h a in , w h ich  
is re la tiv e ly  in s e n s i t iv e  to  t ry p s in  t r e a tm e n t .  A fter 2 .5  m in  
o f t r e a tm e n t ,  n o  d e te r m in a n t s  w ere lost, a n d  a f te r  40  m in  
a lm o s t  50%  o f th e  d e te r m in a n ts  w ere  s till  co n se rv ed . In  
c o n t r a s t ,  th e  m A b M HM  2 4 , L I, L7, L10, L I 1, a n d  L I 5 w ere  
fo u n d  to  be  re a c tiv e  w i th  a n  ep ito p e  w h ic h  w as  a lready  
a ffec ted  a f te r  2 .5  m in  o f  t ry p s in  tre a tm e n t.  T h e se  m Ab c a n  
b e  d iv id e d  in to  tw o  g r o u p s  d isc e rn ib le  a f te r  4 0  m in  of ex 
p o s u r e  to  t ry p s in .  m A b  b e lo n g in g  to  th e  f i r s t  g ro u p  (MHM 
2 4 , L I ,  L7, a n d  L10) lo s t  all reac tiv ity , w h e re a s  a b o u t  25% 
o f th e  d e t e r m in a n t s  re c o g n iz e d  by  th e  m Ab of th e  sec o n d  
g r o u p  ( L l l  a n d  L l5 )  w e re  still p re se n t, S im ila r  o b se rv a 
t io n s  w ere  m a d e  w i th  anti-LFA -1 /3-chain  mAb (Fig. 8B). 
All e p i to p e s  w e re  f o u n d  to  b e  try p s in  sen s itiv e , b u t  a  c lear 
d i s t in c t io n  c o u ld  b e  m a d e  b e tw e e n  th e  ep ito p es  reco g n ized  
b y  m A b CLB 5 4  a n d  th e  o th e r  two mAb (MHM 23 a n d  60 .3). 
A fte r  5 m in  o f t r y p s in  t r e a tm e n t ,  m ore  th a n  50%  of th e  
e p i to p e  re c o g n iz e d  b y  CLB 5 4  w as lost, w h e re a s  th e  g re a te r  
p a r t  of th e  e p ito p e  re c o g n iz e d  by  th e  mAb MHM 23 a n d  
6 0 .3  w a s  s til l  p r e s e n t .  It s h o u ld  b e  n o te d  th a t ,  a f te r  5 m in  
of t r y p s in  t r e a tm e n t ,  th e  /3 -chain  of LFA-1 b ec o m e s  re la 
tive ly  in s e n s i t iv e  to  f u r th e r  d e g ra d a tio n  for a  p e r io d  of a p 
p ro x im a te ly  15 m in  (Fig, 8B). T h ese  re s u l ts  in d ic a te  th a t  
th e  e p ito p e  re c o g n iz e d  b y  mAb L16 is m o s t likely  loca ted  
c lose  to  th e  t r a n s m e m b r a n e  s e g m e n t of th e  m olecu le  s u c 
c e ss iv e ly  fo llow ed b y  th e  e p ito p e s  reco g n ized  b y  th e  mAb 
L l l ,  L 15 , a n d  th e  e p i to p e s  of L7, L10, L12, a n d  MHM 24. 
S im ila r ly , th e  m A b MHM 2 3  a n d  6 0 .3  m ig h t  b in d  c loser to 
th e  t r a n s m e m b r a n e  o f  th e  m olecu le  th a n  m Ab CLB 54.

T o d e te rm in e  w h e th e r  th e  mAb d ire c te d  a g a in s t  th e  v a r 
io u s  t ry p s in -d e f in e d  e p ito p e s  cou ld  in h ib i t  e a c h  o th e r ’s 
b in d in g , c ross-b io  e k in g  ex p e rim en ts  were ca rr ied  ou t. W ith in  
e a c h  o f th e  t ry p s in -d e f in e d  ep ito p es  all m Ab c ro ss-b lo ck ed  
e a c h  o th e r  (Fig. 9). M oreover, b in d in g  of a  m Ab to  o n e  of 
th e  t ry p s in -d e f in e d  e p ito p e s  does n o t  in h ib i t  b in d in g  of 
m A b to  o th e r  t ry p s in -d e f in e d  en ito p es  (Fig. 9). T h e se  re 
s u l t s  in d ic a te  t h a t  n o n e  o f  th e  try p s in -d e f in e d  e p ito p e s  is 
lo s t  d u e  to  c o n fo rm a t io n a l  c h a n g e s  w ith in  th e  LFA-1 m ol 
e cu le  a f te r  b in d in g  of a  s in g le  mAb. F u r th e rm o re , th e se  
r e s u l t s  s h o w  t h a t  b o th  m e th o d s  ( try p s in  t r e a tm e n t  a n d  
c ro s s -b lo c k in g  s tu d ie s )  y ie ld  id e n tic a l r e s u lts .  It is c o n 
c lu d e d  t h a t  m A b L I 6 a n d  CLB 5 4  define  u n iq u e  ep ito p es  
o n  th e  a- a n d  /3 -ch a in  of LFA-1, respectively .
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Figure 4. P h o to m ic r o g r a p h  of a g g r e g a t io n  o f  C T L  (c lo n e  J S - 1 3 6 ) ,  a f te r  a  3 -h  in c u b a t io n  p e r i o d  w i th  m e d iu m .
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Figure 5. P h o to m ic r o g r a p h  o f  C T L  c lo n e  J S - 1 3 6  a g g r e g a t io n  a f t e r  a  3 - h  in c u b a t io n  w i t h  TPA , 1 ng/m l.

D IS C U S S IO N

H o m o ty p ic  ce llu lar in te r a c t io n s  h a v e  b e e n  s h o w n

m e d ia te d  b y  a n  LPA-1-d e p e n d e n t  m e c h a n is m  s in c e  m A b 
d ire c te d  a g a in s t  th is  Ag a r e  ab le  to in h ib i t  cell c lu s te r in g  
( 1 0 —12). F ro m  o u r  f in d in g s  i t  b eco m es  c lea r  th a t  th e
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y

F ig u re  6. P h o t o m i c r o g r a p h  of a g g r e g a t io n  o f  CTL c lo n e  J S - 1 3 6  a f te r  a  3 -h  i n c u b a t i o n  w ith  L16, 0 .1  ¿¿g/ml.

t im e(m in)

F igure  7. K in e t ic s  o f  a g g r e g a t io n  o f  C T L  c lo n e  J S - 1 3 6 .  A g g re g a t io n  in  
th e  p r e s e n c e  of TPA , 1 n g /m l  (■)  o r  L I 6, 0 .1  ¿u.g/ml (A ) .  T h e  o p e n  s y m b o l s  
r e p r e s e n t  u n s t i m u l a t e d  ce lls  (O ) a n d  L I 6 s t i m u l a t e d  cells  in  t h e  p r e s e n c e  
o f  m A b CLB 54 , 10  / ig /m l  (A).

e x p re s s io n  o f LFA-1 o n  th e  cell s u r f a c e  d o e s  n o t  c o rre la te  
w i th  h o m o ty p ic  a g g re g a te  fo rm a tio n .  F ir s t ,  w e a k  LFA-1 
p o s it iv e  JY  cells fo rm  s p o n ta n e o u s  cell c lu s te r s ,  w h e re a s  
s t r o n g  L F A -1-positive  CTL c lo n e s  w ere  s h o w n  n o t  to  a g 
g re g a te  (Fig. 4). S e c o n d , in d u c t io n  o f h o m o ty p ic  a g g re g a te  
fo rm a t io n  b y  m e a n s  o f T PA  is  n o t  a c c o m p a n ie d  b y  a n  i n 
c re a se  in  LFA-1 e x p re s s io n  (T ab le  II). S im ila r  f in d in g s  w e re  
r e p o r te d  b y  R o th le in  a n d  S p r in g e r  (12) w h o  in  a d d i t io n  
sh o w e d  th a t  LFA-1 is r e q u ird  for cell a g g re g a tio n  s in c e  EBV- 
t r a n s fo rm e d  L F A -1 -nega tive  B cell l in e s  c o u ld  n o t  b e  i n 
d u c e d  to  fo rm  h o m o ty p ic  cell a g g re g a te s . H ow ever, th e s e  
cells co u ld  b in d  to  o th e r  L F A -1-positive  E B V -tra n s fo rm e d  
B cells. F u r th e rm o re ,  t h e i r  r e s u l t s  in d ic a te d  t h a t  m e ta b o lic  
a c tiv ity  a n d  cell m o ti l i ty  a re  r e q u i r e d  for cell a g g re g a tio n . 
T h e  d if fe re n c e s  in  k in e t ic s  o f  a g g re g a t io n  o f CTL o r  JY  cells

(Figs. 3 a n d  7) m ig h t  b e  d u e  to th e se  p h e n o m e n a  s in c e  
th e s e  cells m a y  d iffe r in  th e ir  s ta te  of a c tiv a tio n .

T h e  m e c h a n is m  w h e re b y  TPA in d u c e s  a g g reg a te  fo rm a 
t i o n  h a s  n o t  y e t  b e e n  e lu c id a ted . V ia tr ig g e r in g  of th e  p ro 
t e in  k in a s e  C p a th w a y , TPA m ay  have  effects o n  th e  cell 
m e m b ra n e , cy toskele ton , or m otility  (12). A lternatively, TPA 
m a y  a c t  o n  LFA -1 itse lf. In  th is  re sp e c t  th e  c h a ra c te r iz a t io n  
o f  m A b NK I-L16 m a y  be  h e lp fu l to fu r th e r  d e lin e a te  th e  role 
o f  TPA in  cell a g g re g a tio n . mAb L16 is d ire c te d  a g a in s t  th e  
a :-ch a in  o f LFA-1 a n d  s t im u la te s  ce llu lar a d h e s io n  in  a  m a n 
n e r  s im i la r  to  TPA  (Figs. 3 a n d  7). S im u lta n e o u s  a d d it io n  
o f  TPA a n d  m A b L I 6 d id  n o t  f u r th e r  in c re a se  th e  sp eed  of 
a g g re g a tio n  w h ic h  su g g e s ts  th e  in v o lv em en t of a  s im ila r  
a c t iv a t io n  m e c h a n is m . F ro m  th e se  d a ta  i t  c a n  be  h y p o th 
e s iz e d  t h a t  TPA  m a y  ac tiva te  th e  LFA-1 m olecu le , by  i n 
d u c in g  a  c o n fo rm a tio n  c h a n g e  p o ssib ly  v ia  p ro te in  k in a se  
C a n d  s u b s e q u e n t  p h o sp h o ry la tio n  (26). B in d in g  of m Ab 
L I 6 to  LFA-1 m a y  in d u c e  a  s im ila r  c o n fo rm a tio n a l ch a n g e  
le a d in g  to  a c t iv a t io n  o f th e  LFA-1 m olecule. T h is  h y p o th e s is  
is  s u p p o r te d  b y  th e  f in d in g  th a t  th e  ep ito p e  reco g n ized  by  
m A b L 16  is  m o s t  likely  s i tu a te d  close to  th e  t r a n s m e m b ra n e  
s e g m e n t  o f th e  m o lecu le  w h ic h  is  n e a re s t  to  th e  s i te  of 
p h o rp h o ry la t io n .

T a k e n  to g e th e r  o u r  re s u lts  s tro n g ly  in d ic a te  th e  e x is t 
en ce  of tw o fo rm s of LFA-1, a n  active co n fig u ra tio n  b y  m e a n s  
o f  w h ic h  cells a g g re g a te  in  a n  LFA-1 d e p e n d e n t  fa sh io n , 
a n d  a n  in a c t iv e  c o n f ig u ra t io n  in  w h ic h  cells e x p re ss  LFA- 
1 b u t  d o  n o t  a g g re g a te . A s im ila r  c h a n g e  in  c o n f ig u ra t io n  
h a s  b e e n  p o s tu la te d  for CD2 ( T i l ,  LFA-2) (6, 2 7 —30). L ike 
LFA-1, C D 2 is inv o lved  in  CTL- ta rg e t  cell a d h e s io n  (6, 31). 
In  a d d i t io n ,  C D 2 a p p e a rs  to p lay  a n  im p o r ta n t  role in  T  
cell a c t iv a t io n  (32, 33). U pon cell a c tiv a tio n , C D 2 a c q u ire s  
a  n e w  e p ito p e  a s  reco g n ized  by  a  m Ab te rm e d  a n t i-
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F igure  8. E p i to p e  d e te r m in a t io n  o f  t h e  v a r io u s  an ti-L F A -1  m A b  b y  t h e  
u s e  o f  t ry p s in .  P H A -s tim u la ted  ly m p h o c y te s  w e re  t r e a t e d  w i t h  t r y p s in  i'or 
v a r io u s  l e n g th s  o f  t im e  a f te r  w h ic h  a n  im m u n o f lu o r e s c e n c e  a s s a y  w a s  c a r 
r ied  o u t.  T h e  re la tiv e  im m u n o f lu o re s c e n c e  o f  u n t r e a t e d  s a m p l e s  r e p r e s e n t e d  
th e  100%  v a lu e . (A) T ry p s in  s e n s i t iv i ty  o f  th e  e p i to p e s  lo c a te d  o n  th e  en
c h a in  of LFA-1: L I  ( • ) ,  L7 (O), L 1 0  ( □ ) ,  L l l  (A), L 15  ( A ) ,  L 16  M HM  
2 4  (■). (B) T ry p s in  se n s i t iv i ty  of t h e  e p i to p e s  lo c a te d  o n  th e  /3 -c h a in  o f  LFA- 
1: CLB 5 4  (■), 6 0 .3  (A), MHM 2 3  (A ) .
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Figure 9 . C ro ss -b lo c k in g  (■) o f  t h e  v a r io u s  an ti-L F A -1  m A b  a s  d e te c te d  
by  d ir e c t  a n d  in d i r e c t  im m u n o f lu o r e s c e n c e  (see  M a te r ia ls  a n d  M e th o d s ). 
T h e  o p en  bars  a n d  do tted  lines  s e p a r a t e  an ti-L F A -1  a - c h a i n  a n d  an ti-L F A - 
1 /3 -cha in  m A b, respectively .

T 1 1 3 (32). T h e  in d u c t io n  of th e  e x p re ss io n  of th is  ep ito p e  
is  m o s t  like ly  c a u s e d  b y  a  c o n fo rm a tio n a l c h a n g e  in  th e  
m o lecu le , s in c e  b in d in g  of a n o th e r  an ti-C D 2  m Ab (an ti-  
T 1 1 2) to  r e s t in g  T  cells fo r  30  m in  a t  0°C in d u c e s  th e  a p 
p e a ra n c e  o f  th e  T l l 3 e p ito p e  (32, 33). In te re s tin g ly , a d d i 
t io n  o f  a n t i - T l  13 m A b to g e th e r  w ith  c e r ta in  o th e r  an ti-C D 2  
m A b s t im u la te s  r a t h e r  t h a n  in h ib i ts  T  cell fu n c t io n s  (3 2 — 
35), In  th i s  c o n te x t  i t  is  n o tew o rth y  th a t  th e  ep ito p e  rec 
o g n iz e d  b y  m A b L 1 6  is  ex p ressed  only  on  a c tiv a te d  cells, 
a n d  is  in d u c e d  o n  r e s t in g  PBL a f te r  m ito g e n ic  s t im u la t io n  
(G. D. K eizer, m a n u s c r ip t  in  p re p a ra tio n ) .

W h a t  is  t h e  n a t u r a l  s ig n a l th a t  c a u s e s  LFA-1 to  sw itc h  
f ro m  th e  r e s t i n g  to th e  ac tiv a ted  s t a t e ?  T h e  m o s t s im p le  
e x p la n a t io n  w o u ld  b e  th e  p re sen ce  o f i ts  c o u n te r s t ru c tu re .  
U n fo r tu n a te ly ,  t h i s  m o d e l is  too s im p le  s in c e  CTL do  n o t  
in te r a c t  w i th  e a c h  o th e r  sp o n ta n e o u s ly , w h e re a s  r e a s o n 
a b le  e v id e n c e  c a n  b e  p ro v id ed  th a t  th e  c o u n te r s t r u c tu r e  is  
p r e s e n t  o n  CTL. F ir s t ,  i t  is  d ifficu lt to  a s s u m e  th a t  b in d in g  
o f m A b L I  6 w ill in d u c e  ag g reg a te  fo rm a tio n  of cells b y  in 
d u c in g  th e  e x p r e s s io n  o f  a  c o u n te r s t ru c tu re  o f LFA-1. M ore 
over, th e  h y p o th e t ic a l  c o u n te r s t r u c tu re  o f LFA-1, th e  i n 
te rc e l lu la r  a d h e s io n  m olecu le  1 (ICAM-1) (36) a p p e a rs  to b e  
p r e s e n t  o n  CTL (37). T h e se  re s u lts  in d ic a te  th a t  LFA-1 b e 
c o m e s  a c t iv a te d  v ia  a  d iffe ren t m e c h a n is m . O ne e x p la n a 
t io n  is  t h a t  LFA-1 is  n o t  th e  a d h e s io n - in i t ia t in g  m o lecu le  
b u t  m a y  p la y  a  ro le  in  a d h e s io n  s t r e n g th e n in g ,  w h ic h  h a s  
b e e n  p ro p o s e d  b y  o th e r s  (12, 38). In  th is  re g a rd , th e  ex 
i s te n c e  o f  a n  L FA -1- in d e p e n d e n t  a d h e s io n  p a th w a y  m ay  b e  
re le v a n t  a s  d e s c r ib e d  b o th  for C T L -target cell (31) a n d  m o n 
o c y te -e n d o th e lia l  cell in te ra c t io n s  (39), In th e  la t te r  case , 
S t r a s s m a n  e t  al. (40) elegantly  d e m o n s tra te d  t h a t  w eak  
LFA-1 in d e p e n d e n t  a d h e s io n  preceded  LFA-1 d e p e n d e n t cell
cell i n t e r a c t io n  w h ic h  re su lte d  in  s tro n g  a d h e s io n . M ore 
over, i t  w a s  s h o w n  t h a t  only th e  s t r o n g  in te ra c t io n ,  w h ic h  
c o u ld  b e  a c c e le ra te d  b y  th e  a d d it io n  of TPA, w as  in h ib i ta b le  
b y  an ti-L F A -1  m A b in  c o n tra s t  to  th e  in it ia l  w eak  cell-cell 
i n t e r a c t i o n s  (4 0 , 4 1 ). W h e th e r  th e  L F A -1 - in d e p e n d e n t 
p a th w a y  a c t iv a te s  LFA-1 or w h e th e r  LFA-1 is  ac tiv a ted  b y  
a  d if fe re n t  m e c h a n i s m  re m a in s  to  be  d e te rm in e d .

T o th e  b e s t  o f  o t i r  know ledge, m Ab L I 6 is  th e  f irs t  a n 
t ib o d y  d i r e c te d  a g a in s t  h u m a n  LFA-1 w h ic h  s t im u la te s  cell- 
cell c o n ta c t .  R e c e n tly  th re e  a n tib o d ie s  (1-17, H 1 5 5 -7 8 , a n d  
G -48) h a v e  b e e n  d e sc r ib e d , all re ac tiv e  w ith  LFA-1, w h ic h  
in d u c e  p ro l i f e r a t io n  a n d /o r  a g g re g a tio n  of m u r in e  T  a n d  B 
ce lls  (1 4 —16). T h e s e  effects c a n n o t  b e  easily  ex p la in ed  b y  
a s s u m in g  t h a t  LFA-1 is  j u s t  a  g e n e ra l a d h e s io n  m o lecu le  
w i th o u t  f u r th e r  fu n c t io n .  It shoL ild  be n o te d , how ever, t h a t  
p ro l i f e r a t io n  o c c u r r e d  only a f te r  a  s e c o n d  s ig n a l, i.e ., a d 
d i t io n  o f  Ag (14), C o n  A s u p e r n a ta n t  o n  (15), o r  c ro ss-  
l in k in g  5 - c h a in s  of, su rfa c e  Ig m o lecu les  (16). F ro m  th o s e  
s tu d ie s  a n d  f ro m  th e  re s u lts  re p o r te d  h e re , i t  b e c o m e s  c lea r 
t h a t  a n t ib o d ie s  like  L16 will b e  of g re a t h e lp  to  d e lin e a te  
t h e  p re c is e  ro le  o f LFA-1.

A c k n o w le d g m e n t s . Dr. C. J .  M. M elief is  g ra te fu lly  a c 
k n o w le d g e d  fo r  ca re fu lly  re a d in g  th e  m a n u s c r ip t  a n d  fo r 
f ru i t fu l  d i s c u s s io n s .  We th a n k  M arie  A n n e  v an  H alem  fo r 
e x c e lle n t s e c r e ta r ia l  he lp .
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