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I. ABSTRACT

CHARACTERIZATION OF RESTRICTION ELEMENTS 

UTILIZED BY ANTIGEN-SFECIFIC HELPER T CELL 

CLONES AND HY BRIDOMAS 

by

S ta n le y  J .  W ate rs 

A d v is o r :  C o n s ta n t in  A. Bona, M .D ., Ph .D .

T h is  s tu d y  was d e s ig n e d  to  a n a ly z e  t h e  r e s t r i c t i o n  e le m e n ts  

u t i l i z e d  in  t h e  a c t i v a t i o n  and  e f f e c t o r  f u n c t i o n  o f  a n t ig e n  s p e c i f i c  

h e lp e r  T c e l l s .  Our f i r s t  aim  was t o  g e n e r a t e  m o n o c lo n a l T c e l l  

p o p u la t io n s  r e a c t i v e  t o  k e y h o le  l im p e t  h em ocyan in  OCLH). Two a p p ro a c h e s  

w ere  em ployed t o  c l o n a l l y  expand t h e s e  a n t i g e n  s p e c i f i c  T c e l l s :  (1) non 

tra n s fo rm e d  T c e l l  c lo n e s  w ere  i s o l a t e d  from  a n t ig e n  p rim ed  CB6 /F]^ m ice  

w h ich  e x h i b i t e d  p r o l i f e r a t i o n  to  KLH in  t h e  p re s e n c e  o f  i r r a d i a t e d  

s y n g e n e ic  F i  s p le e n  c e l l s .  (2) T c e l l  h y b rid o m a s  w ere  a l s o  g e n e ra te d  

by t h e  f u s io n  o f  KLH r e a c t i v e  lym ph n o d e  c e l l s  from  CB6 /F 1 m ic e  w ith  

an AKR d e r iv e d  T lymphoma (BW5147). A n tig e n  r e c o g n i t i o n  was m easu red  

by t h e  am ount o f  I n t e r l e u k i n - 2  ( IL -2 )  s e c r e t i o n  by t h e  T c e l l  h y b rid o m as 

The p a n e l  o f  m o n o c lo n a l T c e l l s  p ro d u c e d  in  t h i s  m anner w ere  c h a r a c t e r ­

iz e d  i n  te rm s  o f  t h e i r  a n t ig e n  s p e c i f i c i t y ,  s u r f a c e  p h e n o ty p e , and 

f u n c t i o n .  T h ese  c e l l s  p ro v id e d  a  s im p le ,  w e l l  d e f in e d  m odel sy s te m  t o  

s tu d y  M H C -re s tr ic te d  T c e l l  i n t e r a c t i o n s .  E x p e r im e n ts  fo c u s e d  on th e  

g e n e t i c  r e s t r i c t i o n  o f  t h e s e  c e l l s  in c lu d e d  m apping  o f  r e s t r i c t i o n  

e le m e n ts  u s in g  re c o m b in a n t in b re d  s t r a i n s  o f  m ic e , and b lo c k in g  a c t i v a ­

t i o n  o f  T c e l l s  w i th  m o n o c lo n a l a n t i b o d i e s  s p e c i f i c  f o r  p o ly m o rp h ic



MHC en co d ed  c l a s s  I I  a n t i g e n s .  F u n c t io n a l ly  a c t i v e  T c e l l  c lo n e s  

p ro v e d  u s e f u l  in  t h e  s tu d y  o f  g e n e t i c  r e s t r i c t i o n  b e tw e en  T c e l l s  

and B c e l l s .

Our seco n d  aim  w as t o  p r e p a r e  m o n o c lo n a l a n t i b o d i e s  s p e c i f i c  f o r  

t h o s e  T c e l l  c lo n e s  and h y b rid o m as  u s e d  a s  im m unogens, w h ich  c o u ld  

i d e n t i f y  i d i o t y p e - l i k e  d e te r m in a n ts  on t h e i r  a n t ig e n  r e c e p t o r .  One 

o f  t h e s e  a n t i b o d i e s  s p e c i f i c a l l y  bound t o  o n ly  t h e  im m u n iz in g  T c e l l  

h y b rid o m a  FN 1-18 , b u t f a i l e d  t o  i n h i b i t  t h e  a n t ig e n  s p e c i f i c  r e l e a s e  

o f  IL -2  by t h i s  h y b rid o m a . A seco n d  a n t ib o d y  S 3 a .6 -1 8 ,  r a i s e  a g a i n s t  

a  KLH s p e c i f i c  T c e l l  l i n e ,  bound t o  b o th  h y b rid o m a  FN1-18 and a  T 

c e l l  c lo n e  A 1 2 . l l :  T h is  a n t ib o d y  p r e v e n te d  KLH r e c o g n i t i o n  by b o th

m o n o c lo n a l T c e l l  p o p u la t i o n s .  A n tib o d y  S 3 a .6 -1 8  a l s o  s p e c i f i c a l l y  

i n h i b i t e d  t h e  a b i l i t y  o f  c lo n e  A 1 2 . l l  t o  c o o p e r a te  w i th  TNP p rim ed  

B c e l l  and  g e n e r a te  an ti-T N P  p la q u e s .  T h is  d a t a  c o n f irm s  a t  t h e  l e v e l  

o f  T c e l l  f u n c t i o n ,  t h a t  a n t ib o d y  S 3 a .6 -18  b in d s  t o  t h e  a n t ig e n  

r e c e p t o r  on c lo n e  A 1 2 . l l .  T h ese  r e s u l t s  a l s o  s u p p o r t  t h e  h y p o th e s i s  

t h a t  t h e  a n t ig e n  r e c e p t o r  on T c e l l s  d i s p l a y s  a  s i m i l a r  d e g r e e  o f  

i d i o t y p e  d i v e r s i t y  a s  im m u n o g lo b u lin  m o le c u le s .
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V. INTRODUCTION

The v e r t e b r a t e  immune sy s te m  i s  c a p a b le  o f  re s p o n d in g  to  a m u l t i tu d e  

o f  a n t i g e n i c  d e te r m in a n ts ,  and im m unocom petent c e l l s  a r e  r e s p o n s i b l e  f o r  

th e  s p e c i f i c  immune r e s p o n s e s  a g a i n s t  t h i s  a n t i g e n i c  l i b r a r y .  The v a r i ­

ous ty p e s  o f  im m unocom petent c e l l s  e x p re s s  r e c e p t o r  m o le c u le s  c a p a b le  o f  

b in d in g  to  f o r e i g n  a n t i g e n i c  d e te r m in a n ts ,  a s  w e l l  a s  t o  a u to lo g o u s  a n t i ­

g e n s . The two c l a s s e s  o f  a n t i g e n - s p e c i f i c  lym phoid  c e l l s ,  T ( th y m u s- 

d e r iv e d )  and B (bone m a rro w -d e r iv e d )  ly m p h o c y te s , d i f f e r  fu n d a m e n ta l ly  i n  

t h e i r  modes o f  a n t ig e n  r e c o g n i t i o n .  T c e l l s  e x h i b i t  a  re q u ir e m e n t  f o r  

s im u lta n e o u s  r e c o g n i t i o n  o f  f o r e i g n  a n t ig e n  a lo n g  w i th  a u to lo g o u s  MHC 

(m a jo r  h i s t o c o m p a t i b i l i t y  com plex) encoded  d e te r m in a n ts  on th e  s u r f a c e  

membrane o f  c e l l s .  I n  c o n t r a s t ,  B c e l l s  c a n  r e c o g n iz e  and b in d  f o r e i g n  

a n t ig e n  w i th o u t  t h e s e  MHC encoded  d e te r m in a n ts .  The T c e l l  r e p e r t o i r e  

a l s o  v a r i e s  from  B c e l l s  i n  t h a t  i t  c o n ta in s  a  h ig h  f r e q u e n c y  o f  c e l l s  

s p e c i f i c  f o r  c e l l  s u r f a c e  m o le c u le s  o f  a l l o g e n e i c  i n d i v i d u a l s .  T hese 

d i f f e r e n c e s  i n  a n t ig e n  r e c o g n i t i o n  a r e  a  co n se q u en ce  o f  th e  ty p e s  o f 

a n t ig e n  r e c e p t o r  m o le c u le s  u t i l i z e d  by  th e s e  two c e l l  p o p u la t i o n s .  _

The d i f f e r e n c e s  i n  th e  modes o f  a n t ig e n  r e c o g n i t io n  by  T c e l l s  and 

B c e l l s  i s  r e l a t e d  t o  t h e  im p o r ta n t  e f f e c t o r  f u n c t io n s  t h e s e  two c e l l  

ty p e s  p la y  i n  r e s p o n s e  t o  i n f e c t i o u s  a g e n ts .  The e f f e c t o r  T c e l l s  a r e  

p a r t i c u l a r l y  im p o r ta n t  i n  r e s p o n s e s  to  i n t r a c e l l u l a r  v i r a l  o r  p a r a s i t i c  

i n f e c t i o n s .  The r e q u ir e m e n t  f o r  a n t ig e n  r e c o g n i t i o n  i n  a s s o c i a t i o n  w ith  

c e l l - s u r f a c e  MHC d e te r m in a n ts  p r e f e r e n t i a l l y  f o c u s s e s  t h e  e f f e c t  o f  

t h e s e  T c e l l s  on c e l l  bound a n t ig e n s .  I n  c o n t r a s t ,  t h e  a b i l i t y  o f  B c e l l s  

and s e c r e t e d  a n t ib o d ie s  t o  r e a c t  d i r e c t l y  w i th  f o r e ig n  a n t ig e n s  a l lo w s  

t h e  f o c u s s in g  o f  t h i s  e f f e c t o r  isy stem  on th o s e  e x t r a c e l l u l a r  i n f e c t i o u s  

a g e n ts  w h ich  Would n o t  b e  s u s c e p t i b l e  t o  T c e l l  r e c o g n i t i o n .  A p p a re n t ly ,  

th e  d i f f e r e n c e s  i n  th e  ty p e s  o f  r e c e p t o r s  and t h e i r  r e q u ir e m e n ts  f o r  

a n t ig e n  r e c o g n i t i o n  r e s u l t s  i n  e f f i c i e n t  d i v i s i o n  o f  e f f e c t o r  r e s p o n s e s



by  im m unocom petent c e l l s .

The c e l l u l a r  and m o le c u la r  e v e n ts  t h a t  r e s u l t  i n  an  a n t i g e n - s p e c i f i c  

r e s p o n s e  a r e  n o t  c o m p le te ly  d e f in e d .  • The c lo n a l  s e l e c t i o n  th e o r y  s ta n d s  

a s  a  c e n t r a l  c o n c e p t ,  h o w ev er, i n  t h e  u n d e r s ta n d in g  o f  ly m p h o cy te  a c t i v a ­

t i o n  and e x p a n s io n .  T h is  th e o r y  p ro p o s e s  t h a t  d u r in g  th e  d ev e lo p m en t o f  

an o rg a n ism , t h e r e  a r i s e s  a  l a r g e  r e p e r t o i r e  o f  ly m p h o c y te s ,  t h e  p ro g en y  

o f  e a c h  c lo n e  b e a r in g  a  mem brane a s s o c i a t e d  r e c e p t o r ,  w h ich  r e c o g n iz e s  a 

u n iq u e  a n t i g e n i c  d e te r m in a n t .  The immune r e s p o n s e  i s  a n t ig e n  s p e c i f i c  b e ­

c a u se  a n t ig e n  e n t e r i n g  th e  o rg a n ism  s e l e c t i v e l y  b in d s  t o  c e l l s  b e a r in g  th e  

a p p r o p r i a t e  r e c e p t o r s .  As a  r e s u l t  o f  a n t ig e n  b in d in g ,  th e  ly m p h o cy te s  

a r e  th e n  a c t i v a t e d  t o  u n d e rg o  a  s e r i e s  o f  e v e n ts  le a d in g  t o  c e l l  d i v i s i o n  

and d i f f e r e n t i a t i o n .  D i f f e r e n t i a t i o n  e n t a i l s  th e  d ev e lo p m en t o f  e f f e c t o r  

f u n c t i o n s ,  su c h  a s  a n t ib o d y  p r o d u c t io n  f o r  B c e l l s  and e f f e c t o r  o r  r e g u -  

la b o r y  T c e l l s .

E v id e n c e  s u p p o r t in g  t h e  c o n c e p t  o f  c l o n a l  s e l e c t i o n  b a s e d  on v a r i a ­

t i o n s  i n  t h e  a n t ig e n  b in d in g  r e c e p t o r s  o f  ly m p h o cy te s  was p ro v id e d  by  th e  

d i s c o v e r y  t h a t  i d i o t y p i c  d e te r m in a n ts  fo u n d  i n  t h e  v a r i a b l e  r e g io n s  o f 

im m u n o g lo b u lin  m o le c u le s  w ere  a l s o  fo u n d  on th e  a n t ig e n  r e c e p t o r  f o r  B 

c e l l s  ( 1 ) .  The i d i o t y p i c  d e te r m in a n ts  a s s o c i a t e d  w i th  B c e l l s  a p p e a r  to  

b e  a s  d i v e r s e  a s  t h e  a n t i g e n i c  d e te r m in a n ts  r e c o g n iz e d  by  t h e s e  c e l l s .

A s i n g l e  c lo n e  o f  B c e l l s  w h ich  c o u ld  b e  ex panded  b y  e x p o s u re  t o  a  p a r ­

t i c u l a r  a n t i g e n ,  a l l  b e a r  th e  sam e i d i o t y p i c  m a rk e r s .  The i d i o t y p i c  

d e te r m in a n ts  a s s o c i a t e d  w i th  a  p a r t i c u l a r  a n t i g e n i c  s p e c i f i c i t y  by B 

c e l l s  h av e  p ro v id e d  i n s i g h t  i n t o  t h e  d i v e r s i t y  o f  im m u n o g lo b u lin  b in d in g  

s i t e s  and th e  r o l e  t h e s e  d e te r m in a n ts  may p la y  i n  th e  r e g u l a t i o n  o f  th e  

immune r e s p o n s e .

I t  was l a t e r  shown t h a t  a n t i b o d i e s  in d u c e d  by  t h e  sam e a n t ig e n  i n  

d i f f e r e n t  i n d i v i d u a l s  o f  an  in b r e d  s t r a i n  o f  m ic e , a s  w e l l  a s  myeloma



p r o t e i n s  s p e c i f i c  f o r  th e  sam e h a p te n  c a n  s h a r e  a c r o s s - r e a c t i v e  o r  

r e g u la t o r y  i d i o ty p e  ( 2 ) .  S e r o l o g i c a l  an d  s t r u c t u r a l  d a t a  h av e  shown 

t h a t  a  s i n g l e  a n t ib o d y  m o le c u le  o f  m yelom a p r o t e i n  can  e x p r e s s  b o th  an  

i n d i v i d u a l  i d i o ty p e  and a  c r o s s —r e a c t i v e  i d i o ty p e  (3) . T h i s . i n d i r e c t  e v i ­

d en c e  s u g g e s te d  t h a t  i d i o t y p e s  may h a v e  a  r o l e  i n  r e g u l a t i o n  o f  th e  

immune r e s p o n s e ,  fo rm in g  a n e tw o rk  o f  i n t e r a c t i o n s  b e tw een  s e c r e t e d  im -- 

m u n o g lo b u lin s , B c e l l s ,  and p o s s i b ly  T c e l l s .

The o r i g i n a l  c o n c e p t o f  i d i o t y p e  n e tw o rk  a d d re s s e d  t h e  p ro b lem s o f 

a c t i v a t i o n  and r e g u l a t i o n  o f  ly m p h o cy te s  a t  th e  c lo n a l  l e v e l  b y  a p p ly in g  

a  d i r e c t i o n a l i t y  t o  i d i o t y p i c  r e c o g n i t i o n  ( 4 ) .  T h e r e f o r e ,  i d i o t y p e  sp e ­

c i f i c  B c e l l s  o r  s u p p r e s s o r  T c e l l s  o r  t h e i r  p r o d u c ts  c o u ld  d e c r e a s e  th e  

f r e q u e n c y  and  a c t i v i t y  o f  c e l l s  d i s p l a y i n g  th e  a p p r o p r i a t e  i d i o t y p e ,  w h i le  

c l o n a l  a c t i v a t i o n  and e x p a n s io n  o f  ly m p h o c y te s  c o u ld  b e  .enco u rag ed  th ro u g h  

id i o ty p e  r e c o g n iz in g  h e l p e r  T c e l l s  o r  t h e i r  p r o d u c ts .  T hese  e le m e n ts  

fo c u s s e d  th ro u g h  v a r i a b l e  r e g io n — v a r i a b l e  r e g io n  i n t e r a c t i o n s  a r e  c o n s id ­

e r e d  to  fo rm  th e  c e l l u l a r  and s o l u b l e  co m ponen ts o f  t h e  n e tw o rk .

A c c o rd in g  to  t h e  n e tw o rk  c o n c e p t ,  t h e  f r e q u e n c y  o f  i d i o t y p i c a l l y  d i s ­

t i n c t  a n t ib o d y  e x p re s s e d  d u r in g  an  immune r e s p o n s e  r e f l e c t s  th e  B c e l l  

c lo n e s  w h ich  p o p u la te  t h e  ly m p h o id  t i s s u e  and s u b s e q u e n t ly  d i f f e r e n t i a t e  

i n t o  e f f e c t o r  c e l l s .  The m a rk in g  o f  B c e l l s  a t  th e  c lo n o ty p e  l e v e l  a s  

c a n d id a te s  f o r  e x p a n s io n  ori s u p p r e s s io n  i s  c o n s id e r e d  to  b e  r e l a t e d  t o  

th e  i n t e r a c t i o n s  w ith  i d i o t y p e - s p e c i f i c  h e l p e r  T c e l l s ,  s u p p r e s s o r  T c e l l s  

a n d /o r  a n t i - i d i o t y p e  a n t ib o d y .

R e se a rc h  in v o lv in g  th e  i d i o t y p e s  o f  im m u n o g lo b u lin s  and th e  s t r u c t u r e  

o f  t h e s e  m o le c u le s  was r a d i c a l l y  ch an g ed  by  th e  i s o l a t i o n  o f  m o n o c lo n a l 

B c e l l  m yelom as and th e  d ev e lo p m e n t o f  B c e l l  h y b rid o m a te c h n o lo g y . T h is  

was p r i m a r i l y  b e c a u s e  i t  o f f e r e d  a  hom ogenous p o p u la t io n  o f  a n t ib o d ie s  

p ro d u c e d  b y  a  s i n g l e  B c e l l  c lo n e .  I s o l a t i o n  o f  su c h  p r o t e i n s  r e s u l t e d



i n  th e  d i s c o v e r y  t h a t  t h e  a n t ig e n  r e c e p t o r  on th e  s u r f a c e  o f  B c e l l s  h a s  

th e  same c o n fo rm a tio n  and p r im a ry  am ino a c id  s e q u e n c e  a s  t h e  a n t i b o d i e s  

s e c r e t e d  by  p la sm a  c e l l s  d e r iv e d  from  a  c lo n e  o f  B c e l l s .

S t r u c t u r a l  c h a r a c t e r i z a t i o n  o f  th e  T c e l l  a n t ig e n  r e c e p t o r  h a s  b e e n  

ham pered i n  th e  p a s t  by  t h i s  sam e l a c k  o f  m o n o c lo n a l T c e l l  p o p u la t i o n s .

The d ev e lo p m e n t o f  T c e l l  c lo n in g  t e c h n iq u e s  (5 )  and im m o r ta l iz in g  T 

ly m p h o cy tes  b y  f u s i o n  w i th  tu m o r c e l l s  ( 6) h a s  b ee n  th e  f i r s t  m a jo r  s t e p  

to w ard  s t r u c t u r a l  a n a l y s i s  o f  t h e  T c e l l  a n t ig e n  r e c e p to r  and e x a m in a tio n  o f 

t h e  phenom ena ofMHC r e s t r i c t i o n .  P ro g re s s  to w ard  i s o l a t i o n  o f  th e  r e c e p ­

t o r  o c c u r re d  r e c e n t l y  w i th  t h e  g e n e r a t io n  o f  m o n o c lo n a l a n t ib o d ie s  w h ich  

r e a c t e d  w i th  c e l l  s u r f a c e  T c e l l  a n t ig e n  r e c e p t o r s  ( 7 ) .  The r e c e p t o r  

m o le c u le  h a s  a l r e a d y  b ee n  c h a r a c t e r i z e d ,  and c o n s i s t s  o f  a  h e te r o d im e r ,  

com posed o f  two d i s u l f i d e - l i k e  p o ly p e p t id e  c h a in s ,  a and g. T h ese  two 

c h a in s  ra n g e  i n  m o le c u la r  w e ig h t  from  42 t o  45 k i l o d a l t o n s  i n  m ic e , and 

from  39 to ' 49 k i l o d a l t o n s  i n  man ( 8 ) .  C o m p ara tiv e  p e p t id e  maps o f  a 

c h a in s  and g c h a in s  d e m o n s tr a te  t h a t ,  l i k e  im m u n o g lo b u lin  h ea v y  and  l i g h t  

c h a in s ,  th e y  h a v e  c o n s ta n t  and  v a r i a b l e  p e p t i d e s .  T h ese  s t u d i e s ,  h o w e v er, 

h av e  n o t  p ro v id e d  in f o r m a t io n  on th e  p r im a ry  s t r u c t u r e  o f  a and B p o ly ­

p e p t id e  c h a in s  b e c a u s e  o f  th e  d i f f i c u l t y  i n  p r e p a r in g  a  s u f f i c i e n t  amount 

o f  p u r i f i e d  r e c e p t o r  p r o t e i n .

M o le c u la r  b io lo g y  t e c h n iq u e s  h av e  p ro v id e d  t h e  f i n a l  key  to  th e  

s t r u c t u r e  o f  t h e  a n t ig e n  r e c e p t o r  on T ly m p h o c y te s . The g e n e s  f o r  th e  

r e c e p t o r  w ere  i d e n t i f i e d  by s u b t r a c t i v e  s c r e e n in g  m ethods t o  i s o l a t e  

cDNA c lo n e s  t h a t  a p p e a r  t o  en co d e  th e  a  and g c h a in s  ( 9 ) .

A m odel f o r  t h e  m o le c u la r  s t r u c t u r e  o f  th e  T c e l l  r e c e p t o r  h a s  r e ­

c e n t ly  b e e n 'p ro p o s e d  b y  S a i to ,  e t  a l .  (10 ) b a s e d  on th e  p r e d ic t e d  amino 

a c id  s e q u e n c e s  o f  t h e  a  and g c h a in s .  The r e c e p t o r  m o le c u le  i s  made up 

o f  tw o p o ly p e p t id e  c h a in s ,  e a c h  w ith  two e x t r a c e l l u l a r  im m u n o g lo b u lin ­



l i k e  d o m ain s , an  a m in o - te rm in a l  and a c a r b a x y - te r m in a l  c o n s t a n t  dom ain . 

Each dom ain i s  s t a b i l i z e d  by  an  S-S bond b e tw e en  c y s t e i n  r e s id u e s  t h a t  

a r e  s e p a r a t e d  i n  th e  l i n e a r  se q u e n c y  b y  6 0 -7 0  r e s i d u e s .  T h ere  a p p e a rs  

t o  b e  a  s t r i k i n g  s i m i l a r i t y  b e tw e en  im m u n o g lo b u lin  V, D, and J  r e g io n s  

and th e  N - te rm in a l  dom ain o f  th e  a  and 6 c h a in .

Two c y s t e in e  r e s id u e s  l o c a t e d  a t  p o s i t i o n s  234 o f  th e  a  c h a in  and 

236 o f  th e  3 c h a i n r o b a b l y  fo rm  a  s i n g l e  i n t e r - c h a i n  d i s u l f i d e  b o n d , 

c lo s e  t o  t h e  c e l l  m em brane. T h is  w ou ld  a l lo w  a  s t a b l e  a s s o c i a t i o n  b e ­

tw een  th e  two d i f f e r e n t  c h a in s  and may b e  r e q u i r e d  f o r  an  e f f e c t i v e  a n t i ­

gen MHC b in d in g  r e g io n .  The c o n t r i b u t i o n  o f  t h e s e  tw o c h a in s  t o  fo rm  a . 

s i n g l e  co m b in in g  s i t e ,  c h a r a c t e r i s t i c  o f  im m u n o g lo b u lin s , w ould  r e s u l t  

i n  a  c o m b in a to r ia l  v a r i a b i l i t y  l i k e l y  t o  c o n t r i b u t e  t o  s t r u c t u r a l  and 

f u n c t i o n a l  d i v e r s i t y .

The r e c e p t o r  i s  a n c h o re d  t o  th e  c e l l  mem brane b y  h y d ro p h o b ic  t r a n s ­

membrane p e p t i d e s ,  w h ich  i n c lu d e  2 1 -2 2  am ino a c id s  from  each  o f  th e  two 

c h a in s .  T h e re  i s  a  c y s t e i n e  r e s id u e  l o c a t e d  i n  th e  c y to p la s m ic  dom ain o f  

t h e  a  c h a in .  T h is  r e s id u e  may p r o v id e  a  s i t e  f o r  a t ta c h m e n t  t o  o th e r  

m o le c u le s  w i th in  th e  c e l l  mem brane n e c e s s a r y  f o r  t r i g g e r i n g  an a l t e r e d  

s t a t e  o f  t h e  c e l l  when a n t ig e n  b in d s  t h e  r e c e p t o r  ( 1 0 ) .

The c o n s t a n t  r e g io n  o f  t h e  r e c e p t o r  a p p e a rs  t o  b e  encoded  b y  d i s ­

t i n c t  g en e  seg m en ts  from  th e  v a r i a b l e  r e g io n s .  As w ith  im m u n o g lo b u lin  

m o le c u le s  w h ere  t h e  c o n s ta n t  r e g io n s  d e f in e  t h e  c l a s s  and e f f e c t o r  f u n c ­

t i o n ,  i t  c a n  b e  s p e c u la te d  t h a t  t h e  c o n s t a n t  r e g io n  o f  th e  T c e l l  r e c e p ­

t o r  may p r o v id e  some f u n c t i o n .  The c u r r e n t  r e p o r t s  a r e  u n c l e a r  r e g a r d in g  

w h e th e r  d i f f e r e n t  f u n c t i o n a l  s u b s e t s  o f  T c e l l s  u s e  th e  sam e c o n s ta n t  

r e g io n ,  and w h e th e r  th e s e  d i f f e r e n t  c o n s t a n t  r e g io n  gene p ro d u c ts  p la y  a 

r o l e  i n  t h e  a c t i v a t i o n  o r  e x e c u t io n  o f  th e  c e l l ' s  e f f e c t o r  f u n c t io n .

S in c e  th e  v a r i a b l e  r e g io n  o f  th e  T c e l l  r e c e p t o r  p ro v id e s  t h e  s i t e
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f o r  a n t i g e n  b in d in g ,  i t  seem s t h e r e  may b e  d i f f e r e n t  V g en e  seg m en ts  

u t i l i z e d  b y  d i f f e r e n t  T c e l l  s u b s e t s  b e c a u s e  t h e  a n t ig e n  r e p e r t o i r e s  

seem  to  b e  q u i t e  d i f f e r e n t .  F o r ex am p le , c y t o t o x i c  T c e l l s  r e c o g n iz e  

f o r e i g n  a n t ig e n  i n  a s s o c i a t i o n  w i th  c l a s s  I  MHC d e te r m in a n ts  and h e l p e r  

T c e l l s  r e c o g n iz e  a n t ig e n  i n  t h e  c o n te x t  o f  c l a s s  I I  MHC d e te r m in a n ts .

The m o le c u la r  w e ig h ts  o f  t h e  a and 3 c h a in s  c a l c u l a t e d  by p r e d i c t e d  

am ino a c id  s e q u e n c e s  a r e  e a c h  a b o u t  10  k i l o d a l t o n s  l e s s  th a n  th e  m o le ­

c u l a r  w e ig h t o b se rv e d  b y  t h e  i s o l a t e d  p r o t e i n  i n  g e l  e l e c t r o p h o r e s i s .

T h is  d i f f e r e n c e  i s  d u e  t o  g l y c o s y l a t i o n  o f  th e  c h a in s .  T h e re  a p p e a rs  t o  

b e  f o u r  p o s s i b l e  s i t e s  f o r  g l y c o s y l a t i o n  on  th e  3 c h a in  and  none on th e  

a  c h a in .  The e x a c t  s i t e s  o f  g l y c o s y l a t i o n  h a v e  n o t  b e e n  d e te rm in e d  (1 0 ) .

S t r u c t u r a l  a n a l y s i s  a lo n e  d o es  n o t  p r o v id e  i n s i g h t  i n t o  th e  mech­

an ism  o f  MHC r e s t r i c t i o n  and a n t ig e n  b in d in g .  The r a t i o n a l e  o f  o u r  

e x p e r im e n ta l  d e s ig n  h a s  b e e n  b a s e d  on th e  know ledge  o u r  l a b o r a t o r y  

g roup  h a s  g a in e d  on i d i o t y p i c  m a rk e rs  on  im m u n o g lo b u lin  m o le c u le s  and 

th e  r o l e  t h e s e  d e te r m in a n ts  may p la y  i n  ly m p h o cy te  r e g u l a t i o n .  We ap ­

p l i e d  t h i s  body  o f  k n o w led g e  to w a rd  g e n e r a t i n g  b o th  s y n g e n e ic  and s e m i-  

s y n g e n e ic  m o n o c lo n a l a n t i b o d i e s  s p e c i f i c  f o r  d e te r m in a n ts  on th e  a n t ig e n  

r e c e p t o r  o f  T lymphocytes'. S e l e c t io n  f o r  t h e s e  r e a g e n t s  w e re  b a s e d  on th e  

a b i l i t y  o f  an  a n tib o d y  t o  b in d  a s i n g l e  T c e l l  c lo n e  from  o u r p a n e l  o f  

MHC r e s t r i c t e d  T c e l l  c lo n e s  and h y b r id o m a s . The b in d in g  s t u d i e s  w ere  

fo llo w e d  b y  a s e r i e s  o f  f u n c t io n  s t u d i e s  w i th  th e  c lo n e s  t o  i d e n t i f y  

w h ich  a n t ib o d ie s  w ould  a l t e r  t h e  a c t i v i t y  o f  th e  c lo n e s .  T h ese  s t u d i e s  

in c lu d e d  b lo c k in g  o f  p r o l i f e r a t i o n ,  p la q u e  fo r m a tio n  and IL -2  r e l e a s e  

o f  t h e  a n t ig e n  s p e c i f i c  c lo n e s .  The s t r a t e g y  h a s  b e e n  to  s e l e c t  a n t i ­

b o d ie s  w h ich  b lo c k  th e  r e c o g n i t i o n  o f  a n t ig e n  o r  th e  a b i l i t y  o f  T c e l l  

to  c o o p e ra te  w i th  E c e l l  t o  g e n e ra te d  p la q u e  fo rm in g  u n i t s  a s ' c a n d id a te s  

f o r  r e a g e n t s  w h ich  b in d  t o  t h e  r e c e p t o r .  B ased  on o u r r e s u l t s ,  we c o u ld



d e m o n s tra te  t h a t  t h e  a n t ig e n  r e c e p t o r  o f  T c e l l s  b e a r s  s e v e r a l  a n t ig e n ic  

d e te r m in a n ts .  T h is  d a t a ,  when c o n s id e r e d  i n  t h e  l i g h t  o f  t h e  known 

s t r u c t u r a l  d a t a  on  th e  T c e l l  r e c e p t o r ,  show s' t h e  i d i o t y p e s  on T c e l l s  

to  b e  a s  d i v e r s e  a s  im m u n o g lo b u lin  i d i o t y p e s .  U t i l i z a t i o n  o f  m o n o c lo n a l 

T c e l l  p o p u la t io n s  a s  immunogenes t o  p ro d u c e  s y n g e n e ic  m o n o c lo n a l a n t i ­

i d i o ty p e  a n t i b o d i e s  w i l l  p r o v id e  a  p ro b e  f o r  a n a l y s i s  i n t o  t h e  dom ains 

on th e  r e c e p t o r  in v o lv e d  i n  f o r e i g n  a n t ig e n  b in d in g  and MHC b in d in g .

E v e n tu a l ly ,  i t  w i l l  b e  p o s s i b l e  t o  s tu d y  t h e  f u n c t io n  o f  t h e  T c e l l  

r e c e p t o r  p r o t e i n s  by  t r a n s f e r r i n g  t h e  c lo n e d  g en e s  i n t o  c e l l s  and s e e in g  

how t h i s  w i l l  a f f e c t  t h e i r  s p e c i f i c i t y  f o r  f o r e i g n  a n t ig e n  and self-M H C . 

The m o n o c lo n a l a n t i b o d i e s  d e v e lo p e d  i n  t h i s  s tu d y  can  b e  u s e d  i n  c o n ju n c ­

t i o n  w i th  t h e  DNA s t u d i e s  t o  h e lp  map th e  dom ains o f  th e  r e c e p t o r  p la y in g  

a  r o l e  i n  a n t ig e n  b in d in g  and  f u n c t i o n .
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MATERIALS AND METHODS

A. M ice CB6 /F 1 , BALB/c, C57BL/6, C3H/He, A /J ,  R I I I ,  B 10.D 2, S JL , and 

AKR 6 - 8  wk o ld  w ere  p u rc h a s e d  fro m  th e  J a c k s o n  L a b o r a to ry ,  B ar H a rb o r ,  

ME. B 1 0 .A (2 R ), B10.A(4R) and  B10.A (5R) w ere  p u rc h a s e d  from  th e  Mayo 

C l i n i c ,  R o c h e s te r ,  MN. BALB/K, B 1 0 .S (9 R ), ATFR5, and BALB/c x  S JL /F i 

m ice w ere  b re d  a t  th e  a n im a l f a c i l i t y ,  New Y ork U n iv e r s i ty  S c h o o l o f  

M e d ic in e . BXD re c o m b in a n t i n b r e d  s t r a i n s  w ere  d e r iv e d  from  th e  c r o s s  

b e tw een  C57BL/6 (H -2b , Mlsb ) and DBA/2 (H -2d , M lsa ) . A l l  BXD s t r a i n s  

w ere  s u p p l i e d  by  D r. B en jam in  T a y lo r  o f  J a c k s o n  L a b o ra to ry .  Ab.Y m ice 

w ere  o b ta in e d  from  th e  c o lo n y  o f  D r. D av id  M eruelo  o f  th e  New Y ork 

U n iv e r s i t y  S c h o o l o f  M e d ic in e . BALB.B and  BALB.K w ere  p ro v id e d  by 

D r. M au rice  Z a u d e re r ,  C o lum bia U n i v e r s i t y ,  N.Y. A l i s t  o f  c o m p le te  

H-2 h a p lo ty p e s  f o r  a l l  s t r a i n s  o f  m ice u se d  i n  t h i s  s tu d y  i s  shown i n

• T ab le  I .

B. A n tig e n s  K eyho le  l im p e t  h em o cy an in  (C a lb io c h e m -B e h rin g  C o r p . , San 

D ie g o , CA) and  O valbum in (S igm a C o .,  S t .  L o u is ,  MO) w ere  c o n ju g a te d  

s e p a r a t e l y  w ith  2 ,4 ,6  t r i n i t r o b e n z e n e  s u l f o n i c  a c id  (E astm an  Kodak C o ., 

R o c h e s te r ,  NY) i n  0 .083M  so d iu m  b ic a r b o n a te  b u f f e r  and th e n  d ia ly z e d  

a g a in s t  0 . 1M p o ta s s iu m  b ic a r b o n a te  b u f f e r .  The d e g re e  o f  c o n ju g a t io n  

was d e te rm in e d  by  r e l a t i v e  o p t i c a l  d e n s i t i e s  t o  b e  t e n  TNP g ro u p s  p e r

1 0 0 ,0 0 0  m ol. w t.  KLH (TNP-KLH) and 42 TNP g ro u p s  p e r  m o le c u le  o f  O va l­

bum in (TN P-O va). H o rse  cy to ch ro m e  C (S igm a C o ., MO) and an  i s o l a t e  o f  

ty p e  A in f l u e n z a  v i r u s ,  PR8 w e re  u se d  a s  c o n t r o l s  i n  d e te r m in in g  th e  

a n t ig e n  s p e c i f i c i t y  o f  T c e l l  c lo n e s .

C. M o n o clo n al A n t ib o d ie s  H ybridom a c e l l  l i n e s  w i th  d e f in e d  s p e c i f i c i t i e s  

f o r  I - E ( 1 7 - 3 - 3 s )  , I-A 1̂ ( 2 5 - 9 -3 s )  and I-A d (MK-D6 ) w ere  p u rc h a s e d  from  

th e  A m erican  Type C u ltu r e  C o l l e c t i o n ,  R o c k v i l le ,  MD. A s c i t e s  o f  a n t i -  

L y t - 1 .2  and a n t i - L y t - 2 .2  w ere  p u rc h a s e d  from  New E n g lan d  N u c le a r ,
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TABLE I

S t r a i n s  u se d  a s  s t i m u l a t o r s  i n  MLR

S t r a i n H-2 Ig h -1 Ml:

A /J a e c

BALB/c d a b

BALB.K k a b

C57BL/6 b b b

BALB.B b a b

BIO.A 

AY13

a b b

B10.D2 d c b

B10.Q q b b

B 10.S s b b

CB6/F x b /d b / a b

C3H/HeJ k a c

C3H.Q q a c

C E/J k f c

P L /J u a *

R I I I / J r g a

S JL /J s b c

SWR/J

CBA/N

b /q

k

c c

*N ot d e te rm in e d

In b r e d  and G e n e t i c a l l y  D e fin e d  S t r a i n s  o f  

L a b o r a to ry  A n im a ls , P a r t  I ,  Mouse and  R a t ,  

C om piled  and e d i t e d  by P h i l i p  L . A ltm an and 

D o rth y  D it tm e r  K a tz , F e d e r a t io n  o f  A m erican 

S o c i e t i e s  f o r  E x p e r im e n ta l  B io lo g y , 1979.
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B o s to n , MA. A s c i t e s  o f  h y b rid o m a  30-H12 ( a n t i - T h y - 1 .2 )  and 1 0 .2 -1 6  

( a n t i - I - A ^ )  o r i g i n a l l y  d e f in e d  by  D rs . L e d b e t te r  and H e rz e n b e rg  w ere  

g e n e ro u s ly  p ro v id e d  by  D r. B en v en u to  P e r n i s , C o lum bia U n iv e r s i t y ,  NY. 

A n tib o d y  Y-17 ( I -E ^ )  was p ro v id e d  by  D r. C. Jan ew ay , Y a le  U n i v e r s i t y ,

New H aven , CT. A n t ib o d ie s  r e a c t i n g  t o  human MHC a n t i g e n s ,  su c h  a s  ILR-2 

was p ro v id e d  by  D r. D. C ap ra , U n iv e r s i t y  T exas S o u th w e s te rn  M ed ica l 

S c h o o l ,  D a l l a s ,  TX; and 109d6 r e a c t i n g  w i th  M T 3 -lik e  d e te r m in a n ts  and 

22c6 s p e c i f i c  f o r  common human l a  w e re  o b ta in e d  from  D r. R. W in c h e s te r .  

A l l  IgG a n t i b o d i e s  w e re  p u r i f i e d  fro m  a s c i t e s  on P r o t e i n  A -S ep h a ro se  

4B colum n. The IgM a n t i b o d i e s  w e re  p r e c i p i t a t e d  w i th  50% s a t u r a t e d  am­

monium s u l f a t e  and  p u r i f i e d  by io n  ex ch an g e  c h ro m a to g rap h y .

D. Im m u n iza tio n  S c h e d u le s  I n d u c t io n  o f  KLH T h e l p e r  c e l l s :  CB6 /F ] ., 

C3H/He, o r  B10.Q fe m a le  m ice  w e re  g iv e n  a  s i n g l e  im m u n iz a tio n  s u b c u ta -  

n e o u s ly  a t  th e  b a s e  o f  th e  t a i l  and i n  th e  h in d  fo o tp a d s  w i th  k e y h o le  

l im p e t  hem ocyan in  100 yg i n  c o m p le te  F r e u n d 's  A d ju v an t (CFA). Seven  to  

t e n  d ay s l a t e r ,  th e  lymph n o d es  w e re  rem oved.

In d u c t io n  o f  TNP-Ova p rim ed  B c e l l s :  M ice w ere  p rim ed  w ith  e i t h e r

TNP-Ova o r  TNP-KLH (100  yg) i n  e q u a l  vo lum es o f  CFA. F our to  s i x  w eeks 

l a t e r ,  t h e  m ice r e c e iv e d  a  sec o n d  i n j e c t i o n  i n t r a p e r i t o n e a l l y  w i th  10 yg 

o f  a n t ig e n  i n  s a l i n e .  One w eek a f t e r  th e  b o o s t ,  th e  s p le e n s  w ere  r e ­

moved and  d e p le te d  o f  T ly m p h o cy te s  a c c o rd in g  to  a  te c h n iq u e  p r e v io u s ly  

d e s c r ib e d  ( 11 ) .

E. P r e p a r a t i o n  o f  T c e l l  c lo n e s  Lymph node T ly m p h o cy tes  w ere  o b ta in e d  

fro m  CB6 / F 1 m ice  p rim ed  w i th  100 yg KLH i n  F r e u n d 's  c o m p le te  a d ju v a n t  

(D ifc o  L a b o r a t o r i e s ,  D e t r o i t ,  M I). The m ice  w e re  i n j e c t e d  s u b c u ta n e o u s -  

l y  i n  t h e  b a s e  o f  th e  t a i l  and i n  t h e  h in d  f o o tp a d s .  Seven d ay s  l a t e r ,

T c e l l s  from  th e  p e r i a o r t i c ,  p o p l i t e a l  and i n g u i n a l  lymph n o d es  w ere
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p u r i f i e d  on a  n y lo n  w oo l colum n ( 1 2 ) .

The KLH r e a c t i v e  T c e l l s  w e re  f u r t h e r  e n r ic h e d  by  c u l t u r i n g  th e  

n o n a d h e re n t  p o p u la t io n  fro m  th e  n y lo n  w o o l colum n w i th  50 yg KLH/ml f o r  

f o u r  d ay s  T c e l l  medium (RPM 1 -1 6 4 0 , c o n ta in in g  10% f e t a l  c a l f  se ru m , 

R eh e is  C h em ica l C o .,  A Z ., 12mm h e p e ,  100 y /m l p e n i c i l l i n ,  100 mg/ml 

s t r e p to m y c in ,  2xl07^M  g lu ta m in e ,  and 3xlO - ^M 2 - m e r c a p to e th a n o l) .  A f te r  

f o u r  d ay s  o f  i n c u b a t i o n ,  a t  37°C and  7%rC02, ly m p h o b la s ts  a r e  i s o l a t e d  

on a  d i s c o n t in u e d  P e r c o l l  d e n s i t y  g r a d i e n t  ( 1 3 ) .  The e n r ic h e d  b l a s t s  

w ere  e s t a b l i s h e d  a s  lo n g - te r m  T c e l l  l i n e s  by  s e r i a l  r e s t i m u l a t i o n  i n  

v i t r o  a s  d e s c r ib e d  by  K im oto and Fathm an ( 1 4 ) .

F. P r e p a r a t i o n  o f  T c e l l  H ybridom as Lymph n o d e  T ly m p h o cy tes  w ere  ob­

t a i n e d  from  CB6F1 m ice  p r im e d  w i th  100 yg  KLH i n  F re u n d ’ s  c o m p le te  ad­

j u v a n t  (D ifc o  L a b o r a t o r i e s ,  D e t r o i t ,  M I). The m ice  w e re  i n j e c t e d  

s u b c u ta n e o u s ly  i n  t h e  b a s e  o f  t h e  t a i l  and th e  h in d  f o o tp a d s .  S even  

d ay s  l a t e r ,  T c e l l s  fro m  t h e  p e r i a o r t i c  p o p l i t e a l  and i n g u i n a l  lym ph 

n o d es  w ere  p u r i f i e d  on a  n y lo n  w oo l co lum n. The KLH r e a c t i v e  T c e l l s  

w ere  f u r t h e r  e n r ic h e d  by  c u l t u r i n g  th e  n o n a d h e re n t  p o p u la t i o n  fro m  th e  

n y lo n  w ool colum n ( c e l l  d e n s i t y  1x10^ c e l l s / w e l l )  w i th  40 yg KLH/ml f o r  

f o u r  d a y s  i n  RPM1-1640 medium c o n ta in in g  10% f e t a l  c a l f  se ru m  (R e h e is  

C h em ica l C o .,  A Z ), 12mm h e p e s  100 y g /m l p e n i c i l l i n ,  100 m g/m l s t r e p t o ­

m y cin , 2x10- 3m g lu ta m in e ,  and 3xl0-*M 2 -m e r c a p to e th a n o l .  A f t e r  f o u r  d ay s  

o f  in c u b a t io n  a t  37°C and 7% CO2 , ly m p h o b la s ts  w ere  i s o l a t e d  on  a  d i s ­

c o n t in u o u s  P e r c o l l  d e n s i t y  g r a d i e n t .  The e n r ic h e d  b l a s t s  w ere  fu s e d  

w i th  T c e l l  lymphoma BW5147 u s in g  40% o f  p o ly e th y le n e  g l y c o l ,  m o l. w t.

1 ,0 0 0  (S igm a, MD) and c u l t u r e d  i n  9 6 -w e l l  c u l t u r e  p l a t e s  (C o s ta r )  i n  

I s c o v e 's  medium c o n ta in in g  10% f e t a l  c a l f  serum  (FC S). T w e n ty -fo u r  

h o u rs  a f t e r ,  t h e  f u s io n  HAT medium was added  to  th e  w e l l s .  T c e l l
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h y b rid o m as w ere  c lo n e d  by  p l a t i n g  c e l l s  a t  a c o n c e n t r a t i o n  o f  0 .2 5  c e l l s /  

w e l l  i n  th e  p r e s e n c e  o f  5x10^ th y m o c y te s . The c lo n e s  w ere  su b c lo n e d  by 

u s in g  th e  l i m i t i n g  d i l u t i o n  m ethod a t  0 .2 5  c e l l s / w e l l  and o n ly  t h e  s u b ­

c lo n e s  e x h i b i t i n g  th e  sam e r e c o g n i t i o n  p a t t e r n  w ere  r e t a i n e d .  F N l-18  

i s  one o f  th e  s u b c lo n e  o b ta in e d  fro m  c lo n e  FN-1.

G. IL -A ssay  IL -2  p r o d u c t io n  by  m u rin e  T c e l l  h y b rid o m a was d e te rm in e d  on 

HT-2 c e l l  l i n e  k in d ly  d o n a te d  by D r. J .  K a p p le r  (N a t io n a l  J e w is h  H o s p i t a l ,  

D en v er, CO). I n  th e  p r im a ry  c u l t u r e ,  5x10^ T h y b rid o m a  c e l l s  w ere  c u l ­

t u r e d  f o r  two d ay s i n  0 .2 m l I s c o v e 's  medium c o n ta in in g  1% FCS w i th  5x10^ 

X - i r r a d i a t e d  (2 ,0 0 0  R) m u rin e  s p le e n  c e l l s  i n  p r e s e n c e  o r  a b se n ce  o f  KLH.

I n  th e  c a s e  o f  human ly m p h o c y te s , th e  p e r i p h e r a l  b lo o d  m o n o n u c lea r 

c e l l s  w e re  s e p a r a t e d  by  th e  m ethod  o f  Boyum (1968) and h av e ' b e e n  d e p le te d  

o f  T ly m p h o cy tes  by  r o s s e t i n g  w i th  n e u ra m in id a s e  t r e a t e d  sh eep  re d  b lo o d  

c e l l s  a s  p r e v io u s ly  d e s c r ib e d  ( 1 5 ) .  5x10^ h y b rid o m a c e l l s  w e re  c u l tu r e d

f o r  two d a y s  i n  th e  sam e c o n d i t io n s  w i th  5x10^ X - i r r a d i a t e d  (1 ,5 0 0  ra d )  

human T d e p le te d  m o n o n u c lea r c e l l s .

I n  p i l o t  e x p e r im e n ts ,  i t  was d e te rm in e d  th e  o p t im a l  c o n d i t io n s  f o r  

IL -2  p r o d u c t io n  w i th  r e s p e c t  t o  th e  am ount o f  a n t ig e n  (40 p g /m l) and 

c e l l  r a t i o s  (T h y b rid o m a : m u rin e  s p le e n  o r  human m o n o n u c lea r c e l l s  1 :1 0 ) .

A f te r  two d ay s  o f  c u l t u r e ,  0 .1 m l o f  s u p e r n a t a n t  was c o l l e c t e d ,  

s e r i a l l y  d i l u t e d  i n  0 .1 m l RPM11640 medium su p p lem en ted  w i th  1% FCS and 

in c u b a te d  w i th  4x10^ HT-2 c e l l s .  A f te r  24 h r  i n c u b a t i o n ,  1 C i 3 H -th y -  

m id in e  (1 m C/m ole, New E n g lan d  N u c le a r ,  MA) was added and th e  c u l t u r e  

was h a r v e s t e d  16 h o u rs  l a t e r .  The r a d i o a c t i v i t y  i n c o r p o r a te d  by  c e l l s  

was m easu red  i n  a  s c i n t i l l a t i o n  s p e c t r o m e te r .  A r e f e r e n c e  IL -2  p re p a ­

r a t i o n  a s s ig n e d  a  v a lu e  o f  100  u n i t s /m l  was p ro d u c ed  b y  c u l t u r i n g  r a t  

s p le e n  c e l l s  (5x10^ c e l l s / m l  f o r  20 h r s  w ith  C o n c a n a v a lin  A (P h a rm a c ia  

5 p g /m l) . The s u p e r n a t a n t  fro m  r a t  s p l e e n  c e l l s  in c u b a te d  w ith  Con A
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was a b so rb e d  w ith  a -m e th y lm an n o s id e  (C a lb io ch em , La J o l l a ,  CA). The 

3H th y m id in e  i n c o r p o r a t io n  in d u c e d  by  t h i s  s ta n d a r d  p r e p a r a t i o n  was 

com pared to  th e  m a g n itu d e  3H th y m id in e  i n c o r p o r a t i o n  in d u c e d  i n  each  

sam p le  and was u se d  to  f l a t  a  s t a n d a r d  c u rv e  a l lo w in g  th e  e x p r e s s io n  o f 

c o n c e n t r a t i o n  o f  IL -2  i n  u n i t s / m l  a c c o rd in g  to  a  p r e v io u s ly  d e s c r ib e d  

m ethod ( 1 6 ) .

H. P r o l i f e r a t i o n  A ssay s A l l  T c e l l  c lo n e s  and sub c lo n e s  w ere  t e s t e d  f o r  

p r o l i f e r a t i o n  t o  a  p a n e l  o f  s o l u b l e  p r o t e i n  a n t ig e n s  and a l l o g e n i c

• ly m p h o c y te s . S even  d ay s  a f t e r  s u b c u l tu r e  w i th o u t  a n t ig e n ,  10^ c lo n e d  

T c e l l s  and 5x10^. i r r a d i a t e d  s y n g e n e ic  o r  a l l o g e n e ic  s p le e n  c e l l s  w ere  

c u l tu r e d  i n  0 .2 m l m i c r o t i t e r  w e l l s .  A f t e r  t h r e e  d a y s ,  th e  c u l t u r e s  

w ere  p u ls e d  w i th  (3 H )- th y m id in e  (1  y C i /w e l l )  and h a r v e s te d  18 h r s  l a t e r .  

No exogenous IL -2  added  to  th e  c u l t u r e s .  A l l  r e s p o n s e s  w ere  m easu red  

i n  t r i p l i c a t e  c u l t u r e s .

I .  BUdR S u ic id e  E x p e rim e n t T hese e x p e r im e n ts  w e re  p e rfo rm e d  a c c o rd in g  to  

a  p r e v io u s ly  d e s c r ib e d  te c h n iq u e  ( 1 7 ) .  B r i e f l y ,  5x10^- c e l l s  w e re  i n ­

c u b a te d  f o r  36 h r s  a t  37 ° i n  medium c o n ta in in g  KLH o r  a l l o g e n e i c  c e l l s  

w i th o u t  o r  w i th  10“ ^M BUdR. The c e l l s  w ere  th e n  ex p o se d  to  f l u o r e s c e n t  

l i g h t  f o r  2 h r s  (S y lv a n ia  40 w a t t  F40 D l i g h t  f l u o r e s c e n t  b u lb s ,  S y lv a -  

n i a  L ig h t in g  P ro d u c ts  D iv i s io n ,  H i l l s b o r o ,  NR). The c u l t u r e s  w ere  

p la c e d  a t  a  d i s t a n c e  o f  20cm from  th e  p la n e  o f  th e  b u lb s .  A f t e r  t h r e e  

w a sh in g s , th e  c e l l s  w ere  in c u b a te d  an  a d d i t i o n a l  36 h r s  w i th  KLH o r  

a l l o g e n e ic  c e l l s .

J .  In  V i t ro  A n tib o d y  S y n th e s i s  A ssay TNP-Ova p rim ed  s p le e n  c e l l  s u s p e n ­

s io n s  w e re  d e p le te d  o f  T c e l l s  by  t r e a tm e n t  w ith  a n t i - T h y l .2  and a n t i -  

L y t l .2  p lu s  com plem ent ( 18 )•  A t o t a l  o f  3x10^ T -d e p le te d  p rim ed  B 

c e l l s  w ere  c u l t u r e d  w i th  I x l0 ^ -1  x  10^ lymph n o d es  from  KLH prim ed  

m ice  o r  c lo n e d  T h e l p e r  c e l l s  i n  2ml o f  T c e l l  m ed ia . T h ree  16mm
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d ia m e te r  w e l l s  (3 5 2 4 , C o s ta r  p l a t e s ,  C am b rid g e , MA) w ere  u se d  f o r  each  

T c e l l  c o n c e n t r a t i o n  t e s t e d .  C u l tu r e s  w ere  in c u b a te d  f o r  f i v e  d ay s  a t  

37°C i n  a  7% CO2 -h u m id i f ie d  i n c u b a t o r .  C e l l s  w ere  c u l tu r e d  i n  e i t h e r  

t h e  p r e s e n c e  o r  a b s e n c e  o f  0 .0 0 1 -1 0  p g /m l TNP-KLH. An a d d i t i o n a l  c u l ­

t u r e  c o n ta in in g  10 p g /m l o r  0 .0 0 1  p g /m l TNP-Ov.a was u sed  a s  s p e c i f i c i t y  

c o n t r o l .

K. P la q u e  Form ing C e l l  A ssay  Sheep r e d  b lo o d  c e l l s  (SRBC) w ere  c o u p led  

w i th  TNP(TNP-SRBC) by  th e  m ethod o f  R i t t e n b e r g  and P r a t t  ( 19 ) .  The 

ab o v e  c u l t u r e s  w ere  h a r v e s t e d ,  w ash ed , and a s s a y e d  f o r  p la q u e  fo rm in g  

c e l l s  (PFC) on  TNP-SRBC. B oth  d i r e c t  (IgM) and i n d i r e c t  (IgG ) p la q u e s  

w e re  m easu red  a c c o rd in g  to  th e  m ethod d e s c r ib e d  by  Cunningham  e t  a l . ( 2 0 ) .

L. P r e p a r a t i o n  o f  M o n o c lo n a l A n t i - c lo n o ty p e  H ybridom a Two s e r i e s  o f  im­

m u n iz a tio n s  w ere  c a r r i e d  o u t  i n  o r d e r  t o  g e n e r a te  B c e l l  h y b rid o m as 

s e c r e t i n g  a n t i b o d i e s  s p e c i f i c  f o r  o u r  p a n e l  o f  m o n o c lo n a l T c e l l s .

One g ro u p  o f  CB6 / F 1 m ice  w e re  im m unized w i th  th e  s y n g e n e ic  KLH s p e c i f ­

i c  T c e l l  l i n e  from  w h ich  a l l  t h e  T c e l l  c lo n e s  w ere  d e r iv e d .  An 

i n i t i a l  i . p .  im m u n iz a tio n  w i th  2 -1 0 ^  s y n g e n e ic  T c e l l  l i n e  was fo llo w e d  

by t h r e e  w eek ly  i . v . .  b o o s ts  w ith  10^ T c e l l s .  The sec o n d  g roup  o f  

CB6 / F 1 m ice  w ere  im m unized w i th  a  s e m is y n g e n e ic  T c e l l  h y b rid o m a FN1-18. 

10? i r r a d i a t e d  (1 0 ,0 0 0  R ads) T c e l l s  w ere  m ixed  w i th  a lu m p e r tu s s i s  

a d ju v a n t  and i n j e c t e d  i n  th e  b a s e  o f  th e  t a i l  and i n  th e  h in d  f o o tp a d s .  

T h is  was fo l lo w e d  by t h r e e  w e ek ly  i . v .  b o o s ts  w i th  5x10^ i r r a d i a t e d  

c e l l s .  F iv e  d ay s  a f t e r  th e  f i n a l  b o o s t ,  10^ lymph node c e l l s  o r  s p le e n  

c e l l  s u s p e n s io n s  from  th e  im m unized m ice  w e re  fu s e d  w ith  SP2/0 myeloma 

c e l l s  a c c o rd in g  to  a  p r e v io u s ly  d e s c r ib e d  te c h n iq u e  (2 1  ) .  The c e l l

s u s p e n s io n s  w ere  fu s e d  w i th  th e  myeloma c e l l s  a t  a  1 0 : 1  r a t i o  ( i . e . ,  

s p le e n  c e l l :  myeloma c e l l )  i n  30% PEG ( p o ly e th y le n e  g ly c o l ,  M.W=4,000, 

J .T .  B ak er C h em ica l C o ., P h i l l i p s b u r g ,  N J ) . The s e l e c t i v e  HAT
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( lx lO - ^  h y p o x a n th in e ,  8x l 0 ~ ^  a m in o p te r in  and 1 . 6x lO “ 3M th y m id in e , 

Sigm a C hem ical C o .) medium was added  one day  l a t e r .  S u p e rn a ta n t  f l u i d s  

o f  w e l l s  c o n ta in in g  h y b rid o m as w ere  s c re e n e d  f o r  a n t i - c lo n o t y p e  a c t i v i t y  

by  rad io im m u n o assay  and im m u n o f lu o re s c e n t s t r a i n i n g  on a T c e l l  l i n e ,

T c e l l  c lo n e s ,  and T c e l l  h y b r id o m a s . The h y b rid o m as e x h i b i t i n g  an 

a b i l i t y  to  b in d  to  any  o f  o u r  p a n e l  o f  m o n o c lo n a l T c e l l s  w e re  th e n  

c lo n e d  by  a l i m i t i n g  d i l u t i o n  m ethod  and grown a s  a s c i t e s  i n  p r i s t a n e  

p rim ed  m ice .

M. RIA u s e d  i n  B c e l l  H ybridom a S c re e n in g  10^ T h y b rid o m a c e l l s  u sed  as 

th e  im munogene w ere  d is p e n s e d  i n t o  e a c h  w e l l  o f  a 96 w e l l  p o l y v i n y l -  

c h l o r i d e  p l a t e  (C ookes E n g in e e r in g ,  A le x a n d e r ,  VA). A f t e r  two w a sh in g s  

w i th  PBS, 100 y l s  o f  c u l t u r e  f l u i d  was added  to  ea ch  w e l l  and in c u b a te d  

a t  room  te m p e r a tu re  f o r  2 h r s .  F o llo w in g  th e  in c u b a t io n  p e r io d ,  th e  

p l a t e s  w e re  w ashed t h r e e  t im e s  w ith  PBS to  rem ove any unbound p r o t e i n s .

, The p r e s e n c e  o f  m o n o c lo n a l a n t i b o d i e s  bound t o  T c e l l s  was d e te rm in e d  

by  a p p ly in g  50 y l s  c o n ta in in g  5 0 ,0 0 0  cpm o f  -* -^^ I-lab e led  r a t  an ti.-m o u se  

Ig  to  e a c h  w e l l .  A f te r  i n c u b a t io n  f o r  a n o th e r  two h o u rs  a t  room tem ­

p e r a t u r e ,  and e x t e n s iv e  w a sh in g  w i th  PBS, th e  w e l l s  w ere  h a r v e s te d  and 

c o u n te d  i n  a  Beckman y - c o u n te r .

N. H i s t o c o m p a t i b i l i t y  T y p in g  and Im m u n o flu o re sc e n t S t r a i n i n g  HLA, A ,B ,C , 

DR, and MT ty p in g  was p e rfo rm e d  u s in g  th e  S ta n d a rd  N a t io n a l  I n s t i t u t e s  

o f  H e a l th  M ic ro ly m p h o c y to to x ic i ty  a s s a y  w i th  l o c a l l y  a v a i l a b l e  s e r a .  

I n d i r e c t  m ic ro im m u n o flu o re sc e n c e  w as p e rfo rm e d  on human T -d e p le te d  

m o n o n u c lea rs  u s in g  m o n o c lo n a l r e a g e n t s  fo l lo w e d  by  t r e a tm e n t  w i th  a 

p r e p a r a t i o n  o f F (A b ' ) 2  f r a g m e n ts  o f  g o a t a n t i-m o u s e  Ig  a n t ib o d ie s  con ­

ju g a t e d  w i th  te t ra m e th y lrh o d o m in e  i s o th io c y a n a t e  a s  seco n d  a n t ib o d y

( 22 )•
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0 . D e te rm in a t io n  o f  I g  S u b c l a s s e s : S u b c la s s e s  o f  m o n o c lo n a l a n t ib o d ie s

w ere  d e te rm in e d  by  s o l i d  p h a s e  ra d io im m u n o assay . B r i e f l y ,  m i c r o t i t e r  

w e l l s  w e re  c o a te d  w i th  50 p i  o f  50 p g /m l o f  a f f i n i t y - p u r i f i e d  mono­

c lo n a l  a n t ib o d ie s  o v e r n ig h t .  A f te r  t h r e e  w a sh in g s  w i th  s a l i n e ,  th e y  

w ere  in c u b a te d  f o r  1 h r  w i th  50% f e t a l  c a l f  serum  (F C S ), and th e n  w i th  

d i f f e r e n t  3 H - la b e le d  g o a t  a n t im u r in e  IgM o r IgG c l a s s e s  f o r  3 h r s .

A f t e r  e x t e n s iv e  w a s h in g s , th e  r a d i o a c t i v i t y  was c o u n te d  i n  a  s c i n t i l ­

l a t i o n  c o u n te r .

P. l o d i n a t i o n  o f  P u r i f i e d  H ybridom a P r o t e in s  The r a t  a n ti-m o u s e  Ig  a n t i ­

b o d ie s  u se d  i n  th e  ra d io im m u n o a ssa y 'w e re  i o d in a t e d  by  th e  c h lo ra m in e  

T m ethod a c c o rd in g  t o  t h e  p ro c e d u re  o f  W eir ( 23 ) . 100 pg o f  p r o t e i n

was su sp en d e d  i n  . lm . PBS, pH 7 .2 .  N ext lm Ci o f  1 -125  (A m ersh am -S ea rle , 

A r l in g to n  H e ig h ts ,  IL ) was ad d e d . Then .05m l o f  c h lo rm in e  T (lm g /m l i n  

PBS) was ad d e d . The r e a c t i o n  was s to p p e d  by  th e  a d d i t i o n  o f  .1m l 

sodium  m e t a - b i s u l f i t e  (lm g /m l i n  PBS).

• Q. P u r i f i c a t i o n  o f  IgM A n tib o d ie s

( i )  P r e c i p i t a t i o n  w i th  Ammonium S u l f a t e

One vo lum e o f  s a t u r a t e d  ammonium s u l f a t e  (S ch w artz -M an n , O ran g e-

' b u r g ,  NY), w as added  d ro p w ise  to  one vo lum e o f  a s c i t e s  f l u i d  c o n ta in ­

in g  m o n o c lo n a l a n t i b o d i e s .  The s u s p e n s io n s  w ere  s t i r r e d  f o r  a t  l e a s t  

10 m in u te s  t o  r e a c h  e q u i l i b r iu m ,  and p r e c i p i t a t e s  w ere  se d im e n te d  by 

c e n t r i f u g a t i o n  a t  1 0 ,0 0 0  rpm f o r  one h o u r i n  a S o r v a l i  C e n t r i f u g e ,  

( S o r v a l l  I n s t r u m e n ts ,  N ew ton, C T ). The p r e c i p i t a t e s  th e n  w ere  

d i s s o lv e d  i n  a  minimum volum e o f  PBS and th e  s o l u t io n s  th e n  w ere 

d ia ly z e d  a g a in s t  4 l i t e r s  o f  40 mil p h o s p h a te  b u f f e r  (pH 8 .0 )  o v e r ­

n i g h t  a t  4°C .
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( i i )  DEAE C hrom atography

D ie th y la m in o e th y l  c e l l u l o s e  (DE52) (Whatman C h em ica l, E ng lan d ) 

colum ns w e re  p ack ed  a c c o rd in g  to  t h e  i n s t r u c t i o n s  p ro v id e d  by th e  

m a n u fa c tu r e r  and e q u i l i b r a t e d  w i th  10 colum n vo lum e o f  40 mM p h o s ­

p h a te  b u f f e r  (pH 8 . 0 ) .  The n o n d ia ly z a b le  m a t e r i a l  fro m  s t e p  1 was 

lo a d e d  o n to  t h e  colum n and i n  a  s i n g l e  s t e p  e lu t e d  w i th  40 mM p h o s­

p h a te  b u f f e r .  The p r o t e i n  c o n ta in in g  f r a c t i o n s  w e re  d e t e c t e d  a t  

a b s o rb a n c e  o f  280 nm. P o s i t i v e  f r a c t i o n s  w ere  p o o le d ,  c o n c e n t r a te d  

w i th  Carbow ax (PEG 2 0 ,0 0 0 , F i s h e r ,  F a i r la w n ,  NJ) and d ia ly z e d  o v e r­

n ig h t  a g a i n s t  0.9% N aCl.

R. P u r i f i c a t i o n  o f  IgG  A n tib o d ie s  P r o t e i n  A bound to  S e p h a ro s e  4B

colum ns w e re  e q u i l i b r a t e d  w i th  1.0M  T r i s  b u f f e r  pH 8 .0 .  A s c i t e s  was 

f i r s t  d i l u t e d  1 :1  w i th  T r i s  b u f f e r  and lo a d e d  o n to  th e  colum n. A f t e r  

two h o u rs  in c u b a t io n  i n  t h e  c o ld ,  th e  unbound p r o t e i n s  w ere  e lu t e d  o f f  

th e  colum n w i th  T r i s  b u f f e r .  The a n t ib o d y  was rem oved by  an a c id  w ash 

(pH 2 . 8 ) .  The f r a c t i o n s  c o n ta in in g  p r o t e in ,  w e re  d ia ly z e d  a g a in s t  T r i s  

b u f f e r  (pH 8 . 0 ) .  The a v e ra g e  y i e l d  o f  p r o t e i n  fro m  a s c i t i c  f l u i d  was 

^  2 mg/ml a s c i t e s .  The b in d in g  a c t i v i t y  o f  th e  p r o t e i n s  w e re  a n a ly z e d  

by  RIA.
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ANALYSIS OF RESTRICTION ELEMENTS UTILIZED BY KLH SPECIFIC T CELL 

CLONES AND HYBRIDOMAS

A. In t ro d u c t io n .

A n tig e n  r e c o g n i t io n  by T ly m p h o cy tes  u s u a l l y  in v o lv e s  th e  a s s o c i a t i o n  

o f  a n t ig e n  w i th  p ro d u c ts  o f  c l a s s  I  o r  c l a s s  I I  m a jo r  h i s t o c o m p a t i b i l i t y  

com plex (MHC) g en es (2 4  ) .  T h is  r e c o g n i t i o n  e v e n t  o c c u rs  on th e  s u r f a c e

o f  a n t ig e n  p r e s e n t in g  c e l l s  (25  ) .  I n  a d d i t i o n  to  th e  p r im a ry  r e c o g n i t io n  

o f  f o r e ig n  a n t i g e n ,  MHC gene p ro d u c ts  p la y  an  im p o r ta n t  r o l e  i n  th e  c o l l a ­

b o r a t i o n  o f  T ly m p h o cy tes  w i th  B ly m p h cy te s  and  c y to to x ic  T lym phocytes 

k i l l i n g  o f  t a r g e t  c e l l s  m o d if ie d  by v i r u s e s  o r  c h e m ic a ls  ( 2 6 ,2 7 ) .  The r e ­

q u ire m e n t f o r  r e c o g n i t io n  o f  MHC d e te r m in a n ts  may b e  a  m echanism  f o r  fo c u s ­

in g  T c e l l  p rogram m ing  o r  r e g u l a t i o n  upon c e l l  s u r f a c e s ,  r a t h e r  th a n  a l lo w ­

in g  random  i n t e r a c t i o n s  w ith  a n t ig e n  i n  c i r c u l a t i o n .  S u b t le  membrane 

p e r t u r b a t i o n s  o f  t h e s e  d e te r m in a n ts  a p p e a r  t o  r e s u l t  i n  e s t a b l i s h i n g  and 

m a in ta in in g  h o m e o s ta t ic  b a la n c e  o f  im m unocom petent c e l l s  (2 8  ) .

The r u l e s  g o v e rn in g  MHC r e g u l a t i o n  o f  T c e l l  r e s p o n s e s  w ere  i n i t i a l l y  

d e s c r ib e d  o v e r  a  d ecad e  ago u s in g  h e te ro g e n e o u s  T c e l l  p o p u la t i o n s .  How­

e v e r ,  th e  p r e c i s e  m o le c u la r  i n t e r a c t i o n s  and  u n d e r ly in g  c e l l u l a r  m echanism  

o f  MHC g e n e t i c  r e s t r i c t i o n  a r e  n o t  c o m p le te ly  d e f in e d  (29  ) .  Two m odels 

have  b een  p ro p o se d  to  e x p l a i n  th e  m o le c u la r  b a s i s  o f  MHC r e s t r i c t i o n :  

th e  f i r s t  m odel c o n s id e r s  t h a t  th e  T c e l l  r e c e p t o r  h a s  two s e p a r a t e  mono­

f u n c t i o n a l  r e c e p t o r  m o le c u le s ,  one f o r  b in d in g  th e  n o m in a l a n t ig e n ,  and 

a n o th e r  f o r  b in d in g  an MHC p ro d u c t  r e c o g n iz in g  s e l f  (3 0  ) .  The s e l f ­

r e c e p t o r s  i s  p ro b a b ly  o f  low  a f f i n i t y  t o  p r e v e n t  th e  immune sy s te m  from  

b e in g  d e s t r u c t i v e l y  a u t o r e a c t i v e .  , The a l t e r n a t i v e  m odel p o s t u l a t e s  t h a t  

T c e l l s  h a v e  a  s i n g l e  b i f u n c t i o n a l  r e c e p t o r  m o le c u le  w h ich  r e c o g n iz e s  

a d e te rm in a n t  form ed by th e  i n t e r a c t i o n  o f  t h e  n o m in a l a n t ig e n  w ith  an 

MHC gene p ro d u c t  ( a l t e r e d  s e l f )  (3 1  ) •
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The two r e c e p t o r  m odel h a s  b e e n  s u p p o r te d  by  e x p e r im e n ts  w i th  ch im er­

i c  m ice  w here  th e  m a tu re  T c e l l  r e p e r t o i r e  i s  p r e f e r e n t i a l l y  r e s t r i c t e d  by 

H-2 a n t ig e n s  e x p r e s s e d  on r a d i o r e s i s t a n t  c e l l s  p r e s e n t  d u r in g  T c e l l  o n to ­

geny ( 3 2 ) .  Bone m arrow  s te m  c e l l s  from  H-2 h e te r o ty g o u s  F l m ice  g e n e ra te  

T c e l l s  r e s t r i c t e d  to  th e  p a r e n t a l  H-2 ty p e  (m a te rn a l  o r  p a t e r n a l )  o f  th e  

thym us i n  w h ich  th e  F l - d e r iv e d  s te m  c e l l  m a tu re s .  T hese o b s e r v a t io n s  su g ­

g e s t  t h e  s e l e c t i o n  m echanism  f o r  s e l f - r e c o g n i t i o n  i s  d e te rm in e d  in d e p e n ­

d e n t l y  o f  a n t ig e n  r e c o g n i t i o n  d u r in g  th e  T c e l l  m a tu r a t io n  p r o c e s s .  T h is  

m odel becom es d i f f i c u l t  t o  i n t e r p r e t  i n  th e  l i g h t  o f  s t u d i e s  u s in g  T c e l l  

c lo n e s  t h a t  r e c o g n iz e  a n t ig e n  i n  a s s o c i a t i o n  w i th  u n iq u e  F l  s p e c i f i c  s e l f ­

d e te r m in a n ts  (  33 ) ,  s i n c e  n e i t h e r  p a r e n t  s h o u ld  b e  a b le  to  p ro v id e  genom ic 

m a t e r i a l  w h ich  w ou ld  a l lo w  r e c o g n i t i o n  o f  u n iq u e  h y b r id  F l d e te r m in a n ts .

The one r e c e p t o r  th e o r y  h a s - .b e e n  s u p p o r te d  by  two l i n e s  o f  e v ic e n c e :  

(1 )  C y to to x ic  and h e l p e r  T c e l l  c lo n e s  w h ich  re c o g n iz e  s e l f  H-2 d e te r m i­

n a n ts  p lu s  a  d i f f e r e n t  a n t ig e n  ( 3 4 ) ;  H-2 r e s t r i c t e d  T c e l l  c lo n e s  s p e c i f i c  

f o r  a  s i n g l e  a n t ig e n  can  a l s o  re s p o n d  to  a  d i f f e r e n t  H-2 a l l o a n t i g e n  ( 3 5 ) .

H unig  and  Bevan ( 3 6 )  u s in g  c o ld  t a r g e t  c o m p e t i t io n  e x p e r im e n ts  d e ­

s c r ib e d  a  c lo n e d  CTL s p e c i f i c  f o r  b o th  H -2d p lu s  m in o r H and H -2^ p lu s  

TNP-BSA. T h is  p a t t e r n  c a n n o t b e  e x p la in e d  by  c r o s s - r e a c t i v i t y  a t  e i t h e r  

t h e  a n t i - s e l f  o r  a n t i - a n t i g e n  s i t e s  w h ich  h av e  b e e n  p o s t u l a t e d  to  e x i s t  

i n  t h e  two r e c e p t o r  m o d e ls .

S re d n i  and S ch w a rtz  ( 3 7 )  d e s c r ib e d  a  BIO.A (H -2a ) DNF-Ova s p e c i f i c  

T c e l l  c lo n e  w h ich  a l s o  re s p o n d s  t o  a  B10.S MHC a l l o a n t i g e n  (H -2S) i n  th e  

a b s e n c e  o f  s y n g e n e ic  a n t ig e n  p r e s e n t in g  c e l l s .  T hese  r e s u l t s  d e m o n s tra te  

t h a t  r e c o g n i t io n  by  i n d i v i d u a l  T c e l l s  may o c c u r  th ro u g h  a  c o m b in a tio n  o f  

b o th  t h e - a n t i - s e l f  MHC and a n t ig e n  s p e c i f i c  r e c e p t o r  ( a l t e r e d  s e l f ) ,  o r  

th ro u g h  two a o m p le te ly  in d e p e n d e n t  s e t s  o f  r e c e p t o r s .  The l a t t e r  h y p o -
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t h e s i s  im p l ie s  a  s i n g l e  T c e l l  c lo n e  w ou ld  b e  program m ed f o r  two s e p a r a t e  

f u n c t i o n s .

K a p p le r  e t  a l .  ( 3 8 )  h a v e  t r i e d  t o  d i s s e c t  th e  s t r u c t u r e  o f  th e  T c e l l  

r e c e p t o r  by  p ro d u c in g  T c e l l  h y b r id o m a s . A f te r  f u s in g  two H -2 r e s t r i c t e d  

T c e l l  h y b r id o m a s , e a c h  w i th  a  d i s t i n c t  s p e c i f i c i t y ,  h i s  l a b o r a t o r y  c o u ld  

n o t  d e t e c t  r e s h u f f l i n g  o f  th e  a n t i - s e l f  and  a n t i - f o r e i g n  a n t ig e n  s p e c i f i c i ­

t i e s .  The i n a b i l i t y  t o  s e p a r a t e  th e  two com ponen ts o f  t h e  T c e l l  r e c e p t o r  

s t r o n g l y  s u g g e s ts  th e  a l t e r e d  s e l f  r e c e p t o r  m o d el.

A n o th e r  e x p e r im e n ta l  m odel th o u g h t  t o  r e f l e c t  some com ponent o f  s e l f  

r e c o g n i t io n  i s  th e  a u to lo g o u s  m ixed  ly m p h o cy te  r e a c t i o n  (MLR). I n  t h i s  

r e a c t i o n ,  L y t-1 +  T c e l l s  fro m  n on-im m unized  m ice  can  b e  in d u c e d  to  p r o l i f ­

e r a t e  i n  v i t r o  i n  re s p o n s e  t o  l a  a n t ig e n s  on non-T  c e l l s  fro m  th e  same 

i n d i v i d u a l  (39 ) .  D e n d r i t i c  c e l l s  v e ry  r i c h  i n  l a  a n t ig e n  p ro b a b ly  r e p r e ­

s e n t s  th e  p rim ary - s t i m u l a t o r y  c e l l s  i n  a u to  MLR. T h is  phenom enon h a s  b ee n  

shown t o  b e  d e f i c i e n t  i n  some ly m p h o - p r o l i f e r a t iv e  d i s e a s e s  and i n  a u to ­

immune d i s e a s e s  (40  ) .  The a c q u i s i t i o n  o f  th e  a b i l i t y  o f  T c e l l s  to  re c o g ­

n i z e  th e  f o r e i g n  a n t ig e n s  w i th  s e l f  MHC en co d ed  germ  p ro d u c ts  was e x p la in e d  

by  N. J e r n e  a s  f o l l o w s :  h e  f i r s t  p ro p o s e d  t h a t  when T c e l l s  e n c o u n te r  th e

c e l l s  o f  th e  th y m ic  e p i th e l iu m ,  th o s e  h a v in g  a  r e c e p t o r  t h a t  r e c o g n iz e  th e  

s e l f  a n t ig e n s  o f  th e  th y m ic  c e l l s  a r e  s t im u la t e d  to  d iv id e .  As th e  T c e l l s  

m ig ra te  t o  p e r i p h e r a l  ly m p h a tic  o r g a n s ,  m u ta t io n s  may o c c u r  to  p ro d u c e  

s l i g h t  a l t e r a t i o n s  i n  th e  r e c e p t o r ' s  m o le c u la r  s t r u c t u r e .  T h is  can  b e  

v iew ed  a s  a n a lo g o u s  to  s o m a tic  m u ta t io n s  o f  B c e l l s  w h ich  f i n e  tu n e  th e  

s p e c i f i c i t y  o f  im m u n o g lo b u lin s . The a u to lo g o u s  T c e l l s  may r e p r e s e n t  a 

n o rm a l com ponent o f  an  im m u n o re g u la to ry  c i r c u i t ,  and th e y  may p r o v id e  a 

u s e f u l  r e a g e n t  to  p ro b e  h ig h  a f f i n i t y  a n t i - s e l f  r e c e p t o r s .

T c e l l  h y b rid o m as  w i th  b o th  an  a u t o r e a c t i v e  and a n t i g e n - s p e c i f i c  

p h e n o ty p e  h av e  r e c e n t l y  b e e n  i s o l a t e d  ( 41 ) .  R esp o n d in g  T c e l l s  i n  th e
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auto-MLR may b e  d e r iv e d  fro m  c e l l s  w i th  a  s p e c i f i c i t y  f o r  f o r e i g n  a n t ig e n  

i n  th e  c o n te x t  o f  s e l f .  A lth o u g h  f o r e i g n  a n t ig e n  i s  n o t  r e q u i r e d  f o r  th e  

r e s p o n s e  o f  t h e s e  c e l l s ,  i t  i s  p o s s i b l e  t h a t  th e s e  c e l l s  h av e  an  a n t ig e n  

s p e c i f i c i t y  w hich  i s  m asked o r /a n d  m im icked by  th e  a u t o r e a c t i v e  r e s p o n s e .  

T h e o r ie s  on s e l f  t o l e r a n c e  p ro p o s e  t h a t  h ig h  a f f i n i t y  T c e l l s  s p e c i f i c  f o r  

s y n g e n e ic  l a  a r e  e l im in a te d  ( 4 2 ) .  H ow ever, th e s e  c e l l s  may n o t  b e  o f  s u f ­

f i c i e n t  a f f i n i t y  t o  i n t e r f e r e  w ith  th e  n o rm al p h y s io lo g y  o f  th e  h o s t  and 

a r e  t h e r e f o r e  n o t  rem oved. H ybridom as w i th  two r e a c t i v i t i e s ,  s e l f - a l o n e  and 

s e l f - p l u s  a n t i g e n ,  c o u ld  h a v e  a l s o  b e e n  d e r iv e d  from  th e  f u s io n  p r o c e s s ;  

t h a t  i s ,  th e  a c q u i s i t i o n  o f  two u n r e l a t e d  r e c e p t o r s .  T h is  i s  p ro b a b ly  n o t  

th e  s i t u a t i o n  b e c a u s e  t h e s e  h y b rid o m a a r e  a s  s t a b l e  i n  t h e i r  p h e n o ty p e  a s  

o th e r  a n t ig e n  s p e c i f i c  h y b rid o m a s . The im p o r ta n c e  o f  th e s e  c e l l s  i s  t h a t  

th e y  may r e p r e s e n t  a  m ore a c t i v a t e d  s t a t e  th a n  r e s t i n g  T ly m p h o c y te s .

S e r o l o g i c a l  a n a ly s i s  o f  p u b l i c  l a  d e te r m in a n ts  h a s  shown t h a t  th e y  

a r e  s h a r e d  on many a l l e l i c  p ro d u c ts  ( 43 ) .  I t  i s  th e  g e n e t i c a l l y  p o ly ­

m o rp h ic  p o r t i o n s  o f  MHC m o le c u le s ,  h o w ev er, t h a t  a r e  r e c o g n iz e d  by th e  

T c e l l  r e p e r t o i r e .  The s t r o n g e s t  e v id e n c e  i s  d e r iv e d  from  th e  s t u d i e s  o f 

S ch w artz  and c o l le a g u e s  on th e  f i n e  s p e c i f i c i t y  o f  c r o s s - r e a c t i v y  r e c o g n i ­

t i o n  o f  r e l a t e d  cy to ch ro m e  a n t ig e n s  and l a  m o le c u le s  ( 4 4 ) .  T h e ir  e v id e n c e  

s u p p o r t s  a  d e te r m in a n t  s e l e c t i o n  m odel o f  MHC r e s t r i c t i o n  by  T c e l l s  p r o ­

p o sed  by Shevach  and R o s e n th a l .  T h is  m odel s u g g e s ts  t h a t  g e n e t i c  

p o lym orph ism  o f  th e  MHC m o le c u le  a f f e c t s  th e  n a tu r e  and o r i e n t a t i o n  o f  th e  

p r e s e n te d  a n t ig e n .

The d i f f i c u l t y  w ith  a d e te r m in a n t  s e l e c t i o n  m odel i s  t h a t  i t  w ould  n o t  

p r e d i c t  su ch  a h ig h  p r o p o r t i o n  o f  a l l o r e a c t i v e  c e l l s  w i th in  a r e s t i n g  T 

c e l l  p o p u la t io n .  B etw een 0 .5  and 20% o f  T c e l l s  can  re sp o n d  to  s t i m u l a t o r  

c e l l s  e x p r e s s in g  f o r e ig n  MHC a n t ig e n s ,  w h e re a s , th e  f r a c t i o n  o f  T c e l l s  

t h a t  can  re s p o n d  to  non-MHC a n t ig e n s  i s  p ro b a b ly  a t  l e a s t  1 0 0 - fo ld
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lo w er ( 4 5 ) .  As a  co n se q u en ce  o f  t h i s  o b s e r v a t io n ,  i t  h a s  b e e n  p o s t u l a t e d  

t h a t  a t  l e a s t  some T c e l l s  re s p o n d in g  to  MHC a l l o a n t i g e n s  a r e  a l s o  compe­

t e n t  t o  re sp o n d  to  v a r io u s  f o r e i g n  a n t ig e n  ( 46 ) .

S tu d ie s  on th e  s p e c i f i c i t y  o f  T c e l l  c lo n e s  p ro v id e  d i r e c t  s u p p o r t  

f o r  t h i s .  C y t o ly t i c  T c lo n e s  r e c o g n iz in g  H-Y a n t ig e n s  i n  a s s o c i a t i o n  w i th  

H-2D w ere  found  to  re sp o n d  to  H-2K p lu s  TNP-BSA ( 4 7 ) .  F u r th e rm o re , a 

T c e l l  c lo n e  from  BIO.A m ice was fo u n d  to  p r o l i f e r a t e  i n  th e  p r e s e n c e  o f  

TNP-Ova and B10.A  a n t ig e n  p r e s e n t in g  c e l l s ,  a s  w e l l  a s  B 10.S  a l l o a n t i g e n s  

( 3 7 ) .  A lth o u g h  th e s e  s t u d i e s  d e m o n s tra te  s i n g l e  T c e l l  c lo n e  s p e c i f i c  

f o r  a n t ig e n  i n  a s s o c i a t i o n  w i th  a  s y n g e n e ic  H-2 gene p ro d u c t  c a n  a l s o  

re c o g n iz e  a l l o a n t i g e n i c  d e te r m in a n ts ,  q u e s t io n s  o f  w h e th e r  t h e r e  a r e  two 

T c e l l  s e p a r a t e  r e c o g n i t io n  u n i t s , s p e c i f i c  f o r  th e  a l l o a n t i g e n s  and th e  

f o r e ig n  a n t i g e n s ,  o r  a  s i n g l e  r e c e p t o r  i s  r e s p o n s i b l e  f o r  b o th  c a t e g o r i e s  

o f  r e c o g n i t i o n  was n o t  d e f i n i t i v e l y  r e s o lv e d .

The o b s e r v a t io n  t h a t  h a l f  o f  th e  c lo n e s  h a v in g  i d e n t i c a l  s p e c i f i c i t y  

f o r  an i n s u l i n  e p i to p e  re c o g n iz e d  i n  th e  c o n te x t  o f  s y n g e n e ic  I-A ^ gene 

p ro d u c t  a l s o  re sp o n d e d  to  a l l o a n t i g e n s  o f  th e  H -2U h a p lo ty p e  i n d i c a t e d  

t h a t  a c e r t a i n  d e g re e  o f  m im icry  e x i s t s  b e tw e en  a l l o a n t i g e n s  and f o r e ig n  

a n t ig e n s  a s s o c ia te d  w i th  s y n g e n e ic  H-2 gene  p r o d u c ts  ( 48 ) .  T hese r e ­

s u l t s ,  h o w ev er, do n o t  e x c lu d e  a  p o s s i b l e  g e n e t i c  l in k a g e  b e tw e en  th e  two 

s e p a r a t e  r e c o g n i t io n  u n i t s .

A c r i t i c a l  a s p e c t  o f  th e  i n t e r a c t i o n s  b e tw e en  T c e l l s  and a n t ig e n  

p r e s e n t in g  c e l l s  i s  t h a t  th e  c e l l u l a r  i n t e r a c t i o n  r e s u l t i n g  i n  an immune 

re s p o n s e  i s  r e s t r i c t e d  b y  e le m e n ts  c l o s e l y  r e l a t e d  to  c e r t a i n  a l l e l i c  

form s o f  l a  a n t ig e n s  ( 49) o r  to  d e te r m in a n ts  t h a t  r e s u l t  from  com bina­

t o r i a l  i n t e r a c t i o n s  b e tw e en  a l l e l i c  p ro d u c ts  ( 21 ) .  The c o n c e p t t h a t  

p a r t i c u l a r  e p i to p e s  on MHC m o le c u le s  a r e  fu n d a m e n ta l  to  g e n e t i c  r e s t r i c ­

t i o n  o f  T c e l l s  h a s  b e e n  th e  r e s u l t  o f  two l i n e s  o f  e v id e n c e .  F i r s t ,
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m o le c u le s  w e re  fo u n d  to  e x i s t  on c e l l s  o f  P i  g e n e r a t i o n  a n im a ls  and to  

b e  form ed b y  t h e  f r e e  c o m b in a to r i a l  a s s o c i a t i o n  .o f p a r e n t a l  a and B p o ly ­

p e p t i d e s  t h a t  a s s o c i a t e  n o n c o v a le n t ly  to . f o r m  an l a  m o le c u le .  In  t h e  c a s e  

o f  an  H -2b x  H -2 d p i  m ouse, t h e r e  e x i s t s  i n  a d d i t i o n  to  p a r e n t a l  Agb 

and Aa ^ A^  m o le c u le s ,  h y b r id  Aab Ag^ and A ^  Agb l a  m o le c u le s .  T c e l l  

c lo n e s  and T h y b rid o m as  h a v e  b e e n  g e n e ra te d  w h ich  r e c o g n iz e  a n t ig e n s  i n  

a s s o c i a t i o n  w i th  t h e s e  u n iq u e  c o m b in a to r ia l  e p i to p e s  ( 5 0 ) .  S eco n d ly , a n t i ­

gen s p e c i f i c  T c e l l  c lo n e s ,  r e s t r i c t e d  to  an  l a  e p i to p e  fo rm ed  on H-2b 

s t r a i n  c o u ld  n o t  re s p o n d  to  th e  same a n t ig e n  i n  t h e  c o n te x t  o f  s p le e n  c e l l  

from  a  bm/2 s t r a i n .  The Agb p o ly p e p t id e  fro m  t h i s  s t r a i n  h a s  l o s t  a  r e s t r i c ­

t i o n  e p i to p e  a s  a r e s u l t  o f  e i t h e r  a  s o m a tic  m u ta t io n  o r  gene  c o n v e r s io n .

To f u r t h e r  d i s s e c t  th e  m echanism  o f  r e s t r i c t i o n  e le m e n ts  i n  T c e l l  

a c t i v a t i o n  and f u n c t i o n ,  o u r  f i r s t  aim  was t o  g e n e r a te  m o n o c lo n a l T c e l l  

p o p u l a t i o n s .  Two b a s i c  e x p e r im e n ta l  d e s ig n s  w e re  em ployed : The f i r s t

ap p ro a c h  h a s  b ee n  to  g e n e r a te  t r a n s fo rm e d  m o n o c lo n a l T ly m p h o cy tes  b y  th e  

f u s io n  o f  AKK d e r iv e d  T lymphoma (BW5147) c e l l s  w i th  T c e l l s  i s o l a t e d  

fro m  a n t ig e n  p rim ed  m u rin e  lym ph n o d e  p o p u l a t i o n s .  T h ese  T c e l l  h y b r i ­

domas h av e  b e e n  u s e d  t o  e x p lo r e  th e  m echanism  o f  T c e l l  a c t i v a t i o n  by 

a n t ig e n  and  MHC g en e  p r o d u c ts .  The seco n d  a p p ro a c h  h a s  b e e n  to  c l o n a l l y  

expand com ponen ts o f  t h e  d i v e r s e  T c e l l  n e tw o rk  p r o v id in g  n o n - t r a n s -  

fo rm e d , b i o l o g i c a l l y  a c t i v e  T 'c e l l s  w h ich  a r e  m a in ta in e d  w i th  r e p e a te d  

a n t ig e n  s t i m u l a t i o n  o r  T c e l l  g ro w th  f a c t o r s  ( I L - 2 ) . A lth o u g h  th e  h y b r i ­

domas g e n e r a l l y  grow  m ore r a p i d l y  i n  b u lk  c u l t u r e s  and  w i th o u t  th e  need  

f o r  g ro w th  f a c t o r s  o r  a n t ig e n  p r e s e n t in g  c e l l s ,  th e  a d v a n ta g e  o f  th e  

T c e l l  c lo n e s  i s  t h a t  th e y  rem a in  f u n c t i o n a l l y  a c g iv e .  They can  t h e r e ­

f o r e  b e  u s e d  to  exam ine  th e  n o rm a l p h y s io lo g y  o f  T-B c e l l  c o l l a b o r a t i o n .

23



TABLE II
KLH-SPECIFIC PROLIFERATIVE RESPONSE OF T CELL CLONES

fl-, CB6 i r r a d i a t e d  c e l l s  p lu ss p o n d e r   c--------
c e l l s ________________________n i l ________________ KLH(40yg)_____________ PR 8(10yg)_____ C ytochrom e(50yg)

I ( L in e ) 214+112* 1 3 ,7 8 1 + 1 ,7 8 9 733+62 193+40

A 9(C lone) 481+22 3,582+311 986+44 1,398+94

A 4 .9 (S u b c lo n e ) 455+13 10,611+919 916+136 898+110

A 12(C lone) 137+19 1,381+113 145+11 110+18

A 1 2 .11(S u b c lo n e ) 497+51 16,279+287 520+58 570+173

C l(C lo n e ) 210+27 5 ,481+ 17 182+12 189+13

C l . 3 (S u b c lo n e ) 495+18 5 ,137+ 800 465+33 516+43

F6 (C lo n e) 451+4 16,602+478 376+70 386+62

D18(C lo n e) 488+12 15,359+478 367+61 471+36

C ytochrom e p rim ed 5 ,315+813 ND** ND 32,386+ 687

KLH prim ed 1 ,446+ 54 9 ,9 2 5 + 1 ,2 4 2 3 ,105+69 2 ,143+ 42

* 10^ r e s p o n d e r  c e l l s / c u l t u r e  f o r  th e  P a r e n t a l  l i n e  and a l l  c lo n e s  o r  s u b c lo n e s .  C ytochrom e o f  
KLH p rim ed  lymph node c e l l s  w ere  c u l tu r e d  a t  10^ c e l l s / c u l t u r e .  R e s u l t s  a r e  t r i t a t e u  th y m id in e  
i n c o r p o r a t i o n  o f  t r i p l i c a t e  c u l t u r e s  p r e s e n te d  i n  cpm +  S .D .
***

ND -not d o n e .
Sr A10" ( c e l l s / c u l t u r e )  s y n g e n e ic  s p l e n i c  c e l l s  w ere  added f o r  a l l  c lo n e s .  PR8 i s  a  s o l u b i l i z e d  
g ly c o p r o te in  from  an  i s o l a t e  o f  i n f l u e n z a  v i r u s .  O p tim a l a n t ig e n  c o n c e n t r a t io n s  f o r  KLH, 
cy toch rom e C and PR8 w e re  d e te rm in e d  by  i n  v i t r o  p r o l i f e r a t i o n .



B. G e n e ra t io n  o f  KLH S p e c i f i c  T C e l l  C lo n es

A p a n e l  o f  T c e l l  c lo n e s  and sub c lo n e s  w ere  i s o l a t e d  fro m  lymph node

c e l l  o f  CB6 /F p  m ice p rim ed  w ith  KLH. T hese c lo n e s  w ere  m a in ta in e d  i n  c u l ­

t u r e  f o r  a  p e r io d  lo n g e r  th a n  two y e a r s .  S u b c lo n es  w ere  e s t a b l i s h e d  from

th e  p a r e n t  c lo n e  ( i . e . ,  s u b c lo n e  A 1 2 . l l  was d e r iv e d  from  c lo n e  A 1 2 ), and

e a c h  su b c lo n e  was r e p e a t e d ly  c lo n e d  by l i m i t i n g  d i l u t i o n  (0 .2 5  c e l l s / w e l l s )  

to  m a in ta in  h ig h  a f f i n i t y  c lo n e s .  T a b le  I I  show s th e  p r o l i f e r a t i v e  r e ­

sp o n se  o f  th e  p a r e n t a l  T c e l l  l i n e  and i t s  c lo n e s  i n  th e  p r e s e n c e  o f  i r r a ­

d i a t e d  CB6 / F 1 s p l e n i c  c e l l s  t o  KLH, cy to c h ro m e , and PR8 (a n  i s o l a t e  o f 

i n f l u e n z a  ty p e  A v i r u s ) . A l l  th e  c lo n e s  e x h ib i t e d  a n t ig e n  s p e c i f i c  p ro ­

l i f e r a t i o n  to  KLH, and d id  n o t  re sp o n d  to  cy to c h ro m e , PR8 , o r  s y n g e n e ic  

s p l e n i c  c e l l s  i n  th e  a b se n c e  o f  a n t i g e n .  The m a g n itu d e  o f  ^ H -th y m id in e  

i n c o r p o r a t i o n  v a r i e d  among c lo n e s  d u r in g  th e  two y e a r s  th e y  w ere  m a in ta in e d  

i n  c u l t u r e .  I n  some c a s e s ,  as  w i th  c lo n e  A12, th e  m a g n itu d e  o f  p r o l i f e r -  

t i o n  to  KLH was en h an ced  a f t e r  s u b c lo n in g .  The c lo n e s  u se d  i n  t h i s  s tu d y  

e x p re s s e d  an  L y t l .2 + and T h y l .2  s u r f a c e  p h e n o ty p e .

C. P ro d u c t io n  o f  KLH S p e c i f i c  IL -2  S e c r e t in g  T c e l l  H ybridom as

S e v e r a l  T c e l l  h y b rid o m a w ere  p re p a re d  by  th e  f u s io n  o f  lymph node 

c e l l s  from  KLH p rim ed  CB6 / F 1 ( H - 2 W d )  ^  BW5147 (H-2k ) , a  T c e l l  lym pho­

ma l i n e .  A f t e r  th e  i n i t i a l  s c r e e n  f o r  r e a c t i v i t y  to  KLH, e a c h  p o s i t i v e  

hy b rid o m a was c lo n e d  u n d e r  l i m i t i n g  d i l u t i o n  p a r a m e te rs ,-  and s e l e c t e d  c lo n e s  

w e re  f e n c e d  f o r  r e s p o n s iv e n e s s  to  KLH, cy to ch ro m e and Ova i n  th e  p r e s e n c e  

o f  CB6 / F 1 s p l e n e i c  c e l l s .  The d a t a  i n  T ab le  I I I  shows tw o h y b rid o m a s ,

SW2.3 and F N l-1 8 , p ro d u c e s  s i g n i f i c a n t  am ounts o f  IL -2  o n ly  t o  KLH, and 

n o t  to  Ova, o r  cy to ch ro m e  i n  th e  p r e s e n c e  o f  CB6 /F }  s p l e n i c  c e l l s .  T h is  

a n t ig e n  s p e c i f i c i t y  was s t a b l e  and  m a in ta in e d  a f t e r  r e p e a te d  s u b c lo n in g .

A t h i r d  c lo n e  FN13-21 was a l s o  s e l e c t e d  b e c a u s e  i t  e x h i b i t e d  a  tw o - fo ld  

i n c r e a s e  i n  IL -2  p r o d u c t io n  i n  r e s p o n s e  to  KLH r e l a t i v e  to  s t i m u l a t i o n
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TABLE III

KLH INDUCED PRODUCTION OF IL-2 BY T CELL HYBRIDOMA

R esp o n d er

c e l l s _________ n i l _______KLH(15pg)________ OVA(25pg) C ytochrom e(50ug)

<10 

<10 

<10 

53

*5x10^ ( c e l l s / c u l t u r e )  s y n g e n e ic  CB6 / F 1 s p l e n e i c  c e l l s  
w e re  c u l t u r e d  w i th  5x10^ r e s p o n d e r  c e l l s .

XXU n its  o f  IL -2

BW5147* <10 <10 <10

SW2.3 <10 325 <10

FN1-18 <10 210 <10

FN13-21 58x x  116 67
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TABLE IV

GENETIC RESTRICTION OE T CELL CLONES

I r r a d i a t e d  C e l ls *

CB6 / F 1 • BALB/ c  C57BL/6
R esp o n d er

c e l l s n i l n i l KLH n i l KLH n i l KLH

A 9.4 75+16 4 ,073+ 22 20,644+846 3 ,9 70+ 410 18,826+ 589 3,944+66 19,714+ 68

A 1 2 . l l 142+30** 121+10 2 3 ,6 8 5 + 3 ,1 1 6 86+8 2 2 ,7 4 0 + 2 ,1 7 0 238+26 733+283

C l . 3 85+6 142+25 2 0 ,4 4 5 + 6 ,0 0 6 113+62 237+71 235+69 1 7 ,3 4 8 + 2 ,3 1 4

D18 241+76 191+7 3 1 ,9 6 3 + 2 ,5 2 8 130+26 304+50 213+19 1 4 ,5 4 9 + 1 ,7 5 5

F6 73+11 159+32 2 0 ,4 4 5 + 6 ,0 0 6 113+62 249+32 143+40 3 2 ,0 2 3 + 3 ,2 9 6

*R esponder T c lo n e s  (1 0 ^  c e l l s / c u l t u r e )  s t im u la t e d  w i th  s y n g e n e ic  CB6 / F 1 o r  p a r e n t a l  BALB/c, 
BALB/c, C 57BL/6(10^ c e l l s / c u l t u r e )  and 50 p g /m l KLH.

k v
T r i t i a t e d  th y m id in e  I n c o r p o r a t i o n  o f  t r i p l i c a t e  c u l t u r e s  p r e s e n te d  a s  cpm +  S .D .



by  Ova, cy to ch ro m e o r  s p le e n  c e l l s  a lo n e .  The f u s io n  p a r e n t  BW5147 was 

in c lu d e d  i n  t h i s  p a n e l  to  d e m o n s tra te  th e  a n t ig e n  s p e c i f i c  re s p o n s e  o f 

th e s e  h y b rid o m a r e s u l t e d  fro m  a  t r a i t  a c q u ir e d  fro m  th e  KLH p rim ed  CB6/Fj[

lymph node c e l l s  and n o t  th e  lymphoma p a r e n t  l i n e .  Im m u n o flu o re sc e n t

s t a i n i n g  w i th  a n t i - T  c e l l  r e a g e n t s  a l s o  p ro v id e d  d i r e c t  e v id e n c e  t h a t  

th e s e  t h r e e  c lo n e s  r e s u l t e d  from  a  f u s io n  e v e n t  b e tw een  CB6/F-1 lym ph node

c e l l s  and th e  AKR d e r iv e d  T lymphoma. G r e a te r  th a n  98% o f  th e  c e l l s  d i s ­

p la y e d  T h y l .2  a n t ig e n .  I n  a d d i t i o n ,  th e y  e x p re s s e d  L y t l .2  a n t ig e n  and 

la c k e d  L y t2 .3  ( d a ta  n o t  sh o w n ). BW5147, an  AKR d e r iv e d  T lymphoma, la c k s  

t h e s e  a l l e l i c  gene p r o d u c ts .

D. C h a r a c t e r i z a t i o n  o f  T c e l l s  R e c o g n iz in g  KLH i n  A s s o c ia t io n  w i th  I-A

R eg io n  Gene P ro d u c ts

The g e n e t i c  r e s t r i c t i o n  f o r  t h e  KLH re s p o n s e  was exam ined  u s in g  s e l e c t e d  

T c e l l  c lo n e s  and T h y b rid o m a s . I n  o r d e r  t o  c h a r a c t e r i z e  th e  l a  d e te rm in a n t  

t h a t  i s  r e c o g n iz e d  i n  a s s o c i a t i o n  w i th  KLH by  th e s e  T c e l l s ,  s p le e n  c e l l s  

from  p a r e n t a l  o r  H-2 re c o m b in a n t s t r a i n s  w ere  u se d  to  g e n e t i c a l l y  map th e  

r e s t r i c t i o n .  V a r io u s  m o n o c lo n a l a n t i b o d i e s  w i th  d i f f e r e n t  l a  s p e c i f i c i t i e s  

w e re  u se d  to  b lo c k  th e  KLH r e s p o n s e  o f  t h e s e  c lo n e s .

I n  th e  f i r s t  e x p e r im e n ts ,  th e  T c e l l s  w e re  c u l tu r e d  w i th  s y n g e n e ic  

CB6 / F 2 (H -2 b /d ) ,  and p a r e n t a l  BALB/c (H -2^) o r  C57BL/6 (H-2^3) s p le e n  c e l l s  

w i th  o r  w i th o u t  KLH. C lo n es r e s p o n d in g  to  KLH can  b e  d iv id e d  i n t o  two 

m a jo r  g ro u p s  b a s e d  on t h e i r  p a t t e r n  o f  r e a c t i v i t y  w i th  a n t ig e n  p r e s e n t in g  

c e l l s  from  th e s e  s t r a i n s  (T a b le  IV ) . C lo n es  D18, F6 and C l . 3 p r o l i f e r a t e  

o n ly  i n  th e  p r e s e n c e  o f  CB6 / F 1 and C57BL/6; w h e re a s ,  c lo n e  1 2 .1 1  p r o l i f ­

e r a t e  o n ly  i n  th e  p r e s e n c e  o f  CB6 /F 2 and BALB/c. T hese r e s u l t s  i n d i c a t e d  

t h a t  w h i le  D18, F6 and C l . 3 a r e  r e s t r i c t e d  t o  H-2^ d e te r m in a n ts ,  th e  

c lo n e  A 1 2 . l l  was r e s t r i c t e d  t o  H -2^ d e te r m in a n ts  f o r  KLH s p e c i f i c  p r o l i f ­

e r a t i o n .  One c lo n e  A 9.4 re s p o n d s  t o  KLH i n  th e  p re s e n c e  o f  b o th  BALB/c
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TABLE V

GENETIC RESTRICTION OF THE KLH RESPONSE BY T CELL HYBRIDOMA

CB6 / F 2 BALB/c C57BL/6

R esp o n d er n i l __________ n i l  KLH________ n i l  KLH_________ n i l  KLH

SW2.3 <10 <10 364 <10 <10 <10 434

FN1-18 <10 <10 195 <10 <10 <10 <10

FN13-21 <10 ' 76* 85 <10- 160 114 159

A
U n its  o f  IL -2  p ro d u c e d .



and C57BL/6 c e l l s .  The g e n e t i c  r e s t r i c t i o n  o f  t h i s  c lo n e  w i l l  b e  a d d re s s e d

i n  a l a t e r  s e c t i o n .

S im i l a r  e x p e r im e n ts  u s in g  T c e l l  h y b rid o m as c u l t u r e d  w i th  s y n g e n e ic

o r  p a r e n t a l  s p le e n  c e l l s  i n  th e  p r e s e n c e  o r  a b se n c e  o f  KLH w ere  a s s a y e d

by m e a su r in g  th e  r e l e a s e  o f  IL -2  i n t o  th e  c u l t u r e  s u p e r n a t a n t s .  T a b le  V

show s one h y b rid o m a , SW2.3 w h ich  s e c r e t e s  IL -2  when i t  i s  c u l tu r e d  w i th

b /dKLH and a n t ig e n  p r e s e n t i n g  c e l l s  from  e i t h e r  s y n g e n e ic  CB6 /F  (H-2 ) o r

p a r e n t a l  C57BL/6 (H-2 ) s t r a i n s . '  T h ese  r e s u l t s  s u g g e s t  t h a t  th e  KLH i n -

duced  s e c r e t i o n  o f  IL -2  by  SW2.3 i s  r e s t r i c t e d  to  H-2 d e te r m in a n ts .

The same T c e l l  c lo n e s  show a c l e a r  d i v i s i o n  i n t o  two g ro u p s  b a s e d  on

b lo c k in g  o f  KLH in d u c e d  p r o l i f e r a t i o n  by  a n t i - I - A  a n t i b o d i e s .  The T c e l l

c lo n e s  a r e  b lo c k e d  by a n t ib o d y  MK-D6 ( I -A ^ ) o r  2 5 -9 -3 s  (T -A ^ ), b u t  n e v e r

by b o th .  C lo n es  D18, F6 and C l . 3 t h a t  a r e  b lo c k e d  by 2 5 -9 -3 s  r e c o g n iz e

KLH i n  a s s o c i a t i o n  w i th  an  A b A b m o le c u le ,  and c lo n e  A 1 2 . l l  w h ich  i sa p 
d clb lo c k e d  b y  MK-D6 r e c o g n iz e s  an Aa  A^- m o le c u le s .  T h is  l a  s p e c i f i c i t y  i s  

a s s ig n e d  b a s e d  on p r e v io u s ly  r e p o r t e d  b io c h e m ic a l  s t u d i e s  on th e s e  two 

r e a g e n t s  ( 51 ) -

E. I s o l a t i o n  o f  T C e l l  C lo n es w i th  a  D oub le  S p e c i f i c i t y  f o r  KLH i n  A sso­

c i a t i o n  w ith  S y n g e n e ic  l a  and f o r  A l lo g e n e ic  l a  A lone

The a b i l i t y  o f  s y n g e n e ic ,  p a r e n t a l ,  and a l l o g e n e i c  s p le e n  c e i l s  to  

s t i m u l a t e  th e  p r o l i f e r a t i o n  o f  KLH s p e c i f i c  T c e l l  c lo n e s  was s tu d i e d  in  

a  m ixed ly m p h o cy te  r e s p o n s e  (MLR). S t im u la to r  s p le e n  c e l l  p r e p a r a t i o n s  

from  m ice r e p r e s e n t i n g  n in e  d i f f e r e n t  H-2 h a p lo ty p e s  w ere  u sed  f o r  th e  

a l l o g e n e i c  MLR.

B ased  on th e  p r o l i f e r a t i v e  r e s p o n s e ,  shown i n  T a b le  V I, th e  KLH s p e ­

c i f i c  c lo n e s  can  b e  c l a s s i f i e d  i n t o  two g ro u p s :  (1 )  C lo n es C l . 3 and D18 

w h ich  do n o t  e x h i b i t  a u t o r e a c t i v i t y  o r  a l l o r e a c t i v i t y .  (2 ) C lo n es A 1 2 .l l  

and F6 showed s t r o n g  p r o l i f e r a t i v e  r e s p o n s e s  t o  s p le e n  c e l l s  from  m ice
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TABLE VI

3H-THYMIDINE INCORPORATION OF T CELL CLONES STIMULATED BY SYNGENEIC AMD ALLOGENIC CELLS

R esp o n d e r
n i l CB6 / F 1 

H-2 b /d

BALB/c

H-2d

C 57/B L/6

H-2b

C3H/HeJ

H -2k

CBA/N

H -2’*

S t im u la t in g  C e l l s

B .1 0 .Q C3H.Q 

H -29 H-2q

BIO.A 

H -2a

A /J

H -2a

SJL

H -2S

B 10.S

H-2S

R - I I I

H -2r

P L /J

H-2U

n i l ----- 429+35* 465+48 459+10 532+7 508+13 642+246 532+17 533+21 472+54 561+23 537+11 567+42 408+12

C l. 3 79+43 802+116 395+2 387+20 447+21 472+32 422+17 486+18 475+29 582+109 438+9 581+72 528+26 466+15

D18 188+16 488+12 453+8 446+35 491+50 475+47 508+36 438+41 485+40 511+84 369+54 495+34 525+17 487+87
- - — *" — ~ “ “ — — ”

A9.4 104+32 4 ,0 7 1 + 1 0 9  6 ,8 7 0 + 4 ,7 6 3 + 465+14 487+47 457+31 474+27 510+78 484+37 457+14 623+34 467+34 492+37
2 ,0 7 4 380

A 1 2 .l l 121+ 20 497+51 539+172 431+23 6 9 ,6 1 7 + 1 2 ,8 7 1 + 502+59 . 455+24 535+42 470+19 425+55 540+27 559+55 476+51
1 0 ,7 6 0 3 ,0 7 0

F6 150+17 451+14 400+16 414+40 471+43 536+64 6 5 ,6 6 3 + 4 2 ,2 8 9 + 460+5 492+42 373+48 505+40 481+30 505+34
5 ,9 9 6 9 ,4 1 0 ~

cpm, mean + SD o f  t r i p l i c a t e  c u t l u r e s



b e a r in g  H-2^ and  H -2^ h a p lo ty p e s ,  r e s p e c t i v e l y .  T h is  d a t a  s t r o n g ly  su g ­

g e s t  t h a t  th e  p r o l i f e r a t i o n  w a s ' r e l a t e d  t o  l a  d e te r m in a n ts  and n o t  t o  Mis 

d e te r m in a n ts  o f  s t i m u l a t i n g  c e l l s .  In d e e d ,  c lo n e  A 1 2 . l l  p r o l i f e r a t e d  

w ith  s p le e n  c e l l s  fro m  C3H (H -2 ^ , M lsc ) , CBA/N (H -2^ M is- ) and n o t  w ith  

SJL (H -2S M lsc ) m ic e . C lo n e  F6 p r o l i f e r a t e d  w i th  s p le e n  c e l l s  from  C3H.Q 

(H-2^ M lsc ) and B10.Q (H-2^ Mis*3) m ic e . The a l l o r e a c t i v i t y  was s p e c i f i c  

f o r  a  s i n g l e  H-2 h a p lo ty p e  a s  can  b e  s e e n  by  th e  la c k  o f  p r o l i f e r a t i o n  to  

s p le e n  c e l l s  from  m ice  o f  o t h e r  h a p lo ty p e s  (H -2^ >^ »r >u »s ) .

D e s p i te  th e  f a c t  t h a t  c lo n e  F6 and  s u b c lo n e  A 1 2 . l l  w ere  o b ta in e d  by 

c lo n in g  th ro u g h  l i m i t i n g  d i l u t i o n  m e th o d , t o  f u r t h e r  d e m o n s tra te  t h e i r  

c l o n a l  n a t u r e ,  BUdR s u i c i d e  e x p e r im e n ts  w ere  p e rfo rm e d  to  a s s e s s  w h e th e r  

th e  sam e c e l l  p o p u la t io n  re s p o n d in g  to  KLH p lu s  s e l f ,  w e re  a l s o  re s p o n d in g  

to  th e  a l l o a n t i g e n s .  In  t h i s  s e r i e s  o f  e x p e r im e n ts ,  th e  c e l l s  w ere  c u l ­

tu r e d  i n  t h e  p r e s e n c e  o f  m in u te  am ounts o f  I L - 2 ,  KLH, o r  a l l o a n t i g e n s ,  and 

on d ay  2 ,  BUdR was ad d ed  f o r  18 h r s  and th e n  th e  c u l t u r e s  w ere  ex p o sed  to  

l i g h t  f o r  2 h r s .  The c e l l s  c u l t u r e d  f o r  f o u r  d ay s  w e re  r e c i p r o c a l l y  s t im u ­

l a t e d  w i th  KLH f r e s h  i r r a d i a t e d  s y n g e n e ic  s p l e n i c  c e l l s  o r  a l l o t y p e  s t im u ­

l a t o r  c e l l s .  The d a t a  p r e s e n te d  i n  T a b le  V II  show c lo n e s  c u l tu r e d  w i th  

s m a l l  am ounts o f  IL -2  fo l lo w e d  b y  s t i m u l a t i o n  w i th  KLH o r  a l l o a n t i g e n ,  

e x h i b i t e d  s i g n i f i c a n t  p r o l i f e r a t i o n  w i th  th e  sec o n d  ro u n d  o f  s t i m u l a t i o n .

In  c o n t r a s t ,  c lo n e  F6 and s u b c lo n e  A 1 2 . l l  when s t im u la t e d  w i th  e i t h e r  KLH 

o r  a l l o a n t i g e n  on th e  f i r s t  ro u n d  in c u b a te d  w i th  BUdR and ex p o sed  to  l i g h t  

d id  n o t  m ount a  p r o l i f e r a t i v e  r e s p o n s e  when s t im u la te d  w ith  th e  r e c i p r o c a l  

a n t ig e n .  The r e s u l t s  s u p p o r t  t h e  c l o n a l  n a t u r e  o f  o u r  two T c e l l  c lo n e s  

t h a t  d i s p l a y  a  d o u b le  s p e c i f i c i t y .

I t  h a s  b e e n  w e ll-d o c u m e n te d  t h a t  u n d e r  c e r t a i n  c irc u m s ta n c e s , a n t i - I - A  

a n t i b o d i e s  a r e  c a p a b le  o f  b lo c k in g  T c e l l  - r e c o g n i t io n  o f  a l l o a n t i g e n s  (5 2 ) .  

T h ree  m o n o c lo n a l a n t i - I - A  a n t i b o d i e s  w e re  u se d  to  s tu d y  th e  p r o l i f e r a t i v e



TABLE VII
RECIPROCAL STIMULATION WITH KLH AND ALLOGENIC CELLS OF T CELL CLONES WITH 

DOUBLE SPECIFICITY AFTER BUdR-LIGHT TREATMENT

re s p o n s e  re s p o n s e
n es  'd a y  0 day  2 day 3 day 3 day  4 day 7 day 8

n i l — — 3H-T 439+22
KLH . - - 3H-T 3 ,168+361

■ C3H - - 3H-T 3,974+ 74

n i l BUdR** l i g h t 3H-T 320+15
KLH BUdR " l i g h t 3H-T 468+15
C3H BUdR " l i g h t 3H-T 511+34

11 -
IL -2 BUdR " l i g h t n i l 3H-T 505+53
IL -2 BUdR " l i g h t KLH 3H-T 3 ,717+ 712
IL -2 BUdR " l i g h t C3H 3H-T 1 6 ,0 0 3 + 2 ,3 3 0

KLH' IL -2 BUdR " l i g h t n i l 3H-T 392+15
KLH IL -2 BUdR " l i g h t KLH 3H-T 579+153
KLH IL -2 BUdR " l i g h t C3H 3H-T 473+45

C3H IL -2 BUdR " l i g h t n i l 3H-T 343+32
C3H IL -2 BUdR " l i g h t KLH 3H-T 585+74
C3H IL -2 BUdR " l i g h t C3H 3H-T 450+45

n i l BUdR " l i g h t 3H-T 844+170
KLH BUdR " l i g h t 3H-T 12,835+836

BIO. Q BUdR " l i g h t 3H-T 1 6 ,5 4 1 + 1 ,2 3 8

n i l BUDR 11 l i g h t 3H-T 794+341
KLH BUdR " l i g h t 3H-T 1,308+ 248

B10. Q BUdR " l i g h t 3H-T 2,463+457
-

IL -2 BUdR " l i g h t n i l 3H-T 639+381
IL -2 BUdR " l i g h t KLH 3H-T 4 ,4 6 2 + 1 ,0 1 6
IL -2 BUdR " l i g h t B10.Q 3H-T 5 ,015+ 499

KLH IL -2 BUdR " l i g h t n i l 3H-T 260+100
KLH IL -2 BUdR " l i g h t KLH 3H-T 25 7+223
KLH IL -2 BUdR " l i g h t B10.Q 3H-T 350+154

B10.Q IL -2 BUdR " l i g h t n i l 3H-T 879+168
B10.Q IL -2 BUdR " l i g h t KLH 3H-T 1,025+217
B10.Q IL -2 BUdR " l i g h t B10. Q 3H-T 984+143

cpm mean +  SD o f  t r i p l i c a t e  c u l t u r e s

c u l t u r e s  c o n ta in e d  10^ re s p o n d in g  c lo n e  A 1 2 . l l  o r  Ffi and 5 x 10^ s p l e n i c  
f i l l e r  c e l l s  on day 0 . A f t e r  s t i m u l a t i o n  w i th  KLH o r  a l l o g e n e ic  s t i m u l a t o r  
c e l l s  on day 2 BUdR was added  f o r  18 h r s  fo l lo w e d  by  e x p o su re  to  l i g h t  f o r  
2 h o u r s .  F re s h  s p l e n i c  f i l l e r s  p lu s  KLH o r  a l l o g e n e ic  f i l l e r  c e l l s  w ere  
added  to  r e c i p r o c a l l y  s t im u la t e d  c u l t u r e s .  T r i t i a t e d  th y m id in e  i n  c o rp o ra ­
t i o n  was m easu red  on day  4 and day  8 .

c u l t u r e s  c o n ta in e d  0.1% IL -2  i n s t e a d  o f  2% i n  s ta n d a r d  c u l t u r e .
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TABLE VIII

EFFECT OF A N T I-Ia ANTIBODIES ON THE PROLIFERATIVE RESPONSE

OF A 1 2 . l l  T CELL CLONE

A n tib o d y  

ad d ed  to  t h e  S p e c i f i c i t y  

c u l t u r e

A 1 2 . l l CB6 / F 1+KLH* C3H/HeJ

n i l  - - 130+34** 90+8

• n i l  - + 1 9 ,5 8 8 + 2 ,6 9 9 24,636+386

2 5 -9 -3 s  I-A b + 1 8 ,6 9 1 + 2 ,2 2 1 2 3 ,0 7 9 + 3 ,2 3 4

MK-D6 I -A d + 2 ,673+ 383 2 0 ,7 1 1 + 1 ,0 5 5

1 0 .2 -6  I-A k + 2 0 ,3 0 1 + 3 ,5 8 8 2 ,928+ 421

*5x10^ s y n g e n e ic  CB6 /E 1 c e l l s  w e re  in c u b a te d  w i th  2x10^ T c e l l s  
i n  th e  p r e s e n c e  o f  40 p g /m l KLH.

■ H ^ - th y m id in e  i n c o r p o r a t i o n  r e p r e s e n te d  i n  cpm.
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r e s p o n s e  o f  s u b c lo n e  A 1 2 . l l  to  KLH p lu s  s y n g e n e ic  APC (H -2^) and th e  a l l o -  

r e a c t i v e  c e l l s  (H -2 ^ ) . The d a t a  i l l u s t r a t e d  in. T a b le  V I I I  show t h a t  o n ly  

a n t i - I - A ^  a n t i b o d i e s  b lo c k  th e  p r o l i f e r a t i v e  r e s p o n s e  to  KLH. T h ese  d a t a  

a r e  i n  ag reem en t w ith  T a b le  I I I  w h ich  show s t h a t  t h e  p r o l i f e r a t i o n  to  KLH 

o n ly  o c c u r  i n  th e  c o n te x t  o f  H -2^ a n t ig e n  p r e s e n t in g  c e l l s .  The a l l o ­

g e n e ic  re s p o n s e  t o  H -2b s t i m u l a t o r  c e l l s ,  h o w e v e r, was o n ly  b lo c k e d  by  

a n t i - I - A ^  m o n o c lo n a l a n t i b o d i e s .  S im i l a r  e x p e r im e n ts  w ere  n o t  a tte m p te d  

w i th  F6 b e c a u s e  o f  th e  l a c k  o f  an ti-I-A * *  m o n o c lo n a l a n t i b o d i e s .  T h is  

d a t a  s u g g e s t  th e  a l l o r e a c t i v e  d e te r m in a n t  r e c o g n iz e d  b y  c lo n e  A 1 2 . l l  i s  

an Aa^  Agk m o le c u le .

F . A C loned  T c e l l  H ybridom a G e n e ra te d  fro m  CB6 /F i  (H-2b ^ )  M ice,

E x h ib i t s  a  S p e c i f i c i t y  f o r  KLH i n  A s s o c ia t io n  w i th  One P a r e n t a l  l a  

M o le c u le  ( I -A 1̂ ) and A u to r e a c t iv e  t o  t h e  O th e r  P a r e n t a l  l a  M o lecu le  

(I~Ab )

The aim  o f  t h i s  s e r i e s  o f  e x p e r im e n ts  h a s  b ee n  t o  exam ine th e  r e ­

q u ire m e n ts  f o r  a c t i v a t i o n  o f T c e l l s  w i th  a  s p e c i f i c i t y  f o r  b o th  KLH p lu s  

s e l f  l a  and to  s e l f  l a  a lo n e .  The d a t a  d e p ic te d  i n  T a b le  IX  shows t h a t  

h y b rid o m a  FN13 p ro d u c e s  s i g n i f i c a n t  am ounts o f  IL -2  i n  th e  p r e s e n c e  o f  

CB6 /F 1 o r  C57BL/6 c e l l s ,  w i th  o r  w i th o u t  a n t ig e n  (1 -1 0 0  y g /m l) , and o n ly

i n  th e  p re s e n c e  o f  KLH when i r r a d i a t e d  BALB/c s p le e n  c e l l s  a r e  u se d  in

c u l t u r e .

The m ost r ig o ro u s ;  m ethod: o f a s c e r t a i n i n g  the s p e c i f i c i t y  o f  a  T c e l l  

c lo n e  i s  by  s tu d y in g  th e  p a t t e r n  o f  i t s  r e a c t i v i t y  a f t e r  s u b c lo n in g .  

T h e r e f o r e ,  t h e  s u b c lo n e  FN13-21 w as r e c lo n e d  u n d e r  r i g i d  l i m i t i n g  d i l u ­

t i o n  (0 .2 5  c e l l s / w e l l )  and th e  r e a c t i v i t y  o f  20 s u b c lo n e s  w ere  s tu d i e d .

The d a t a  i n  T a b le  X i l l u s t r a t e  t h a t  a l l  T c e l l  su b .c lo n es  p ro d u c t  IL -2  

s u b s e q u e n t  t o  s t i m u l a t i o n  w i th  KLH i n  t h e  p r e s e n c e  o f  BALB/c c e l l s  and 

w i th  C57BL/6 c e l l s  i n  th e  p re s e n c e  o r  a b se n c e  o f  KLH. I n t e r e s t i n g l y ,
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TABLE IX.

DOSE DEPENDENT RELATIONSHIP BETWEEN ANTIGEN CONCENTRATION

A n tig e n

AND IL--2 PRODUCTION BY FN13 CELLS

o f  APC : 

C57BL/6

DOSE

(y g /m l)

IL -2  P ro d u c t io n  

CB6Fjk

i n  th e  P re s e n c e  

BALB/c

n i l 59b 0 101

KLH 0 . 0 1 57 0 170

0 .1 55 0 125

1 . 0 58 0 176

10 67 . 62 180

40 I l l 61 88

100 147 115 116

C ytochrom e C 10 57 0

100 55 0

TNP-OVA 10 54 0

100 55 0

A P C ^ - i r r a d i a t e d  s p le e n  c e l l s . 

bU n i ts  o f  IL -2  p ro d u c e d , 5x10^ h y b rid o m a  c e l l s  p e r  w e l l .
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TABLE X.

IL-2 PRODUCTION BY SUBCLONES DERIVED FROM FN13-21

APC

CB6 F! BALB/c C57BL/6
S u b c lo n e

- KLHa + -  KLH + -  KLH +

■2 1 - 1 160b 920 <10 965 721 406

2 116 253 <10 464 221 148

3 11 100 <10 102 112 105

4 <10 118 0 111 108 121

5 14 127 0 110 125 110

6 <10 108 0 98 118 102

7 10 113 0 131 121 130

8 <10 106 0 138 123 110

9 115 424 <10 596 298 351

10 10 119 0 201 107 ;63

11 136 671 <10 474 254 224

12 18 45 0 123 50 39

13 139 258 <10 273 204 249

14 120 328 <10 301 262 236

15 159 191 0 175 209 169

16 12 131 0 159 131 141

17 19 37 0 57 81 60

18 111 178 <10 214 477 280

19 92 236 0 444 231 277

20 18 57 0 81 57 78

a  4 0 p g /m l

U n i ts  o f  IL -2  p ro d u c e d .
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o n ly  50% o f  th e  T c e l l  s u b c lo n e s  d i s p l a y  an  in c r e a s e d  IL -2  p r o d u c t io n  i n  

th e  p r e s e n c e  o f  CB6 / F 1 i r r a d i a t e d  s p l e e n  c e l l s  and  KLH. T h is  sam e p a t t e r n  

o f  a u t o r e a c t i v i t y  to  CB6 F1 and C57BL/6 c e l l s  h a s  b e e n  o b s e rv e d  a f t e r  su b ­

c lo n in g  o f  FN13 u s in g  BALB/c c e l l s  a s  f i l l e r  c e l l s  ( d a t a  n o t  sh o w n ).

I t  h a s  b e e n  r e p o r t e d  t h a t  a u t o r e a c t i v i t y  o f  T c e l l s  i n  v i t r o  dep en d s 

on th e  p r e s e n c e  o f  a n t ig e n s  i n  f e t a l  c a l f  seru m  i n  t h e  medium ( 5 3  ) .  The 

e f f e c t  o f  FCS on a u t o r e a c t i v i t y  o f  FN13-21 was t h e r e f o r e  com pared  i n  

I s c o v e 's  medium w ith  o r  w i th o u t  1% FCS o r  0.5%  m ouse se ru m . As shown i n  

T a b le  X I, b o th  t h e  r e s p o n s e  to-KLH i n  a s s o c i a t i o n  w i th  I -A ^ , and  th e  r e ­

s p o n se  t o  I-A ^  i n  th e  p r e s e n c e  o r  a b s e n c e  o f  KLH, a r e  m a in ta in e d  i n  c u l ­

t u r e s  w i th  m ouse se ru m , o r  i n  c u l t u r e s  u s in g  serum  f r e e  m edium , i n  s p i t e  

o f  t h e  f a c t  t h a t  t h e  o v e r a l l  s u r v i v a l  o f  t h e  h y b rid o m a  c e l l s  i s  much lo w er 

i n  serum  f r e e  th a n  i n  FCS o r  m ouse seru m  c o n ta in in g  m edium . T h ese  r e s u l t s  

show t h a t  FN13-21 can  re s p o n d  to  t h e  I-A ^ g en e  p ro d u c t  i n  t h e  a b s e n c e  o f  

o t h e r  a n t ig e n  s t i m u l a t i o n ,  a l th o u g h  th e  a u t o r e a c t i v i t y  i s  much m ore m arked 

i n  r e s p o n s e  t o  hom ozygous I-A ^  c e l l s  th a n  i n  r e s p o n s e  t o  h e te ro z y g o u s  

c e l l s .

S in c e  t h e  p h e n o ty p e  o f  t h i s  h y b rid o m a  re m a in s  s t a b l e  a f t e r  c lo n in g  

and i s  n o t  e f f e c t e d  b y  t h e  s o u r c e  o f  FCS, a d d i t i o n a l  s t u d i e s  w i th  a n t ig e n  

p r e s e n t in g  c e l l s  fro m  v a r io u s  H -2 re c o m b in a n t  and c o n g e n e ic  s t r a i n s  w ere  

u s e d  to  g e n e t i c a l l y  map t h e  r e s t r i c t i o n  e le m e n ts .  The e x p e r im e n t r e p r e ­

s e n te d  i n  T a b le  X II  show s t h e  r e s p o n s e s  o f  t h r e e  h y b rid o m as  to  s p l e n i c  

c e l l s  i n  th e  p r e s e n c e  o r  a b s e n c e  o f  KLH. The a u t o r e a c t i v i t y  o f  FN13-21 

i s  r e s t r i c t e d  t o  I-A ^  d e t e r m in a n t s .  S in c e  IL -2  p r o d u c t io n  i s  s t im u la t e d  

i n  t h e  p r e s e n c e  o f  B10.A(5R.) and C57BL/6 b u t  n o t  i n  t h e  p re s e n c e  o f  BIO.A 

(2R) and  B 1 0 .A (4 R ). R e s u l t s  w i th  h y b rid o m a  SW2.3 a r e  in c lu d e d  to  i l l u s ­

t r a t e  t h e  p a t t e r n  o f  r e a c t i v i t y  o f  a  c lo n e  s p e c i f i c  f o r  KLH i n  t h e  c o n te x t  

o f  I-A ^  d e t e r m in a n ts .  C lo n e s  FN13-21 and SW2.3 d id  n o t  e x h i b i t  any a l l o -
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TABLE XI

RECOGNITION OF FOREIGN AND SELF ANTIGEN INDEPENDENT OF SERUM 

ADDED IN CULTURE MEDIUM

IL -2  P r o d u c t io n 3

Serum  D u rin g ^  Serum  Added CB6 F ie  BALB/c C57BL/6

P r e c u l tu r e D u rin g  A ssay - KLHf  + - KLH + — KLH +

FCSc FCS 15 55 0 74 61 65

Mouse^ FCS 15 59 0 83 84 71

Mouse Mouse 10 52 0 59 . 57 49

Mouse - <5 52 0 55 50 51

- FCS <5 63 0 75 74 62

- Mouse 8 49 0 57 57 - 56

_ — <5 43 0 55 48 48

U n i t s  o f  IL -2  p ro d u c e d  

b 3 d a y s  p r e c u l t u r e

c  FCS 1%

d Mouse serum  0.5% 

e  O r ig in  o f  APC 

f  40 y g /m l
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TABLE X II

MAPPING OF MHC RESTRICTION TO THE I -E  SUBREGION

FN 1-I8  FN 13-2I SW2.3

3 o u rc e  - H-2 r e g io n  lOH. KLH KLH

^ r e s e n t i n g  c e l l s  K A E D -  +______  - ______+  +

CB6 F]* b /d  b /d  b /d  b /d <10 95** 102 121 <10 85

BALB/c d d d d <10 <10 <10 160 <10 <10

C57BL/6 b . b b b <10 <10 214 159 <10 126

C3H/HeJ* k k k k <10 70 <10 <10 <10 <10

BALB/K* k k k k <10 59 <10 <10 N.D. N.D.

AKR* k k k d <10 86 <10 <10 <10 <10

A /J* k k k d <10 58 <10 <10 <10 <10

BIO.A* k k k d <10 50 N.D. N.D. N.D. N.D.

B 10.A (2R )* k k k b <10 68 <10 <10 N.D. N.D.

B 10.A (5R )* b b k d <10 96 211 203- N.D. N.D.

BIO.A(4R) k k b b <10 <10 <10 <10 N.D. N.D.

BIO. S(9R) s s k d <10 <10 N.D. N.D. N.D. N.D.

A.TFR5 f f k d <10 <10 <10 <10 N.D. N.D.

BALB/c x  SJL)F-^ d / s d / s d / s d / s <10 <10 N.D. N.D. N.D. N.D.

R II I* r r r r <10 <10 <10 <10 <10 <10

DBA/i 9 •9 q q <10 <10 <10 <10 <10 <10

P L /J u u u u <10 <10 <10 <10 <10 <10

E x h ib i t  a  c e l l  s u r f a c e  d e te r m in a n t  i d e n t i f i e d  by  MnAb, 1 7 -3 -3 S .

it
IL -2  p r o d u c t io n  ( u n i t s )
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TABLE XIII

EFFECT OF ANTI-I-A ANTIBODIES ON IL-2 PRODUCTION BY FN13-21

IL -2  P ro d u c t io n
A n tib o d ie s  Added3

CB6Fib BALB/cb C57BL/6b

D e s ig n a t io n S p e c i f i c i t y -  KLHC + -  KLH + -  KLH +

None None 52d 83 <10 57 106 57

UPC-10 $2 F ru c to s a n 55 145 0 82 96 79

2 5 -9 -3 5 I-A b 0 52 0 91 0 0

MK-D6 I-A d 47 16 0 0 96 70

a  100 y g /m l o f  each  a n t ib o d y  was added  a t  t h e  b e g in n in g  o f  th e  p r im a ry  

c u l t u r e .

k S o u rce  o f  APC 

c 40 p g /m l

d U n i ts  o f  IL -2  p ro d u c e d .



r e a c t i v i t y  t o  s t r a i n s  e x p r e s s in g  H-2 h a p lo ty p e  k , s , f , r ,  o r  u .  The g e n e t ­

i c  r e s t r i c t i o n  o f  h y b rid o m a F N l-18  w i l l  b e  d i s c u s s e d  i n  t h e  n e x t  s e c t i o n .

F u r th e r  e v id e n c e  b e a r in g  on th e  n a t u r e  o f  th e  r e s t r i c t i o n  e le m e n ts  

u t i l i z e d  b y  FN13-21 w ere  o b ta in e d  b y  s tu d y in g  th e  e f f e c t s  o f  m o n o c lo n a l 

a n t i - l a  a n t i b o d i e s  on  a n t ig e n  p r e s e n t a t i o n .  The r e s u l t s  o f  e x p e r im e n ts  

sum m arized  i n  T a b le  X I I I  d e m o n s tr a te  t h a t  a n t i - I - A *3 r e a g e n t s  i n h i b i t  th e  

IL -2  p r o d u c t io n  in d u c e d  by  C57BL/6 c e l l s  b u t  do n o t  a l t e r  th e  KLH in d u c e d  

IL -2  p r o d u c t io n  i n  th e  p r e s e n c e  o f  CB6 / F 1 , o r  BALB/c c e l l s .  C o n v e rs e ly ,  

a n t i - I - A ^  a n t i b o d i e s  i n h i b i t  KLH in d u c e d  IL -2  p r o d u c t io n  i n  th e  p r e s e n c e  

o f  BALB/c c e l l s .  T h ese  r e s u l t s  a r e  i n  ag reem en t w i th  T a b le  XI w h ich  shows 

th e  p r o l i f e r a t i o n  o f  KLH o c c u r  o n ly  i n  th e  c o n te x t  o f  I-A ^  and  t h a t  p r o l i f ­

e r a t i o n  i n  th e  a b s e n c e  o f  KLH o c c u r  i n  th e  c o n te x t  o f  I-A ^  d e te r m in a n ts .  

T aken c o l l e c t i v e l y ,  t h e s e  r e s u l t s  d e m o n s tr a te  t h a t  h y b rid o m a  FN13-21 e x h ib ­

i t s  a  d o u b le  s p e c i f i c i t y  r e c o g n iz in g  l a  d e te r m in a n ts  o f  one p a r e n t  and KLH 

a s s o c ia te d  w i th  l a  d e te r m in a n ts  o f  t h e  o th e r  p a r e n t .

G. A n a ly s is  o f  a  T c e l l  H ybridom a S p e c i f i c  f o r  KLH i n  A s s o c ia t io n  w ith  

a  M urine  I -E  T ra n s c o m p le m e n ta tio n  g en e  p r o d u c t :  I d e n t i f i c a t i o n  o f

r e s t r i c t i o n  e le m e n t s h a r e d  w i t h i n  th e  human and m u rin e  MHC •

One h y b rid o m a  g e n e r a te d  i n  o u r  l a b o r a t o r y  was fo u n d  t o  s e c r e t e  IL -2  i n  

r e s p o n s e  to 'K LH  p r e s e n te d  o n ly  by  CB6 / F 1 a n t ig e n  p r e s e n t in g  c e l l s .  C e l l s  

from  m ice  b e a r in g  e i t h e r  p a r e n t a l  h a p lo ty p e  w e re  in c a p a b le  o f  a n t ig e n  p r e ­

s e n t a t i o n  t o  F N l-18  s u g g e s t in g  t h a t  t h e  h y b rid o m a  re c o g n iz e d  t h e  n o m in a l 

a n t ig e n  i n  a s s o c i a t i o n  w i th  an  F l d e te r m in a n t( T a b le  V ). IL -2  p r o d u c t io n  by  

th e  h y b rid o m a  was in d u c e d  b y  KLH and n o t  b y  o th e r  u n r e la t e d  a n t i g e n s ,  o r  by 

a l l o a n t i g e n s ( F i g  1 ) .  R e s t r i c t i o n  o f  KLH a n t ig e n  p r e s e n t a t i o n  to  th e  F N l-18  

h y b rid o m a  was e v id e n t  o n ly  w i th  c e l l s  from  CBA/N, C3H/HeJ, BALB.K, C E /J , and 

AKR m ice  w h ich  s h a r e  th e  H -2 k  h a p lo ty p e  in d u c e d  IL -2  s e c r e t i o n  w h i le  m ice  o f  

H -2 h a p lo ty p e  b , d , q , r , s ,  and u  d id  n o t  in d u c e  IL -2  s e c r e t i o n ( T a b le  X I I ) .  

U sing  re c o m b in a n t s t r a i n s ,  t h e  f i n e  s p e c i f i c i t y  o f  th e  g e n e t i c  r e s t r i c t i o n
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Figure 1

A n tig e n  s p e c i f i c i t y  and d o s e  re s p o n s e  c u rv e  f o r  h y b rid o m a F N l-1 8 . 

T h re e  a n t i g e n s ,  KLH (®— • )  , cy to ch ro m e C (c t-« = 0  , and TNP-OVA (A-A) 

w ere  t e s t e d  i n  th e  p r e s e n c e  o f  s y n g e n e ic  CB6 / F 1 a n t ig e n  p r e s e n t in g  

c e l l s .

250

200
□ C y t o c h r o m e  C 
A T N P - O V A

tn

d 100

0.01
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TABLE XIV

INHIBITION OF KLH INDUCED IL -2  PRODUCTION BY MURINE 

A N T I-I-E  ANTIBODIED AND A HUMAN A N T I-Ia  ANTIBODY

M o n o clo n al

a n t i b o d i e s _____________ S p e c i f i c i t y _________ % I n h i b i t i o n  o f  IL -2  p r o d u c t io n

UPC 10 0 2 - 6  f r u c t o s a n

CB6 / F 1*

0

C3H/F1

0

2 5 -9 -3 s I-A b 0 10

MK-D6 I-A d 0 0

1 0 -2 .1 6 I-A k 0 5

1 7 -3 -3 s l a .  22 75 98

Y-17 Ia .m 4 4 50 88

S o u rc e  o f  a n t ig e n  p r e s e n t i n g  c e l l s
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was m apped to  g e n e s  e n c o d in g  I - E ^  d e t e r m in a n t s .  The d a t a  d e p ic te d  i n  t h i s

t a b l e  show t h a t  IL -2  p r o d u c t io n  w as s t i m u l a t e d  i n  r e s p o n s e  t o  KLH p r e s e n te d

by  c e l l s  from  A / j ,  B IO .A , B 10A (2R ), and  B10(5R) s t r a i n s  o f  m ic e . The r e s u l t s

w i th  B 10 .A (5 ) s t r a i n s  w e re  e s p e c i a l l y  s i g n i f i c a n t  b e c a u s e  t h i s  s t r a i n  e x p r e s -

b  ks e s  a  c o m p le m e n ta tio n  p ro d u c t  o f  Eo and  E . . .  , ,  ,.P a  g e n e s .  A l l  s t r a i n s  c a p a b le  o f  p r e ­

s e n t i n g  KLH t o  t h e  h y b rid o m a  e x h i b i t e d  th e  c e l l  s u r f a c e  e p i to p e  i d e n t i f i e d  

b y  a n t i - I - E  a n t ib o d y  1 7 -3 - 3 s ;  h o w e v e r, tw o s t r a i n s ,  R I I I  and B 10 .S (9R ), t h a t  

b e a r  t h e  1 7 -3 -3 s  d e te r m in a n t  d id  n o t  p r e s e n t  KLH a n t i g e n  to  F N l-1 8 . No s i g ­

n i f i c a n t  IL -2  p r o d u c t io n  was o b s e rv e d  I n  c u l t u r e s  c o n ta in in g  KLH c e l l s  fro m  

B 1 0 .A (4 R ), AFTR5 and (BALB/c x  S J L )F j m ic e .

F u r th e r  e v id e n c e  b e a r in g  on  th e  n a t u r e  o f  th e  r e s t r i c t i o n  e le m e n ts  was 

o b ta in e d  by  s tu d y in g  th e  e f f e c t s  o f  m o n o c lo n a l a n t i - l a  a n t i b o d i e s .  The r e ­

s u l t s  o f  e x p e r im e n ts  sum m arized  i n  T a b le  XIV show t h a t  t h e  a d d i t i o n  o f  a n t i -  

I -E  a n t i b o d i e s  ( 1 7 - 3 -3 s  o r  Y -17) i n h i b i t e d  t h e  IL -2  r e s p o n s e  o f  F N l-1 8  to  

KLH p r e s e n te d  by c e l l s  o f  e i t h e r  CB6 /F 1 o r  C3H/HeJ s t r a i n s .  I n  c o n t r a s t ,  

m o n o c lo n a l a n t i b o d i e s  s p e c i f i c  f o r  th e  I -A  r e g io n  gave  no s i g n i f i c a n t  

i n h i b i t i o n .

T h ere  a r e  num erous s t u d i e s  d e m o n s t r a t in g  t h a t  c e r t a i n  e p i t o p e s  on 

human l a  m o le c u le s  a r e  r e c o g n iz e d  b y  a n t i b o d i e s  s p e c i f i c  f o r  m u rin e  I -A  and 

I —E g en e  p r o d u c t s ( 5 4 ) .  F u r th e rm o re ,  t h e  s tu d y  o f  am ino a c id  s e q u e n c e s  o f  

m u rin e  I - E 3 m o le c u le s  shows hom ology w i th  human DRg c h a in  m o le c u le s ( 5 5 ) .

B ased  on  t h i s  i n f o r m a t io n ,  we exam ined  w h e th e r  t h i s  m u rin e  T c e l l  h y b rid o m a  

F N l-18  was c a p a b le  o f  r e c o g n iz in g  KLH i n  th e  c o n te x t  o f  human l a  m o le c u le s .  

T h is  q u e s t i o n  was f o r m a l ly  e x p lo r e d  b e c a u s e  o u r  l a b o r a t o r y  had  d e m o n s tra te d  

t h e  a n t i - I - E  a n t ib o d y  1 7 -3 -3 s  i d e n t i f i e d  a  p o ly m o rp h ic  d e te r m in a n t  on T c e l l  

d e p le te d  human l e u k o c y te s .

T a b le  XV in c lu d e s  HLA ty p in g  f o r  25 hum ans. I t  d e m o n s t r a te s  t h a t  th e  

e p i t o p e  r e c o g n iz e d  b y  t h e  a n ti-h u m a n  l a  m o n o c lo n a l a n t ib o d y  109d6 i s  c l o s e l y  

r e l a t e d  b u t  n o t  i d e n t i c a l  t o  t h e  e p i to p e  re c o g n iz e d  on th e  human c e l l s  by
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TABLE XV

ASSOCIATION OF ABILITY OF HUMAN MONONUCLEAR CELLS TO PRESENT KLH TO

A MURINE T CELL HYBRIDOMA WITH THE PRESENCE OF ALLOANTIGENS DETECTED 

BY 1 7 -3 -3 s  MONOCLONAL ANTIBODY

MHC A ntigens Immuno- KLH induced
C lass  I C lass I I

C e lls A B C DR MT 109d6 17-3 -3 s (u n i ts /m l)
C3H/HeJ + + 325

D.P 1 ,w30 8 ,18 3 3 - + 241

K.K. 1 ,10 8 w7 3 ,4 2 ,3 + + 194

R.B. w24 18 w4 7 3 + + 159

N.R. 3 ,29 7,w44 7 ,10 2 ,3 + + 79

J .R . 1 ,24 w 3 5 ,17 w4 5 ,7 2 ,3 + + 109

D.O. w24,w28 w51,w44 w4,w5 4 ,7 2 ,3 + + 162

T.M. 2 ,11  • w22 wl 4 2 ,3 + + 130

B .S . ' 2 ,w24 w35,14 w4 5 ,7 2 ,3 + + 295

l .S l,w 24 17,w38 4 ,7 3 + + 89

J .K . 1 w35 5 2 . + + 85

P.M. 2 ,w24 w5,27 2 ,3 w4 3 + + <10

E.M. w24 w35,w38 w4 4 3 + + <10

N .S. 32 w35,w44 w4 1 1 + - <10

M. R. . 28 w35 w4 4 ’ 3 + - <10

K.D. 2 ,2 8 w44,w55 w3 6 1,2 - - <10

S.W. 2 2 7 ,28 2 ,3 2 - - <10

R.W. 2 ,26 8 ,w55 w9 5 2 - - <10

P. L . 1 ,2 14 ,w35 w4 w6 1 ,2 - - ; <10

P.G. 3,w24 w35 ,w39 w4 1 1 - - <10

S . L. w24 17 wl,w3 5 ,6 1 ,2 - - <10

S . S . 11,24 18 2 ,5 1 ,2 - - <10

D.G. 3 ,29 7 ,w35 w7 ,w4 2 ,w6 1 ,2 - - <10

S. G. 11 4 0 ,w44 w 3,s7
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1 7 -3 - 3 s .  E le v e n  i n d i v i d u a l s  e x p re s s e d  d e te r m in a n ts  i d e n t i f i e d  by a n t i ­

b o d ie s  109d6 and 1 7 -3 - 3 s  and e a c h  was p o s i t i v e  f o r  th e  MT3 s p e c i f i c i t y  a s  

d e f in e d  b y  a l l o s e r a .  Two i n d i v i d u a l s  w e re  r e p r o d u c ib ly  p o s i t i v e  f o r  th e  

109d6 d e te r m in a n t  b u t  la c k e d  r e a c t i v i t y  w i th  th e  1 7 -3 - 3 s  a n t ib o d y .  T h is  

p a t t e r n  o f  r e a c t i v i t y  w as c o n f irm e d  by  s t u d i e s  o f  o th e r  f a m ily  members 

( d a ta  n o t  sh o w n ). I n  one  i n s t a n c e ,  an  MT3 p o s i t i v e  i n d i v id u a l  l a c k e d  r e a c ­

t i v i t y  w i th  th e  109d6 a n t ib o d y  b u t  e x p r e s s e d  th e  1 7 -3 -3 s  a n t i g e n .  T h is  

p a t t e r n  o f  r e a c t i v i t y  w as fo u n d  t o  b e  en co d ed  b y  a  h a p lo ty p e  i n  a  f a m ily  

s tu d y  ( d a t a  n o t  sh o w n ). An a d d i t i o n a l  5 i n d i v i d u a l s  la c k e d  r e a c t i v i t y  t o  

109d6 and 1 7 -3 -3 s  ( d a t a  n o t  sh o w n ).

The c a p a c i t y  o f  human T -d e p le te d  m o n o n u c le a r c e l l s  t o  p r e s e n t  KLH t o  

m u rin e  F N l-1 8  h y b rid o m a  c e l l s  i s  i l l u s t r a t e d  i n  T ab le  XV. T - c e l l  d e p le te d  

p e r i p h e r a l  b lo o d  m o n o n u c lea r c e l l s  fro m  10 o f  30 humans p r e s e n te d  KLH to  

F N l-18  b u t  e l i c i t e d  .no r e s p o n s e  i n  t h e  a b s e n c e  o f  KLH. The IL -2  p ro d u c t io n  

ra n g e d  fro m  79 to  295 IL -2  u n i t s  f o r  human com pared t o  250-325  u n i t s  f o r  

m u rin e  a n t ig e n  p r e s e n t in g  c e l l s .  C e l l s  fro m  d o n o rs  e x h i b i t i n g  th e  a b i l i t y  

t o  p r e s e n t  KLH w ere  r e p e a te d  a t  l e a s t  t h r e e  t im e s  i n  s e p a r a t e  e x p e r im e n ts  

and g av e  r e p r o d u c ib l e  r e s u l t s .  In  p r e l im in a r y  e x p e r im e n ts ,  i t  w as d e t e r ­

m ined  t h a t  T c e l l  d e p le te d  m o n o n u c lea r c e l l s  sh o u ld  b e  u s e d  f o r  a n t ig e n  

p r e s e n t a t i o n  b e c a u s e  w h o le  m o n o n u c lea r c e l l  p r e p a r a t i o n s  c o n ta in in g  T c e l l s  

fro m  some i n d i v id u a l s  y i e ld e d  up to  15 u n i t s  o f  IL -2  i n  th e  a b s e n c e  o f  KLH. 

T h is  r e s p o n s e  was e l im in t e d  by  E r o s e t t e  d e p l e t i o n  o f  T ly m p h o cy tes  from  

t h e  m o n o n u c le a r c e l l s  w i th o u t  s i g n i f i c a n t l y  a l t e r i n g  th e  a n t ig e n  s p e c i f i c  

IL -2  r e s p o n s e  ( d a ta  now sh o w n ).

S t a t i s t i c a l  a n a ly s i s  o f  th e  d a t a  p r e s e n te d  i n  T ab le  XV showed a 

c o r r e l a t i o n  b e tw e en  th e  a b i l i t y  o f  human c e l l s  t o  p r e s e n t  KLH to  FN l-18 

and th e  e x p r e s s io n  o f  a  c r o s s - r e a c t i v e  d e te r m in a n t  r e c o g n iz e d  by th e  mono­

c l o n a l  a n t ib o d y  1 7 -3 -3 s  ( r= 0 .7 6 8 ,  p = 0 .0 0 0 0 2 ) . I n  c o n t r a s t ,  t h e  c o r r e l a ­

t i o n  b e tw e en  a n t ig e n  p r e s e n t a t i o n  and s e r o l o g i c a l l y  d e f in e d  human DR4
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TABLE XVI

ANTIGEN PRESENTATION BY DR HOMOZYGOUS CELLS

,S o u rc e  o f  A n tig e n  i n  c u l t u r e
tyHC h a p lo ty p e

p r e s e n t i n g  c e l l s ___________  n i l _________ KLH

CBBFj^ H -2 d /b <10 254

# 2892 DR4 DW4 MT3,4 <10 154

# 2046 DR4 DW10 MT3,4 <10 115

# 7863 DRl DW1 MT1 <10 <10

#2847 DR5 DW5 MT2,4 <10 <10

#4135 DR7 DW7 MT3 <10 60

#4035 DR7 DW11 MT3 <10 62

IL -2  p r o d u c t io n  ( u n i t s ) . The hum an ly m p h o c y te s  u s e d  i n  t h i s  e x p e r im e n t 
w e re  k i n d l y  d o n a te d  b y  D r. N. S u c iu -F o c a  (C o lu m b ia  U n i v e r s i t y ,  New Y ork)
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a n d /o r  DR7 ( r = 0 .5 0 9 ,  p = 0 .0 0 4 8 ) ,  MT3 ( r= 0 .5 1 9 ,  p = 0 .0 0 0 9 ) , o r  1 0 9 d 6 ,

( r = 0 .5 3 9 ,  p = 0 .0 0 2 7 ) s p e c i f i c i t i e s  a r e  lo w e r .  F u r th e r  e v id e n c e  s u p p o r t in g  

t h i s  a r e  d a t a  o b ta in e d  u s in g  p r e s e n t in g  c e l l s  from  hom ozygous Dw ty p in g  

c e l l s  (T a b le  X V I). A lth o u g h  th e  two a l l e l e s  f o r  DR4 l in k e d  to  Dw4 o r  

DwlO and th e  two a l l e l e s  f o r  DR7 l in k e d  to  Dw7 and D wll d i f f e r  s i g n i f i ­

c a n t l y  a t  t h e  l e v e l  o f  am ino a c id  se q u e n c e  i n  b o th  DR and DS p r o d u c ts ,  

b o th  a l l e l i c  fo rm s h a v e  c o n s e rv e d  a  c r i t i c a l  e p i to p e  on t h e i r  c e l l  s u r f a c e  

w h ich  f u n c t io n s  i n  a n t ig e n  p r e s e n t a t i o n  t o  h y b rid o m a F N l-1 8 .

F am ily  s t u d i e s  w e re  u n d e r ta k e n  t o  i n v e s t i g a t e  w h e th e r  th e . r e s t r i c t i n g  

e le m e n t r e q u i r e d  f o r  a n t ig e n  p r e s e n t a t i o n  b y  human c e l l s  w as i n h e r i t e d  i n  

a s s o c i a t i o n  w i th  a  g iv e n  HLA ty p e .  A r e p r e s e n t a t i v e  f a m i ly ,  T a b le  X V II, 

i l l u s t r a t e s  t h e  i n a b i l i t y  o f  t h e  m o th e r 's  c e l l s  t o  p r e s e n t  KLH t o  F N l-1 8 , 

w h i le  th e  f a t h e r  e f f e c t i v e l y  p r e s e n te d  t h i s  a n t ig e n .  The d a t a  d e m o n s tr a te  

t h a t  th e  c a p a c i t y  o f  human c e l l s  t o  f u n c t io n  i n  a n t ig e n  p r e s e n t a t i o n  s e g r e ­

g a te s  w i th in  t h i s  f a m ily  a s  a  t r a i t  l i n k e d  to  g e n e s  o f  t h e  m a jo r  h i s t o ­

c o m p a t i b i l i t y  com plex  i n h e r i t e d  from  th e  f a t h e r .  The p a t e r n a l  h a p lo ty p e  

A l ,  Bw57, DR7, MT3, 1 7 -3 - 3 s +  c o n f e r r e d  t h i s  t r a i t  on b o th  s i b l i n g s .  The 

a b i l i t y  o f  1 7 -3 -3 s  t o  b lo c k  th e  a n t ig e n  p r e s e n t a t i o n  o f  t h e  f a t h e r  and 

b o th  d a u g h te r s  p a r a l l e l e d  1 7 -3 -3 s  c e l l  s u r f a c e  s t a i n i n g  o f  t h e i r  .a n t ig e n  

p r e s e n t in g  c e l l s  (T a b le  X V II) . T h is  p a t t e r n  o f  i n h e r i t a n c e  i n d i c a t e s  t h e  

r e s t r i c t i o n  i s  r e l a t e d  t o  d e te r m in a n ts  encoded  w i th in  th e  MHC and w asco n - 

s i s t e n t  w i th  t h a t  fo u n d  i n  t h r e e  o th e r  f a m i l i e s  t h a t  a r e  n o t  i l l u s t r a t e d .

The r e s u l t s  i n  T a b le  X V III show t h a t  t h e  m o n o c lo n a l a n t i - I - E  a n t ib o d y ,  

1 7 -3 -3 s , b lo c k e d  a n t ig e n  p r e s e n t a t i o n  n o t  o n ly  i n  c u l t u r e s  c o n ta in in g  C3H/Ha 

a n t ig e n  p r e s e n t in g  c e l l s ,  b u t  a l s o  w i th  a l l  human c e l l s  t e s t e d .  I n  th e  

same s e t  o f  e x p e r im e n ts ,  th e  m o n o c lo n a l a n t ib o d y  1 0 9 d 6 , s p e c i f i c  f o r  a  

human M T 3 -lik e  d e t e r m in a n t ,  w as u se d  f o r  co m p a riso n . A lth o u g h  i t  e x h i b i t ­

ed a  s i m i l a r  s t a i n i n g  p a t t e r n  on human c e l l s  and s h a r e s  t h e  sam e i s o ty p e



TABLE Xyil

SEGREGATION OF ABILITY TO PRESENT KLH ANTIGENS WITH THE HAPLOTYPE 

ENCODING THE 1 7 -3 - 3 s  ANTIGENS: SELECTIVE INHIBITION BY ANTIBODY

1 7 -3 -3 s  BUT NOT ANTIOBDY I09d6 '

R e la t i o n s h ip HLA h a p lo ty p e l a  a n t ig e n  e x p r e s s io n IL -2  p r o d u c t i o n ( u n i t s

o f  d o n o r a s s ig n m e n t
d e t e c t e d  by  a n t ib o d y  

109d6 1 7 -3 -3 S  . n i l
.KLH w i th :  

17-.3-3S 109di

P a r e n t  ( ) a /b * + + 136* ' <10 105

P a r e n t  ( ) c /d - - <10 <10 <10

S ib  1 a /d + + 96 <10 88

S ib  2 a /d + + 102 <10 113

A
H a p lo ty p e  a  
c  = A1, Bw35

= A l ,  Bw57, DR7 
, DR2 M Tl; d

, MT3;
= AW24,

b = A3, Bw38, 
BW35, DE5,) ,MT2.

DR4, ET3;
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TABLE XVIII

INHIBITION OF IL-2 PRODUCTION BY MONOCLONAL ANTIBODIES SPECIFIC FOR MURINE

OR HUMAN MHC ENCODED ALLODETERMINANTS

KLH in d u c e d  IL -2  p r o d u c t io n  i n  p r e s e n c e  o f
S o u rce  o f

APC n i l MK-D6a 1 7 -3 -3 S b Genox 3 .5 3 c lL R -2 d 109d6c 22c6^

CB6F1 349* 306 2 7 (+ ) 2 9 1 ( - ) 3 2 9 ( - ) 2 9 0 ( - ) 3 4 0 ( - )

R .B . 157 205 K + ) 1 3 5 (- ) 1 6 7 ( - ) 145 (+) 29 (+)

K.K. 113 95 . 8<+) 86 ( - ) 4 2 (+ ) 68(+ ) 1 0 (+ )

T.M. 97 104 13(+ ) 9 3 ( - ) ' 75 (+ ) 73 (+) 10_(+)

N.R. 193 142 21_(+) 1 6 7 ( - ) 136(+ ) 139 (+) 24_(+)

B .S . 167 196 3 1 (+ ) 170C -) 7 0 (+ ) 144 (+) 25(+ )

M o n o clo n al a n t ib o d y  s p e c i f i c i t y .  a .  I-A  b .  I - E  c .  M T l- l ik e  d . M T 2 -lik e  e . M T 3 -lik e  and 
f .  m onom orphic l a .  c u l t u r e s  c o n ta in e d  I s c o v e 's  seru m  f r e e  medium su p p le m e n te d  w i th  1% 
p u r i f i e d  m o n o c lo n a l a n t i b o d i e s .

IL -2  u n i t s  ( ) r e s u l t s  o f  im m u n o flu o re sc e n c e  s t a i n i n g  w i th  m o n o c lo n a l a n t ib o d ie s  n e g a t iv e
<10% p o s i t i v e  >80% c e l l s  s t a i n e d .
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w ith  1 7 - 3 - 3 s ,  a n t ib o d y  109d6 d id  n o t  s i g n i f i c a n t l y  i n h i b i t  KLH p r e s e n t a ­

t i o n  b y  human c e l l s  e x c e p t  i n  t h e  c a s e  o f  KK w h ere  p a r t i a l  i n h i b i t i o n  was 

o b s e rv e d .  The MT-2 s p e c i f i c  a n t ib o d y  I-L R 2 s t a i n e d  a l l  f o u r  d o n o rs  ex ­

p r e s s i n g  an  MT-2 p h e n o ty p e . I t  g av e  a  m a r g in a l  i n h i b i t i o n  i n  t h r e e  o u t  

o f  f o u r  d o n o r s ,  o n ly  show ing  a  s i g n i f i c a n t  i n h i b i t i o n  i n  d o n o r KK. A 

m o n o c lo n a l a n t ib o d y  s p e c i f i c  f o r  MLR (G enox 3 .5 3 )  w h ich  d id  n o t  s t a i n  th e  

human m o n o n u c lea r c e l l s  o f  f i v e  d o n o rs  was u se d  a s  a  n e g a t iv e  c o n t r o l  and 

d id  n o t  a l t e r  IL -2  p r o d u c t io n .  As e x p e c te d ,  th e  m o n o c lo n a l a n t ib o d y  22c6 

s p e c i f i c  f o r  a  m onom orphic human l a  d e te r m in a n t  s t r o n g l y  i n h i b i t e d  KLH 

p r e s e n t a t i o n  by  human b u t  n o t  b y  m ouse c e l l s .

T hese  r e s u l t s  s u g g e s t  t h a t  t h e  r e s t r i c t i n g  e le m e n t,  i n  b o th  hum ans and

m ic e ,  r e c o g n iz e d  b y  th e  r e c e p t o r  on th e  m u rin e  T c e l l  h y b rid o m a  i s  a  d e t e r ­

m in a n t c l o s e l y  r e l a t e d - b u t  n o t  i d e n t i c a l  t o  t h e  a n t i g e n i c  d e te r m in a n t  t o  

w h ich  a n t ib o d y  1 7 -3 -3 s  b in d s .  T h ese  d e te r m in a n ts  a r e  n o t  s t r o n g l y  i n f l u ­

en ced  by  th e  c o n s id e r a b l e  s p e c ie s  d i f f e r e n c e s  i n  th e  re m a in d e r  o f  t h e  ,1 a 

m o le c u le .

H. A n tig e n  R e c o g n i t io n  by  a  T C e l l  C lone O u ts id e  th e  C o n te x t o f  MHC:

A r o l e  f o r  M is g en e  p r o d u c ts  i n  a n t ig e n  p r e s e n t a t i o n

A f te r  s u b c lo n in g  b y  l i m i t i n g  d i l u t i o n ,  one  T c e l l  c lo n e  A 9.4  e x h i b i t ­

ed  t h e  u n iq u e  p r o p e r ty  o f  re s p o n d in g  to  KLH i n  th e  p re s e n c e  o f  i r r a d i a t e d  

s y n g e n e ic  CB6 / F 1 s p le e n  c e l l s ,  a s  w e l l  a s  s p le e n  c e l l s  from  e i t h e r  p a r e n t ­

a l  s t r a i n  (T a b le  IV ) . A n tig e n  r e c o g n i t i o n  b y  T ly m p h o cy tes  u s u a l l y  i n ­

v o lv e s  t h e  a s s o c i a t i o n  o f  a n t ig e n  w i th  p r o d u c ts  o f  c l a s s  I  o r  c l a s s  I I  

MHC g e n e s . I n  an  F I  a n im a l,  h e l p e r  T ly m p h o cy te s  u s u a l l y  r e c o g n iz e  a n t i ­

gen  i n  t h e  c o n te x t  o f  p o ly m o rp h ic  l a  d e te r m in a n ts  e x p re s s e d  by  one p a r e n t ,  

b u t  n o t  b o th  p a r e n t s .  The i n t e r e s t  i n  t h i s  c lo n e  was t o  d e te rm in e  w h e th e r  

a  n o n p o ly m o rp h ic  d e te r m in a n t  en co d ed  b y  th e  MHC o r  w h e th e r  m o le c u le s  en ­

coded  o u t s id e  th e  MHC c o u ld  b e  u s e d  f o r  a n t ig e n  p r e s e n t a t i o n .
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TABLE XIX

PROLIFERATION OF A 9.4  SUBCLONE IN CULTURE MEDIUM SUPPLEMENTED WITH-SERUM FROM DIFFERENT ORIGIN 

O r ig in  o f  3H -T hym idine i n c o r p o r a t i o n  (cpm)

serum  added medium CB6F1 **
c e l l s BALB/ c c e l l s C57BL/6 c e l l s

to  c u l t u r e ^  . n i l KLH n i l KLH n i l KLH

f e t a l  c a l f  (5%) 75+16* 4 ,073+ 22 20,644+ 846 3 ,9 70+ 410 19,826+589 3 ,944+ 66 19,714+68

h o r s e  (5%) 66+2 2,891+ 32 14,070+42 2 ,819+ 140 14,086+662 2 ,884+ 75 14,276+270

m ouse ( 2%) 44+6 2 ,747+ 33 12,975+219 2 ,515+ 41 12,277+345 2 ,830+ 48 13,348+ 84

human (5%) 71+10 2 ,316+ 24 14 ,560+ 56 2 ,233+ 140 12 ,033+1058 2,189+ 28 13,254+517

%
cpm, mean +  S .D . o f  t r i p l i c a t e  c u l t u r e .

S u b c lo n e  A 9.4  (1 x 1 0 ^  c e l l s / c u l t u r e )  s t im u la t e d  w i th  s y n g e n e ic  CB6 / F 1 o r  p a r e n t a l  BALB/c, C57BL/6 
(1x106 c e l l s / c u l t u r e ) . 50 p g /m l KLH added  t o  c u l t u r e s .

4*

RPM-1640 su p p le m e n te d  w i th  h e a t  i n a c t i v a t e d  p o o le d  serum  fro m  v a r io u s  s o u r c e s .

1



S u b c lo n e  A 9.4  was m a in ta in e d  i n  KPMI-1640 medium su p p lem en ted  w i th  

f e t a l  c a l f  se ru m . T h e r e f o r e ,  t h e  p r o l i f e r a t i v e  r e s p o n s e  o f  t h i s  c lo n e  was 

s t u d i e d  to  a s s e s s  w h e th e r  i t  c o u ld  r e s u l t  fro m  p r o t e i n s  c o n ta in e d  i n  f e t a l  

c a l f  serum  w h ich  had  becom e a s s o c i a t e d  w i th  M H C -determ inan ts  on a n t ig e n  

p r e s e n t in g  c e l l s .  E x p e r im e n ts  d e s ig n e d  to  exam ine  t h i s  p o s s i b i l i t y  showed 

t h a t  A 9 .4  c e l l s  p r o l i f e r a t e  i n  v i t r o  upon  c u l t u r e  w i th  KLH and i r r a d i a t e d  

s y n g e n e ic  o r  p a r e n t a l  s p l e e n  c e l l s  in d e p e n d e n t ly  o f  t h e  s p e c ie s  d i f f e r e n c e  

i n  se ru m  u se d  t o  su p p le m e n t t h e  c u l t u r e  (T a b le  X IX ).

To e x c lu d e  th e  p o s s i b i l i t y  t h a t  n o n -p o ly m o rp h ic  I-A  d e te r m in a n ts  w ere  

in v o lv e d  i n  t h e  g e n e t i c  r e s t r i c t i o n  t o  e i t h e r  p a r e n t ,  t h e  e f f e c t  o f  a n t i -  

l a  m o n o c lo n a l a n t i b o d i e s  on t h e  p r o l i f e r a t i v e  r e s p o n s e  o f  t h i s  c lo n e  was 

s t u d i e d .  The r e s u l t s ,  p r e s e n te d  i n  T a b le  XX, show t h a t  a n t i - I - A ^  and a n t i -  

I-A ^  m o n o c lo n a l a n t i b o d i e s  i n h i b i t e d  t h e  p r o l i f e r a t i v e  re s p o n s e  o f  s u b c lo n e  

A 9.4 t o  b o th  i r r a d i a t e d  p a r e n t a l  s p l e e n  c e l l s .  I n  o r d e r  t o  d e te rm in e  w h e th ­

e r  t h e s e  r e s u l t s  w e re  d u e  t o  l a  m o le c u le s  p a s s i v e l y  a b s o rb e d  by  A 9 . 4 T c e l l s  

from  th e  i r r a d i a t e d  f i l l e r  c e l l s ,  t h e  f o l lo w in g  e x p e r im e n t was p e r fo rm e d . 

A 9 .4  c e l l s  w ere  c u l t u r e d  f o r  s i x  w eeks w i th  e i t h e r  CB6 / F 1 , BALB/c and 

C57BL/6, i r r a d i a t e d  s p l e e n  c e l l s .  The c e l l s  h a r v e s te d  from  ea ch  o f  t h e s e  

c u l t u r e s  w ere  u se d  to  t e s t  th e  e f f e c t  o f  a n t i - l a  m o n o c lo n a l a n t ib o d ie s  on 

t h e  p r o l i f e r a t i v e  r e s p o n s e  t o  C B6/F1, BALB/c and  C57BL/6 i r r a d i a t e d  s p le e n  

c e l l s .  The r e s u l t s  p r e s e n t e d  i n  T a b le  XIV show t h a t  th e  re s p o n s e  o f  su b ­

c lo n e  A 9 .4  c u l t u r e d  on BALB/c f i l l e r  c e l l s  was i n h i b i t e d  by  a n t i - I - A ^  

a n t i b o d i e s ,  b u t  n o t  by  a n t i - I - A ^  a n t i b o d i e s .  C o n v e rs e ly , th e  p r o l i f e r a ­

t i v e  r e s p o n s e  o f  t h i s  c lo n e  c u l t u r e d  on  C57BL/ 6 was i n h i b i t e d  o n ly  by 

a n t i - I - A ^  and  n o t  b y  a n t i - I - A ^  a n t i b o d i e s .  T h ese  r e s u l t s  s u g g e s t  t h a t  

th e  i n h i b i t i o n  o f  p r o l i f e r a t i o n  o f  s u b c lo n e  A 9 .4  by  m o n o c lo n a l a n t i - I - A  

a n t i b o d i e s  i s  d u e  t o  t h e  p a s s iv e  a b s o r p t io n  o f  l a  m o le c u le s  from  th e

54



TABLE XX

INHIBITION OF SUBCLONE A 9.4  PROLIFERATIVE RESPONSE TO STIMULATOR CELLS WITH MONOCLONAL A N T I-Ia ANTIBODIES

M o noclonal a n t ib o d ie s

CB6F 1 f i l l e r

A9.4 s u b c lo n e  c u l tu r e d 6 w eeks on

f i l l e r  c e l l s
added  d u r in g  th e  

c u l t u r e c e l l s BALB/c f i l l e r  c e l l s C57BL6

a n t i - l a ^

(MK-D6 )

CB6F ]* BALB/c* C57BL6* CB6F 1 BALB/c* C57BL6 CB6F1* BALB/c C57BL6*

6 9 .4 * *

7 1 .4

6 9 .5

5 8 .9

6 9 .9

6 9 .9

6 5 .3

6 0 .8

6 0 .8

5 5 .9  5 2 .8 3 2 .6 6 . 6 - 6 .7  1 2 .1

a n t i - l a *5 4 9 .7 5 7 .7 5 6 .4 6 . 8  6 . 6 1 .1 6 8 .8 7 1 .1  7 7 .1

8 3 .8 7 3 .4 7 0 .1

8 2 .7 7 6 .9 7 0 .1
. ,

a n t i - l a ^ - 0 .4 6 . 8 - 3 .7 6 . 8  - 4 .2 - 7 .3 6 .5 - 2 . 2  - 1 6 .3

(1 0 .2 -1 6 ) 16 2 1 .0 - 0 .9

9 .9 2 .4 - 0 .9

S t im u la t in g  c e l l s  

% o f  i n h i b i t i o n
S u b c lo n e  A 9.4  was r e p e a t e d l y  c u l tu r e d  on s y n g e n e ic  o r  p a r e n t a l  f i l l e r  c e l l s  f o r  6 w eeks b e f o r e  a s s a y in g  
f o r  i n h i b i t i o n ’ o f  p r o l i f e r a t i o n  to  s t i m u l a t o r  s p l e n i c  c e l l s  w i th  m o n o c lo n a l a n t i - l a  a n t i b o d i e s .
A l l  c u l t u r e s  c o n ta in e d  I s c o v e 's  se ru m  f r e e  medium su p p lem en ted  w i th  1% a f f i n i t y  p u r i f i e d  m o n o c lo n a l 
a n t i b o d i e s .  R e s u l t s  a r e  p r e s e n te d  as p e r c e n t  i n h i b i t i o n  o f  p r o l i f e r a t i o n .  T h ree  s e p a r a t e  e x p e r im e n ts  
w ere  p e rfo rm ed  on c e l l s  grown as s y n g e n e ic  CB6 / F 1 f i l l e r  c e l l s .



TABLE XXI

ABSORPTION OF A N T I-Ia ANTIBODIES WITH SUBCLONE A 9.4  CULTURED 

WITH SYNGENEIC FILLER CELLS

%*

MnAb   G*_ Abs'i' V ia b le  c e l l s

- - 3+1

a n t i - l a ^ + - 87+5

+ + 10+5

2+1

a n t i - l a ^ + - 83+5

+ + 12+5

n i l + - 2+1

A b s o rp tio n  e x p e r im e n ts  w ere  c a r r i e d  o u t  b y  in c u b a t io n  f o r  45 m in 
a t  37°C o f  0 .2 m l o f  a n t ib o d y  w i th  10 A 9.4  T c e l l  c lo n e  c u l tu r e d
on CB6/F^ f i l l e r  c e l l s .

CB6/F^ T d e p le t e d  s p l e n i c  ly m p h o cy tes  w ere  in c u b a te d  f o r  45 min 
a t  37°C w i th  a s c i t i c  f l u i d  o f  m o n o c lo n a l a n t i b o d i e s  s p e c i f i c  f o r  
I-A*3 (1 :1 2 ,0 0 0  d i l u t i o n )  and  I-A ^  (1 :2 0 ,0 0 0  d i l u t i o n )  and r a b b i t  
com plem ent.

C y to to x ic  a c t i v i t y  o f  a n t i - l a  a n t ib o d ie s  was m easu red  by  t r y p a n  
b lu e  dye  e x c lu s io n  on d u p l i c a t e  w e l l s .



f i l l e r  c e l l s  o n to  th e  T c e l l  c lo n e .

The p re s e n c e  o f  l a  m o le c u le s  bound to  s u b c lo n e  A 9.4 was f u r t h e r  su b ­

s t a n t i a t e d  i n  a b s o r p t io n  e x p e r im e n ts .  The r e s u l t s  i l l u s t r a t e d  i n  T a b le  XXI 

show t h a t  th e  com plem ent m e d ia te d  c y to to x ic  a c t i v i t y  o f  m o n o c lo n a l a n t i - I -  

and a n t i - I - A ^  a n t ib o d ie s  was d r a s t i c a l l y  re d u c e d  a f t e r  i n c u b a t io n  w i th  

s u b c lo n e  A 9 .4  c u l t u r e d  on CB6/F1. The c y to to x ic  a c t i v i t y  o f  b o th  m onoclon­

a l  a n t i b o d i e s  c o u ld  n o t  b e  a b s o rb e d  by  th e  T c e l l  c lo n e  a f t e r  i t  h ad  b e e n  

c u l t u r e d  f o r  s e v e n -d a y s  i n  IL -2  w i th o u t  any i r r a d i a t e d  f i l l e r  c e l l s .  T h is  

d a t a  f u r t h e r  s u p p o r t s  t h e  s u g g e s t io n  t h a t  a n t i - I - A  i n h i b i t i o n  i s  due  t o  t h e  

p a s s i v e  a b s o r p t io n  o f  c l a s s  I I  m o le c u le s  o n to  t h i s  c lo n e .  In d e e d , t h e r e  

a r e  r e c e n t  r e p o r t s  w h ich  d e m o n s tra te  t h a t  h ig h ly  p u r i f i e d  a n t ig e n  s p e c i f i c  

T b l a s t s  ( 56 ) o r  T c e l l  c lo n e s  ( 57) c a n  p a s s i v e l y  b in d  l a  d e te r m in a n ts  

fro m  a l l o g e n e i c  o r  s y n g e n e ic  f e e d e r  c e l l s .

An a l t e r n a t i v e  e x p la n a t io n  o f  t h i s  p a r a d o x ic a l  p r o l i f e r a t i v e  r e s p o n s e  

i s  t h a t  th e  g e n e t i c  r e s t r i c t i o n  i s  d u e  t o  m o le c u le s  encoded  o u t s id e  th e  

MHC. The p r o l i f e r a t i v e  r e s p o n s e  o f  t h i s  c lo n e  was t h e r e f o r e  t e s t e d  i n  th e  

p r e s e n c e  o f  i r r a d i a t e d  s p le e n  c e l l s  d e r iv e d  fro m  a n im a ls  o f  d i f f e r e n t  Mis 

h a p lo ty p e s .  The r a t i o n a l e  o f  t h i s  i n v e s t i g a t i o n  was b a s e d  on  in f o r m a t io n  

i n d i c a t i n g  t h a t  BALB/c and C57BL/6 s h a r e  th e  same s i l e n t  Mis*5 d e te r m in a n ts ,  

and t h a t  Mis gene  p ro d u c ts  in d u c e  s t r o n g  T c e l l  p r o l i f e r a t i v e  r e s p o n s e s ,  

s i m i l a r  t o  1-A  gene  p r o d u c t .  D a ta  i l l u s t r a t e d  i n  T a b le  XXII shows t h a t  

o n ly  s t i m u l a t o r  s t r a i n s  w h ich  e x p r e s s  M ls^ d e te r m in a n ts  w ere  a b le  t o  i n ­

d u ce  th e  p r o l i f e r a t i v e  r e s p o n s e  o f  s u b c lo n e  A 9 .4  w i th  KLH. I n  p a r t i c u l a r ,  

BALB.K (H -2 k , M ls^) in d u c e d  p r o l i f e r a t i o n ;  w h e re a s , Ab.Y (H -2 ^ , M lsc ) d id  

n o t .  T h is  i n d i c a t e s  t h a t  s u b c lo n e  A 9 .4  can  r e c o g n iz e  KLH i n  a s s o c i a t i o n  

w i th  M is d e te r m in a n ts .  In  a d d i t i o n  t o  t h e  a n t ig e n  s p e c i f i c  p r o l i f e r a t i o n ,  

t h i s  c lo n e  showed s i g n i f i c a n t  p r o l i f e r a t i o n  i n  th e  a b s e n c e  o f  a n t ig e n  to  

s y n g e n e ic  (CB6/F1) c e l l s ,  a s  w e l l  a s  to  b o th  p a r e n t a l  c e l l s  (BALB/c and
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TABLE XXII

MLS REACTIVITY OF SUBCLONE A 9.4

S t im u la to r

S t r a i n H-2 MLS

Exp. 1 Exp. 2

n i l KLH n i l KLH

n i l - - 266+91* 266+97 209+19 130+30

CB6 F1 b / d b 1,954+109 4 ,829+ 841 3 ,668+630 13,820+533

C57BL/6 b b 1,107+77 3 ,457+ 137 3 ,765+805 10,955+777

BALB/c d b 2 ,173+ 128 4 ,632+ 416 4 ,768+ 106 12,607+627

BALB/B b b 1,770+197 3 ,457+ 61 ND ND

BALB/K k b 1 ,157+119 3 ,05 5 + 3 6 4 4 ,481+ 272 10,313+980

BXD:1 d b 2,021+ 148 4 ,568+ 302 4 ,902+ 197 1 1 ,7 4 2 + 1 ,5 6 4

2 b a 158+23 209+140 511+116 781+123

6 d b 2 ,267+ 340 5 ,0 7 0 + 1 3 8 4 ,413+ 328 7,541+786

8 b a 108+16 148+50 593+419 378+126

12 d b 1,757+ 128 3 ,990+ 97 2,941+786 1 0 ,5 2 1 + 1 ,4 4 5

24 d a 127+49 381+106 158+67 150+72

29 b a 158+12 86+45 248+121 421+55

B10.D2 d b 925+71 3,736+ 341 ND ND

AB.Y b c 245+145 218+196 ND ND

R I I I / J r a 188+50 145+93 ND ND

CBA/J k d ND** ND 455+55 530+54

cpm +  mean +  SD o f  t r i p l i c a t e  c u l t u r e .

P r o l i f e r a t i o n  o f  s u b c lo n e  A 9 .4 (1 0 ^  c e l l s / c u l t u r e )  to  s y n g e n e ic  and a l l o ­
g e n e ic  s p l e n i c  s t i m u l a t o r  c e l l s  was c a r r i e d  o u t  w i th  5x10^ i n  E x p . l  and 
w i th  1 x 1 0 6  s t i m u l a t o r  c e l l s  i n  Exp. 2 .  I n  b o th  e x p e rim e n ts*  t h e  a n t ig e n  
p r o l i f e r a t i o n  was c a r r i e d  o u t  w i th  50 p g /m l KLH.
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C 57B L /6). T h is  c lo n e  d id  n o t  p r o l i f e r a t e ,  h o w e v e r , i n  t h e  p r e s e n c e  o f  

i r r a d i a t e d  s p le e n  c e l l s  from  m ice  b e a r in g  H -2 ^ , H -2r , H -2S , H -2a , H -2U, 

o r  H -2^ h a p lo ty p e s  (T a b le  V I ) .

The g e n e t i c  r e s t r i c t i o n  o f  s u b c lo n e  A 9.4  t o  M ls^ d e te r m in a n ts  i s  f u r ­

t h e r  s u p p o r te d  by  t h e  r e s u l t s  o b ta in e d  w i th  RI BXD m ic e . O nly th e  recom ­

b in a n t  s t r a i n s  w h ich  p o s s e s s  chrom osom e 1 from  BAEB/c and b e a r  M ls^ 

d e te r m in a n ts  w ere  a b l e  t o  in d u c e  a  p r o l i f e r a t i v e  r e s p o n s e  w ith  o r  w i th o u t  

KLH. I n t e r e s t i n g l y ,  t h e  RI BXD 6 s t r a i n  e x h i b i t i n g  a  re c o m b in a n t i n  

chrom osom e 1 and b e a r in g  Mls^- d e te r m in a n ts  w as u n a b le  t o  s t i m u l a t e  t h e  

p r o l i f e r a t i o n  o f  A 9 .4  c e l l s .  T h e r e f o r e ,  t h e s e  r e s u l t s  s u g g e s t  t h a t  t h i s  

T c e l l  c lo n e  r e c o g n iz e s  a u to lo g o u s  d e te r m in a n ts  en co d ed  by t h e  M ls^ a l l e l e  

a s  w e l l  a s  t h e  f o r e i g n  a n t ig e n  a s s o c i a t e d  w i th  s u c h  d e te r m in a n ts .

I .  D is c u s s io n

T h is  s tu d y  was d e s ig n e d  i n  o r d e r  t o  a n a ly z e  th e  g e n e t i c  r e s t r i c t i o n  

o f  m o n o c lo n a l T c e l l  p o p u la t io n s  i s o l a t e d  from  an  F j  s t r a i n  o f  m ic e . The 

s p e c i f i c  aim  was t o  g e n e r a te  a  p a n e l  o f  T ly m p h o cy te  c lo n e s  and  T c e l l  

h y b rid o m as s p e c i f i c  f o r  K ill a n t ig e n .  Two te c h n iq u e s  w ere  u se d  t o  c h a r a c ­

t e r i z e  th e  v a r io u s  MHC d e te r m in a n ts  in v o lv e d  i n  th e  KLH in d u c e d  r e s p o n s e  

o f  t h e s e  m o n o c lo n a l T c e l l s .  The f i r s t  in v o lv e d  m apping  T c e l l  r e c o g n i ­

t i o n  t o  a  p a r t i c u l a r  l a  m o le c u le  u s in g  s y n g e n e ic ,  p a r e n ta l^  a l l o g e n e i c ,  and 

H-2 re c o m b in a n t s t r a i n s  o f  m ice  a s  a  s o u rc e  o f  a n t ig e n  p r e s e n t in g  c e l l s .  

S eco n d , I n h i b i t i o n  o f  T c e l l  r e c o g n i t i o n  o f  a n t ig e n  b y  m o n o c lo n a l and a n t i -  

l a  a n t i b o d i e s  d i r e c t e d  to w ard  d e te r m in a n ts  on th e  a n t ig e n  p r e s e n t in g  c e l l s .  

I n  t h i s  s t u d y ,  t h e  s p e c i f i c i t y  o f  a n t ib o d y  b lo c k in g  c o r r e l a t e d  w i th  h a p io -  

ty p e  s p e c i f i c i t y  and  I —r e g io n  m apping  o f  th e  T c e l l  a n t ig e n  in d u c e d  r e s p o n s e .  

The c o m b in a tio n  o f  m o n o c lo n a l T c e l l s  and m o n o c lo n a l a n t i - l a  a n t ib o d ie s  

h av e  b e e n  e s s e n t i a l  In  d e m o n s t r a t in g  t h a t  r e c o g n i t io n  o f  l a  m o le c u le s  on
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p r e s e n t in g  c e l l s  by  T ly m p h o cy te s  i s  d i r e c t l y  r e s p o n s i b l e  f o r  c e r t a i n  I r  

gen e  e f f e c t s .  T hese  r e a g e n t s  h av e  a l s o  p ro v e n  u s e f u l  f o r  d e v e lo p in g  th e  

c o n c e p t  o f  e p i to p e  r e s t r i c t i o n  on a  s i n g l e  l a  m o le c u le .  Our s tu d y  w i th  

m o n o c lo n a l T c e l l s  p a r a l l e l s  th e  s e r o l o g i c a l  s t u d i e s  i n d i c a t i n g  t h a t  l a  

m o le c u le s  h av e  m u l t i p l e  d i s t i n c t  e p i t o p e  c l u s t e r s  ( 5 8 ) .

S p le e n  c e l l  p r e p a r a t i o n s  from  n in e  d i f f e r e n t  H-2 h a p lo ty p e  s t r a i n s  

o f  m ic e , in c lu d in g  s y n g e n e ic  and p a r e n t a l  s t r a i n s ,  w e re  u s e d  to  s tu d y  

b o th  th e  MLR and a n t ig e n  s p e c i f i c  r e s p o n s e  o f  f i v e  s e l e c t e d  T c e l l  c lo n e s  

and t h r e e  T h y b r id o m a s . B ased  on e i t h e r  a  p r o l i f e r a t i v e  r e s p o n s e  o r  IL -2  

r e s p o n s e ,  t h e  KLH s p e c i f i c  m o n o c lo n a l T c e l l s  can  b e  c l a s s i f i e d  i n t o  f i v e  

g ro u p s . ( 1 ) .  C lo n es  C l . 3 ,  D18 and SW2.3 a r e  g e n e t i c a l l y  r e s t r i c t e d  t o  I-A  

m o le c u le s  encoded  by one  p a r e n t a l  h a p lo ty p e .  C lone C l . 3 p r o l i f e r a t e s  t o  

KLH i n  th e  p r e s e n c e  o f  Agb, m o le c u le s ,  c lo n e  D18 i n  th e  p r e s e n c e  o f 

Ajjk m o le c u le s ,  c lo n e  A12 i n  t h e  p r e s e n c e  o f  A^a  A^g, and h y b rid o m a 

SW2.3 s e c r e t e s  IL -2  i n  th e  p r e s e n c e  o f  KLH and A^a  A^g m o le c u le s .

(2 ) C lo n es w h ich  a r e  KLH s p e c i f i c  i n  t h e  p r e s e n c e  o f  I -A  en co d ed  gene  

p r o d u c ts  and a l s o  d i s p l a y  a l l o r e a c t i v i t y . C lone  A 1 2 . l l  p r o l i f e r a t e s  

s u b s e q u e n t  t o  s t i m u l a t i o n  w i th  H-2^1 s t r a i n s  t e s t e d ,  and c lo n e  Fg p ro ­

l i f e r a t e s  w i th  H -2q s t r a i n s .  (3 ) T c e l l  c lo n e s  t h a t  r e c o g n iz e  F]_ h y b r id  

l a  m o le c u le s  (Aa^  Ag^ and A ^  Ag^ ) } o r  F j t r a n s c o ra p le m e n ta tio n  l a  m o le­

c u le s  (Ea ^ E g ^ ). H ybridom a F N l-18  s e c r e t e s  IL -2  i n  r e s p o n s e  t o  KLH i n  

t h e  p r e s e n c e  o f  an  I -E  tra n s c o m p le m e n ta t io n  gene p r o d u c t .  (4 )  T lym pho­

c y te s  w i th  a  KLH r e s t r i c t e d  r e s p o n s e  t o  a  p a r e n t a l  l a  m o le c u le  and a u to ­

r e a c t i v e  t o  th e  o t h e r  p a r e n t a l  l a  m o le c u le .  H ybridom a FN13-21 r e c o g n iz e s  

KLH i n  a s s o c i a t i o n  w i th  I-A ^  a n t i g e n  p r e s e n t in g  c e l l s ,  and a l s o  re s p o n d s  

t o  I-A ^ i n  t h e  a b s e n c e  o f  a n t ig e n .  (5 )  A n tig e n  r e c o g n i t io n  by  c lo n e  

A 9.4  was shown t o  b e  r e s t r i c t e d  t o  d e te r m in a n ts  encoded  b y  th e  M ls^ a l l e l e .
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A n a ly s is  o f  th e  a n t ig e n  s p e c i f i c  T ly m p h o c y te s  w hich  a l s o  e x h i b i t s  

an  a l l o s p e c i f i c i t y ,  r e p r e s e n t s  one o f  th e  m o st i n t e r e s t i n g  m odels t o  s tu d y  

th e  r e c e p t o r  o f  T c e l l s .  The c l o n a l  n a t u r e  o f  T c e l l  c lo n e s  e x h i b i t i n g  

d o u b le  s p e c i f i c i t y  was d e m o n s tra te d  by  s u b c lo n in g  u n d e r  s t r i n g e n t  l i m i t i n g  

d i l u t i o n  (0 .5  c e l l s / w e l l )  and BUdR e x p e r im e n ts .  The s u b c lo n e  e x h i b i t e d  

th e  same r e a c t i v i t y  p a t t e r n  a s  p a r e n t a l  c lo n e s .  F u r th e rm o re , i n  BUdr- 

s u i c i d e  e x p e r im e n ts ,  b o th  KLH and  a l l o g e n e i c  in d u c e d  r e c i p r o c a l  p r o l i f e r ­

a t i v e  r e s p o n s e s  w e re  a b l a t e d  upon BUdR and l i g h t  e x p o s u re .

Two m a jo r  h y p o th e s i s  can  b e  e n t e r t a i n e d  to  e x p la in  th e  a b i l i t y  o f  

a  s i n g l e  T c e l l  t o  r e c o g n iz e  f o r e i g n  a n t ig e n s  i n  a s s o c i a t i o n  w i th  s y n g e n e ic  

MHC encoded  d e te r m in a n ts  and t o  p r o l i f e r a t e  i n  r e s p o n s e  t o  a l l o g e n e i c  l a  

a n t i g e n s :  a )  a  c e r t a i n  d e g r e e  o f  m im icry  b e tw e en  th e  a l l o a n t i g e n s  and th e

n e o a n t ig e n s  c r e a t e d  by th e  a s s o c i a t i o n  o f  f o r e i g n  a n t ig e n s  w i th  t h e  sy n ­

g e n e ic  MHC d e te r m in a n ts  and b )  t h a t .  T c e l l s  c a r r y  two r e c e p t o r s  w i th  d i f ­

f e r e n t  r e c o g n i t i o n  s p e c i f i c i t i e s .  T h ese  two h y p o th e s i s  w i l l  b e  exam ined 

i n  g r e a t e r  d e t a i l  i n  th e  n e x t  tw o c h a p te r s  d e a l in g  w i th  t h e i r  f u n c t i o n a l  

a c t i v i t y  and i n h i b i t i o n  u s in g  a n t i - c l o n o t y p e  r e a g e n t s .

■T c e l l s  e x h i b i t i n g  a  s i m i l a r  d o u b le  s p e c i f i c i t y  a r e  th o s e  l i k e  h y b r i ­

doma FN13-21 w h ich  i s  a n t ig e n  s p e c i f i c  and a u t o r e a c t i v e .  I t  s p e c i f i c a l l y  

r e c o g n iz e s  KLH i n  a s s o c i a t i o n  w i th  th e  I-A ^ gene p ro d u c t  b u t  can  a l s o  r e ­

spond  w i th  IL -2  p r o d u c t io n  to  I-A*3 b e a r in g  c e l l s  i n  th e  a b se n c e  o f  a n t i g e n .  

S u b c lo n in g  o f  FN13-21 show s t h i s  t o  b e  a  s t a b l e  p r o p e r t y ,  p r e s e n t  i n  a l l  

s u b c lo n e s  d e r iv e d  from  th e  o r i g i n a l  c lo n e d  h y b rid o m a . M o reo v er, th e  a u to ­

r e a c t i v i t y  o f  FN13-21 tO' I-A*3 can  b e  shown i n  t h e  a b s e n c e  o f  f e t a l  c a l f  

se ru m . Such a u t o r e a c t i v e  h y b rid o m as  h a v e  b e e n  d e s d r ib e d  b e f o r e  a s  some 

a n t i g e n - s p e c i f i c  h y b rid o m as  re s p o n d  to  s y n g e n e ic  APC a lo n e  a s .w e l l  a s  to  

APC i n  a s s o c i a t i o n  w i th  a n t ig e n  (5 3  ) * H ow ever, FN13-21 i s  u n u s u a l  b e ­

c a u s e  i t  d o e s  n o t  r e a c t  t o  I-A** a lo n e ,  b u t  r e q u i r e s  I-A ^ f o r  p r e s e n t a t i o n
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o f  a n t ig e n  and i s  i n h i b i t e d  from  resp o ix d in g  to  a n t ig e n  by  a n t i - I - A ^ ,  b u t 

n o t  by  a n ti- I -A * 3. On th e  o th e r  h an d  , a n t i - I - A 1̂ i n h i b i t s  th e  a u t o r e a c t i v i t y  

to  C57BL/6 s p le e n  c e l l s ,  w h e re a s ,  a n t i - I - A ^  h a s  no e f f e c t  on t h i s  r e s p o n s e .  

T h u s, th e  T c e l l  h y b r id o m a 's  c r o s s - r e a c t i v i t y  b e tw e en  a n t ig e n  i n  th e  con­

t e x t  o f  I-A ^  gene  p r o d u c t s ,  and I-A ^ g en e  p r o d u c ts  a lo n e ,  r e p r e s e n t  an e p i ­

to p e  w h ich  th e  m o n o c lo n a l a n t ib o d ie s  to  I - A  a n t ig e n s  f a i l  t o  p e r c e iv e .

The o n ly  co m p arab le  r e p o r t s  i n  th e  l i t e r a t u r e  c o n c e rn  c r o s s - r e a c t i v i t y  

a t  th e  T c e l l  r e c e p to r  l e v e l  b e tw e en  a l l o g e n e i c  h i s t o c o m p a t i b i l i t y  a n t ig e n s  

and a n t ig e n  i n  a s s o c i a t i o n  w i th  s e l f  (5 9  ) .  T h ese  h a v e  b e e n  i n t e r p r e t e d  as 

d e m o n s t ra t in g  t h a t  th e  p r e f e r e n t i a l  o f  T c e l l s  r e c o g n iz in g  a l l o g e n e i c  h i s t o ­

c o m p a t i b i l i t y  a n t ig e n s  i n  t h e  thym us g iv e s  r i s e  to  c e l l s  w h ich  r e c o g n iz e  

a n t ig e n  i n  a s s o c i a t i o n  w i th  s e l f  l a ,  b u t  n o t  s e l f  l a  a lo n e .  I t  i s  c l e a r ,  

h o w e v e r, t h a t  a u t o r e a c t i v e  T c e l l s  do e x i s t ,  s i n c e  T c e l l  l i n e s  re s p o n d in g  

to  s y n g e n e ic  a n t ig e n s  h av e  b ee n  d e s c r ib e d  n o t  o n ly  f o r  c l a s s  I I  (4 1  ) b u t  

a l s o  f o r  c l a s s  I  ( 60 ) and f o r  M is a n t ig e n s  ( 61 ) •  The p h y s i o l o g ic a l  r o l e  

o f  th e s e  a u t o r e a c t i v e  c e l l s  i n  v iv o  i s  unknown.

One o f  th e  c e n t r a l  f i n d i n g s  i n  t h i s  s tu d y  i s  t h a t  a m u rin e  T c e l l  

h y b rid o m a  F N l-18 e x h i b i t e d  a  s p e c i f i c  re s p o n s e  to  KLH a n t ig e n  when th e  

a n t ig e n  was p r e s e n te d  by  a c c e s s o ry  c e l l s  w h ich  w ere  e i t h e r  o f  human o r  

m u rin e  o r i g i n ;  and t h a t  th e  T c e l l  r e c o g n i t i o n  e v e n t  was g e n e t i c a l l y  r e ­

s t r i c t e d  by  an e le m e n t c l o s e l y  r e l a t e d  t o  a  p o ly m o rp h ic  e p i to p e  common to  

th e  c l a s s  I I  MHC m o le c u le s  o f  b o th  s p e c i e s .  T h is  e p i to p e  was a s s o c ia te d  

w i th ,  b u t  i s  n o t  i d e n t i c a l ,  to  th e  d e te r m in a n t  re c o g n iz e d  by  m o n o c lo n a l 

a n t ib o d y  1 7 -3 - 3 s .

The u s e  o f  H-2 c o n g e n ic  and re c o m b in a n t s t r a i n s  o f  m ice r e s u l t e d  i n  

th e  d e l i n e a t i o n  o f  th e  r e s t r i c t i o n  o f  i n t e r a c t i o n  b e tw e en  T c e l l  and ac ­

c e s s o ry  c e l l  to  p ro d u c ts  en co d ed  by  g en es o f  th e  I - E  lo c u s .  S t r a i n s  ex ­

p r e s s i n g  gene p ro d u c ts  o f  th e  I-A  lo c u s  Eg o r  E^ t o g e t h e r  w ith  th e  I -E

62



d klo c u s  p r o d u c ts  E^ o r  p ro d u c e d  c o m p le m e n ta tio n  m o le c u le s  t h a t  b e a r  th e

r e s t r i c t i n g  d e te r m in a n ts  n e e d e d  f o r  KLH p r e s e n t a t i o n  to  FN1-18 h y b rid o m a .

The m o le c u la r  a n a ly s i s  o f  t h e  g en e  p r o d u c ts  f o r  t h e  I~Eg c h a in  s u g g e s t s

t h a t  th e  r e g io n  a ro u n d  th e  E„ g en e  i s  a  h o t  s p o t  f o r  r e c o m b in a t io n  ( 62 ) .
p

Two l i n e s  o f  e v id e n c e  s u p p o r t  t h e  c lo s e  r e l a t i o n s h i p  o f  t h i s  r e s t r i c ­

t i o n  e le m e n t t o  an  l a  a n t i g e n i c  d e te r m in a n t  r e c o g n iz e d  by  m o n o c lo n a l a n t i ­

body  1 7 - 3 - 3 s : F i r s t ,  a l l  s t r a i n s  o f  m ice  c a p a b le  o f  p r e s e n t in g  KLH t o  th e

T c e l l  h y b rid o m a  b e a r  t h e  p o ly m o rp h ic  e p i to p e  r e c o g n iz e d  b y  th e  a n t ib o d y .  

S e c o n d ly , p r e s e n t a t i o n  o f  - t h e  KLH a n t i g e n  was s p e c i f i c a l l y  b lo c k e d  b y  th e  

a d d i t i o n  o f  th e  1 7 -3 -3 s  and Y-17 a n t i b o d i e s  b u t  n o t  by  o t h e r  a n t i b o d i e s  

d i r e c t e d  t o  I -A  a n t i g e n i c  d e t e r m in a n t s .  A n tib o d y  1 7 -3 -3 s  i s  s p e c i f i c  f o r  

H-2 k  and r  h a p lo ty p e s  (63 ) b u t  c a n  a l s o  i n t e r a c t  w i th  t ra n s c o m p le m e n ta ­

t i o n  p ro d u c t  o f  E ^ , o r  s  wi t h  E ^’^  o r  X ( 6 4 ) ,  w h e rea s  Y -17 r e a c t s

w i th  a c o n f o r m a t io n a l  o r  c o m b in a to r i a l  d e te r m in a n t  fo rm ed  by th e  a s s o c i a -

k  r  b s k. tct i o n  o f  Eg ’ ’ o r  and E^ o r  g en e  p ro d u c ts  d e s ig n a te d  a s  s p e c i f i c i t y

Ia .m .4 4  ( 6 5 ) .  The f a i l u r e  o f  R I I I  and B IO .S(9R ) c e l l s  to  p r e s e n t  KLH to

h y b rid o m a  FN1-18 s u g g e s t s  t h a t  th e  I - E  e p i to p e  i d e n t i f i e d '  by  t h e  h y b rid o m a  .

i s  n o t  i d e n t i c a l  t o  t h e  e p i to p e  d e f in e d  by a n t i - I - E  a n t ib o d ie s  a v a i l a b l e

a t  t h i s  t im e .

T h e re  a r e  s e v e r a l  r e p o r t s  i n d i c a t i n g  t h a t  a n t i b o d i e s  s p e c i f i c  f o r  

m u rin e  I - E  a n t ig e n s  c a n  i n t e r a c t  w i th  MHC encoded  m o le c u le s  fro m  v a r io u s  

s p e c i e s ,  i n c l u d i n g  human DR s t r u c t u r e s  ( 66 ) .  At th e  l e v e l  o f  am ino 

a c id  s e q u e n c e s ,  t h e r e  i s  a p p r o x im a te ly  70% hom ology o f  m u rin e  I —E m o le­

c u l e s  w i th  human DR c h a in  m o le c u le s  ( 6 7 ) .  H ow ever, t h e r e  i s  no p r e v io u s  

e v id e n c e  t h a t  t h e s e  s h a r e d  i n t e r s p e c i e s  e p i to p e s  can  f u n c t io n  a s  g e n e t i c  

r e s t r i c t i o n  e le m e n ts .

The m ost i n t r i g u i n g  o b s e r v a t io n  o f  t h i s  s tu d y  was t h a t  T - d e p le te d  

m o n o n u c lea r c e l l s  fro m  human s u b j e c t s  p r e s e n t  KLH t o  a  m u rin e  h y b rid o m a ,

63



and t h a t  t h i s  a b i l i t y  shows a  s t r o n g  c o r r e l a t i o n  ( r= 0 .7 6 8 )  w ith  immuno­

f lu o r e s c e n c e  s t a i n i n g  by  th e  m u rin e  a n t i - I - E  r e a g e n t  1 7 - 3 - 3 s .  A lth o u g h  th e  

amount o f  IL -2  p r o d u c t io n  by F N l-18  i n  r e s p o n s e  to  KLH i s  lo w e r i n  th e  

c o n te x t  o f  human th a n  mouse c e l l s ,  t h e  r e s p o n s e  i s  s i g n i f i c a n t .  The d i f f e r ­

e n c e s  i n  th e  m ag n itu d e  o f  re s p o n s e  may b e  r e l a t e d  to  a  num ber o f  f a c t o r s  su ch  

a s  d i f f e r e n c e s  i n '  th e  a b i l i t y  to  p r o c e s s  KLH by  c e l l s  from  m u rin e  s p le e n  

v e r s u s  human p e r i p h e r a l  b lo o d ,  d i f f e r e n c e s  a t t r i b u t a b l e  t o  o th e r  s t r u c t u r a l  

f e a t u r e s  o f  m u rin e  and human l a  d e te r m in a n ts ,  o r  to  th e  p o s s i b l e  i n f lu e n c e  

on th e  h y b rid o m a o f  s p e c ie s  s p e c i f i c  s o l u b l e  f a c t o r s  d e r iv e d  fro m  th e  a n t i ­

gen p r e s e n t in g  c e l l s .

I t  c l e a r l y  a p p e a rs  t h a t  th e  l a  e p i to p e  re c o g n iz e d  by  1 7 -3 -3 s  i s  n eed ed  

f o r  KLH p r e s e n t a t i o n  to  h y b rid o m a  F N l-18  a s  i l l u s t r a t e d  by th e  i n h i b i t i o n  

s t u d i e s .  I n  c o n t r a s t  t o  1 7 -3 - 3 s ,  a n o th e r  a n t ib o d y ,  109d6 , e x h i b i t i n g  a 

r e l a t e d  b u t  n o n - i d e n t i c a l  p a t t e r n  o f  r e a c t i v i t y  w i th  an  M T 3 -lik e  a n t ig e n ,  

p ro d u c e d  no i n h i b i t i o n ,  o r  was o n ly  m a r g in a l ly  i n h i b i t o r y  i n  a n t ig e n  p r e ­

s e n t a t i o n .  The human MT3 s p e c i f i c i t y  as d e f in e d  b y  a l l o a n t i s e r a  i s  com­

p o sed  o f  a  num ber o f  s e p a r a t e  e p i t o p e s ,  some o f  w h ich  a r e  re c o g n iz e d  by 

d i f f e r e n t  m o n o c lo n a l r e a g e n t s .  A n t ib o d ie s  1 7 -3 -3 s  and 109d6 p ro b a b ly  i d e n ­

t i f y  two o f  t h e s e  s e p a r a t e  e p i to p e s  ( 6 8 ) .  The d i f f e r e n c e s  e x h ib i t e d  by  

th e s e  tw o a n t i b o d i e s  i n  t h e  i n h i b i t i o n  s t u d i e s  em p h asize  th e  d i s t i n c t i o n  

o f  th e  e p i to p e s  and s u p p o r t s  t h e  h y p o th e s i s  t h a t  th e  e p i to p e  c l o s e l y  l in k e d  

to  t h a t  i d e n t i f i e d  by  1 7 -3 -3 s  i s  p r e f e r e n t i a l l y  u t i l i z e d  I n  a n t ig e n  p r e s e n ­

t a t i o n  to  h y b rid o m a F N l-1 8 . S in c e  n e i t h e r  th e  p r im a ry  s t r u c t u r e  n o r  th e  

c o n fo rm a tio n  o f  th e  l a  m o le c u le s  b e a r in g  th e  e p i to p e s  d e f in e d  b y  th e  a n t i ­

b o d ie s  1 7 -3 -3 s  and 109d6 a r e  know n, i t  i s  n o t  p o s s i b l e  t o  i n t e r p r e t  th e s e  

d a t a  i n  t h i s  r e s p e c t .  H ow ever, i n  v iew  o f  th e  e x tre m e ly  c lo s e  b u t  non­

i d e n t i c a l  r e l a t i o n s h i p  o f  th e  e p i to p e  i d e n t i f i e d  by a n tib o d y  1 7 -3 -3 s  w ith  

th e  r e s t r i c t i o n  e le m e n t r e c o g n iz e d  b y  th e  T c e l l  r e c e p to r  o f  th e  h y b rid o m a ,
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i t  i s  p o s s i b l e  t h a t  t h e  a n tib o d y  and r e c e p t o r  re c o g n iz e  s l i g h t l y  d i f ­

f e r e n t  c o n f o rm a t io n a l  d e te r m in a n ts  on th e  l a  m o le c u le s  s h a re d  by  b o th  

s p e c i e s .  T h is  h y p o th e s i s  i s  s u p p o r te d  by  th e  i n a b i l i t y  o f  T -d e p le te d  

m o n o n u c lea r c e l l s  from  two i n d i v i d u a l s  to  p r e s e n t  KLH d e s p i t e  th e  ex ­

p r e s s io n  o f  a  d e te rm in a n t  i d e n t i f i e d  by a n t ib o d y  1 7 -3 -3 s  on t h e i r  c e l l  

s u r f a c e .  T h ese  e x c e p t io n s  c o u ld  b e  a c c o u n te d  f o r  by  th e  e f f e c t  o f  o th e r  

amino a c id  s u b s t i t u t i o n s , i n  n e ig h b o r in g  a r e a s  o f  th e  l a  m o le c u le  t h a t  

s l i g h t l y  a l t e r  th e  c o n fo rm a tio n  i n  t h i s  r e g io n .  T aken t o g e t h e r  w i th  th e  

known d i f f e r e n c e s  b e tw e e n  m u rin e  and human l a ,  th e  d a t a  o f  t h i s  s tu d y  

a rg u e  i n  f a v o r  o f  th e  v iew  t h a t  o n ly  a  s m a l l  r e g io n  o f  th e  l a  m o le c u le  i s  

in v o lv e d  i n  a n t ig e n  p r e s e n t a t i o n .  I t  a l s o  r a i s e s  th e  q u e s t io n  o f  w h e th e r  

t h e s e  an a lo g o u s  s t r u c t u r e s  a r e  p r o d u c ts  o f  c o n se rv e d  p o r t i o n s  o f  p o ly m o r­

p h ic  g e n e s ,  o r  w h e th e r  th e y  a r e  t h e  r e s u l t  o f  c o n v e rg e n t e v o lu t io n .

I n  c o n c lu s io n ,  o u r  r e s u l t s  d e m o n s tra te  f o r  th e  f i r s t  tim e  t h a t  a 

s e r o l o g i c a l l y  d e f in e d  l a  e p i to p e  can  f u n c t io n  as a g e n e t i c  r e s t r i c t i o n  

e le m e n t,  on b o th  human and m ouse c e l l s ,  i n  a n t ig e n  p r e s e n t a t i o n  to  a 

m u rin e  T c e l l  h y b rid o m a . T h ese  r e s u l t s  a l s o  d e m o n s tra te  t h a t  th e  sy n g e ­

n e i c  n a t u r e  o f  t h e  MHC encoded  d e te r m in a n ts  i s  n o t  c r i t i c a l  f o r  th e  re c o g ­

n i t i o n  o f  f o r e ig n  a n t ig e n s  by th e  T c e l l s  o f  a  g iv e n  s p e c ie s .  The T c e l l  

r e c o g n i t i o n  o f  a  p a r t i c u l a r  f o r e i g n  a n t ig e n  dep en d s on th e  a s s o c i a t i o n  • 

w i th  a  s t r u c t u r a l l y  s i m i l a r  l a  e p i to p e  w h ich  i s  encoded  by th e  MHC com­

p le x  o f  v a r io u s  s p e c ie s .

A n o th e r  T c e l l  c lo n e  o f  g r e a t  i n t e r e s t  r e c o g n iz e d  KLH i n  th e  c o n te x t  

o f  d e te r m in a n ts  en co d ed  by  th e  M ls^ a l l e l e .  The fre q u e n c y  o f  p r e c u r s o r  

T c e l l s  s p e c i f i c  f o r  s y n g e n e ic  M ls^ d e te r m in a n ts  a p p e a rs  to  b e  a  r a r e  

e v e n t ;  o n ly  one c lo n e  o u t  o f  o u r  p a n e l  o f  KLH s p e c i f i c  c lo n e s  e x h ib i t e d  

t h i s  p a t t e r n  o f p r o l i f e r a t i o n .  W hile  c l a s s  I  and c l a s s  11 MtLC d e te r m i­

n a n ts  p la y  a m a jo r  r o l e  i n  a n t ig e n  r e c o g n i t i o n  by T ly m p h o c y te s , non-MHC

65



d e te r m in a n ts  may a l s o  b e  in v o lv e d  i n  r e g u l a t i n g  t h i s  im p o r ta n t  m echanism  

o f  im m u n o lo g ic a l r e s p o n s iv e n e s s .

V a r io u s  c o n g e n ic  and re c o m b in a n t i n b r e d  s t r a i n s  w ere  u s e d  to  c h a r a c ­

t e r i z e  th e  a u to lo g o u s  h i s t o c o m p a t i b i l i t y  d e te r m in a n ts  re c o g n iz e d  by su b ­

c lo n e  A 9 .4 . The KLH in d u c e d  p r o l i f e r a t i o n  i s  in d e p e n d e n t  o f  c l a s s i c  MHC

d e te r m in a n ts  as d e m o n s tra te d  by  t h e  l a c k  o f  T c e l l  a c t i v a t i o n  by  AB.Y 

b c(H-2 , Mis ) .  The r e s u l t s  u s in g  th e  RI BXD s t r a i n s  d e m o n s tr a te  t h a t  n o n -  

MHC d e te r m in a n ts  w ere  r e s p o n s i b l e  f o r  t h e  p r o l i f e r a t i o n  o f  t h i s  c lo n e .  

F our o f  t h e - s t r a i n s  t e s t e d  c o n ta in  r e c o m b in a t io n s  w i t h i n  chromosom e o n e . 

Two s t r a i n s ,  RI BXD 2 and 8 , c o n ta in in g  a  re c o m b in a t io n  b e tw e en  th e  d i -  

p e p t id a s e - 1  g en e  o f  C57BL/6 and th e  M is g en e  o f  DBA/2, d id  n o t  in d u c e , 

p r o l i f e r a t i o n  o f  t h i s  c lo n e ;  w h e re a s ,  s t r a i n  RI BXD 6 , w h ich  c o n ta in s  a 

r e c i p r o c a l  r e c o m b in a t io n  b e tw e e n  th e  d i p e p t i d a s e - 1  gene o f  DNA/2 and th e  

Mis lo c u s  o f  C57BL/6, d id  in d u c e  p r o l i f e r a t i o n  o f  th e  T c e l l  c lo n e .  The 

im p l i c a t i o n  o f  th e s e  f i n d in g s  i s  t h a t  T c e l l  c lo n e  A 9.4 r e c o g n iz e s  KLH 

i n  th e  c o n te x t  o f  s y n g e n e ic  M is g en e  p r o d u c ts .

C r i t i c a l  d i f f e r e n c e s  b e tw e e n  o u r  KLH-Mls and KLH-MHC r e s t r i c t e d  T 

c e l l  c lo n e s  w ere  o b s e rv e d .  F i r s t ,  t h e  c lo n e  w h ich  r e c o g n iz e s  KLH i n  th e  

c o n te x t  o f  non-MHC gene p r o d u c ts  d o e s  n o t  p r o v id e  h e lp  t o  TNP-Ova p rim ed  

B c e l l s  i n  th e  p r e s e n c e  o f  TNP-KLH i n  t h e  g e n e r a t io n  o f  an  a n t i -T N P - r e -  

s p o n s e ; w h e re a s ,  T c lo n e s  w h ich  d e m o n s tra te  a s s o c i a t i v e  r e c o g n i t io n  o f 

KLH and MHC en co d ed  d e te r m in a n ts  e x h i b i t e d  h e l p e r  a c t i v i t y  f o r  b o th  IgM 

and IgG r e s p o n s e s .  We c a n n o t r u l e  o u t  th e  p o s s i b i l i t y  t h a t  o th e r  Mis 

r e s t r i c t e d  T c e l l  c lo n e s  w i l l  b e  a b l e  t o  p ro v id e  su ch  h e l p .  Second,  th e  

A 9.4 T c e l l  s u b c lo n e  p a s s i v e l y  b in d s  to  l a  a n t ig e n s  d e r iv e d  fro m  i r r a d i a ­

te d  f i l l e r  c e l l s  s i n c e  i t s  p r o l i f e r a t i v e  r e s p o n s e  t o  CBbFp, BALB/c and 

C57BL/6 s t i m u l a t o r y  c e l l s  was i n h i b i t e d  w i th  a n t i - l a  a n t ib o d ie s  c o r r e s ­

p o n d in g  to  f i l l e r  c e l l  h a p lo ty p e s .  T h is  i n h i b i t i o n  may b e  r e l a t e d  to  a

66



s t e r i c  h in d ra n c e  m echanism  by w h ich  a n t i - l a  a n t i b o d i e s  bound to  p a s s iv e ­

ly  a b so rb e d  l a  a l t e r s  th e  a b i l i t y  o f  t h e  r e c e p t o r  o f  A 9.4 c lo n e s  to  

i n t e r a c t  w i th  M is a n t ig e n s  e x p r e s s e d  on s t i m u l a t o r y  c e l l s .

The m echanism s by w h ich  l a  b in d s  t o  t h i s  T c e l l  c lo n e  i s  u n c l e a r .  

T h ere  a r e  a t  l e a s t  t h r e e  p o s s i b l e  m echan ism s f o r  t h i s  ty p e  o f  b in d in g :

1) The b in d in g  o f  l a  m o le c u le s  may b e  due  to  s p e c i f i c  a n t i - l a  r e c e p t o r s .  

T h is  i s  u n l i k e l y  s in c e  a  s i n g l e  c lo n e  i s  b in d in g  to  b o th  p a r e n t a l  h a p lo -  

ty p e s  a s  w e l l  a s  th e  l a  a n t ig e n .  2 ) l a  m o le c u le s  may b in d  to  a  non­

s p e c i f i c  r e c e p t o r  f o r  t h e s e  m o le c u le s  by  m echan ism s s i m i l a r  t o  th e  b in d in g  

o f  th e  Fc f ra g m e n ts  o f  im m u n o g lo b u lin  to  th e  Fc r e c e p t o r .  3) l a  b in d in g  

may o c c u r  th ro u g h  c o m p lim e n ta ry  b in d in g  o f  th e s e  m o le c u le s  by  th e  l a  

m o le c u le s  w h ich  a r e  e x p re s s e d  on a c t i v a t e d  T c e l l  c lo n e s .  T hese  h y p o th e s ­

e s  a r e  c u r r e n t l y  u n d e r  i n v e s t i g a t i o n .

MHC d e te r m in a n ts  p la y  a m a jo r  r o l e  i n  th e  d i f f e r e n t i a t i o n  and m a tu ra ­

t i o n  o f  T ly m p h o c y te s . They a r e  a l s o  in v o lv e d  i n  g e n e t i c a l l y  r e s t r i c t e d  

a n t ig e n  r e c o g n i t io n  d u r in g  th e  e f f e c t o r  p h a s e s  o f  c e l l  m e d ia te d  immune 

r e s p o n s e s .  The e x i s t e n c e  o f  a  T c e l l  c lo n e  r e s t r i c t e d  t o  s y n g e n e ic  Mis 

d e te r m in a n ts  s u g g e s ts  t h a t  t h i s  lo c u s  may a l s o  p la y  a r o l e  d u r in g  th e  

d e v e lo p m e n ta l  s t a g e s  o f  T ly m p h o cy te  d i f f e r e n t i a t i o n .
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CHARACTERIZATION OF THE FUNCTIONAL PROPERTIES OF LYT 1+  T CELL CLONES:

■ANALYSIS OF MHC RESTRICTION BETWEEN T AND B LYMPHOCYTES

A. I n t r o d u c t i o n

The f i r s t  s e c t i o n  o f  t h i s  t h e s i s  d e a l s  w i th  th e  r o l e  o f  MHC gene p ro d ­

u c t s  i n  th e  g e n e t i c  r e s t r i c t i o n  b e tw e e n  T c e l l s  and a n t ig e n  p r e s e n t in g  c e l l s .  

MHC r e s t r i c t i o n  a t  t h i s  l e v e l  r e p r e s e n t s  one o f  th e  e a r l i e s t  r e c o g n i t io n  

e v e n ts  i n  th e  immune r e s p o n s e  p r o c e s s ,  and i t  d o es  n o t  e x p lo r e  g e n e t i c  

r e s t r i c t i o n  a t  s u b s e q u e n t  s t e p s  i n  th e  immune p a th w a y . The p r e s e n t  s tu d y  

was u n d e r ta k e n  i n  an e f f o r t  to  c h a r a c t e r i z e  th e  a b i l i t y  o f  c lo n e d  T c e l l s  

to  f u n c t io n  a s  h e l p e r  c e l l s  i n  a  T c e l l  d e p e n d e n t a n tib o d y  r e s p o n s e ,  and 

to  s tu d y  th e  r u l e s  g o v e rn in g  th e  g e n e t i c  r e s t r i c t i o n  a t  t h i s  l e v e l  o f  r e ­

s p o n s e . One i n t r i g u i n g  a p p ro a c h  h a s  b e e n  to  u s e  L y t 1+ T c e l l  c lo n e s  

w h ich  r e c o g n iz e  f o r e ig n  a n t ig e n  i n  a s s o c i a t i o n  w i th  s e l f  MHC encoded  a n t i ­

gens and d i s p l a y  a l l o r e a c t i v i t y .  I n f o r m a t io n  r e g a r d in g  th e  g e n e t i c  r e ­

s t r i c t i o n  o f  B c e l l s  w i th  T c e l l  c lo n e s  p o s s e s s in g  a  d o u b le  s p e c i f i c i t y  

i s  l i m i t e d .  H ow ever, t h i s  i s s u e  i s  o f  t h e o r e t i c a l  i n t e r e s t  w i th  r e g a rd  

to  th e  r e l a t i o n s h i p  b e tw e en  th e  r e c e p t o r  r e c o g n iz in g  th e  f o r e i g n  o r  a l l o -  

a n t i g e n s , and th e  p ro d u c ts  o f  T c lo n e s  c r i t i c a l  f o r  th e  a c t i v a t i o n  o f  

B c e l l s .

The d e m o n s t r a t io n  o f  h e l p e r  a c t i v i t y  i n  m o n o c lo n a l T c e l l s  h a s  p r o ­

v id e d  i n s i g h t  i n t o  th e  m echanism s by  w h ich  T c e l l - h e l p  i s  e f f e c t i v e  i n  

a n t ib o d y  r e s p o n s e s .  Hodes e t  a l .  ( 69 ) s tu d y in g  c lo n e d  T h e l p e r  c e l l  

a c t i v a t i o n  o f  B c e l l  s u b p o p u la t io n s ,  h a v e  d e m o n s tra te d  n o rm al a c t i v i t y  

o f  th e s e  c lo n e s  i n  a h a p t e n - c a r r i e r  p la q u e  fo rm in g  a s s a y .  The ir i v i t r o  

re s p o n s e  to  th e  s o lu b le  a n t ig e n  T N P -(T ,G )-A -L  had  p r e v io u s ly  b e e n  shown 

t o  b e  u n d e r  th e  c o n t r o l  o f  I -A  en co d ed  I r  g en es  ( 70 ) ;  h o w ev er, c lo n e d  

a n t ig e n  s p e c i f i c  and H-2 r e s t r i c t e d  T c e l l s  i n  t h i s  ini v i t r o  sy s te m ,
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c o u ld  p ro v id e  h e lp  i n  a  non-H -2  r e s t r i c t e d  m an n er , once th e y  h ad  b ee n  

a c t i v a t e d .

The r e p o r t s  by  Hodes and S in g e r  h av e  s u g g e s te d  t h a t  c lo n e d  T h e l p e r  

c e l l s  may e x h i b i t  d i f f e r e n t  m echanism s by  w h ich  th e y  f u n c t i o n .  I n  p a r t i ­

c u l a r ,  c e r t a i n  c lo n e d  T h e l p e r  c e l l s  h a v e  b e e n  r e p o r te d  to  b e  H-2 r e s t r i c ­

te d  f o r  r e c o g n i t i o n  o f  B c e l l s  a s  w e l l  a s  a c c e s s o ry  c e l l s  ( 71 ) ,  w h e re a s , 

o t h e r s  h a v e  b ee n  shown to  b e  r e s t r i c t e d  f o r  r e c o g n i t io n  o f  a c c e s s o ry  

c e l l s  a lo n e  ( 69 ) .  S i m i l a r l y ,  r e s p o n s e s  m e d ia te d  by  c lo n e d  T h e l p e r  

c e l l s  h a v e  e i t h e r  d e m o n s tra te d  a  re q u ir e m e n t  f o r  c a r r i e r - h a p t e n  l in k a g e  

( 69 ) ,  o r  n o t  (72 ) .  R ece n t w ork by Asano e t  a l .  h a s  c h a r a c t e r i z e d  two 

d i s t i n c t  p a th w ay s f o r  B c e l l  a c t i v a t i o n  i n  T d e p e n d e n t a n t ib o d y  r e s p o n s e s  

( 73 ) .  The d i f f e r e n c e  b e tw e en  th e  two p a th w ay s r e s id u e s  n o t  i n  th e  

T c e l l  p o p u la t i o n s ,  b u t  l i e s  i n  th e  B c e l l  p o p u la t i o n s ,  w h ich  c o n ta in s  

two s u b p o p u la t io n s  t h a t  c a n  b e  a c t i v a t e d  by  T ly m p h o cy tes  th ro u g h  d i f f e r ­

e n t  m echan ism s. One B c e l l  p o p u la t io n  w h ich  i s  a b s e n t  i n  CBA/N m ic e , 

b e a r s  t h e  Lyb^ s u r f a c e  m a rk e r ,  r e q u i r e s  o n ly  s o l u b l e  ly m p h o k in es  from  

T c e l l s ,  and h ig h  d o s e s  o f  a n t ig e n  to  g e n e r a te  a n  IgM a n t ib o d y  r e s p o n s e .  

The o t h e r  B c e l l  p o p u la t io n  l a c k s  th e  Lyb5 s u r f a c e  m ark e r p r e s e n t  i n  

CBA/N m ic e , r e q u i r e s  H -2 r e s t r i c t e d  T h e l p e r  c e l l s  i n  a d d i t i o n  t o  low  

d o se s  o f  a n t i g e n ,  and th e  h a p te n  m ust b e  c h e m ic a l ly  l i n k e d  t o  th e  c a r r i e r  

m o le c u le  i n  o r d e r  to  e l i c i t  an IgG re s p o n s e .  .U s in g  a n t ig e n  s p e c i f i c ,

H-2 r e s t r i c t e d  m o n o c lo n a l T h e l p e r  c e l l s ,  A sano e t  a l .  d e m o n s tra te d  t h a t  

th e  sam e m o n o c lo n a l T c e l l  was c a p a b le  o f a c t i v a t i n g  e a c h  B c e l l  p o p u la ­

t i o n ,  b u t  th ro u g h  d i s t i n c t  m ech an ism s.

The f u n c t io n  o f  T s u p p r e s s o r  c e l l s  i n  c o l l a b o r a t io n  w ith  B c e l l s  h a s  

b e e n  shown to  b e  g e n e t i c a l l y  r e s t r i c t e d .  I t  h a s  b e e n  d e m o n s tra te d  t h a t  

two d i s t i n c t  T s u p p r e s s o r  c e l l  p a th w ay s f u n c t i o n  to  r e g u l a t e  th e  MRC- 

r e s t r i c t e d  and  c a r r i e r - h a p t e n  l in k e d  IgG r e s p o n s e s  o f  Lyb5" B c e l l s  (7 4  ) .



Figure 2

D o s e - e f f e c t  r e l a t i o n s h i p  b e tw e en  th e  num ber o f  T c e l l s  and 

an ti-T N P  PFC r e s p o n s e .  V a r io u s  num bers o f  (o — o ) lymph 

node c e l l s  from  KLH p rim ed  CB6/F1 m ic e , (®— • )  c lo n e  D18, 

( A - A )  s u b c lo n e  A 1 2 . l l ,  (A—A) s u b c lo n e  C l . 3 ,  and (X -X )c lo n e  

c u l tu r e d  w ith  21x10^ TNP-OVA p rim ed  B c e l l s  i n  th e  p re s e n c e  

o f  ( .0 0 1  y g /m l) TNP-KLH. The r e s p o n s e  w as m easu red  on  day  4 .

A .D irect  plaques

B. Indirect plaques
o  6

a  5

N U M B E R  O F T  C E L L S
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The i n  v i t r o  a c t i v a t i o n  o f  b o th  L y t 1+  a n t ig e n  n o n - s p e c i f i c  T s u p p r e s s o r  

c e l l s  and L y t 2+ a n t ig e n  s p e c i f i c  T s u p p r e s s o r  c e l l s  h a s  b e e n  shown to  

r e q u i r e  th e  i n t e r a c t i o n  o f  a c c e s s o r y  c e l l s  and. a n t ig e n - p r im e d  T c e l l s  (7 5  ) .  

T h is  i n t e r a c t i o n  was MHC r e s t r i c t e d  i n  t h a t  T c e l l  r e c o g n i t i o n  o f  I -A  en ­

coded  d e te r m in a n ts  o r  a c c e s s o ry  c e l l s  was r e q u i r e d  f o r  T s u p p r e s s o r  c e l l  

a c t i v a t i o n .

The a v a i l a b i l i t y  i n  o u r  l a b o r a t o r y  o f  m o n o c lo n a l T h e l p e r  c e l l s  w i th  

a  d o u b le  s p e c i f i c i t y  f o r  a l l o a n t i g e n s  p ro v id e d  us w i th  an  e x c e l l e n t  t o o l  

w i th  w h ich  to  exam ine th e  r e q u ir e m e n ts  o f  B c e l l  a c t i v a t i o n  b y  T c e l l  w i th  

v a r io u s  a l l o a n t i g e n  s p e c i f i c i t y  ( 7 6  ) •  The a b i l i t y  o f • a l l o a n t i g e n  to  

in d u c e  th e  p ro d u c t io n  o f T c e l l  ly m p h o k in es  r e q u i r e d  by Lyb5+ B c e l l  to  

g e n e r a te  an  an ti-T N P  re s p o n s e  was ex am in ed .

B. H e lp e r  F u n c t io n  o f  T C e l l  C lo n e s ;  A n tig e n  c o n c e n t r a t i o n  and T c e l l

t i t r a t i o n  e f f e c t  on an ti-T N P  r e s p o n s e .

The h e l p e r  a c t i v i t y  o f  c lo n e s  e x p r e s s in g  L y t 1+ , 2~ s u r f a c e  m ark e rs  

was t e s t e d  i n  an  i n  v i t r o  a n t ib o d y  s y n t h e s i s  a s s a y  by  th e  in c u b a t io n  o f  

KLH s p e c i f i c  T c lo n e s  o r  lymph no d e  c e l l s  w i th  h ig h ly  p u r i f i e d  B c e l l s  

from  TNP-Ova p rim ed  CB6 / F 1 m ice  i n  t h e  p r e s e n c e  o f  TNP-KLH. S im i l a r l y ,
■t

c u l t u r e s  w e re  in c u b a te d  w i th  TNP-Ova as  a  s p e c i f i c i t y  c o n t r o l .  The r e ­

s u l t s  d e p ic te d  i n  F ig  2 show th e  e f f e c t  o f  a n t ig e n  d o se  on th e  g e n e r a t io n  

o f  an an ti-T N P  r e s p o n s e .  A l l  t h e  c lo n e s  t e s t e d  p ro v id e d  a KLH c a r r i e r  s p e c i f i c  

h e l p e r  a c t i v i t y  a t  v a r io u s  a n t ig e n  d o se s  f o r  IgM and IgG r e s p o n s e .  W hile  

w i th  KLH, p rim ed  lymph node T c e l l s  a  h ig h e r  IgG  PFC r e s p o n s e  was o b se rv e d  

w i th  low a n t ig e n  d o s e ,  no s i g n i f i c a n t  v a r i a t i o n s  i n  th e  m a g n itu d e  o f  IgM 

and IgG PFC r e s p o n s e  w e re  n o te d  upon  in c u b a t io n  o f  T c e l l  c lo n e s  w ith  

v a r io u s  d o s e s  o f  a n t ig e n  (0 . 0 0 1 - 1 0 y g ) .

The e x p e r im e n ts  p r e s e n te d  i n  F ig  3 com pares t h e  h e l p e r  c a p a c i ty  o f 

i n c r e a s i n g  num bers o f  T c lo n e s  w i th  KLH p rim ed  lymph node c e l l s  i n  th e
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Figure 3

D o s e - e f f e c t  r e l a t i o n s h i p  b e tw e en  a n t ig e n  c o n c e n t r a t i o n  and 

an ti-T N P -P F C  r e s p o n s e .  3 x 10^ c e l l s  fro m  (o — o) lym ph node 

c e l l s  from  KLH p rim ed  CB6 F1 m ice  ( • — • )  c lo n e  D18, (A-A) su b ­

c lo n e  C l . 3 (X-X) c lo n e  F5 and (A—A) s u b c lo n e  A 1 2 . l l  w ere  

c u l t u r e d  w i th  2x10^ TNP-OVA p rim ed  B c e l l s .  The r e s p o n s e  

was m easu red  on d ay  4 .
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g e n e r a t io n  o f  an  an ti-T N P  r e s p o n s e .  I n  t h i s  e x p e r im e n t ,  4x 1 0 ^ B c e l l s  

w ere  in c u b a te d  w i th  v a r io u s  c o n c e n t r a t i o n s  o f  T c e l l  c lo n e s  p e r  c u l t u r e .

I n  t h i s  s e r i e s  o f  e x p e r im e n ts ,  we o b s e rv e d  t h a t  c lo n e  F6 and s u b c lo n e  

C l . 3 p ro v id e d  s t r o n g e r  h e l p e r  a c t i v i t y  th a n  a  h e te ro g e n e o u s  lym ph node 

p o p u la t io n  o f  KLH p rim ed  c e l l s .  The T c e l l  c lo n e  A 9.4 w h ich  r e c o g n iz e s  

KLH i n  t h e  c o n te x t  o f  s y n g e n e ic  M ls^  g en e  p ro d u c ts  was t e s t e d  i n  a  s e p a ­

r a t e  e x p e r im e n t .  The r e s u l t s  p r e s e n te d  i n  T a b le  I I I  show t h a t  th e  mag­

n i tu d e  o f  d i r e c t  and i n d i r e c t  an ti-T N P -P F C  re s p o n s e  o f  B c e l l s  in c u b a te d  

w i th  c lo n e  Fft was c o n s i s t e n t l y  h ig h e r  i n  co m p a riso n  to  lym ph node c e l l s  

d e r iv e d  from  KLH. p rim ed  CB6 /F 1 m ic e . H ow ever, no s i g n i f i c a n t  h e l p e r  e f ­

f e c t  was d e t e c t e d  w i th  s u b c lo n e  A 9 .4  t e s t e d  f o u r  t im e s  d u r in g  an  18-m onth 

p e r io d .  F u r th e rm o re ,  no h e l p e r  e f f e c t  was o b ta in e d  a t  th e  v a r io u s  c e l l  

d e n s i t i e s  and d o se s  o f  a n t ig e n s  (0 .0 0 1 -1 0  y g /m l TNP-KLH) t h a t  h av e  b e e n  

t e s t e d .  T h ese  r e s u l t s  i n d i c a t e  t h a t  s u b c lo n e  A 9 .4 , ' d e s p i t e  i t s  a b i l i t y  

to  p r o l i f e r a t e  t o  KLH, i s  u n a b le  t o  e x h i b i t  h e l p e r  f u n c t i o n .

C. G e n e tic  r e s t r i c t i o n  o f  an ti-T N P  re s p o n s e  w i th  c lo n e s  e x h i b i t i n g

d o u b le  a n t ig e n  s p e c i f i c i t y

The g e n e t i c  r e s t r i c t i o n  o f  h e l p e r  f u n c t i o n  was f u r t h e r  s t u d i e d  w ith  

t h e  two T c lo n e s  d i s p l a y in g  p r o l i f e r a t i v e  re s p o n se s ' to  b o th  KLH p lu s  s e l f ­

a n t ig e n s  and a l l o a n t i g e n s . The d a t a  d e p ic te d  i n  T a b le  X X III show t h a t  

c lo n e  F6 and  s u b c lo n e  A 1 2 . l l  c o o p e ra te d  o n ly  w ith  CB6 / F 1 B c e l l  to  p ro ­

v id e  c a r r i e r  s p e c i f i c  h e lp .  I n  c o n t r a s t ,  no s i g n i f i c a n t  h e l p e r  a c t i v i t y  

was o b s e rv e d  i n  C3H/He p rim ed  B c e l l s  c u l tu r e d  w i th  c lo n e  F g , A 1 2 . l l ,  o r  

KLH p rim ed  CB6 /F 1 lym ph no d e  c e l l s .  • In  t h i s  e x p e r im e n t,  o n ly  C3H/He 

p rim ed  lymph no d e  c e l l s  p r o v id e  h e lp  f o r  th e  C3H/He B c e l l  an ti-T N P  r e ­

s p o n se . S im i l a r l y ,  c lo n e  Fq , as  w e l l  a s  CB6 / F 1 lym ph n o d e s ,d id  n o t  p ro ­

v id e  h e lp  f o r  B10.Q TNP p rim ed  B c e l l s ,  w h e re a s , KLH p rim ed  B10.Q lymph
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Figure 4

D o s e - e f f e c t  r e l a t i o n s h i p  b e tw e e n  num ber o f  T c e l l s  and 

an ti-T N P  PFC re s p o n s e  d e v e lo p e d  by TNP-OVA p rim ed  s y n g e n e ic  

and a l l o g e n e i c  B c e l l s .  The c u l t u r e s  w e re  in c u b a te d  w ith  

10 yg TNP-KLH and th e  d i r e c t  PFC r e s p o n s e  was m easu red  on 

d ay  4 .

— O C B 6 F I  B ce l l s  + AI 2 . I I  T cel l s  

*-=■— A C3 H / H e J  B c e l l s  +  A I 2 . I I  T c e l l s  

>------ •  C3 H / H e J  B c e l l s  +  KLH C3H /  H e  J  T  c e l l s

ni l  I 0 4  3 x 1 0 4 I 0 5 3 x 1 0 5 

T  C E L L S

I 0 6 3 x l 0 6
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TABLE XXIII

GENETIC RESTRICTION OF HELPER JUNCTION OF T CELL CLONES
TN P-prim ed KLH s p e c i f i c  

B c e l l s _______  T c e l l s  ' A nti-TN P-PFC r e s p o n s e / c u l t u r e

TNP-
Exp.

-OVA***
1

TNP--KLH***
Exp. 2 
TNP-KLH

D ir e c t I n d i r e c t D i r e c t I n d i r e c t D i r e c t I n d i r e c

CB6F1 - 0 0 18+11**. 0 6+3 3+1

I I cb 6 f i * 0 0 354+12 756+33 435+21 944+42

I I A i2 .1 1 0 0 174+31 213+21 54+7 218+12

I I F6 3+2 12+3 16+2 . 138+12 543+3 1 ,032+6

C3H/HeJ - !± 1 0 . 13+3 2+1 9+6 21+12

I f CB6F1* 14+8 11+7 33+9 55+20 30+3 48+3

I I C3H /H eJ* 27+12 0 386+42 633+26 321+12 846+6

I t A 1 2 . l l 0 0 126+83 0 9+3 36+3

B lO .q - 2+ 1. 6+2 3+1 0 3+3 15+3

t i CB6F ]* 0 8+2 14+7 83+6 3+3 21+9

i t B lO .q 0 0 178+10 625+30 183+12 503+3

11

4
F6 0 0 0 0 9+9 12+12

Lymph no d e  ly m p h o cy te s  (10^  c e l l s / c u l t u r e ) . ,

**PFC mean r e s p o n s e  ±  SEM o f  d u p l i c a t e  c u l t u r e s .  

***10 Mg/ml.



IN VITRO ANTI-SRBC

TABLE X n v  

PFC RESPONSE SUBSEQUENT CULTURING B CELLS WITH
A 1 2 . l l  T CELL CLONE IN PRESENCE OF SRBC AND KLH

O r ig in  o f  

B c e l l s ( 2x 1 0 ^ )*

T c e l l s  

(3 x l0 5 )

I r r a d i a t e d  

S p le e n  c e l l s

A n tig e n  

: SRBC107 KLH40yg

Anti-SRBC

P F C /c u l tu re

CB6 F1 - - - 0

- - SRBC KLH 26+4

C3H/HeJ - - - 2+2

- - SRBC KLH 19+4

CBA/N - - - 0

- - SRBC KLH 8+3

CB6 F! A 1 2 .11 - - 2+2

A 1 2 . l l - SRBC KLH 36+5

C3H/HeJ A 1 2 . l l - - 12+3

A 1 2 . l l - SRBC KLH 4+2

CBA/N A 1 2 . l l - - 0

A 1 2 . l l - SRBC KLH 10+3

CB6 F]_ A 1 2 . l l CB6 Ft - 6+3

A 1 2 . l l CB6F! SRBC KLH 31+5

C3H/HeJ A 1 2 . l l CB6 F! - 0

A 1 2 . l l CB6 F 1 SRBC KLH 20+3

CBA/N A 1 2 . l l CB6 F! - 2+2 -

. A 1 2 . l l CB6 F1 SRBC KLH 18+4

C o n t ro l  f o r  i n v i t r o  SRBC PFC re s p o n s e

S p le e n  c e l l s  from  SRBC p rim ed  m ice  

CB6FJ

SRBC KLH

C3H/HeJ

, SRBC KLH

CBA/N

SRBC KLH

204+111

1,432+13

192+10

1 ,072+ 14

91+6

839+20

C o n tro l  f o r  h e lp e r  f u n c t io n  o f  A 1 2 . l l c e l l s

B c e l l s  from T c e l l s A n tig e n A nti-T N P
TNP-OVA p rim ed ( 2x 10° ) (3x105) ( 0 .0 1  p g /m l P F C /c u l tu re

CB6F 1 n i l TNP-KLH 8+4

CB6 F! A 1 2 .l l TNP-KLH 184+42

A
B c e l l s  w ere  p re p a re d  a s d e s c r ib e d  i n  M a t e r i a l  and M ethods



n o d es  p ro v id e  e x c e l l e n t  h e lp  f o r  b o th  d i r e c t  and i n d i r e c t  an ti-T N P  

p la q u e  r e s p o n s e s .  I t  i s  im p o r ta n t  to  n o te  t h a t  c u l t u r e s  c o n ta in in g  

B10.Q o r  C3H/He TNP p rim ed  B c e l l s  and CB6 /F 1 KLH p rim ed  lym ph node c e l l s  

e x h ib i t e d  weak b u t  s i g n i f i c a n t  a l l o g e n e ic  e f f e c t .  T h is  e f f e c t  w as a l s o  

o b s e rv e d  i n  c u l t u r e s  c o n ta in in g  C3H/He TNP-Ova p rim ed  B c e l l s  w i th  su b ­

c lo n e  A 1 2 . l l  o r  B10.Q TNP-Ova p rim ed  B c e l l s  w i th  c lo n e  F6 *

The r e s u l t s  i l l u s t r a t e d  i n  F ig  4 show t h a t  t h e  in c u b a t io n  o f  2x10^ 

C3H/HeJ TNP p rim ed  B c e l l s  w i th  v a r io u s  c o n c e n t r a t i o n s  o f  ( lO ^ -lO ^ ) A 1 2 .i l  

T c e l l s  does n o t  l e a d  to  a  s i g n i f i c a n t  i n c r e a s e  o f  an ti-T N P  PFC above 

b a c k g ro u n d . I n  c o n t r a s t ,  a  d o se  d e p e n d e n t i n c r e a s e  o f  th e  an ti-T N P  PFC 

re s p o n s e  was o b se rv e d  when B c e l l s  w ere  in c u b a te d  w i th  v a r io u s  c o n c e n t r a ­

t i o n s  o f  T c e l l s  (1 0 ^ -3 x 1 0 ^ ) ,  i . e . ,  C3H /HeJ TNP p rim ed  B c e l l s  w i th  C3 H/

HeJ KLH p rim ed  T c e l l s  o r  CB6F1 p rim ed  B c e l l s  w i th  A 1 2 . l l  c e l l s .  F u r th e r ­

m ore, we i n v e s t i g a t e d  w h e th e r  A 1 2 . l l  c e l l s  w ere  c a p a b le  o f  p ro v id in g  h e lp  

i n  a  n o n - s p e c i f i c  m anner to  s y n g e n e ic  B c e l l s  (CB6 / F 1 ) o r  to  th e  a l l o ­

g e n e ic  B c e l l s  (C3H/HeJ and CBA/N) e x p r e s s in g  H -2^ h a p lo ty p e .  T h is  was 

p a r t i c u l a r l y  im p o r ta n t  s i n c e  Asano e t  a l .  r e p o r t e d  d a t a  i n d i c a t i n g  t h a t  

t h e  same T c e l l  c a n  h e lp  i n  a  MHC r e s t r i c t e d  m a n n e r ,th e  Lyb5-  B c e l l s , a n d  

i n  a  MHC n o n - r e s t r i c t e d  f a s h io n ,  t h e  Lyb5+ B c e l l s .  The M a rra c k ’and K ap- 

p l e r  a s s a y  sy s te m  ( 77) was em ployed to  i n v e s t i g a t e  w h e th e r  c lo n e  A 1 2 . l l  

s t im u la t e d  b y  KLH i n  th e  p re s e n c e  o f  s y n g e n e ic  APC, ca n  h e lp  n o rm al B c e l l s  

to  m ount a  SRBC PFC r e s p o n s e  upon th e  c u l t u r e  i n  th e  p r e s e n c e  o f  SRBC.

The d a t a  d e p ic te d  i n  T a b le  24 show t h a t  s p le e n  c e l l s  from  SRBC p rim ed  

CB6Fq C3H/HeJ and CBA/N d e v e lo p  an  e x c e l l e n t  anti-SR B C  PFC re s p o n s e  upon 

i n  v i t r o  c u l t u r e  w i th  SRBC. I t  i s  im p o r ta n t  t o  n o te  t h a t  a v e ry  weak 

anti-SR BC -PFC  r e s p o n s e  was o b s e rv e d  i n  th e  c u l t u r e s  w h e re  A 1 2 . l l  c lo n e  

was in c u b a te d  i n  th e  p r e s e n c e  o f  KLH and SRBC w i th  B c e l l s  from  CB6 F1 , 

C3H/HeJ o r  CBA/N. F u r th e rm o re ,  t h e  a d d i t i o n  to  th e  c u l t u r e  o f  CB6Fq 

s p le e n  c e l l s  d id  n o t  augm ent th e  an ti-SR B C  PFC re s p o n s e .
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TABLE XXV

RESPONSE STIMULATED BY A 1 2 . l l  T CELL CLONE REQUIRES LINKED CARRIER-HAPTEN RECOGNITION

an ti-T N P  PFC r e s p o n s e / c u l t u r e

TNP-OVA 

p rim ed  B c e l l s * *

KLH S p e c i f i c  

T c e l l s n i l

d i r e c t  i n d i r e c t

TNP-KLH 

0 .0 0 1  y g /m l 

d i r e c t  i n d i r e c t

TNP-OVA 

0 .0 0 1  p g /m l 

d i r e c t  i n d i r e c t

PFC mean r e s p o n s e  +  SEM, day  5 re s p o n s e

TNP-OVA O.OOlyg 

+  KLH 40 p g /m l 

d i r e c t  i n d i r e c t

CB6 / F 1 - 0 0 * 2+1 0 6+2 16+4 4+2 4+4

C3H/He - 0 0 0 4+2 4+2 12+4 2+1 0

CB6 /F ! CB6 / F 1 L .N . 5+5 ' 6+3 88+24 948+111 11+7 30+20 33+8 132+34

C3H/He C3H/He L .N . 2+2 4+4 27+27 382+82 6+2 12+4 45+10 128+23

C3H/He CB6 / F 1 L .N . 2+0 2+2 5+2 24+11 2+1 8+4 2+2 8+4

CB6 /F l A 12.11 2+1 0 38+5 344+40 2+2 0 4+2 6+2

C3H/He A 1 2 . l l 0 0 4+2 10+2 .1+1 4+2 3+1 8+4

*4x10^ TNP-OVA p rim ed  B c e l l s  p e r  c u l t u r e



D. R eq u irem e n t f o r  H a p te n - C a r r ie r  L in k ag e

R e c e n t ly ,  Asano e t  a l . ,  ( 7 3 )  h av e  d e m o n s tra te d  t h a t  w h i le  th e  a c t i ­

v a t i o n  o f Lyb^ B c e l l  s u b s e t  o c c u rs  i n  th e  p r e s e n c e  o f  MHC r e s t r i c t e d  

T c e l l s ,  t h e  T -d e p e n d e n t a c t i v a t i o n  o f  Lyb5+  B c e l l s  can  o c c u r  i n  th e  

a b s e n c e  o f  M H C -re s tr ic te d  T j i - c e l l  B c e l l  i n t e r a c t i o n  and i n  th e  a b se n c e  

o f c o v a le n t  c a r r i e r - h a p t e n  l i n k a g e .  B ecau se  o f  t h e i r  r e s u l t s ,  th e  r e q u i r e ­

m ent f o r  c a r r i e r - h a p t e n  l in k a g e  i n  th e  a c t i v a t i o n  o f  B c e l l s  w i th  c lo n e  

A 1 2 .11 w h ich  e x h i b i t s  d o u b le  s p e c i f i c i t y  was s t u d i e d .  The r e s u l t s  d e p ic ­

te d  i n  T a b le  XXV showed t h a t  T c e l l  h e lp  p ro v id e d  b y  A 1 2 . l l  c lo n e s  r e ­

q u ir e d  c a r r i e r - h a p t e n  l in k a g e  b e c a u s e  no an ti-T N P -P F C  r e s p o n s e  was ob­

ta in e d  when A 1 2 . l l  c lo n e  was c u l t u r e d  w i th  TNP-Ova p rim ed  B c e l l s  i n  t h e  

p r e s e n c e  o f  TNP-Ova and KLH. In  c o n t r a s t ,  a  s i g n i f i c a n t  PFC r e s p o n s e  was 

o b s e rv e d  when TNP-Ova p rim ed ' B c e l l s  w ere  c u l tu r e d  i n  s i m i l a r  c o n d i t io n s  

w i th  KLH p rim ed  lymph n ode  T c e l l s .

T h ese  r e s u l t s  ta k e n  c o l l e c t i v e l y  showed t h a t  t h e  two T c e l l  c lo n e s  

w i th  d o u b le  s p e c i f i c i t y  can  o n ly  p ro v id e  h e lp  i n  a g e n e t i c  r e s t r i c t e d  

m anner and t h a t  th e  h e l p e r  f u n c t io n  r e q u i r e s  c o v a le n t  c a r r i e r - h a p t e n  

l in k a g e .

E. D is c u s s io n

The s e t  o f  f i n d in g s  r e p o r t e d  i n  t h i s  s e c t i o n  o f  t h e  t h e s i s  d e a ls  w i th  

th e  h e l p e r  f u n c t io n  o f  th e  KLH s p e c i f i c  c lo n e s .  A l l  fo u r  c lo n e s  w ere  a b le  

to  p r o v id e  h e lp  f o r  CB6F1 TNP-Ova p rim ed  B c e l l s  t o  mount an  IgM and IgG 

PFC r e s p o n s e  i n  th e  p r e s e n c e  o f  0 .0 0 1 -1 0  y g /m l TNP-KLH c o n ju g a te .  The 

h e lp e r  f u n c t io n  was d e p e n d e n t o f  c a r r i e r - h a p t e n  l in k a g e  s in c e  no s i g n i f i ­

c a n t  an ti-T N P -P F C  re s p o n s e  was o b s e rv e d  upon  th e  c u l t u r e  o f  CB6Fq TNP-Ova 

p rim ed  B c e l l s  and A 1 2 . l l  T c lo n e  i n  th e  p re s e n c e  o f  TNP-Ova a lo n e  o r  

TNP-Ova and t h e r e  i s  a c r i t i c a l  d i f f e r e n c e  b e tw een  o u r KLH-MLs and KLH- 

MHC r e s t r i c t e d  T c e l l  c lo n e s  w ere  o b s e rv e d . The c lo n e  w h ich  r e c o g n i s e s
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KLH i n  th e  c o n te x t  o f non-MHC g en e  p ro d u c ts  d o es  n o t  p ro v id e  h e lp  to  TNP- 

Ova p rim ed  B c e l l s  i n  th e  p r e s e n c e  o f  TNP-KLH i n  th e  g e n e r a t io n  o f  an a n t i -  

TNP r e s p o n s e ,  w h e re a s ,  T c lo n e s  w h ich  d e m o n s tra te  a s s o c i a t i v e  r e c o g n i t io n  

o f  KLH and MHC encoded  d e te r m in a n ts  e x h i b i t e d  h e l p e r  a c t i v i t y  f o r  b o th  

IgM and IgG r e s p o n s e s .  We c a n n o t r u l e  o u t  t h e  p o s s i b i l i t y  t h a t  o th e r  Mis 

r e s t r i c t e d  T - c e l l  c lo n e s  w i l l  b e  a b le  t o  p r o v id e  such  h e lp .

I t  a p p e a rs  t h a t  th e  p r o p e r t i e s  o f  o u r  c lo n e s  d e p e n d in g  on h a p te n -  

c a r r i e r  l in k a g e ,  o r  t h e i r  a b i l i t y  t o  p r o v id e  h e lp  f o r  IgM and IgG w ith  

b o th  low  and h ig h  a n t ig e n  d o s e s ,  a r e  v e r y  d i f f e r e n t  from  th e  p r o p e r t i e s  

o f  c lo n e s  d e s c r ib e d  by  A sano e t  a l .  (7 3  ) .  H ow ever, o u r d a ta  u s in g  KLH- 

h e te ro g e n e o u s  T c e l l s  c l e a r l y  show t h a t  th e  c lo n e s  d e s c r ib e d  by  Asano 

e t  a l  (7 3  ) e x i s t  i n  th e  r e p e r t o i r e  s i n c e  we o b se rv e d  in d e e d  a  s i g n i f i ­

c a n t  h ig h  IgG re s p o n s e  w i th  lym ph n o d e  T c e l l s  i n  th e  p re s e n c e  o f  low 

d o se  o f  a n t i g e n s .  The a b i l i t y  o f  o u r  c lo n e s  t o  p ro v id e  h e lp  w i th  low 

d o se  o f  a n t ig e n  a s  0 .0 0 1  p g /m l s u g g e s ts  t h a t  t h e  c lo n e s  d e s c r ib e d  i n  t h i s  

p a p e r  h a v e  a  h ig h  a f f i n i t y  f o r  th e  c a r r i e r  d e t e r m i n a n t ( s ) . The s tu d y  o f 

h e l p e r  T c e l l s  r e c o g n iz in g  c a r r i e r  d e te r m in a n ts  i n  a s s o c i a t i o n  w ith  s e l f ­

en co d ed  MHC d e te r m in a n ts  and e x h i b i t i n g  a l l o r e a c t i v i t y  p ro v id e d  an e x c e l ­

l e n t  t o o l  t o  i n v e s t i g a t e  t h e  r u l e s  w h ic h  g o v e rn  th e  g e n e t i c  r e s t r i c t i o n  

o f  T-B c e l l  c o o p e r a t io n .

T h e re  a r e  num erous r e p o r t s  s u g g e s t in g  t h e  e x i s t e n c e  o f  two a n t ig e n  

s p e c i f i c  h e l p e r  T c e l l  s u b s e t s .  The f i r s t  s u b s e t  r e c o g n iz e s  c a r r i e r  d e ­

t e r m in a n t s  i n  a s s o c i a t i o n  w i th  self-M H C en co d ed  d e te r m in a n ts  and c o o p e ra te  

w ith  B c e l l s  v i a  an  a n t i g e n - c a r r i e r  b r i d g e  ( 69 ) i n  a  MHC r e s t r i c t e d  

m anner (7 1  ) .  The e x i s t e n c e  o f  t h i s  s u b s e t  o f  h e l p e r  T c e l l s  was c o n f irm ­

ed by  c lo n in g  e x p e r im e n ts  ( s e e  d a t a  re v ie w e d  i n  78 ) .  A sec o n d  s u b s e t,,  

f i r s t ,  c l e a r l y  d e m o n s tra te d  by th e  e x p e r im e n ts  o f  M arrack  and K a p p le r , 

can  in d u c e  th e  d i f f e r e n t i a t i o n  o f  u n p rim ed  B c e l l s  i n  re s p o n s e  to  a  p a r ­
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t i c u l a t e  a n t ig e n  (77 ) o r  ev en  a  p o ly c lo n a l  a c t i v a t i o n  o f  B c e l l s  (79 ) 

th ro u g h  th e  r e l e a s i n g  o f  ly m p h o k in e s . Asano e t  a l .  (73 ) d e s c r ib e d  an 

a n t ig e n  s p e c i f i c  T c e l l  c lo n e  e x h i b i t i n g  th e  p r o p e r t i e s  o f  b o th  s u b s e t s  

w h ich  w ere  MHC r e s t r i c t e d  i n  t h e i r  i n t e r a c t i o n  w i th  Lyb5“  B c e l l s  and 

h e lp e d  Lyb5+ B c e l l s  i n  MHC u n r e s t r i c t e d  f a s h io n .  D e fra n c o  e t  a l  (80  ) 

h a s  a l s o  shown t h a t  a n t ig e n  s p e c i f i c  T c e l l  c lo n e s  can  in d u c e  th e  a c t i v a ­

t i o n  and  d i f f e r e n t i a t i o n  o f  r e s t i n g  B c e l l s  i n  a  MHC r e s t r i c t e d  m anner i n  

t h e  p r e s e n c e  o f a n t ig e n  f o r  w h ich  T c e l l s  a r e  s p e c i f i c  a s  w e l l  a s  p o ly ­

c l o n a l  a c t i v a t i o n  o f  b o th  Lyb5+  and L y b ^ - s u b s e t s  i n  th e  p r e s e n c e  o f  a n t i ­

gen and APC o f  p ro p e r  MHC h a p lo ty p e .  T h ese  r e p o r t s  s u g g e s t  t h a t  th e  same 

a n t ig e n  s p e c i f i c  T c e l l s  can  c o o p e r a te  w i th  B c e l l s  i n  a  MHC r e s t r i c t e d  

and u n r e s t r i c t e d  m aim er. H ow ever, i t  c l e a r l y  a p p e a rs  from  o u r r e s u l t s  

t h a t  a t  v a r io u s  T:B c e l l  r a t i o  (1 0 ^ -1 0 ^ T :2 x lO ^ B ), th e  A 1 2 . l l  KLH s p e c i f i c  

h e l p e r  T c lo n e  was a b le  to  a c t i v a t e  B c e l l s  o n ly  v i a  a  c a r r i e r - a n t i g e n  

b r id g e  and i n  a  MHC r e s t r i c t e d  f a s h io n .  No p o ly c lo n a l  a c t i v a t i o n  o f  IgM 

s e c r e t i o n ,  o r  s p e c i f i c  a c t i v a t i o n  o f  SRBC p r e c u r s o r s  was o b se rv e d  w i th  

s y n g e n e ic  B c e l l s  o r  a l l o g e n e ic  Lyb5 and Lyb5+ B c e l l s .  T h ese  d a t a  a r e  

p a r t i c u l a r l y  im p o r ta n t  s i n c e  o t h e r  i n v e s t i g a t o r s  showed t h a t  a l l o s p e c i f i c  

T c e l l s  can  p ro v id e  h e lp  to  B c e l l s  ( 8 1 ,8 2 ,8 3 ) .

The a b i l i t y  o f  T c e l l  c lo n e s  s p e c i f i c  f o r  a  f o r e ig n  a n t ig e n  and ex­

h i b i t i n g  a  s e c o n d a ry  a l l o r e a c t i v e  t o  p r o v id e  h e lp  th ro u g h  o n ly  MHC r e s t r i c ­

t e d  T-B c e l l  i n t e r a c t i o n  c o u ld  b e  e x p la in e d :  a) By d i f f e r e n c e s  i n  th e

a f f i n i t y  o f  th e  r e c e p t o r  o f  T c e l l  c lo n e s  f o r  th e  c a r r i e r  d e te r m in a n ts  

v e r s u s  a l l o a n t i g e n  o r  a l t e r n a t i v e l y ,  b )  By th e  i n a b i l i t y  o f  T c e l l s  r e c o g ­

n i z i n g  f o r e ig n  a n t ig e n s  i n  a s s o c i a t i o n  w ith  self-M HC encoded  d e te r m in a n ts  

to  r e c o g n iz e  a n t ig e n  i n  c o n te x t  o f  a l l o a n t i g e n s  s in c e  d e te r m in a n t  s e l e c ­

t i o n  ( 84 ) r e q u i r e s  d i f f e r e n t  a s s o c i a t i o n  o f  th e  same a n t ig e n  w ith  v a r io u s  

l a  d e te r m in a n ts  due to  t h e  a l l e l i c  p o lym orph ism  o f  g en es e n c o d in g  f o r



t h e s e  d e te r m in a n ts .  W hether o r  n o t  t h i s  i s  a  g e n e r a l  p r o p e r ty  o f  a n t ig e n  

s p e c i f i c  h e l p e r  c e l l s  e x h i b i t i n g  a l l o r e a c t i v i t y  re m a in s  to  b e  e lu c i d a te d .

CLONOTYPIC MARKERS EXPRESSED ON KLH SPECIFIC T CELL CLONES

AND HYBRIDOMAS

A. I n t r o d u c t i o n

S t r u c t u r a l  and m o le c u la r  a n a l y s i s  o f  th e  T c e l l  a n t ig e n  r e c e p t o r  i s  

c r i t i c a l  i n  u n d e r s ta n d in g  th e  m echanism  s u r ro u n d in g  th e  g e n e t i c  r e s t r i c ­

t i o n  o f  T c e l l  r e c o g n i t i o n .  The r e c e p t o r  fo u n d  on T c e l l s  e x h i b i t  a  h ig h  

d e g re e  o f  a n t ig e n  d i v e r s i t y  and s p e c i f i c i t y  as i s  fo u n d  i n  th e  im m unoglobu­

l i n  r e p e r t o i r e .  In  c o n t r a s t  to  t h e  im m u n o g lo b u lin  r e c e p t o r  o f  B c e l l s  

w h ich  can  b in d  s o lu b le  f o r e i g n  a n t i g e n ,  th e  r e c e p t o r  o f  T c e l l s  r e c o g n iz e  

a n t ig e n s  a s s o c ia te d  w i th  self-M HC m o le c u le s  on th e  s u r f a c e  membrane o f  

c e l l s  ( 2 4 ) .  One m a jo r d i f f i c u l t y  i n  th e  s tu d y  o f  th e  T c e l l  r e c e p t o r  i s  

th e  h e t e r o g e n e i ty  o f  th e  T c e l l  p o p u l a t i o n .  U n lik e  th e  d is c o v e r y  o f  mye­

lo m a s , B c e l l  n e o p la sm s , and h y b rid o m as  w h ich  f a c i l i t a t e d  th e  i s o l a t i o n  

o f  t h e  s t r u c t u r e  o f  im m u n o g lo b u lin  r e c e p t o r s  on B c e l l s ,  p r e v io u s  T c e l l  

te c h n o lo g y  h a s  la c k e d  a  s i m i l a r  hom ogeneous p o p u la t io n  o f  c e l l s . Only r e ­

c e n t l y  h a s  T c e l l  c lo n in g  and T c e l l  h y b rid o m a  m eth o d o lo g y  a llo w e d  f o r  a 

m ore r a t i o n a l e  a p p ro a c h  to  s tu d y  th e  r e c e p t o r .  Some o f  th e  d i f f e r e n t  

s t r a t e g i e s  u s e d  to  d e f in e  t h e  T c e l l  r e c e p t o r  w i l l  be  d i s c u s s e d  i n  t h i s  

s e c t i o n .

I n i t i a l  a p p ro a c h e s  t o  th e  i s o l a t i o n  o f  th e  T c e l l  r e c e p to r  w ere  

b a s e d  on th e  a s su m p tio n  t h a t  T c e l l s  and B c e l l s  r e c o g n iz e  a  w id e  v a r i e t y  

o f  f o r e i g n  Ag w ith  a  f i n e  d e g re e  o f  s p e c i f i c i t y ,  and t h e r e f o r e  m ust s h a r e  

s i m i l a r  v a r i a b l e  (V) r e g io n s  o f  t h e i r  r e c e p t o r s .  I t  was b e l i e v e d  t o  b e  

u n l i k e l y  t h a t  two s e p a r a t e  g en e  com plexes had  ev o lv e d  to  en co d e  p r o t e i n s  

s p e c i f i c  f o r  th e  same Ags i n  b o th  T and B c e l l s  ( 8 5  )•  E x p e rim e n ts  demon­



s t r a t i n g  t h a t  a n t i b o d i e s  a g a in s t  th e  v a r i a b l e  r e g io n s  o f  Ig  m o le c u le s  

c o u ld  b in d  to  t h e  s u r f a c e  o f  A g - s p e c i f i c  T c e l l s  ( 86  ) en c o u ra g e d  a t ­

te m p ts  to  show an  in v o lv e m e n t o f  Ig  V r e g io n  g e n e s  i n  th e  fo r m a tio n  o f  

th e  T c e l l  r e c e p t o r .  T c e l l s  s t a i n e d  w i th  f l u o r e s c e n c e  l a b e l l e d  a n t i - i d  

o r  r o s e t t e d  w i th  SRBC c o a te d  w i th  a n t i - i d  a n t i b o d i e s  h a v e  p ro v id e d  e v id e n c e  

t h a t  T c e l l  r e c e p t o r s  c a r r y  d e te r m in a n ts  w h ich  a r e  s i m i l a r  t o  im m unoglobu­

l i n  v a r i a b l e  r e g io n  d e te r m in a n ts  ( 87 ) •  a d d i t i o n ,  b o th  th e  i d i o ty p e  

and Vy fram ew ork  s p e c i f i c i t i e s  w e re  i d e n t i f i e d  on i s o l a t e d  r e c e p t o r s  from  

I g "  c e l l s  ( 88 ) •

A n t i - i d i o ty p e  a n t ib o d ie s  r e a c t i n g  w i th  th e  f u n c t i o n a l  T c e l l  r e c e p t o r

f o r  a n t ig e n  w ould  b e  e x p e c te d  to  b e  e f f e c t i v e  e i t h e r  i n  b lo c k in g  T c e l l

f u n c t io n  o r  a l t e r n a t i v e l y ,  s u b s t i t u t e  f o r  a n t ig e n  i n  t h e  i n d u c t io n  o f  th e

p r o l i f e r a t i o n  o f  e f f e c t o r  and r e g u l a t i n g  T c e l l s .  L o n a i e t  a l .  ( 8 9 )

u s in g  a u to r a d io g ra p h y  was a b le  to  d e m o n s tra te  b in d in g  o f  a n t i - I d  a n t i s e r a

to  T c e l l  s u b s e t s .  T h is  a n t i - i d  a n t i s e r a  w e re  i n h i b i t o r y  f o r  t h e  a n t ig e n

+ + +b in d in g  o f  b o th  L y t 1 and Lyt 2 3 s u b s e t s .  A n t i - I d  a n t is e ru m  s p e c i f i c  

f o r  anti-M HC a n t i b o d i e s  h a s  b e e n  u se d  to  exam ine th e  a n t i - s e l f  r e c e p t o r  

o f  T c e l l s .  Nagy e t  a l .  ( 90) h a s  b e e n  a b le  t o  show t h a t  a n t i - i d  can  com­

p e te  w i th  s o lu b le  I-A ^  a n t ig e n s  f o r  th e  b in d in g  s i t e  o f  T c e l l s .  T h is  

a n t is e ru m , i n  th e  p r e s e n c e  o f  co m p lem en t, e l i m in a t e s  T c e l l s  re s p o n d in g  

to  d i f f e r e n t  a n t ig e n s  i n  an  I-A ^  r e s t r i c t e d  f a s h io n .  B inz e t  a l .  (86  ) 

u s in g  s i m i l a r  a n t i - i d  a n t i b o d i e s  to  allo-M HC a n t ig e n s ,  was a b le  to  m im ic 

i n  v i t r o  th e  allo-M HC a n t ig e n s  i n  t h e i r  T c e l l  t r i g g e r i n g  c a p a c i ty .

The s o lu b le  p r o d u c ts  o f  an f gen  s p e c i f i c  T c e l l s  b e a r  th e  same s h a re d  

i d i o ty p e  w i th  im m u n o g lo b u lin s  ( 91 ) .  I d io ty p e s  e x p re s s e d  on a n t ib o d ie s  

t o  4 -h y d r o x y - 3 - n i t r o p h e n y l  a c e t y l  (92 ) and L -g lu ta m ic  a c id  6 0 -L -a la n .in e

3 0 - L - t r o s in e  10 (GAT) (93  ) h av e  a l s o  b e e n  found  on th e  s p e c i f i c a l l y  

a c t i v a t e d  T c e l l s  and s u p p r e s s o r  f a c t o r s  ( 9 4 ) .
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The e a r l y  a n t i i d i o t y p e  s t u d i e s  u se d  h e te r o lo g o u s  a n t i b o d i e s .  M ore 

r e c e n t l y ,  C erny  e t  a l .  ( 9 5 )  u s e d  a  p a n e l  o f  m o n o c lo n a la n t i id io ty p e  a n t i ­

b o d ie s  a g a i n s t  TEPC-15 and HOPC-8 myeloma p r o t e i n s  t o  s tu d y  th e  i d i o ty p e  

r e p e r t o i r e  o f  s u p p r e s s o r  T c e l l s  s p e c i f i c  f o r  p h o s p h o c h o l in e ,a  c e l l / w e l l  

a n t ig e n  o f  S t r e p to c o c c u s  p n eu m o n iae . H is  f i n d i n g s  i n d i c a t e  t h a t  t h e  

a n t ig e n  r e c e p t o r  on T s u p p r e s s o r  c o n ta in  s h a r e d  d e te r m in a n ts  w i th  th e  

im m u n o g lo b u lin  V - r e g io n .  I d i o t y p i c  d e te r m in a n ts  r e c o g n iz e d  b y  a n t i ( a n t i -  

Id )  a n t i b o d i e s  w ere  i d e n t i f i e d  on i d i o ty p e  s p e c i f i c  s u p p r e s s o r  T c e l l s  i n  

MOPC-460 T c e l l  sy s te m  ( 9 6 ) .  E v id en c e  o f  t h i s  k in d  w h ich  i s  b a s e d  on 

s e r o l o g i c a l  c r o s s - r e a c t i v i t y  b e tw e en  a n t i i d i o t y p e  a n t ib o d ie s  a g a in s t  im­

m u n o g lo b u lin s  and a c t i v a t e d  T c e l l s  w i l l  n o t  becom e c o n v in c in g  u n le s s  th e  

m o le c u le s  bound  b y  t h e s e  a n t i b o d i e s  a r e  c h a r a c t e r i z e d  to  s p e c i f i c a l l y  r e ­

a c t  w i th  a n t i g e n s .

Two T c e l l  s p e c i f i c  l o c i  c o n ta in in g  s e v e r a l  g e n e s  c o d in g  f o r  T c e l l  

m a rk e rs  h a v e  r e c e n t l y  b e e n  r e p o r t e d  by  Owen e t  a l .  ( 9 7  ) t o  l i e  dow nstream  

o f  CH gene  co m p lex . Owen ( 9 7  ) h a s  p ro p o se d  a  m odel t h a t  th e s e  d e te r m i­

n a n t s  r e p r e s e n t  t h e  c o n s t a n t  r e g io n  o f  T c e l l  r e c e p t o r s .  A p a n e l  o f  f o u r  

m o n o c lo n a l a n t i b o d i e s  h av e  e v o lv e d  fro m  t h i s  w o rk , a l l  o f  w h ich  d e f in e  

s u r f a c e  a l l o a n t i g e n s  on T ly m p h o cy te s  l in k e d  to  th e  Ig h - L  lo c u s .  T h ese  

m o n o c lo n a l a n t i b o d i e s  w e re  g e n e ra te d  i n  m ice  a g a in s t  a c t i v a t e d  T c e l l  

b l a s t s  from  a l l o t y p e  c o n g e n ic  m ic e . The a n t i g e n i c  d e te r m in a n ts  o f  T c e l l s  

d e s c r ib e d  by  t h e s e  m o n o c lo n a l a n t i b o d i e s  may be a l l o t y p i c  d e te r m in a n ts  i n  

t h e  c o n s ta n t  r e g io n  o f  th e  a n t ig e n  s p e c i f i c  r e c e p t o r .  I n  v iv o  t r e a tm e n t  o f 

m ice  w i th  MnAb Tsu  a t  day 4 s u p p r e s s e s  th e  p r im a ry  immune r e s p o n s e  t o  

sh ee p  r e d  b lo o d  c e l l s  (SRBC). I t  h a s  b e e n  i n f e r r e d  t h a t  th e  a c t i v a t i o n  

o f  r e g u la t o r y  c e l l s  i n  th e  SRBC r e s p o n s e  o c c u r s  th ro u g h  i n t e r a c t i o n  o f  th e  

m o n o c lo n a l a n t ib o d y  w i th  c o n s t a n t  r e g io n  d e te r m in a n ts  o f  th e  T c e l l  

r e c e p t o r .



T o k u h isa  and T a n g ig u c h i (9 8  ) h a v e  r e p o r t e d  an  a l l o a n t i s e r u m  s i m i l a r  

to  O w en's p ro d u c ed  by  Ig h  a l l o t y p e  c o n g e n ic  p a i r s  w h ich  b in d  th e  s o lu b le  

f a c t o r s  o f  a n t ig e n  s p e c i f i c  s u p p r e s s o r  T c e l l s .  The a l l o t y p i c  d e te r m i­

n a n t s  d e t e c t e d  b y  th e  a n t is e ru m  a p p e a r  to  b e  e x p re s s e d  on th e  c o n s ta n t  

r e g io n  o f  th e  a n t ig e n  b in d in g  m o le c u le  o f  an  a n t ig e n  s p e c i f i c  s u p p re s s o r  

T c e l l  f a c t o r  ( 9 9  ) • H ow ever, t h e r e  i s  no d i r e c t  e v id e n c e  t h a t  t h i s  

lo c u s  i s  in v o lv e d  i n  th e  a n t ig e n  s p e c i f i c  T c e l l  r e c e p t o r .

S e v e r a l  l i n e s  o f  in d e p e n d e n t s tu d y  h a v e  f a i l e d  to  show e v id e n c e  o f  

im m u n o g lo b u lin  v a r i a b l e  r e g io n  gene p r o d u c ts  on T c e l l s .  T h ese  in c lu d e  

a n a l y s i s  o f  T c e l l  DNA t h a t  d id  n o t  show re a r ra n g e m e n t o f  im m unoglobu­

l i n  h ea v y  c h a in  g e n e s  a s  h a s  b een  shown to  o c c u r  i n  B c e l l s .  I n  B c e l l s ,  

t h e  c o n s t r u c t i o n s  o f  a  f u n c t i o n a l  H c h a in  g e n e  in v o lv e s  s p l i c i n g  o f  a  

d i v e r s i t y  (D) segm en t to  a  j o i n i n g  ( J )  seg m en t and th e n  o f  a Vh segm ent 

to  DJ re c o m b in a n t (D -»-J) , V-HAJ). The T c e l l  l i n e s  and T lymphomas t h a t  

t h a t  h a v e  b e e n  s t u d i e d  showed o n ly  a  DJ n o n - f u n c t io n a l  re a r ra n g e m e n t QlOO ) • 

M o reo v e r, cDNA p ro b e s  f o r  V - re g io n  o f  b o th  l i g h t  (L) and h ea v y  c h a in  

c o u ld  n o t  d e t e c t  any mRNA i n  e i t h e r  T c e l l  l i n e s  o r  T c e l l  h y b rid o m as  (1 0 ^ . 

I n  sum m ary, e x p e r im e n ts  aim ed a t  i d e n t i f y i n g  im m u n o g lo b u lin  r e l a t e d  T - 

ly m p h o cy te  a n t ig e n  r e c e p to r s  h av e  n o t  p ro d u c e d  c o n v in c in g  r e s u l t s .  None 

h av e  shown c o n c lu s iv e  r e s u l t s  c o n c e rn in g  th e  b io c h e m ic a l  s t r u c t u r e ,  pheno­

t y p i c  m a rk e r s ,  o r  g en es e n c o d in g  f o r  th e  T c e l l  a n t ig e n  r e c e p t o r .

A sec o n d  a p p ro a c h  to  th e  p ro b le m  h a s  b e e n  to  r a i s e  m o n o c lo n a l Abs 

t h a t  s p e c i f i c a l l y  r e c o g n iz e  A g - s p e c i f i c  T c e l l  c lo n e s  o r  T c e l l  h y b r id s .

The a b i l i t y  o f  t h e s e  m o n o c lo n a l Abs to  i n h i b i t  o r  s t i m u l a t e  th e  A g -s p e c i-  

f i c  r e s p o n s e  o f  t h e s e  T c e l l  c lo n e s  h a s  s u g g e s te d  t h a t  t h e i r  b in d in g  i s  

s p e c i f i c  f o r  th e  T c e l l  r e c e p t o r .  A l l  th e  r e p o r te d  s t u d i e s  d e s c r ib e  s i t u a ­

t i o n s  w h ere  t h e  m o n o c lo n a l a n t i b o d i e s  w ere  c lo n o ty p ic  i n  t h e i r  s p e c i f i c i t y .
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L an c k i e t  a l .  d e s c r ib e d  an  a n t ib o d y  w h ich  bound an  a l l o r e a c t i v e  m u rin e  

c y to to x ic  c lo n e  (1 0 2 ) ,  and M euer e t  a l .  (103) d e s c r ib e d  m o n o c lo n a ls  t h a t  

bound  an  a l l o r e a c t i v e  human T c e l l  c lo n e .  H a sk in  e t  a l .  (10 4 ) c h a r a c t e r ­

i z e d  a  m o n o c lo n a l d i r e c t e d  a g a in s t  an  IL -2  s e c r e t i n g  Ova s p e c i f i c  h y b r i ­

doma, w h ich  i n  a d d i t i o n  t o  b lo c k in g  IL -2  r e l e a s e ,  th e  m o n o c lo n a l a n t ib o d y  

i n h i b i t e d  b in d in g ' o f  t h e  T c e l l  t o  a n t ig e n - p u ls e d  p r e s e n t in g  c e l l s .

R e c e n t ly ,  a n o th e r  m o n o c lo n a l a n t ib o d y ,  L3T4 w hich  i s  n o t  c lo n o ty p e  

i n  n a t u r e ,  b u t  i s  g e n e r a l l y  a s s o c i a t e d  w i th  a  s u b p o p u la t io n  o f  T c e l l s ,  

h a s  b e e n  shown t o  b lo c k  th e  f u n c t i o n  o f  c l a s s  I I  MHC r e s t r i c t e d  T c e l l  

h y b rid o m as  ( 105) • G r e e n s te in  e t  a l .  h a s  shown a  D ^ - s p e c i f i c  T c e l l  h y b r i ­

doma u s e s  a  r e c e p t o r  m o le c u le ,  bound by  L3T4, to  d i r e c t l y  i n t e r a c t  w i th  

n o n -p o ly m o rp h ic  l a  d e te r m in a n ts  (1 0 6 ) .  The p h y s i o l o g ic a l  r o l e  o f  n o n -  

p o ly m o rp h ic  L 3 T 4 -m ed ia ted  i n t e r a c t i o n s  b e tw e en  T c e l l s  and a n t i g e n - p r e ­

s e n t i n g  c e l l s  re m a in s  u n c l e a r .  I n t e r a c t i o n s  o f  t h e  L3T4 r e c e p t o r  w ith  

l a  may b e  u n r e l a t e d  t o  t h e  a n t ig e n  r e c e p t o r  o f  T ly m p h o c y te s , o r  a l t e r ­

n a t i v e l y ,  i t  may b e  p la y s  a  s e c o n d a ry  r o l e  i n  c e l l - c e l l  co m m u n ica tio n .

I n  a d d i t i o n  t o  d e f in i n g  th e  m o le c u la r  n a t u r e  o f  t h e  T c e l l  r e c e p t o r ,  

c lo n o ty p ic  a n t i b o d i e s  h av e  h e lp e d  d e f in e  th e  m echanism  o f  a c t i v a t i o n  o f  

T ly m p h o cy te . Two l a b o r a t o r i e s  h av e  d e s c r ib e d  m o n o c lo n a l a n t i b o d i e s  d i ­

r e c t e d  a g a in s t  c lo n o ty p ic  m o le c u le s  on  c lo n e d  h e l p e r  o r  c y to to x ic  T c e l l s  

w h ich  i n h i b i t  a n t i g e n - s p e c i f i c  f u n c t io n  i n  s o l u b l e  fo rm  b u t  in d u c e  IL -2  

s e c r e t i o n  o r  p r o l i f e r a t i o n  when p o ly m e riz e d  on a s o l i d  s u p p o r t  (1 0 7 ) .

T h is  im p l ie s  t h a t  c r o s s - l i n k i n g  o f  a n t ig e n  r e c e p t o r s ,  and n o t  r e c e p t o r  

o ccu p an cy , p r o v id e s  t h e  r e l e v a n t  s i g n a l  f o r  a c t i v a t i o n  o f  T ly m p h o c y te s .

The f i n d in g  t h a t  m o n o c lo n a l s o u r c e s  o f T c e l l s  c a n  b e  a c t i v a t e d  by 

a n t ig e n .a n d  self-M H C o r  by  a l l o g e n e ic  MHC a lo n e ,  s t r e n g th e n s  t h e  hypo­

t h e s i s  t h a t  a l l o r e a c t i v i t y  i s  -in d eed  a c r o s s - r e a c t i v e  by  p ro d u c t  o f  th e  

m o le c u la r  m echanism  o f  a n t ig e n  and  s e l f - r e c o g n i t i o n .  Kaye e t  a l .  ( 108)



h a s  d e s c r i b e d  a m o n o c lo n a l  a n t ib o d y  w h ich  can  i n h i b i t  a c t i v a t i o n  o f  a 

m o n o c lo n a l  T c e l l  b y  b o t h  a l l o g e n e i c  l a  and a n t i g e n  p l u s  s e l f - l a ,  b u t  

n o t  b y  t h e  n o n - s p e c i f i c  s t i m u l a t o r  Con A ( 1 0 8 ) .  The u s e  o f  t h i s  a n t i -  

c l o n o t y p i c  a n t ib o d y  s t r o n g l y  s u p p o r t s  t h e  h y p o t h e s i s  t h a t  a s i n g l e  m o le ­

c u l e  m e d ia t e s  b o t h  s e l f - l a  p l u s  a n t i g e n  and n o n - s e l f  l a  r e c o g n i t i o n .

The s t r u c t u r e  o f  t h e  m o le c u le  bound b y  t h e  a n t i - c l o n o t y p e  a n t i b o d i e s  

h av e  b ee n  c h a r a c t e r i z e d  by  i m m u n o p r e c i p i t a t i o n  and p o l y a c r y l a m id e  g e l  

e l e c t r o p h o r e s i s .  The r e c e p t o r  h a s  an  a p p a r e n t  m o l e c u l a r  w e ig h t  o f  85-95  

k i l o d a l t o n s .  When t h e  m o le c u le  i s  c h e m ic a l ly  r e d u c e d ,  i t  h a s  b e e n  shown 

t o  b e  composed o f  two c h a i n s ,  an a s u b u n i t  w i t h  a  m o l e c u l a r  w e ig h t  40-45  

k i l o d a l t o n s  and a  8 s u b u n i t ,  m o l e c u l a r  w e ig h t  4 2 -4 4  k i l o d a l t o n s  0.09 )•  

D i f f e r e n c e s  i n  t h e  d i s t a n c e  o f  m i g r a t i o n  i n  t h e  g e l  was c o n s i s t e n t l y  g r e a t ­

e r  f o r  t h e  8 c h a i n  t h a n  t h e  a  c h a in .  T h is  d i s t i n c t i o n  i s  p r o b a b ly  due  t o  

t h e  e x i s t e n c e  o f  o n ly  one i n t r a m o l e c u l a r  d i s u l f i d e  bond i n  t h e  a c h a i n ,  

and two i n  t h e  8 c h a in .

I s o e l e c t r i c  f o c u s s i n g  o f  t h e  m u r in e  T c e l l  r e c e p t o r  u n d e r  e q u i l i b r i u m  

and n o n - e q u i l b r i u m  c o n d i to n s  h a s  shown t h e  a  c h a in  t o  h a v e  an  a c i d i c  i s o ­

e l e c t r i c  p o i n t ,  and t h e  8 c h a in s  t o  b e  s l i g h t l y  b a s i c  (llO ) • P e p t i d e  

f i n g e r p r i n t  a n a l y s i s  h a s  shown t h e  two s u b u n i t s  a r e  composed o f  v a r i a b l e  

and c o n s t a n t  r e g i o n s ,  s i m i l a r  t o  im m u n o g lo b u l in  h ea v y  and l i g h t  c h a in s  ( l i t ) . 

T hese  s t u d i e s  c o u ld  n o t  p r o v i d e  a  p r im a r y  amino a c id  s t r u c t u r e  b e c a u s e  o f  

d i f f i c u l t y  i n  p r e p a r i n g  s u f f i c i e n t  am ounts o f  p u r i f i e d  r e c e p t o r  p r o t e i n s .

The o v e r a l l  m o l e c u l a r  w e ig h t  and c h a r g e  p r o p e r t i e s  of  t h e  m u r in e  

r e c e p t o r  a r e  s i m i l a r  to  t h o s e  d e s c r i b e d  f o r  t h e  p o l y p e p t i d e s  w h ich  make 

up t h e  r e c e p t o r  on human T c e l l  l i n e s  and tu m o rs  (1 1 2 ) .  The a c h a in  i n  

man, h o w e v e r ,  a p p e a r s  t o  h av e  a  s l i g h t l y  h i g h e r  m o l e c u l a r  w e ig h t  t h a n  

t h e  8 c h a i n .
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S t r u c t u r a l  a n a l y s i s  o f  t h e  m o le c u le s  i d e n t i f i e d  by t h e s e  a n t i - c l o n o -  

t y p e  a n t i b o d i e s  c o u ld  h a v e  l e d  to- t h e  c l o n i n g  o f  t h e  T c e l l  r e c e p t o r  g e n e s .  

DNA seg m en ts  w i t h  s e q u e n c e s  c o r r e s p o n d i n g  t o  T c e l l  r e c e p t o r  p r o t e i n  s e ­

q u en c es  c o u ld  h a v e  b e e n  s y n t h e s i z e d  and u s e d  a s  p ro b e s  f o r  i d e n t i f y i n g  th e  

g e n e s .  However, a n o t h e r  ap p ro ach  t o  i s o l a t i n g  t h e  T c e l l  r e c e p t o r  was made 

p o s s i b l e  w i t h  t h e  a d v e n t  o f  DNA t e c h n o l o g y .  The m ost s u c c e s s f u l  o f  t h e s e  

a p p ro a c h e s  t o  i s o l a t i n g  t h e  r e c e p t o r  was d e v i s e d  by D av is  e t  a l . ( 1 1 3 ) ,  where 

T c e l l  mENA was i s o l a t e d  and h y b r i d i z e d  w i t h  t h e  cDNA o f  B c e l l  mENA, to  

y i e l d  u n iq u e  mENA from  T c e l l s .  I t  i s  i m p o r t a n t  t o  n o t e  t h a t  t h i s  mENA 

w ould  h a v e  i n c l u d e d  i n  i t s  p o o l ,  a lo n g  w i t h  t h e  T c e l l  r e c e p t o r  m essag e ,  

mRNA e n c o d in g  o t h e r  u n iq u e  T c e l l  d i f f e r e n t i a t i o n  Ags.

A s e r i e s  o f  a s s u m p t io n s  w e re  made w h ich  l e d  t o  t h e  d ev e lo p m en t  of t h e i r  

s t r a t e g y .  The f i r s t  o f  t h e s e  a s s u m p t io n s  i s  t h a t  t h e  mENA o f  q u e s t i o n  w i l l  

b e  e x p r e s s e d  o n ly  i n  T c e l l s  and n o t  i n  B c e l l s .  T h is  c o u ld  h a v e  b e e n  f a l s e  

i f  T c e l l s  s h a r e  v a r i a b l e  r e g i o n s  o f  t h e i r  r e c e p t o r  m o le c u le  w i t h  t h o s e  o f  

B c e l l s ,  and p r o v id e d  s u f f i c i e n t  mENA hom ology to  a l lo w  h y b r i d i z a t i o n  to  

o c c u r .  A se c o n d  a s s u m p t io n  i s  t h a t  t h e  g en e s  e n c o d in g  th e  T c e l l  r e c e p t o r  

e x h i b i t  a h i g h  d e g r e e  o f  d i v e r s i t y ,  s u c h  as  B c e l l s  u s e  t o  i n c r e a s e  t h e i r  

Ag r e c o g n i t i o n  r e p e r t o i r e .  The p o s s i b i l i t y  e x i s t s  t h a t  some o t h e r  mecha­

n ism  i s  u s e d  t o  g e n e r a t e  t h e  d i v e r s i t y  s e e n  i n  T c e l l s .  They f u r t h e r  r e a ­

so n ed  t h a t  t h e  mENAs f o r  t h e  T c e l l  r e c e p t o r  p r o t e i n  s h o u ld  be  found  on 

m em brane-bound p o ly s o m e s ,  as one w ould  e x p e c t  a  n a s c e n t  r e c e p t o r  p o ly p e p ­

t i d e  to  a t t a c h  to  t h e  e n d o p la s m ic  r e t i c u l u m  b y  a l e a d e r  p e p t i d e .

Membrane-bound p o ly s o m a l  RNA o f  a n t i g e n - s p e c i f i c ,  M H C -re s t r ic te d  

T h e l p e r  hybrydom as was u s e d  t o  s y n t h e s i z e  3 2 p _ ia£>elled cDNA. T h is  cDNA 

was " s u b t r a c t e d "  w i t h  B c e l l  mRNA and t h e  r e s u l t i n g  p ro b e s  w ere  u s e d  to  

s c r e e n  a T h e l p e r  cDNA l i b r a r y .  P o s i t i v e  c lo n e s  w ere  t h e n  u s e d  to  i d e n t i ­

fy  s o m a t ic  g en e  r e a r r a n g e m e n t s  i n  T c e l l s .  L a b e l l e d  p r o b e s ,  p r e p a r e d  from



t h e  c l o n e s ,  w ere  h y b r i d i z e d  t o  S o u th e rn  b l o t s  o f  r e s t r i c t i o n  d i g e s t s  o f  

genomic DNA from  a  thymoma, a  T c e l l  h y b r id o m a ,  and p a r e n t a l  s t r a i n  l i v e r  

c e l l s .  One c l o n e ,  TM8 6 , was fo u n d  to  p ro d u c e  d i f f e r e n t  p a t t e r n s  o f  h y b r i ­

d i z a t i o n  t o  v a r i o u s  d i g e s t e d  T c e l l  DNA p r e p a r a t i o n s  as  compared to  t h o s e  

DNA p r e p a r a t i o n s  from  l i v e r  c e l l s .

T hese  d a t a  s u p p o r t  t h e  i n v e s t i g a t o r s '  h y p o t h e s i s  t h a t  genom ic r e a r r a n g e ­

m ents  o f  a  T c e l l  r e c e p t o r  gene s h o u ld  b e  d i f f e r e n t  f o r  T c e l l s  o f  d i f f e r ­

e n t  Ag s p e c i f i c i t y  o r  p h e n o ty p e .  I t  i s  a l s o  s i g n i f i c a n t  t h a t  h y b r i d i z a t i o n  

o f  TM8& w i t h  B c e l l  o r  l i v e r  c e l l  genom ic DNA e x h i b i t e d  no p a t t e r n  o f  soma­

t i c  r e a r r a n g e m e n t ,  as  i s  s e e n  w i t h  T c e l l s .  The i n v e s t i g a t o r s  s u g g e s t  t h a t  

c lo n e  TM86 r e p r e s e n t s  t h e  8 c h a in  o f  t h e  T c e l l  r e c e p t o r .

I n  an a d d i t i o n a l  a r t i c l e  by  t h e s e  a u t h o r s  ( 1 1 4 ) ,  t h e y  r e p o r t  a  c l o s e  

s i m i l a r i t y  o f  t h e  amino a c i d  s e q u e n c e s  p r e d i c t e d  by TM86 cDNA s e q u e n c e s  to  

im m u n o g lo b u l in  v a r i a b l e ,  c o n s t a n t ,  and j o i n i n g  r e g i o n s .  T h is  w o rk ,  w hich  

was p e r fo rm e d  u s i n g  a  co m p u te r  s e a r c h  o f  known im m u n o g lo b u l in  s e q u e n c e s ,  

showed t h i s  s i m i l a r i t y  i s  much c l o s e r  t h a n  t h a t  o f  t h e  p o s t u l a t e d  s u p e r ­

f a m i ly  o f  im m u n o g lo b u l in - l i k e  m o l e c u l e s ,  w h ich  i n c l u d e s  a  w ide  v a r i e t y  o f  

v e r y  d i s t a n t l y  r e l a t e d  c e l l - s u r f a c e  g l y c o p r o t e i n s .

Tonegawa and h i s  c o l l e a g u e s  h a v e  r e p o r t e d  w ha t  a p p e a r s  t o  b e  an  a -  

c h a in  gene from  a  m u r in e  a l l o r e a c t i v e  CTL c l o n e ,  2C ( 115) .  They u s e d  t h e  

s u b t r a c t i o n  c l o n i n g  m ethod  u t i l i z e d  by Mark D av is  t o  i s o l a t e  t h e  8 c h a in .  

D e te r m in a n t io n  o f  t h e  n u c l e o t i d e  s e q u e n c e s  o f  t h e  a and 8 c l o n e s  h a s  shown 

them  t o  b e  a p p r o x im a te ly  70% d i f f e r e n t ;  h o w e v e r ,  b o t h  t h e  a  and 8 cha in ,  

s e q u e n c e s  e x h i b i t  homology t o  im m u n o g lo b u l in s .  Both  c h a in s  h av e  c y s t e i n e  

r e s i d u e s  j u s t  o u t s i d e  a  t ran sm em b ran e  r e g i o n  t h a t  m ig h t  fo rm  a  d i s u l f i d e  

bond t h a t  h o l d s  them  t o g e t h e r .  Tonegawa s u g g e s t s  t h e  a c h a in  b in d s  th e  

MHC a n t i g e n s ,  and t h e  8 c h a in  b i n d s  f o r e i g n  a n t i g e n .  The p r o t e i n s  c o r r e s ­

p o n d in g  t o  t h e  cDNA c l o n e s  h a v e  a  m o l e c u l a r  w e ig h t  o f  a p p r o x im a te ly  3 2 ,000

89



f o r  t h e  p e p t i d e s  o n l y .  T h is  i s  c o n s i s t e n t  w i th  t h o s e  d e te r m in e d  f o r  th e  

membrane p r o t e i n s , w h ich  i n c l u d e  a  c a r b o h y d r a t e  p o r t i o n  i n  a d d i t i o n  to  

t h e i r  p e p t i d e  b a c k b o n e s .

I n  co m p ar in g  t h e  d i f f e r e n t  s t r a t e g i e s  t o  i s o l a t e  t h e  r e c e p t o r ,  i t  

a p p e a r s  t h a t  d e t e r m i n a n t i o n  o f  t h e  p r im a r y  s t r u c t u r e  o f  t h e  T c e l l  r e c e p ­

t o r  h a s  p ro c e e d e d  more r a p i d l y  by  i s o l a t i n g  and s e q u e n c in g  n u c l e i c  a c id s

p ro d u c e d  i n  A g - s p e c i f i c  T c e l l s .  E v e n t u a l l y ,  i t  s h o u ld  b e  p o s s i b l e  t o  

s t u d y  t h e  f u n c t i o n  o f  t h e  T c e l l  r e c e p t o r  p r o t e i n s  b y  t r a n s f e r r i n g  th e  

c lo n e d  g en e s  i n t o  c e l l s  and s e e i n g  how t h i s  a f f e c t s  t h e i r  s p e c i f i c i t y  

f o r  a n t i g e n  and o t h e r  T c e l l  a c t i v i t i e s .  H owever, t h e  a c t u a l  b i n d i n g  

a c t i v i t y ,  s u b u n i t  s t r u c t u r e  o f  t h e  r e c e p t o r  p r o t e i n ,  as  w e l l  a s  i t s  assem b­

l y  a t t a c h m e n t  t o  t h e  membrane, and t h e  r a t e  o f  t u r n o v e r  d u r i n g  d i f f e r e n t

s t a t e s  o f  a c t i v a t i o n  o f  t h e  T c e l l ,  ca n  o n ly  b e  d e te rm in e d  a t  t h e  p r o t e i n  

l e v e l .  F o r  t h i s  p u r p o s e ,  t h e  c o m b in a t io n  o f  s t r a t e g i e s  u t i l i z i n g  a n t i -  

c l o n o t y p i c  m o n o c lo n a l  Abs w i l l  b e  v e r y  i m p o r t a n t  i n  a n s w e r in g  many o f  t h e s e  

q u e s t i o n s .

B. G e n e r a t io n  o f  A n t i - c l o n o t y p e  A n t ib o d ie s

Two s e r i e s  o f  im m u n iz a t io n s  w e re  t r i e d  i n  o r d e r  t o  g e n e r a t e  B c e l l  

h y b r id o m as  s e c r e t i n g  a n t i b o d i e s  s p e c i f i c  f o r  one  o f  t h e  p a n e l  o f  m onoc lona l  

T c e l l s .  One group  o f  CB6 / F 1 m ice  w e re  immunized w i t h  t h e  s y n g e n e ic  KLH 

s p e c i f i c  T c e l l  l i n e  f ro m  w h ich  a l l  t h e  T c e l l  c l o n e s  w e re  d e r i v e d .  The 

h y b r id o m as  d e r i v e d  f ro m  t h i s  f u s i o n  w ere  d e s i g n a t e d  as  e i t h e r  S o r  L t o  i n d i ­

c a t e  w h e th e r  th e y  w e re  t h e  p r o d u c t  o f  a  f u s i o n  o f  s p l e e n  c e l l s  o r  lymph node 

c e l l s  from  t h e  immunized a n im a l .  The se c o n d  g roup  o f  CB6 / F 1 m ice  w e re  im­

m unized w i t h  a  sem isy n g en e ic .  T c e l l  h y b r id o m a  FN l-18 (AKRxCB6 / F i ) . The i n i ­

t i a l  s c r e e n i n g  f o r  a n t i b o d i e s  i n  t h e  c u l t u r e  s u p e r n a t a n t s  was d e te rm in e d  by 

i n d i r e c t  im m u n o f lu o re s c e n c e  s t a i n i n g  t e c h n i q u e s  and i n d i r e c t  rad io im m uno­

a s s a y .  T c e l l  c l o n e s  w e re  i n c u b a t e d  f o r  45 rain w i th  c u l t u r e  s u p e r n a t a n t ,
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TABLE XXVI

BINDING SPECIFICITY OF SYNGENEIC MONOCLONAL ANTI-ID ANTIBODIES

M onoclonal

a n t ib o d ie s

KI.II Spec I f i c  Hybridomas KLH S p e c i f i c  C lones M isc e lla n e o u s

FN l-18 FN13-21 SW2.3 A 1 2 .l l C l. 3 D18 F6 BW5147

3B6F!OVA-

S p e c i f ic  
T L ine

CB6/F!

Thymo­
c y t e s

SP2/0

n i l 22.6+92* 312+72 417+52 689+168 414+28 588+61 433+93 387+68 704+139 1,215+352 306+18

3D 11.12 
(Thy1 .2 ) 33,956+815 27,087+731 21,822+269 13,489+957 10,046+218 16,802+133 9,585+ 202 1,177+390 8,886+178 7,780+64 978+154

NET.. 017 
( L y t l . 2) 17,948+43 1.4,402+453 10,655+235 >1,312+391 17,948+20 19,578+391 16,747+520 888+186 10,738+203 3,263+105 788+302

NF.I.OOG
(L y t2 .3 ) 1,293+471 1,539+338 933+32 879+36 647+38 470+212 919+67 678+218 3,230+133 3,028+94 568+100

1 0 .2 -1 6 353+76 776+194 594+139 643-1191 . 843+77 827+129 732+90 639+25 460+31 1,278+57 508+92(Tak)

S 3 a .6 -18 10,303+868 1,011+344 9474-68 9 ,544+241 544+140 831+123 831+241 897+11 976+77 1,482+126 970+136
(K.L11 T L ine)

2050 .21 7,944+391 968+50 427+168 499+19 899+270 579+70 406+162 939+56 783+136 1,669+81 338+194(FN l-18)

L9.3 1,927+160 1,620+220 1,718+153 759+106
1

903+129 464+102 564+119 893+134 804+100 1,6741-43 543+85

*
ci'm mean of duplicate + f>D



w a sh e d ,  and s t a i n e d  w i t h  f l u o r e s c e i n a t e d  g o a t  a n t i - m o u s e  I g .  A f l u o r e s ­

c e n c e - a c t i v a t e d  c e l l  s o r t e r  was u s e d  t o  d e t e r m in e  th e  p e r c e n t  o f  p o s i t i v e  

s t a i n e d  c e l l s .  The h y b r id o m as  s e c r e t i n g  m o n o c lo n a l  a n t i b o d i e s  s p e c i f i c  f o r  

a  s i n g l e  T c e l l  c lo n e  o r  t o  a  few T c e l l  c l o n e s  o r  h y b r id o m a  w ere  s e l e c t e d  

and c lo n e d  by l i m i t i n g  d i l u t i o n  c u l t u r e s .  The s p e c i f i c i t y  o f  t h e  B c e l l  

m o n o c lo n a ls  o b t a i n e d  th r o u g h  c l o n i n g  w e re  s t u d i e d  i n  an RIA, i n  w h ich  t h e i r  

b i n d i n g  t o  T c e l l  c l o n e s  was m easu red  u s i n g  an 1 ^ 1  i ab e i ed r a t  a n t i - m u r i n e  

Kappa I g  m o n o c lo n a l  a n t i b o d y .  T hose c l o n e s  s e c r e t i n g  m o n o c lo n a l  a n t i b o d i e s  

s p e c i f i c  f o r  T c e l l s  w e re  ty p e d  f o r  im m u n o g lo b u l in  l i g h t  and h ea v y  c h a in  

i s o t y p e s  and expanded  i n  a s c i t e s .

C. B in d in g  S p e c i f i c i t y  o f  A n t i - c l o n o t y p e  A n t ib o d ie s

B o th  i mmu n i z a t i o n  p r o t o c o l s  y i e l d e d  B c e l l  f u s i o n  p r o d u c t s  s e c r e t i n g  

a n t i b o d i e s  s p e c i f i c  f o r  T c e l l s .  The b i n d i n g  s p e c i f i c i t y  o f  t h e  v a r i o u s  

m o n o c lo n a l  a n t i b o d i e s  was t e s t e d  a g a i n s t  T c e l l  c l o n e s  o r  h y b r id o m a  from  

o u r  p a n e l  w h ich  r e c o g n i z e  KLH i n  a s s o c i a t i o n  w i t h  v a r i o u s  MHC en co d ed  c l a s s  

I I  d e t e r m i n a n t s .  The b i n d i n g  o f  t h e s e  a n t i b o d i e s  was s t u d i e d  i n  an RIA 

u s i n g  a 12 ^ 1 - l a b e l e d r a t  a n t i - m u r i n e  Kappa m o n o c lo n a l  a n t ib o d y  f o r  t h e  

s e c o n d  s t a g e  r e a g e n t .  The d a t a  i l l u s t r a t e d  i n  T a b le  XXVI show t h e  b i n d i n g  

o f  two a n t i b o d i e s  S 3 a . 6 -1 8  and L9-3  d e r i v e d  from  t h e  s y n g e n e ic  im m u n iz a t io n ,  

and o n e  a n t i b o d y  SW2050.21 d e r i v e d  f ro m  t h e  s e m is y n g e n e ic  im m u n iz a t io n .  The 

m o n o c lo n a l  a n t i b o d y  s 3 a . 6 - 1 8  b i n d s  o n ly  t o  t h e  T c e l l  c lo n e  A 1 2 . l l  and T 

h y b r id o m a  F N l-1 8 .  A n t ib o d y  L9-3  d i s p l a y s  a  low l e v e l  t o  a l l  t h e  T c e l l  

h y b r id o m a  t e s t e d ,  and no b i n d i n g  t o  t h e  T c e l l  c l o n e s .  A n t ib o d y  SW2050.21 

i s  s p e c i f i c  f o r  o n ly  h y b r id o m a  F N l-1 8 .  The l a c k  o f  b i n d i n g  by any o f  t h e s e  

a n t i b o d i e s  t o  t h e  BW5147 (AKR) lymphoma l i n e ,  t h e  CB6 / F 1 d e r i v e d  Ova s p e c i f ­

i c  T c e l l  l i n e ,  o r  CB6 / F 1 , t h y m o c y te s ,  s u g g e s t  t h a t  t h e s e  a n t i b o d i e s  i n t e r ­

a c t  w i t h  a r e c e p t o r  p r o t e i n .  T hese  f i n d i n g s  e x c lu d e  th e  p o s s i b i l i t y  t h a t
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TABLE XXVII

INHIBITION OF BINDING OF 1 2 5 I-LABELED MONOCLONAL ANTI-CLONOTYPE ANTIBODIES 

TO F l - 1 8  HYBRIDOMA BY COLD ANTIBODIES

I n c u b a t i o n  w i th  

u n l a b e l e d  a n t i b o d i e s
125j - a n t i b o d y

cpm

n i l

S 3 a -6 -1 8

SW2050-21

S 3 a -6 -1 8

S 3 a-6 -1 8

S 3 a -6 -1 8

3 ,590+168

897+226

4 ,030+378

n i l  

S 3 a -6 -1 8  

SW2050.21

SW2050-21

SW2050-21

SW2050-21

4 ,960+320

4,110+440

1,310+292

cpm = mean + SD o f  t r i p l i c a t e .

10-5 FN l-18  c e l l s  w e re  i n c u b a t e d  f o r  2 h r s  a t  2 6 °  w i t h  c o ld  MAB 
a t  1 0 0 i i ig /m l ,  ‘w a sh e d ,  and t h e n  i n c u b a t e d  a d d i t i o n a l  2 h r s  w i t h  
1 2 5 i ~ la b e l e d  a n t i b o d y .
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t h e s e  a n t i b o d i e s  r e a c t  w i t h  o t h e r  T c e l l  a n t i g e n s  su ch  as T300, LAF-1, L3T4, 

L3T4, T4 o r  gp54 p r o t e i n  ( d a t a  n o t  show n). T h e r e f o r e ,  t h e s e  d a t a  s u g g e s t e d  

t h a t  t h e  s y n g e n e ic  s 3 a . 6 - 1 8  m o n o c lo n a l  a n t ib o d y  o b ta in e d  from a  CB6F.1 mouse 

immunized w i t h  a  KLH s p e c i f i c  l i n e ,  r e c o g n i z e s  a n t i g e n i c  d e t e r m i n a n t s  s h a r e d  

by o n ly  A 1 2 . l l  and FN l-18  T c e l l  c l o n e s .  T h i s  d a t a  a l s o  i n d i c a t e s  t h a t  a n t i ­

b o d i e s  s 3 a . 6 - 1 8  and SW2050.21 r e c o g n i z e  two d i f f e r e n t  e p i t o p e s ,  and t h a t  t h e  

KLH s p e c i f i c  T c e l l  c l o n e  A 1 2 . l l  e x p r e s s e s  b o t h  o f  t h e  e p i t o p e s .

T h is  i n t e r p r e t a t i o n  o f  b i n d i n g  r e s u l t s  was s u p p o r t e d  by  c r o s s - i n h i b i ­

t i o n  e x p e r im e n t s .  The d a t a  p r e s e n t e d  i n  T a b le  XXVII show t h a t  t h e  p r e i n c u b a ­

t i o n  o f  c e l l s  w i t h  c o ld  2 0 5 0 .2 1  i n h i b i t e d  o n ly  t h e  b i n d i n g  o f  l a b e l e d  2 0 5 0 .2 1 .

D. E f f e c t  o f  A n t i - c l o n o t y p i c  A n t i b o d i e s  on t h e  KLH In d u c ed  P r o l i f e r a t i v e

R esponse  o f  T C e l l  C lo n es

The a b i l i t y  o f  a n t i - r e c e p t o r  a n t i b o d i e s  t o  b l o c k  t h e  b i n d i n g  o f  l i g a n d  

h a v e  b e e n  d e s c r i b e d  i n  a  number o f  h o rm o n a l  s y s te m s  ( 1 1 $ .  To d e m o n s t r a t e  

t h a t  t h e  m o n o c lo n a l  a n t i b o d i e s  i n  o u r  sy s tem  i n t e r a c t  w i t h  t h e  T c e l l  r e ­

c e p t o r ,  we t e s t  t h e  a b i l i t y  o f  t h e s e  a n t i b o d i e s  t o  i n h i b i t  t h e  a c t i v a t i o n  

o f  t h r e e  T c e l l  c l o n e s  i n  t h e  p r e s e n c e  o f  KLH. The e x p e r im e n t  shown i n  

F ig  5 i l l u s t r a t e s  t h a t  a n t i b o d y  s 3 a .6 - 1 8  can  i n h i b i t  t h e  a n t i g e n  in d u c e d  

p r o l i f e r a t i o n  o f  T c e l l  c lo n e  A 1 2 . l l .  I n  a d d i t i o n ,  t h e  s p e c i f i c i t y  o f  

t h i s  i n h i b i t i o n  was shown b y  t h e  l a c k  o f  i n h i b i t i o n  w i t h  c lo n e  D18 and 

C 1 .3 .  T h is  d a t a  c o r r e l a t e d  w i t h  t h e  b i n d i n g  d a t a  i l l u s t r a t e d  i n  T a b le  XXVI. 

The i n h i b i t o r y  e f f e c t  was d e p e n d e n t  on t h e  c o n c e n t r a t i o n  o f  a n t ib o d y  added 

t o  t h e  c u l t u r e .  C o n c e n t r a t i o n  as low a s  1 .0  y g /m l showed p a r t i a l  i n h i b i t i o n  

o f  p r o l i f e r a t i o n  t o  a n t i g e n .

S in c e  t h e  T c e l l  c l o n e  A 1 2 . l l  e x h i b i t e d  an a l l o s p e c i f i c i t y  f o r  H -2 ^ ,  

i n  a d d i t i o n  t o  i t s  KLH s p e c i f i c i t y ,  a n t i b o d y  S 3 a .6 - ! 8  was t e s t e d  f o r  i t s  

a b i l i t y  t o  i n h i b i t  t h e  p r o l i f e r a t i o n  o f  A 1 2 . l l  i n  t h e  p r e s e n c e  o f  C3H/He 

(H-2^) s t i m u l a t o r  c e l l s .  50 ug'/ml o f  a n t ib o d y  i n h i b i t e d  g r e a t e r  t h a n  80%
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Figure 5

The e f f e c t  o f  an a n t i - c l o n o t y p e  on t h e  KLH in d u c e d  p r o l i f e r a ­

t i v e  r e s p o n s e  o f  t h r e e  T c e l l  c l o n e s .  2x10^ m o n o c lo n a l  T c e l l s  

w e re  c u l t u r e d  w i t h  10^ s y n g e n e ic  s p l e e n  c e l l s  i n  t h e  p r e s e n c e  

o f  KLH (40 y g /m l)  and v a r i o u s  c o n c e n t r a t i o n s  o f  m o n o c lo n a l  

a n t i b o d i e s .  (A-A) S 3 a .2 - 1 8 ,  i s o t y p e  y 2 a ,  (o — o) L 9 -3 ,  i s o t y p e  

■y2a, and ( " 0 - 0 )  MOPC104E, i s o t y p e  y .  P a n e l  a = c lo n e  D18; 

b = c lo n e  C l . 3 ;  c = c lo n e  A 1 2 . l l .
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TABLE XXVIII

EFFECT OF ANTI-Id ANTIBODIES ON THE PROLIFERATIVE

RESPONSE OF A 1 2 . l l  T CELL CLONE

A n tib o d y  

added  t o  t h e  

c u l t u r e

S p e c i f i c i t y A 1 2 . l l CB6 /F]+KLH

n i l  

n i l  

S 3 a .6 -18  

L 9-3  

UPC-10 

76-42

KLH T c lo n e  

KLH T c lo n e  

S2 -1  f r u c t o s a n  

a n t i ( a n t i - A 4 8 l d )

130+34**

+ 1 9 ,5 8 8 + 2 ,6 9 9  2 4 :

+ 3 ,3 4 3 + 1 ,3 6 7  3,

+  20 ,207+351  22,

+  1 7 ,2 6 1 + 1 ,5 1 7  22,

+ 1 9 ,2 7 5 + 2 ,1 1 0  ■ 18,

C u l t u r e s  c o n t a i n e d  I s c o v e ' s  se ru m  f r e e  medium s u p p le m e n te d  
w i t h  1% p u r i f i e d  m o n o c lo n a l  a n t i b o d i e s .

T r i t i a t e d  th y m id in e  i n c o r p o r a t i o n  o f  t r i p l i c a t e  c u l t u r e s  
p r e s e n t e d  i n  cpm +  S .D .
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C3H/HeJ

90+8

636+386

450+824

611+487

399+780

912+319



o f  t h e  a l l o s p e c i f i c  T c e l l  p r o l i f e r a t i o n  (T a b le  X X V III) .  T h is  d a t a  s u p p o r t s  

t h e  h y p o t h e s i s  t h a t  a n t i b o d y  s 3 a . 6 - 1 8  i s  s p e c i f i c  f o r  t h e  a n t i g e n  r e c e p t o r  

on c l o n e  A 1 2 . l l .  A l s o ,  t h e  f a c t  t h a t  a n t i b o d y  s 3 a . 6 -1 8  ca n  b l o c k  t h e  a c t i ­

v a t i o n  b o t h  by  a n t i g e n  and s e l f - l a ,  and by  a l l o g e n e i c  l a ,  s t r o n g l y  s u g g e s t s  

t h a t  b o t h  t h e s e  d e t e r m i n a n t s  ca n  b e  r e c o g n i z e d  b y  a  s i n g l e  r e c e p t o r  m o le c u le  

on c l o n e  A 1 2 . l l .

E. E f f e c t  o f  A n t i - c l o n o t y p e  A n t i b o d i e s  on t h e  Anti-TNP R esponse

In  t h i s  s e r i e s  o f  e x p e r i m e n t s ,  d i f f e r e n t  c o n c e n t r a t i o n s  o f  a n t i b o d y  

s 3 a . 6 - 1 8  w e re  added  t o  2x10^ T c e l l  c l o n e s  c u l t u r e d  w i t h  2x10)6 TNP-Ova 

p r im ed  B c e l l s  i n  t h e  p r e s e n c e  o f  TNP-KLH a n t i g e n .  C o n c e n t r a t i o n  o f  

s 2 a . 6 - 1 8  a s  low  a s  0 .0 1  y g /m l c o u ld  i n h i b i t  90% o f  t h e  p l a q u e s  a s  com pared 

w i t h  t h e  c o n t r o l s  (F ig  6 ) .

T h is  i n h i b i t i o n  o f  T c e l l - B  c e l l  c o o p e r a t i o n ,  was s p e c i f i c  f o r  T c e l l  

c lo n e  A 1 2 . l l ,  and d i d  n o t  i n h i b i t  c l o n e s  D18 o r  C l . 3 .  The a d d i t i o n  o f  

a n t i b o d i e s  t o  t h e  c u l t u r e s  w i t h  t h e  same (y 2a )  o r  d i f f e r e n t  (y )  i s o t y p e s  

d i d  n o t  e f f e c t  t h e  g e n e r a t i o n  o f  an t i -T N P  p l a q u e s .  T h is  d a t a  s u p p o r t  a t  

t h e  l e v e l  o f  T c e l l  f u n c t i o n ,  t h a t  t h e  s p e c i f i c i t y  o f  a n t ib o d y  s 3 a . 6 - 1 8  

i s  f o r  t h e  a n t i g e n  T c e l l  r e c e p t o r  o f  c l o n e  AR2.11.

F. E f f e c t  o f  A n t i i d i o t y p e  A n t i b o d i e s  on IL - 2  P r o d u c t i o n  o f  Hybridom a

F N l-18

I n  f u r t h e r  e x p e r i m e n t s ,  we h a v e  i n v e s t i g a t e d  t h e  e f f e c t  o f  t h e s e  two 

m o n o c lo n a l  a n t i b o d i e s  on t h e  a b i l i t y  t o  F N l-18  c e l l s  t o  p ro d u c e  IL -2  s u b ­

s e q u e n t  t o  i n  v i t r o  s t i m u l a t i o n  w i t h  KLH i n  t h e  p r e s e n c e  o f  CB6 / F 1 c e l l s .

The d a t a  d e p i c t e d  i n  T a b le  XXIX shows t h a t  among a n t i - I d ,  and a n t i - I - E ^  

o r  a n t i - I - A  m o n o c lo n a l  a n t i b o d i e s ,  o n ly  s 3 a , 6 - 1 8  and 1 7 - 3 - 3 s  cau sed  t h e  

i n h i b i t i o n  o f  IL -2  p r o d u c t i o n .  2 0 5 0 .2 1  w h ich  b i n d  t o  FN l-18  l a c k e d  to  

i n h i b i t  IL -2  p r o d u c t i o n ,  w h i l e  s 3 a . 6 - 1 8  i s  an TgG2a, 205 0 .2 1  i s  an  IgM. 

B ecau se  o f  l a c k  o f  t h e  i n h i b i t i o n  o f  2 0 5 0 .2 1  compared t o  s 3 a . 6 - 1 3 ,  we
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E f f e c t  o f  a n t i - c l o n o t y p e  a n t i b o d i e s  on t h e  an t i -T N P  

r e s p o n s e .  2x10® m o n o c lo n a l  T c e l l s  w e re  c u l t u r e d  w i t h  

2x10® TNP-OVA p r im ed  B c e l l s  i n  t h e  p r e s e n c e  o f  TNP-KLH 

and v a r i o u s  c o n c e n t r a t i o n s  o f  m o n o c lo n a l  a n t i b o d i e s .  

(A-A) S 3 a . 2 - 1 8 ,  i s o t y p e  y 2 a ,  (o — o) L 9 -3 ,  i s o t y p e  y 2 a ,  

and ( 0 —0  ) M0PC104E, i s o t y p e  p .  P a n e l  a = c lo n e  D18; 

b = c lo n e  C l . 3 ;  c = c lo n e  A 1 2 . l l .
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TABLE XXIX

EFFECT OF MONOCLONAL ANTIBODIES ON IL -2  PRODUCTION BY FNl-1 8  

CELLS SUBSEQUENT TO KLH STIMULATION

M onoclonal  C o n c e n t r a t i o n  (y g /m l)

a n t i b o d i e s _______________ 10__________ 1_________0_J._________ 0 .0 1 __________0 . 0 0 1

a n t i - I - E k  37* 30 24 20 30

a n t i - I - A d 163 172 224 154 152

a n t i - I r A b 204 192 193 170 184

MOPC104E 194 156 198 189 169

S 3 a -6 -1 8  54 66  48 84 126

S 3 a -2 -1 8  169 166 142 207 174

SW2011.3 231 173 168 203 183

SW2050.21 149 218 220 191 140

SW2056.13 228 236 210 201 237

* „IL -2  u n i t s
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a d d r e s s e d  t h e  q u e s t i o n  o f  w h e th e r  o r  n o t  t h e  APC c e i l s  can  p l a y  a r o l e  i n  

t h e  p r e s e n t a t i o n  o r  f o c u s s i n g  o f  a n t i - I d  t o  T c e l l s .  We t r e a t e d  t h e  p r e -  • 

s e n t i n g  c e l l s  f o r  two h o u r s  w i t h  an a n t i b o d y  s p e c i f i c  f o r  t h e  Fc r e c e p t o r ,  

and u sed  t h e s e  t r e a t e d  c e l l s  i n  a  sec o n d  g roup  o f  IL -2  i n h i b i t i o n  e x p e r i ­

m ents  w i t h  SW2050.21 and  s 3 a . 6 - 1 8 .  The t r e a t m e n t  w i t h  a n t i - F c  a n t i b o d i e s  

d id  n o t  a l t e r  t h e  i n h i b i t i o n  r e s u l t s .  T h is  e x p e r im e n t  was a t t e m p te d  i n  

o r d e r  t o  t e s t  w h e th e r  a n t ib o d y  bound t o  c e l l  s u r f a c e s  t h r o u g h  i t s  Fc p o r t i o n  

c o u ld  a l t e r  i t s  i n h i b i t i o n  a c t i v i t y .

G. D i s c u s s i o n

T h is  s e r i e s  o f  e x p e r im e n t s  c h a r a c t e r i z e  two m o n o c lo n a l  a n t i b o d i e s  d i ­

r e c t e d  a g a i n s t  m o n o c lo n a l  T c e l l  p o p u l a t i o n s .  A n t ib o d y  SW2050.21 e x h i b i t s  

a  c l o n o t y p i c  b i n d i n g  t o  T c e l l  h y b r id o m a  F N l-1 8 ;  h o w e v e r ,  t h i s  a n t ib o d y  

d o es  n o t  i n h i b i t  t h e  s e c r e t i o n  o f  IL -2  by  FN l-18  i n  t h e  p r e s e n c e  o f  KLH. 

and a n t i g e n  p r e s e n t i n g  c e l l s .  A n t ib o d y  s 3 a . 6 - 1 8  i n h i b i t s  b o th  t h e  KLH 

s p e c i f i c  and a l l o s p e c i f i c  p r o l i f e r a t i o n  o f  T c l o n e  A 1 2 . l l .  T h is  a n t ib o d y  

a l s o  i n h i b i t s  t h e  a b i l i t y  o f  A 1 2 . l l  t o  c o o p e r a t e  w i t h  TNP-primed B c e l l s  

t o  g e n e r a t e  a n t i -T N P  p l a q u e s .  Taken t o g e t h e r ,  t h e s e  r e s u l t s  s u g g e s t  t h a t  

a n t i b o d y  s 3 a . 6 -1 8  r e c o g n i z e s  t h e  a n t i g e n  r e c e p t o r  on c lo n e  A 1 2 . l l .

A n t ib o d y  s 3 a . 6 - 1 8  h a s  p l a y e d  an  i m p o r t a n t  r o l e  i n  h e l p i n g  t o  d e f i n e  

t h e  m o l e c u l a r  n a t u r e  o f  t h e  T c e l l  r e c e p t o r  on c l o n e s  e x h i b i t i n g  a d o u b le  

s p e c i f i c i t y .  Two m a jo r  h y p o t h e s i s  can  b e  e n t e r t a i n e d  to  e x p l a i n  t h e  a b i l i ­

t y  o f  a  s i n g l e  T c e l l  t o  r e c o g n i z e  f o r e i g n  a n t i g e n s  i n  a s s o c i a t i o n  w i t h  

s y n g e n e ic  MHC encoded  d e t e r m in a n t s  and t o  p r o l i f e r a t e  i n  r e s p o n s e  to  a l l o ­

g e n e ic  l a  a n t i g e n s :  a )  a  c e r t a i n  d e g r e e  o f  m im icry  b e tw een  t h e  a l l o a n t i g e n s

and t h e  n e o a n t i g e n s  c r e a t e d  by t h e  a s s o c i a t i o n  o f  f o r e i g n  a n t i g e n  w i t h  t h e  

s y n g e n e ic  MHC d e t e r m i n a n t s  and b) t h a t  T c e l l s  c a r r y  two r e c e p t o r s  w i t h  

d i f f e r e n t  r e c o g n i t i o n  s p e c i f i c i t i e s .
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The f i r s t  h y p o t h e s i s  i s  s u p p o r t e d  by a  r e c e n t  f i n d i n g  d e m o n s t r a t i n g  

th e  i n h i b i t i o n  o f  an a l l o r e a c t i v e  (H -2^) T c e l l  hyb r id o m a by a  s y n t h e t i c  

p o l y p e p t i d e  a n t i g e n  ( 4 l )  • Out r e s u l t s  a r e  a l s o  c o n g r u e n t  t o  t h e  f i r s t  

h y p o t h e s i s :  t h e  i n c u b a t i o n  o f  A 1 2 . l l  s u b c lo n e  w i t h  a n t i - I - A ^  i n h i b i t e d

th e  KLH p r o l i f e r a t i v e  r e s p o n s e  i n  t h e  p r e s e n c e  o f  BALB/c APC and t h e  a n t i -  

I-A K a n t i b o d y  i n h i b i t e d  t h e  p r o l i f e r a t i v e  r e s p o n s e  in d u c e d  by  C3H/HeJ 

s t i m u l a t i n g  c e l l s .  The a n t i - c l o n o t y p e  a n t i b o d y  s 3 a . 6 - 1 8  i n h i b i t e d  b o t h  

r e s p o n s e s .  T hus ,  when a n t i - I - A  a n t i b o d i e s  w e re  added t o  t h e  c u l t u r e s ,  

th e y  m asked I-A ^  d e t e r m ina n t s  c r u c i a l  f o r  KLH in d u c e d  p r o l i f e r a t i v e  r e ­

s p o n s e  o r  I -A ^  d e t e r m i n a n t s  r e q u i r e d  f o r  a l l o p r o l i f e r a t i v e  r e s p o n s e .  In  

c o n t r a s t ,  t h e  a n t i - c l o n o t y p i c  a n t i b o d y  s 3 a . 6 - 1 8  s u b s e q u e n t  t o  t h e  b in d i n g  

to  T c e l l  r e c e p t o r  p r e v e n t e d  t h e  r e c o g n i t i o n  and t r i g g e r i n g  o f  t h e  p r o l i f e r ­

a t i o n  b y  KLH p l u s  I -A ^  o r  I-A ^  a l l o g e n e i c  c e l l s .  T h e r e f o r e ,  o u r  d a t a  

s t r o n g l y  f a v o r  a s i n g l e  r e c e p t o r  h y p o t h e s i s  and a  m im icry  b e tw e en  a n t i g e n  

p l u s  s e l f  and a l l o a n t i g e n s .  However, t h e  i n a b i l i t y  o f  a n t i - I - A ^ -  a n t ib o d y  

to  i n h i b i t  KLH in d u c e d  p r o l i f e r a t i o n  and o f  a n t i - I - A ^  a n t ib o d y  t o  i n h i b i t  

a l l o g e n e i c  p r o l i f e r a t i o n  s u g g e s t  o n ly  a  c e r t a i n  d e g r e e  o f  m im icry  s i n c e  

t h e  a l l o a n t i g e n s  a r e  o n ly  " i n f i d e l e "  c o p i e s  o r  " i n t e r n a l  im age"  o f  n eo ­

a n t i g e n s  c r e a t e d  by  a s s o c i a t i o n  o f  f o r e i g n  a n t i g e n s  w i t h  s e l f  MHC encoded  

d e t e r m i n a n t s .  I t  s h o u ld  b e  m e n t io n e d  t h a t  o u r  e x p e r im e n ts  do n o t  f o r m a l ­

ly  r u l e  o u t  t h e  two r e c e p t o r s  h y p o t h e s i s  s i n c e  i t  i s  p o s s i b l e  t o  im ag in e  

t h a t  V g en e s  e n c o d in g  f o r  r e c o g n i t i o n  o f  KLH p l u s  I-A^ and I-A ^ s h a r e  

common c l o n o t y p i c  d e t e r m in a n t  o r  t h a t  o u r  a n t i - c l o n o t y p i c  a n t i b o d y  was 

s p e c i f i c  f o r  t h e  p r o d u c t  o f  DNA segm en t e n c o d in g  f o r  c o n s t a n t  r e g i o n  o f  

T c e l l  r e c e p t o r  (ll3>.

The s t u d y  u s i n g  t h e  two m o n o c lo n a l  a n t i b o d i e s  w h ich  b in d  h y b r id o m a  

FN l-18  s u g g e s t s  t h a t  t h e  T c e l l  r e c e p t o r  o f  t h e s e  c e l l s  b e a r s  s e v e r a l
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a n t i g e n i c  d e t e r m i n a n t s :  One d e t e r m in a n t  i s  u n iq u e  f o r  t h e  FN l-18  h y b r id o m a

and a n o t h e r  d e t e r m in a n t  r e c o g n i z e d  b y  a n t i b o d y  s 3 a .6 - 1 8  i s  s h a r e d  w i t h  th e  

KLH s p e c i f i c  T c e l l  c lo n e  A 1 2 . l l .  The m o l e c u l a r  d a t a  on t h e  o r g a n i z a t i o n  

o f  g en es  e n c o d in g  f o r  t h e  a  and 8 c h a in  o f  t h e  T c e l l  r e c e p t o r  h a s  r e v e a l e d  

a  s t r i k i n g  s i m i l a r i t y  t o  g e n e s  e n c o d in g  f o r  im m u n o g lo b u l in s .  From t h i s  d a t a ,  

i t  can  b e  p r e d i c t e d  t h a t  t h e  i d i o t y p e s  o f  t h e  T c e l l  r e c e p t o r  w i l l  b e  v e r y  

s i m i l a r  to  t h e  i d i o t y p i c  s y s te m  o f  im m u n o g lo b u l in  m o le c u l e s .

U t i l i z a t i o n  o f  m o n o c lo n a l  T c e l l  p o p u l a t i o n s  as  immunogenes t o  p ro d u c e  

s y n g e n e ic  m o n o c lo n a l  a n t i i d i o t y p e  a n t i b o d i e s  w i l l  a l lo w  th e  a n a l y s i s  o f  

dom ains on t h e  T c e l l  r e c e p t o r  m o le c u le  in v o lv e d  i n  f o r e i g n  a n t i g e n  b i n d i n g  

and MHC b i n d i n g .  T hese  r e a g e n t  c a n  a l s o  p r o v i d e  i n s i g h t  i n t o  t h e  r a t e  o f  

t u r n o v e r  o f  t h e  r e c e p t o r  d u r i n g  d i f f e r e n t  s t a t e s  o f  T c e l l  a c t i v a t i o n .  In  

a d d i t i o n ,  t h e s e  r e a g e n t s  w i l l  b e  u s e f u l  i n  s t u d y i n g  t h e  e x p r e s s i o n  o f  c lo n e d  

g en e s  w h ich  a r e  t r a n s f e r r e d  i n t o  o t h e r  lym phoid  c e l l  t y p e s .



X. APPENDIX: ABBREVIATIONS

MHC = m a jo r  h i s t o c o m p a t i b i l i t y  com plex

T c e l l  = Thymus d e r i v e d  ly m p h o cy te

Kill = K ey h o le  l i m p e t  hem ocyanin

Ova = Ovalbumin

TNP = T r i n i t r o p h e n y l

EUdR = 5 -b rom o-deoxy  u r i d i n e

HGPRT = H y p o x a n th in e  q u a n in e  p h o s p h o r i b o s y l t r a n s f e r a s e

FACS = F lu o r e s c e n c e  a c t i v a t e d  c e l l  s o r t e r

MLR = mixed ly m phocy te  r e s p o n s e

PFC = P la q u e  fo rm in g  c e l l

APC = A n t ig e n  p r e s e n t i n g  c e l l s

SRBC = Sheep Red Blood C e l l s

RI = re c o m b in a n t  i n b r e d

PEG = p o l y e t h y l e n e  g l y c o l

HAT = medium c o n t a i n i n g  h y p o x a n th in e ,  a m i n o p te r in  and th y m id in e

H-2 = m a jo r  h i s t o c o m p a t i b i l i t y  com plex o f  t h e  mouse

RIA = ra d io im m u n o assay

PBS = p h o s p h a t e  b u f f e r e d  s a l i n e

SP 2 /0  = a myeloma c e l l  l i n e  o f  BALB/c o r i g i n
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