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A b s t r a c t

ROL E O F DIF FER ENTIAL CLASS II ANTIGEN EX PR ESSION IN A L LO S T IM U L A T IO N  BY

HUMAN MONOC YTE  HYBRIDOMAS 

b y

A b r a h a m  S h a k e d

Advisor :  Lloyd F. M a y er  M.D.

A s e r i e s  o f  h u m a n  m o n o c y t e  h y b r i d o m a s  w e r e  g e n e r a t e d  by the  

fus ion  o f  y - IF N  a c t i v a t e d  p e r i p h e r a l  b l o o d  m o n o c y t e s  w i t h  an H G P R T  

def i c i en t  p r o m o n o c y t i c  cell  l ine,  U93 7 .  F us io n  e f f i c i e n c y  r e l a t ed  to the use  

o f  y - IFN as the  m o n o c y t e  ac t iv a t o r  and r ang ed  be t w e e n  1-3%.  T h es e  fusion

p r o d u c t s  w er e  d e t e r m i n e d  to be t r ue  h y b r i d o m a s  by th e i r  a c q u i s i t i o n  o f  

d o n o r  H L A  c l a s s  I g e n e  p r o d u c t s .  In a d d i t i o n ,  th e s e  c e l l s  d i s p l a y e d  

m o r p h o l o g i c  c h a r a c t e r i s t i c s  d i s t i n c t  f r o m  t h e  U 9 3 7  p a r e n t  l i n e ,  

h y p c r p l o i d y ,  as  w e l l  a s  f u n c t i o n a l  c h a r a c t e r i s t i c s  o f  n o r m a l  m a t u r e  

m o n o c y t e s  ( IL-1 a nd  C S F  sec re t io n ,  Fc m e d ia t e d  ros c t t ing  and  p h a g o c y t o s i s  

o f  i m m u n e  c o m p l e x e s ) .  O n e  u n u s u a l  a s p e c t  o f  th e s e  h y b r i d s  w a s  the

d i f fe ren t i a l  e x p r e s s io n  o f  c l a s s  II ant igens ,  H L A - D R ,  DP a n d  DQ.  Only  one  

hybr id  c lone,  16.1,  e x p r e ss ed  H L A - D R  w h e r e a s  o the r s ,  13 and  15, ex pr e sse d  

DP and DQ  but  no DR and the U93 7  parent  l ine w as  c l ass  II Ag negat ive .  We  

u t i l i zed  th is  u nu su a l  p h e n o t y p e  to ad d re ss  the role  o f  in d iv id u a l  c l a ss  II

Ags  in the s t i m u l a t i o n  o f  an a l lo g e n e ic  m i x e d  l y m p h o c y t e  r ea c t io n .  All

three  c l a ss  II A g s  wer e  s t i mula to ry  in M L R  as d e t e r m in e d  by the abi l i ty  o f  

c l on es  16, 13 and 15 but  not  U93 7  to s t i mu la te  a l l og ene ic  T  cel ls .  F u r th e r



I V

e v i d e n c e  for  th is  f i nd ing  was  o b t a i n e d  by  the ab i l i t y  o f  a n t ib o d ie s  aga ins t  

d is t inct  c l a s s  II Ags to inhibi t  M L R s  in a m a n n e r  w h ich  co r r e l a t e d  to the  

pa t t e r n  o f  c l a s s  II A g  e x p r e s s i o n  on the  h y b r id s .  In ad d i t i o n ,  7  - I F N  

a p p e a r e d  to d i f f e r en t i a l l y  r eg u la te  D P  and  D Q  e x p r e s s io n  o n  the hy br ids ,

d o w n r c g u l a t i n g  e x p r e s s i o n  o n  c l o n e s  16, 13 a nd  15 a n d  u p r c g u l a t i n g

e x p r e s s io n  on U 9 3 7  and  c l o n e  8 . T h e  e x p r e s s i o n  o f  D P  a nd  D Q  d i r ec t ly  

c o r r e l a t e d  wi th  the ab i l i ty  o f  the se  ce l l s  to  s t i mu la te  a p r i m a r y  a l lo ge ne ic  

M L R .  F u r t h e r m o r e ,  w h e n  we  a n a ly / . cd  the  p h e n o t y p e  a n d  f u n c t i o n  o f  

r e s p o n d i n g  T  ce l l s  in the in d iv id u a l  M L R  cu l t u r es ,  it a p p e a r e d  tha t  the re  

was  a p r e f e r en c e  for  C D 8 + T  ce l l s  in M L R s  where  the s t i m u la to r  was  DR- 

but  DP,  DQ +.  T a k e n  toge the r ,  t he se  da ta  su gg es t  that  d i s t inc t  c l a s s  II Ags  

m a y  p lay  an i m p o r ta n t  role in the r eg u la t io n  o f  T ce l l  r e sp o n se s  and  that  

spec i f i c  T  cell  su b p o p u l a l i o n s  may  be  D s u b - re g io n  res t r i c t ed .
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CHAPTER ONE

G e n e r a t i o n  a n d  C h a r a c t e r i z a t i o n  o f  h u m a n  m o n o c y t e  h y b r i d o m a s  

I n t r o d u c t i o n

C el l s  o f  the  m o n o n u c l e a r  p h a g o c y t e  sy s t e m  ( M P S )  o r ig in a te  in the 

b o n e  m a r r o w  f ro m  a c o m m i t t e d  m y e l o i d  p r o g e n i t o r  c e l l .  F o l l o w i n g  

m u l t i p l e  s u c c e s s i v e  m a t u r a t i o n a l  e v e n t s ,  t he  ce l l s  d i f f e r e n t i a t e  in to  b lo o d  

m o n o c y t e s  w h i c h  t r a v e r s e  the  c i r c u l a t i o n ,  e n t e r  the  t i s s u e  and  bo th  

u n d e r  n o r m a l  s t e a d y  s t a t e  a n d  in i n f l a m m a t o r y  e x u d a t e s ,  d i f f e r e n t i a t e  

i n to  t i s s u e  o r  f l u id  m a c r o p h a g e s .  T h e r e  is c o n s i d e r a b l e  e v i d e n c e  to 

i n d i c a t e  t h a t  m o n o c y t e s  a n d  g r a n u l o c y t e s  d e r i v e  f r o m  a c o m m o n  

p r o g e n i t o r  ce l l .  T h i s  c o m m o n  p r e c u r s o r  is r e f e r re d  as  to  the  co l o n y -  

f o r m i n g  u n i t - g r a n u l o c y t c ,  m o n o c y t e  ( C F U - G . M )  b e c a u s e  o f  i ts ab i l i ty  to 

g i v e  r i se  to  c o l o n i c s  o f  m o n o n u c l e a r  p h a g o c y t e s  a nd  g r a n u l o c y t e s  in 

b o n e  m a r r o w  c u l tu r e s  (129) .  T h e  g r o w t h  o f  g r a n u l o c y t e s  and  m o n o c y t e s  

c o l o n i c s  in s c m i s o l i d  gel  c u l t u r e s  r e q u i r e  the  p r e s e n c e  o f  a c y t o k i n e ,  

c o l o n y - s t i m u l a t i n g  f a c t o r  ( C S F ) ( 1 3 0 ) .  It h a s  b e e n  c o n v i n c i n g l y  

d e m o n s t r a t e d  th a t  g a m m a  i n t e r f e r o n  a c t i v a t e d  m o n o c y t e s  i n d u c e  the  

e x p r e s s i o n  o f  m o n o c y t e  s p e c i f i c  C S F  ( M - C S F ) .  T h i s  s u g g e s t s  tha t  

m o n o c y t e s  can  r e l e as e  a u t oc r in e  g r o w t h  fac to r s  (1 31) .  N e g a t i v e  f eed bac k  

m e c h a n i s m  for  m o n o c y t e  g r o w t h  arc p r o b a b l y  m e d i a t e d  by  the r e l e ase  o f  

i n h i b i t o r y  f a c to r s  w h ic h  i n c l u d e  p r o s t a g l a n d i n  E a nd  l a c t o f c r r i n  ( 13 2) .  

T h e  e a r l i e s t  i d e n t i f i a b l e  m o n o n u c l e a r  p r o g e n i t o r  in the  b o n e  m a r r o w  is 

the  p r o m o n o c y t e .  T h e  ce l l  h as  a w e l l  d e v e l o p e d  G o l g i  c o m p l e x  and  

c o n t a i n s  p e r o x i d a s e - p o s i t i v e  g r a n u l e s .  T h e  p r o m o n o c y t e  h a s  p o o r l y



d e v e l o p e d  p h a g o c y t i c  ac t iv i t y  and  has  o n l y  a f ew r e c e p to r s  f o r  the  Fc 

po r t i o n  o f  the  IgG (133) .  F ew  ce l l  l i ne s  arc cu r r e n t l y  av a i l a b le  w h ic h  

r e p r e s e n t  v a r i o u s  s t a g e s  o f  g r a n u l o c y l c - m o n o c y t c  ( H L - 6 0  ( 1 2 1 )) o r

p r o m o n o c y t e  ( U 9 3 7  ( 1 2 0 ) )  p r e c u r s o r s .  M a t u r e  m a c r o p h a g e s  lo se  t h e i r  

c y t o c h c m i c a l  p e r o x i d a s e  a c t i v i t y ,  a n d  g a i n  an  e f f i c i e n t  p h a g o c y t i c ,  

cn d o c y t i c  and  k i l l in g  ca pa c i ty .  T h e s e  ce l l s  b e c o m e  l a rge ,  ad h e r e n t ,  and 

ca n  d e v e l o p  p s c u d o p o d i a .  T i s s u e  m a c r o p h a g e s  e x i s t  in m a n y  f o rm s ,  

i n c l u d i n g  the  a l v e o l a r  m a c r o p h a g e ,  the  h e p a t i c  k u p f f c r  ce l l ,  p e r i t o n e a l  

a nd  p l e u r a l  m a c r o p h a g e s ,  b r a in  g l i a l  c e l l s  a n d  o s t e o c l a s t s .  O f

im p o r t a n c e  is the  fact  tha t  a l th o u g h  these  ce l l s  ac qu i r e  t i s s ue  sp ec i f i c i ty ,  

t hese  c h a n g e s  arc r eve r s ib le .  S ev er a l  g r o u p s  h a v e  d e v e l o p e d  m o n o c l o n a l  

a n t i b o d i e s  i d e n t i f y i n g  a n t i g e n s  e x p r e s s e d ,  w i t h  v a r y i n g  d e g r e e s  o f  

s p e c i f i c i t y ,  on  m o n o n u c l e a r  p h a g o c y t i c  c e l l s  ( M P C ) ( 1 2 3 , 1 3 4 ) .  T h e s e  

m a r k e r s ,  i n c lu d in g  the e x p r e s s io n  o f  c l a s s  II an t i ge ns ,  h a v e  p r o v e n  to be 

use fu l  in d e f in i ng  seve ra l  su bse t s  o f  M P C  cel ls  , h o w e v e r ,  the co r re l a t ion  

b e t w e e n  s u r f a c e  a n t i g e n  e x p r e s s i o n  a n d  f u n c t i o n  is y e t  to  be  

d c t c r m i n c d (  135) .  It has  be e n  p r e v i o u s l y  r e p o r te d  th a t  the  p r e s e n c e  o r  

a b s e n c e  o f  c l a s s  II an t ige ns  m a y  se pa r a t e  m a c r o p h a g e s  in to  tw o  se ts  each  

p l a y i n g  a d i f f e r en t  role  in an i m m u n e  r es p o n se  ( 13 6)

W i t h i n  th e  i m m u n e  r e s p o n s e ,  ce l l s  o f  the  M P S  f u n c t i o n  in the  

f o l l o w i n g  a r e a s :  1) H o s t  d e f e n s e  a g a i n s t  e x t r a  a n d  i n t r a c e l l u l a r

p a t h o g e n s ;  2 )  As  s c a v e n g e r s  to  r e m o v e  a n t i g e n s  a n d  n o n o r g a n i c  

c o m p o u n d s ;  3)  T o  in i t i a t e  i m m u n e  r e s p o n s e s  t h r o u g h  s t i m u l a t i o n  a n d / o r  

a n t i g e n  p r e s e n t a t i o n  to  i m m u n o c o m p e t e n t  T - c e l l s ;  4 )  S e c r e t i o n  o f  

v a r i o u s  m e d i a t o r s  w h ic h  re gu la te  the  p r o l i f e r a t i o n  a nd  the  p r o d u c t i o n  o f  

f ac to r s  by l y m p h o c y t e s  and  o t h e r  n o n - m c s c n c h y m a l  ce l ls ;  and  5)  Co n t ro l  

t u m o r  g r o w t h .
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At p r ese n t  it is d i f f i cu l t  to  e l u c id a te  the m o l e c u l a r  bas i s  o f  h u m a n  

and  m u r i n e  m o n o c y t e / m a c r o p h a g e  fu nc t i o n .  S in ce  the  m o n o c y t e  and  the  

m a c r o p h a g e  a rc  t e r m i n a l l y  d i f f e r e n t i a t e d  c e l l s ,  s t u d y i n g  t h e i r  f u n c t i o n  

is l i m i t e d  to a p o o r  y ie ld  o f  a n o n - p u r i f i c d  h e t e r o g e n e o u s  p o p u la t i o n  o f  

ce l l s  w h i c h  ca n  be o b t a i n e d  f rom p e r ip h e r a l  b l o o d  o r  ly m p h a t i c  t i s sues .  

T h e  e s t a b l i s h m e n t  o f  m a c r o p h a g e - l i k e  t u m o r  ce l l s  in the  m u r i n e  sy s t em ,  

a nd  e a r ly  p r o m y c l o c y t i c  cel l  l i nes  in the h u m a n  sy s t e m  ha s  c o n t r i b u t e d  

to  o u r  u n d e r s t a n d i n g  o f  the  fu n c t io n  o f  the m o n o c y t e  and  m a c r o p h a g e ,  

h o w e v e r ,  s t u d i e s  w i th  t h e s e  ce l l s  a rc  h a m p e r e d  by t h e i r  in a b i l i t y  to 

p r es e n t  the  w h o le  r epe r to i r e  o f  ce l l s  o f  the MP S.  In the h u m a n  sys te m,  

u n l e s s  i n d u c e d ,  t h e s e  c e l l s  a rc  p o o r  r e p r e s e n t a t i v e s  o f  th e  m a t u r e  

m o n o c y t e  o r  m a c r o p h a g e .  In the  m u r i n e  s y s t e m  th e r e  h as  b e e n  so m e  

s u c c e s s  in o b t a i n i n g  m a c r o p h a g e  ce l l  l i nes  by  t r a n s f e c t i o n  w i th  S V 4 0 .  

A l t h o u g h  th es e  ce l l s  d e p e n d  on  e x t e r n a l  s u p p ly  o f  C S F  fo r  c o n t i n u o u s  

g r o w t h ,  t h e y  f u n c t i o n  l i k e  n o r m a l  r e s i d e n t  m a c r o p h a g e s  in a n t i g e n  

p r e s e n ta t io n ,  M L R ,  and  IL1 secre t ion  (1).  A p p ly in g  the sa m e  t e ch n iq u e  to 

o b t a i n  h u m a n  m o n o c y t e  cel l  l i nes ,  i .e.  t r a n s f e c t i n g  w i th  S V 4 0  d e p l e t e d  

f ro m  i ts  o r i g in  o f  r e p l i c a t io n ,  was  no t  s u c c e s s fu l  (2) .  E a r ly  e x p e r i m e n t s  

by  G o r d o n  c t  al  d e s c r i b e d  an a t t e m p t  to  f u s e  m o u s e  p e r i t o n e a l  

m a c r o p h a g e s  wi th  m o u s e  f i b r ob la s t s  (3) .  The  fus ion  p r o d u c t  e x p r e s s e d  H- 

2  d e t e r m i n a n t s  o f  bo th  p a re n t  and d o n o r  ce l l s ,  h o w e v e r ,  it d id  not  acqu ire  

a ny  sp e c i f i c  m a c r o p h a g e  m a r k e r s  o r  f u n c t io n .  D e s p i t e  th e s e  i n s u f f i c i e n t  

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

the  a u t h o r s  d e s c r i b e d ,  in a s u b s e q u e n t  r epo r t ,  t he  s u c c e s s f u l  fu s ion  o f  

the  s a m e  m a c r o p h a g e  p o p u l a t i o n  wi th  m o u s e  m e l a n o c y t e s  (4) .  T h e y  w ere  

ab l e  to  d e t e r m i n e  d i f f e re n t i a l  k i ne t i c s  o f  D N A  and  R N A  sy n th e s i s  in the 

h y b r i d s  c e l l s  w h i c h  p r e s u m a b l y  r e f l e c t e d  th e  c o n t r i b u t i o n  o f  the
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m a c r o p h a g e  g e n e s .  A l t h o u g h  the  d a t a  p r o v i d e d  d id  n o t  s h o w  the

a c q u i s i t i o n  o f  n o v e l  m a c r o p h a g e  c h a r a c t e r i s t i c s  in th e  h y b r i d s ,  it

s u p p o r t e d  f u r t h e r  a t t e m p t s  to  p r o d u c e  m o n o c y t e / m a c r o p h a g e  h y b r i d o m a

c lones .  A suc ce ss f u l  and  p r o m i s i n g  ap pr oa ch  w as  o f fe re d  by T zh o v a l  ct  al. 

(5) ,  w h o  d e s c r i b e d  the  f us io n  o f  m u r i n e  s p l e n i c  m a c r o p h a g e s  wi th  a

m y e l o m a  B-cc l l  l ine.  T h e  ra t i o n a le  w as  to  " f r e e z e "  the  e x p r e s s i o n  o f  

v a r i o u s  m o n o c y t i c  f u n c t i o n s  in a c o n t i n u o u s l y  g r o w i n g  t u m o r  ce l l  l ine.

T h e  fu s ion  p r o d u c t  b e t w e e n  the  m y e l o m a  ce l l  and  s p l e n i c  a d h e r e n t  ce l l s  

h a d  m a c r o p h a g e  c h a r a c t e r i s t i c s  s u c h  as  p o s i t i v e  e s t e r a s e  s t a i n i n g ,

p h a g o c y t o s i s ,  s t i m u l a t o r y  c a p a c i t y  in M L R ,  a n t i g e n  p r e s e n t a t i o n  

c a p a b i l i t i e s ,  a n d  se c r e t i o n  o f  IL-1 .  M o r e  r e c e n t l y ,  U c h i d a  ct al. ( 6 ) 

r e p o r t e d  the  s u c c e s s f u l  g e n e r a t i o n  o f  m u r i n e  m a c r o p h a g e  h y b r i d o m a s  by 

f u s i n g  s p le n ic  m a c r o p h a g e s  f ro m  an I -A ^  m o u s e  wi th  an I -A ^  P388D1 

m a c r o p h a g e - l i k e  c e l l  l i n e .  T h e  f u s i o n  p r o d u c t s  h a d  d i f f e r e n t  

m o r p h o l o g y ,  wi th  l a rge r  ad h e r en t  ce l l s  than  the  P 38 8 D 1  ce l l s .  T he  c l o ne s  

d e m o n s t r a t e d  d i f f e r e n t  c a p a c i t i e s  to p e r f o r m  Fc o r  C3  r e c e p t o r  m e d i a t e d  

p h a g o c y t o s i s  and  IL-1 se c re t i on .  T h e  h y b r i d s  w e r e  ab le  to  s t i m u la te  an 

a l lo g en e ic  M L R  r esp ons e  and  to  p r ese n t  an t i gen  to e i the r  H-2 ^  o r  H-2d T- 

ce l l s  (7).  T h e  po ss i b i l i t y  tha t  s o m e  c l o n e s  w er e  the p r o d u c t s  o f  fus ion 

b e t w e e n  P 3 8 8 D 1  a n d  B c e l l s ,  w h i c h  c o n t a m i n a t e d  th e  m a c r o p h a g e

po p u la t i o n ,  was  ruled out  s inc e  the c lo ne s  d id  no t  ex p r e s s  any  Ig mark e r s ,  

a nd  h a d  n o  t r a n s l a t e d  m R N A  for  Ig. S u b s e q u e n t  r e po r t s  d e s c r i b i n g  the 

d i v e r s e  i m m u n o l o g i c  f u n c t i o n s  o f  t h e s e  h y b r i d s  r e i n f o r c e d  t h e  

im p o r t a n c e  o f  d e v e l o p i n g  such  c l ones .  Se le c t e d  Ia+  c l o n e s  w er e  un ab le  to 

in d u c e  M L R  res p on se  d es p i t e  n o r m a l  se c re t i on  o f  IL-1 a n d  the a p p e a r a n c e  

o f  I L- 2  and  IL-2  r e c e p t o r  e x p r e s s i o n  on  r e s p o n d e r  T - c c l l s  ( 8 ). T h e s e  

c l o n e s  w e r e  t h o u g h t  to  r e p r e s e n t  a d i s t i n c t  c l a s s  o f  i n h i b i t o r y



m a c r o p h a g e s  wi th  s o m e  b e i n g  i n v o l v e d  in I - J^  r e s t r i c t e d  s u p p r e s s o r  T- 

cc l l  i n d u c t i o n  (9; .  S e l e c t e d  c l o n e s  e x p r e s s e d  t u m o r i c i d a l  ac t i v i ty  and  

s e c r e te d  t u m o r  ne c ro s i s  f ac to r  (10) .  W e  w e r e  a b l e  to  o b t a i n  m o u s e  

m a c r o p h a g e  h y b r i d o m a  c l o n e s  5 and  59 (k ind ly  p r o v id ed  by Dr.  M.  Dor f)  

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

p r o l i f e r a t i o n  fac to r ( s )  ( M D F P F ) .  W e  were  ab le  to sh o w  that  n o n - a c t i v a t c d  

m a c r o p h a g e  h y b r i d o m a ,  c l o n e  5, se c r e t e s  a 30 K D  p r o te i n  w h ic h  cou ld  

s p e c i f i c a l l y  e n h a n c e  the  p r o l i f e r a t i o n  o f  n o r m a l  m o u s e  f ib ro b l as t s .  T h i s  

p r o te i n  w as  not  s e c r e t e d  by the p a r e n t  t u m o r  cel l  l ine  o r  by  the  o t h e r  

h y b r i d o m a  c l on e .  A c t i v a t i o n  o f  the  ce l l s  w i t h  l i p o p o l y s a c c h a r i d c  ( L P S )  

r e su l t ed in an inh ibi t ion  o f  the secre t ion  o f  M D F P F  and an inc rease  in IL- 

1 p ro d u c t i o n .  The  p r o te in  w as  d i s t inc t  f rom IL-1 by its m o l e c u l a r  we ig h t  

(3()kd vs. 15.5kd),  as well  as its pi  (6.2-7 vs. 5-5.5)  (11).  W e  bel ieve that the 

se c r e t i o n  o f  th i s  f ac to r  by the  h yb r id  r e s u l t e d  f rom  c o n t r i b u t i o n  o f  the 

g e n e s  t r a n s f e r r e d  f ro m  the  t i s su e  m a c r o p h a g e s  us e d  fo r  the  fus io n  and 

r e p r e s e n t s  a n o v e l  p a t h w a y  for  r e g u l a t i o n  o f  n o r m a l  t i s s u e  r e p a i r  or  

c h r o n i c  i n f l a m m a t o r y  r e a c t i o n s .  O u r  i n i t i a l  w o r k  w i t h  m o u s e  

m a c r o p h a g e  h y b r i d o m a s  a n d  t h e  s t u d i e s  o f  Dr .  D o r f ' s  l a b o r a t o r y  

u n d e r s c o r e  t h e  i m p o r t a n c e  in p r o d u c i n g  m o n o c y t e / m a c r o p h a g e  c e l l  

l i nes by  so m a t i c  fus io n  in o r d e r  to s tudy  m a c r o p h a g e  fu nc t ion .

It is d i s t i nc t ly  po ss ib le  tha t  the ab o v e  d e s c r ib e d  f i nd in g s  w e r e  due 

to se l ec t io n  o f  fu nc t iona l  c l o n es  o f  the P388D1 l ine  used  for  fus ion ,  and 

tha t  m a c r o p h a g e s  a rc  no t  " fus ib le "  as t e rm in a l l y  m a t u r e  cel ls .  T h e  da ta  

f rom the m a c r o p h a g e  - B ce l l  f u s i o n s  a rgue  ag a in s t  th i s  c o n c e p t  in that  

these  f u s i o n s  were  e s t e r as e  po s i t iv e ,  ca p a b l e  o f  p h a g o c y t o s i s ,  and ab le  to 

se c re te  IL-1 (5).  In the h y b r id s  g en e r a t e d  in D o r f s  l a b o ra to r y  the re  was  

ac qu i s i t io n  o f  d o n o r  c l a s s  II an t ig en s  and the  ce l l s  d id  not  d i sp l ay  any B



6

ce l l  c h a r a c t e r i s t i c s .  T h e r e f o r e ,  it is o b v i o u s  tha t  m o n o c y t e s  can  be 

a c t i v a t e d  a n d  f u s i b l e  s o  t h a t  t h e  a p p r o a c h e s  t o  p r o d u c e  

m o n o c y t e s / m a c r o p h a g e  h y b r i d o m a s  in  o r d e r  t o  l o o k  at  

m o n o c y t e / m a c r o p h a g e  f u nc t i o n  at the  c l on a l  l evel  a rc  p l a u s i b le .

R e c e n t l y  T ra v c s  ct al d es c r ib ed  the e s t a b l i s h m e n t  o f  ce l l  l ines f rom

s o m a t i c  cel l  fus ion  b e t w e e n  h u m a n  m o n o c y t e s  and  m o u s e  m y e l o m a  cel l s

(12) .  H u m a n  m o n o c y t e s  w e r e  r e c o v e r e d  f o l l o w i n g  a d h e r e n c e  on t i s su e

c u l tu r e  d i s he s ,  fu sed  wi th  NSI m o u s e  m y e l o m a  ce l l s  and the  h y b r id s  wer e

s e l e c t e d  w i t h  H A T  m e d i u m .  T h e  a u t h o r s  w e r e  a b l e  to  s h o w  the

i n c o r p o r a t i o n  o f  h u m a n  c h r o m o s o m e s  in th e  m o u s e  ce l l  l i ne .  S o m e  

h y b r id s  w er e  p o s i t iv e  fo r  n o n - s p e c i f i c  e s t e r a s e  s t a in in g  and  e x p r e s s e d  Fc 

r e c e p t o r  as  s h o w n  by i m m u n c - m c d i a t c d  ro sc t t i n g ,  a l t h o u g h  n o n e  had  any 

p h a g o c y t i c  ac t i v i ty .  T h e  ce l l s  s e c r e t e d  f a c t o r ( s )  w h i c h  a u g m e n t e d  the  

P H  A r e s p o n s e  o f  m o u s e  t h y m o c y t e s  c o n s i s t e n t  w i t h  IL - 1 .  In t h e i r  

d i s c u s s io n  the au th or s  ad m i t  that  they  w er e  no t  ab le  to rule  out  w h e t h e r  

m o s t  o f  t h e i r  f i n d in g s ,  i n c l u d i n g  the  e x p r e s s i o n  o f  the  Fc r e c e p t o r  and 

th e  n o n - s p e c i f i c  e s t e r a s e  s t a i n i n g ,  w e r e  c o n t r i b u t e d  by  t h e  m y e l o m a

ce l l s .  H o w e v e r  th e y  w e r e  i m p r e s s e d  by  the  ab i l i t y  to  d e f i n e  IL-1-  l ike

ac t i v i ty  w h ich  w as  m o r e  l ike ly  to  be  c o n t r i b u t e d  by the  m o n o c y t e s .  T h e  

h y b r id s  d id  no t  e x p r e s s  H L A  p r o d u c t s  o r  any k n o w n  m o n o c y t i c  m a rk e r s .  

D es p i t e  the  lack o f  de f in i t e  m o n o c y t i c  fu nc t ion  in th is  r epo r t ,  it s u p p o r t s  

the  r e s u l t s  o b t a i n e d  in th e  m o u s e  s y s t e m  th a t  h u m a n  m o n o c y t e s  a rc  

i n d e e d  fus ib le .

T h e  e s t a b l i s h m e n t  o f  m o n o c y t e / m a c r o p h a g e  h y b r i d o m a  ce l l  l i n e s

in the  m o u se  and the h u m a n  sys t em can  be v ie w e d  as an im p o r t a n t  tool  to 

s tu d y  the  im m u n o l o g i c a l  fu nc t io n  o f  ce l l s  o f  the  M P S .  W e  be l i ev e  tha t  

th is  is a c r uc ia l  s t ep  fo r  b e t t e r  u n d e r s t a n d i n g  o f  the  h u m a n  m o n o c y t e -
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m a c r o p h a g e  l i n e a g e ,  the  ro le  o f  th e se  ce l l s  in m o n o k i n e  se c r e t i o n  and

the r e g u l a t i o n  o f  i m m u n e  r e s p o n s e  by  v a r i o u s  c l a s s  II a n t i g e n s  on  the

ce l l  s u r fa c e .

In the  fi rs t  pa r t  o f  th is  w o rk  w e  sha l l  d e s c r i b e  the  s u c c e s s f u l

g e n e r a t i o n  o f  h u m a n  m o n o c y t e  h y b r i d o m a s  by  the f us i on  o f  an H G P R T -  

d c f i c i c n t  U 9 3 7  h i s t i o c y t i c  ce l l  l i ne w i t h  g a m m a  i n t e r f e r o n  a c t i v a t e d  

h u m a n  m o n o c y t e s .  W e  sha l l  a l so  d e s c r i b e  o u r  e x p e r i e n c e  in p r o d u c i n g

m o n o c y t e  h y b r id s  by us i ng  H L -60 ,  a p r o m o n o c y t i c  cell  l i ne  as  the fus ion  

pa r tn e r .  W e  shal l  d e s c r ib e  v a r io u s  p r o p e r t i e s  o f  thes e  c l o n e s  such  as the

e x p r e s s i o n  o f  v a r i o u s  s u r f a c e  m o n o c y t i c  d e t e r m i n a n t s ,  t he  s e c r e t i o n  o f  

m o n o k i n e s  such  as i n t e r l e u k i n - 1 ( I L - 1), c o l o n y  s t i m u l a t i n g  fac to r  ( C S F )

a n d  m o n o c y t e - d e r i v e d  s c c r c t a g o g u c  ( M M S ) .  T h e  h y b r i d s  w e r e  a l s o  

c a p a b l e  o f  m e d i a t i n g  s o m e  m a c r o p h a g e  f u n c t i o n s  s u c h  as  i m m u n c -  

m c d i a t c d  r o s c t t in g  and  p h a g o c y t o s i s .  S in c e  o u r  in t e r e s t  w a s  fo c u se d  on

the  ro le  o f  c l a s s  II m o l e c u l e s  in the c o n t e x t  o f  the m o n o c y t e / m a c r o p h a g e  

in a l l o r c a c t i v i ty ,  we  sha l l  d es c r ib e  in the  s e c o n d  par t  o f  the  th e s i s  the  

a c q u i s i t i o n  o f  v a r io u s  c l a s s  II a n t ig e n s  on  the  h yb r id s ,  r e su l t in g  in the i r  

ab i l i t y  to  s t i m u l a t e  m i x e d  l y m p h o c y t i c  r e s p o n s e s  ( M L R ) ,  a nd  p r e l i m in a r y

da ta  on  the d i f f e ren t i a l  p ro l i f e ra t ion  o f  T  cell  su b se t s  in M L R  as the resul t  

o f  s t i m u la t i o n  by  d i f f e re n t  c l a s s  II an t i gen s .
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M a t e r i a l s  and M e t h o d s

Cel l  l i nes

U 9 3 7 :  T h e  U 9 3 7  cell  l ine was  d e r iv e d  f rom a p a t i en t  wi th  d i f fuse

h i s t i o c y t i c  l y m p h o m a  ( 1 2 0 ) ( g i  ft f r o m  Dr.  J.  L a r r i c k ,  C i t u s  C o r p .  

E m e r y v i l l e ,  CA ) .  T h e  ce l l s  g r o w  as a n o n - a d h e r e n t  s ing le  cel l  s u s p e n s io n  

in c o m p l e t e  m e d i u m .  C y t o c h e m i c a l  s t a in in g  is p o s i t iv e  for  l y s o z y m c  and

n o n - s p e c i f i c  e s t e r a s e  but  the y  a rc  n e g a t i v e  f o r  p e r o x i d a s e .  Ini t i a l  t e s t s

fo r  s u r f a c e  r e c e p t o r s  r e v e a l e d  the  p r e s e n c e  o f  c o m p l e m e n t  C3 a nd  Fc 

rec ep to r s  in 3 0 %  o f  the ce l l s  (d e t e rm in ed  by the b in d i ng  o f  EA).  T he  ce l l s  

a rc  n eg a t i v e  for  su r fa ce  o r  c y t o p la s m ic  Ig. A sma l l  n u m b e r  o f  ce l l s  are

w e a k l y  p h a g o c y t i c  ( < 2 0  %)  a s s e s s e d  by l a t e x  i n g e s t i o n .  U n d e r  n o r m a l  

c u l t u r e  c o n d i t i o n s  th e  c e l l s  e x p r e s s e s  s u r f a c e  c l a s s  I m o l e c u l e s  a n d  

a c c o r d i n g  to d i f f e re n t  s t ud ie s  can  be in d u c ed  to e x p r e s s  c l a s s  II m o l e c u l e s

f o l l o w i n g  s t i m u l a t i o n  wi th  g a m m a  in te r f e r o n .  T h e  ce l l s  w e r e  f o u n d  to 

sec re te  IL-1 upon  s t imula t ion  wi th LPS o r  P M  A. T h e  ce l l s  d o  not  s ta in  with 

any  o f  the  fo l lo w in g  m o n oc y t i c  marke r s :  Leu  M3 , S I ,  S39  (123)  and  ant i -

D R  ( V g2) (1 24) .

H G P R T - d c f i c i c n t  U 9 3 7  c e l l s :  U 9 3 7  h i s t i o c y t i c  ce l l  l i ne  w as

m u t a g c n i / . c d  w i t h  c t h y l m c t h a n c s u l f o n a t c  ( 2 0 0 p g / m l  for  20  h r  ). H G P R T  

d e f i c i e n t  m u t a n t s  w e r e  s e l e c t e d  us in g  2 0  g g / m l  o f  6 - t h i o g u a n i n c  in the  

c u l t u r e  m e d i u m ,  s u r v i v i n g  l ines  w ere  s u b c l o n c d  tw ic e .  T h e  c e l l s  w e r e  

r o u t in e ly  m a i n t a i n e d  wi th  2 0  p g / m l  o f  6 - t h i o g u a n i n c  in c o m p l e t e  m e d i u m  

( see  b e l ow )  for  1 wee k  ev e r y  3-4 weeks .

H L - 6 0 :  T h e  H L -6 0  ce l l  l ine w as  d e r iv e d  f rom a p a t i en t  su f fe r i n g

f ro m  ac u te  p r o m y e l o c y t i c  l e u k e m i a  (121 >(k in d  g i f t  f rom DR.  A.  D im i t r i u -



9

Bona ,  Mo u n t  S ina i  Medica l  cen te r .  N ew  York ,  NY).  Th e  ce l l s  g r o w  as non-  

a d h e r e n t  s i n g l e  c e l l  s u s p e n s i o n  in c o m p l e t e  m e d i u m .  C y t o c h c m i c a i  

s t a in in g  d e m o n s t r a t e s  n o n - s p e c i f i c  e s t e r a s e  and  p e r o x i d a s e .  T h e  ce l l s  h av e

no  m o n o c y t i c  su r fa ce  ma rke r s .  but  they can  be in d u c ed  to ex p r e s s  c l a s s  II

an t i g en s  and  Fc re c ep to r  u s in g  500  u /ml  o f  g a m m a  IFN.  T he  ce l l s  can be 

in d u c e d  to  t e r m i n a l l y  d i f f e r e n t i a t e  to  m o r p h o l o g i c a l l y  a nd  f u n c t i o n a l l y  

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

inc lu d in g  rc t inoic  ac id  and D M S O  (125) .  A l t e rn a t iv e l y ,  in c ub a t i on  wi th  12- 

o - t c t r a d c c a n o y l p h o r b o l - 1 3 - a c e t a t c  ( T P A )  wi l l  r e su l t  in d i f f e r e n t i a t i o n  to 

the  m o n o c y t c - m a c r o p h a g c  l i n e a g e  ( 12 6 ) .

D 10: T h e  h e l p e r  T  cel l  c l one  DIO w as  d e r iv e d  f rom A K R / J  mice

p r im e d  wi th  hen e g g  a l b u m i n  ( O V A ) ( 1 2 2 )  (k ind  gi f t  o f  DR.  R. S t c i nm an .  

R o c k e f c l c r  u n i ve r s i t y ,  NY) .  T h e  ce l l s  g r o w  on ly  in the  p r e s e n c e  o f  O V A

a n d  i r r a d i a t e d  s p l c n o c y t c s  f ro m  an H - 2 ^ m o u s e  ( s e r v i n g  as  an a n t i ge n

p r e s e n t i n g  ce l l s ) .  T h e  r e q u i r e m e n t  for  an t ig e n  p r e s e n t i n g  ce l l s  and  O V A

can  be  e l im ina te d  by the add i t ion  o f  IL-1 o r  IL-2.  Th us ,  this  sys t em a l lows  

q u a n t i t a t i v e  a n a ly s i s  o f  s u p e r n a t a n t s  c o n t a i n i n g  IL-1 o r  IL-2  re l a t iv e  to a 

k n o w n  s t a n d a r d .

E B V  3 and 6 : T h e s e  s p o n t a n e o u s l y  t r a n s f o r m e d  B ce l l  l i ne s  wer e

c u l tu r e d  f rom the  h ea l th y  in d iv id ua l  w h o s e  m o n o c y t e s  wer e  used  to ob ta in  

the  h y b r id o m a  c l o n es  13 and  1 6 . 1. The  ce l l s  wer e  found  to have  the E B N A  

g e n o m e  (K in d ly  p e r f o rm e d  by  Dr.  W Re ev e s )  and wer e  p rov en  to be B cel ls  

s ince  they  w er e  po s i t ive  for  speci f ic  B cel l  m a rk e r s  ( C D  20) ,  su r fa ce  Ig and 

se c r e t e d  Ig s p o n t a n e o u s l y .  T h e  ce l l s  w e r e  fo u n d  to e x p r e s s  all H L A - D

reg ion m o le cu le s  (D R ,  DP,  DQ) .  T h e  ce l l s  were  used to de te rm in e  the d o no r  

H L A  type and  in va r i ou s  b ioassays .

T i s s u e  c u l tu r e  m e d i u m :
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T is s u e  cu l tu re  m e d iu m  used  to  m a in ta in  the cell  l i nes  U 937 ,  E BV 3 .6 ,  

m o n o c y t e  h y b r i d o m a  c l o n e s  a n d  n o r m a l  m o n o c y t e s  w a s  p r e p a r e d  f rom  

p o w d e r e d  I s co vc ' s  m o d i f i e d  D u l b c c c o ' s  m e d i u m  wi th  25 m M  H c p c s  b u f fe r  

( G i b c o ,  T i s s u e  cu l tu r e  p r o d u c t s ) ,  s u p p l e m e n t e d  wi th  10% fetal  c a l f  sc ru m  

(F C S )  (H a zc l t o n ,  D u tc h la n d ,  Pa. ) ,  2 m M  L -g l u la m in c ,  2 5 0 0 0  uni t s  pen ic i l l in ,  

2 . 5 m g  s t r e p t o m y c i n  in 5 0 0  ml o f  m e d i u m  ( G i b c o ) ,  and  is d e s i g n a t e d  as 

co m p le t e  m e d iu m  (CM) .  For  the H L -6 0  and D 1 0  cel ls  the m e d i um  w as  RP MI  

1640 (G i b co )  wi th the  sam e  s u p p le m e n t  as  above .

M e d i u m  for  the M L R  s tud ies  was  RP M I  1640 s u p p le m e n te d  wi th  10%

A B  s c r u m  o r  5 %  a g a m m a g l o b u l i n c m i c  s c r u m  ( N o r m a l  v o l u n t e e r s  o r  

a g a m m a g l o b u l i n c m i c  p a t i e n t ) ,  L - g l u l a m i n c ,  p e n i c i l l i n / s t r e p t o m y c i n  as  

above ,  and  is de s ig n a t ed  as  M L R - m c d i u m .

I s o l a t i o n  o f  H u m a n  m o n o n u c l e a r  c e l l s  s u b s e t s  by  c o u n t c r f l o w

c e n t r i f u g a l  c l u t r i a t i o n  ( C C E ) :

B uf fy  co a t s  f rom n or ma l  b lood  d o n o r s  w e r e  p r o v id e d  by the  Mo u n t

S inai  B l o o d  Bank.  T h e  ce l l s  w e r e  r e s u s p e n d e d  in P B S  and  se p a r a te d  f rom 

c o n t a m i n a t i n g  red  b lo od  c e l l s  by F i c o l l - h y p a q u c  g r a d i e n t  c e n t r i f u g a t i o n .

T h e  m o n o n u c l e a r  ce l l s  at the in te r fa ce  l a y e r  w er e  co l l ec te d ,  w a s h e d  x3 and 

d i l u t e d  in P B S ,  1% B S A  at  the  d e n s i t y  o f  l O ^ / m l .  S e p a r a t i o n  o f  the  

m o n o n u c l e a r  ce l l s  o n  the b as i s  o f  the  s i ze a nd  d e n s i t y  w a s  a c h i e v e d  by 

u t i l i z i n g  a B e c k m a n  c lu t r i a t i on  sy s t e m  as  d e s c r i b e d  by  W a h l  c t  al (127) .  

P r io r  to  lo a d i n g  the  ce l l s ,  the s y s t em  w as  s t e r i l i zed  by p u m p i n g  4 0 0  cc o f

7 0 %  E T O H  th r o u g h  the  tu be s  and  the c h a m b e r .  A tota l  o f  10^ ce l l s  were

p u m p e d  d i r ec t ly  to the c h a m b e r  at f low rate o f  6  m l / m in  wi th  a ro to r  speed 

o f  2 0 0 0  rpm.  T h e  cel ls  were  e l u te d  by sequen t i a l  inc re ase  in the f low rate 

and  wer e  co l l ec te d  in steri le tubes.  At  e a c h  es t ab l i she d  f low rate  150 ml o f

m e d i u m  w e r e  c o l l e c te d  and  r e p r e s e n te d  o n e  f r a c t ion .  A l i q u o t s  f rom  ea ch



f r a c t ion  w e r e  s i z ed  on  ZBI  C o u l t e r  co u n t e r  and c h a nn c l y / . c r  ( H i a tc c h ,  FL) .  

I n i t i a l l y ,  a r e p r e s e n t a t i v e  s a m p l e  o f  e a c h  f r a c t i o n  w a s  s t a i n e d  by 

m o n o c l o n a l  a n t i b o d i e s  to  c o m m o n  s u r f a c e  a n t i g e n s  on h u m a n  p e r ip h e ra l  

m o n o n u c l e a r  ce l l s .  In s u b s e q u e n t  e x p e r i m e n t s ,  the  f low  rate w as  ad j us t ed  

fo r  o b t a i n i n g  m o n o c y t e - e n r i c h e d  f r a c t i o n s  on ly .

F u s i o n  p r o t o co l ;

P r e v i o u s l y  p u b l i s h e d  m e t h o d s  w e r e  u se d  w i th  s o m e  m o d i f i c a t i o n s .

T h e  m o n o c y t e  p o p u la t i o n s  as wel l  as the  tu m o r  l ine ( g r o w in g  in log ph ase )  

w ere  w a s h e d  in s e r u m - f r e e  m e d i u m  three  l imes .  Ce l l s  w er e  m ix e d  at the 

rat io o f  5:1 m o n o c y te  to tumo r  ce l l s  in 15 ml round bo t tom tubes.  One ha l f  

ml o f  3 0 - 4 0 %  P E G  1000-1500 M W  (S ig m a)  was  added  to the pel le t  for  total

ex po s u re  o f  7 min .  T he  cel ls  were ce n t r i fuged  and the P E G  was r em ove d  by 

w as h i n g  in m e d i u m  ( see  f igure  1). T h e  ce l l s  were  r e - su sp en d e d  as fol lows:  

a) for  the  U -9 3 7  cel l  fus ion ,  the ce l l s  were  r e - su sp en d e d  in C M  co n t a in in g

100 m M  h y p o x a n t h i n c ,  and  w er e  d i s p e n se d  in 9 6  we l l  f lat  b o t t o m e d  p la t e s  

in 100 ul a l iquo ts  at a f inal  de ns i ty  o f  5x10^ cel l  p e r  wel l .  A / . ascr inc was

a d d e d  to  the  w e l l s  a f t e r  24 h r  at  t he  f inal  c o n c e n t r a t i o n  o f  1 ( i g / m l .

M e d i u m  w a s  r e p l a c e d  e v e r y  3 - 4  d ay s .  P o s i t i v e  g r o w i n g  c l o n e s  w e r e

e x p a n d e d  in 2 4  p la t e  w e l l s  a n d  f l a sks ,  and  s u b s e q u e n t l y  wer e  e x a m i n e d  

for  m o n o c y t i c  p r op er t i e s ;  b)  F o r  the H L - 6 0  ce l l s ,  f o l l o w in g  fu s ion ,  ce l l s

wer e  ge n t ly  r e - s u s p e n d e d  to 2x10^ parent  ce l ls /ml  in C M  in a 25 c m ^  t i s sue

c u l tu r e  f l ask.  A f t e r  o v e r n i g h t  in c u b a t i o n  the  ce l l s  w e r e  fed w i th  C M  to

d o u b l e  th e  v o l u m e ,  and ,  a f te r  an add i t io na l  24-4 8  hr ,  L c u - M 3 + / V g 2 +  ce l l s

w e r e  s e l e c t e d  by an i n d i r e c t  r o s c t t i n g  t e c h n iq u e .  B r ie f l y ,  2 0 x l ()6  ce l l s  

were inc uba te d  fo r  30  m in  at 2 2 ^ C  in 0.1 ml o f  a 1/40 di lu t ion  o f  e i the r  Lcu-

M3 o r  Vg2  ant ibody .  T h es e  ce l l s  were  then w ash ed  3 t i m es  in C M  and r e ­

s u s p e n d e d  in 0.5 ml CM .  F ( a b ) ' 2  g o a t  a n t i - m o u s e  Ig c o a te d  o x R B C  w er e
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o b t a i n e d  by c h r o m i c  c h l o r i d e  t e c h n iq u e .  O n  h a l f  ml  o f  2 %  goa t  ant i -

m o u s e  Ig coa ted o x R B C  were added  to the cell  mi x t u re  for 5 min on ice.  The 

mi x t u re  was  spun for  5 min  at 1000 R P M  at 4 ^ C  and rep laced  on  ice for  an 

a d d i t i o n a l  30 mi n .  C e l l s  w e r e  r e - s u s p e n d e d  and  l a y e r e d  o v e r  a F ico l l -  

H y p a q u c  g r ad ie n t .  T h e  pe l l e t ed  ro sc t t cd  ce l l s  w e r e  su b je c t e d  to  h y p o to n ic  

l y s i s  w i t h  a m m o n i u m  c h l o r i d e  ( 0 . 8 4 % )  a n d  r e - s u s p e n d e d  in at a

c o n c e n t r a t i o n  o f  2 x l 0 ^ / m l .  A f t e r  7 d a y s  in cu l t u r e ,  ce l l s  o r  su p e rn a ta n t s  

w e r e  s c re e n e d  for  ac t iv i t i e s  in v a r io u s  a s say  sy s t em s .

H L A  t y p in g  assav:

A m o d i f i e d  t w o  s t a g e  c y t o t o x i c i t y  a s s a y  w as  p e r f o r m e d  on  ea ch

h y b r i d o m a  c l on e  and  the U 9 3 7  cel l  l ine.  T h e  sp o n ta n e o u s l y  t r a n s f o r m e d  B 

cel l  l i ne  o f  the  d o n o r  w h os e  m o n o c y te s  wer e  fused  and the fusion  p r od u c t s  

w er e  used in this  s tudy se rved  as a source  to ident i fy  the d o n o r  HL A.  The

p an e l  o f  a n t i s c r a  wi th  k n o w n  H L A  sp e c i f i c i ty  w a s  a b s o r b e d  w i th  va r io u s

ce l l  l i n e s  (1 37) .  T h e  r e su l t ing ,  c o m p l e m e n t  f ree a n t i s c ra ,  w a s  in c u b a t e d  

wi th  the hy br ids  for  30  min  at 3 7 ^ C  in the  p r e s e n c e  o f  p r c - s c r c c n c d  n o n ­

to x ic  r abb i t  c o m p l e m e n t .  E a c h  t e s t  w as  p e r f o r m e d  in d u p l i c a t e  and  was

repe a te d  at l east  tw ice .  T h e  degre e  o f  pos i t ive  r e s pon se  was  d e t e r m i n e d  by 

c o l o r i m e t r i c  c h a n g e s  in the  we l l s ,  and  read by a u t o m a t e d  E L I S A  r e a d e r  

( co ur t e sy  o f  Dr.  M.  Fo t ino  - Ro go s i n  Inst i tute,  NY C) .

S t a i n i n g  as sav :

2 . 5 x l 0 5  ce l l s  wer e  p l ac ed  in a 9 6  we l l  V - b o t to m  p la te  and  w ere

w as h e d  X3 wi th  PBS con t a in in g  1% BSA,  0.01% sod iu m azide.  T h e  cell  pel let

w a s  r c s u s p e n d e d  wi th  50  p i  m o n o c l o n a l  a n t i b o d y  c u l t u r e  s u p e r n a t a n t ,  o r  

an  e q u i v a l e n t  c o n c e n t r a t i o n  o f  a s c i t e s  f l u i d  a n d / o r  c o m m e r c i a l  

m o n o c l o n a l  a n t ib o d y  ( f ina l  c o n c e n t r a t i o n  o f  5 p g / m l  Ig)  and  in c u b a te d  for  

45  min on ice. T h e  ce l l s  were  w as he d  x3,  r e s us pe nd ed  and s t a ined  wi th  the
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add i t io n  o f  5 | x l /wc l l  o f  f l u o r e s c e i n  c o n j u g a t e d  g o a t  a n t i - m o u s e  F ( a b ' ) 2  

an t i b o dy  (Tago) .  Af te r  an add i t iona l  45 min  o f  in c u b a t io n  on  ice the cel ls  

w e r e  w a s h e d  x3 and  w e r e  p r o c e s s e d  f o r  e x a m i n a t i o n .  F o r  n e g a t i v e  

c o n t r o l s ,  m y e l o m a  p r o t e i n s  o f  k n o w n  i s o t y p c  w e r e  m a t c h e d  by  the  

a p p r o p r i a t e  i s o t y p c s  and  u se d  in all e x p e r i m e n t s .  S l i d es  w e r e  e x a m i n e d

wi th  a f l u o r e s c e n c e  m i c r o s c o p e  ( L c i t z  O r t h o p l a n ) .  P o s i t i v e l y  s t a i n i n g  

ce l l s  were  sc ore d  by c o u n t i n g  2 0 0  ce l l s ,  and  the n u m b e r  o f  p os i t iv e  ce l l s  

w e r e  e x p r e s s e d  as  p e r c e n t a g e  o f  the  tota l  ce l l  p r e p a r a t i o n .  Q u a n t i t a t i v e  

c y t o f l u o r o m c t r y  w a s  p e r f o r m e d  o n  n o n - f i x e d  o r  f ixed  ( C o u l t e r  Fixat ive)  

ce l l s  wi th  an E p ics  C cy to f l u o ro g r a p h .

I n t e r l e u k i n  1/2 a s sa y s ;

Clo ne  D10.G4.1  (a gif t  l rom Dr.  R. S tc in m an )  is a h e l p e r  T  cell  c lone 

o b t a i n e d  f ro m  a p r i m e d  A K R / J  ly m p h  n o d e  c e l l s  ( H - 2 ^ ) .  C e l l s  wer e  

m a i n t a i n e d  in R P M I  m e d i u m  s u p p l e m e n t e d  w i th  10% F C S ,  lOO pg/ ml  e g g  

w h i l e  p r o t e i n ,  c o n a l b u m i n ,  a n d  i r r a d i a t e d  s p l c n o c y t e s  f r o m  an H - 2 ^ 

m o u s e ,  as a n t i g e n  p r e s e n t i n g  c e l l s ,  at  t h e  r a t i o  o f  1 :10 .  T h e  ce l l s

p r o l i f e r a t e  in the  p r e s e n c e  o f  IL-1 o r  IL -2  in th e  a b s e n c e  o f  f o re ig n  

an t ig e n  and  an t ig e n  p r e s e n t i n g  ce l l s .  DIO ce l l s  at  l og  p h a s e  g r o w t h  arc 

s e p a r a t e d  f ro m  s p l c n o c y t e s  by  F i c o l l - H i s t o p a q u e  g r a d i e n t ,  w a s h e d  x3 and  

res u sp en de d  in RP M I  10% FCS  and depr ive d  o f  IL-1 o r  IL-2 for  24 -4 8  hours.  

T o  test  for  IL-1 o r  IL-2 ac t ivi ty,  2 x 1 0 ^  cel ls  were  cu l tu red  in 0 .2 ml  RP MI  

m e d i u m  c o n t a i n i n g  5 %  F C S  w i t h  the  a d d i t i o n  o f  I L - 1/2 c o n t a i n i n g

su p e rn a ta n t s ,  in t r ip l i c a t e ,  at v a r io u s  d i lu t ion s .  S ta n d a r d  IL-1 c u r v e s  wer e  

o b t a i n e d  for  e a c h  a s sa y  us in g  k n o w n  c o n c e n t r a t i o n s  o f  r e c o m b i n a n t  IL-1. 

Ce l ls  were ha rves ted  af ter  65 hr,  fo l lowing  a 16 h r  pu lse  wi th  I p C i  o f  ^ H T d R  

a nd  p r o c e s s e d  for  s c in t i l l a t i o n  co u n t in g .
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P r e p a r a t i o n  o f  a n t i b o d y - s e n s i t i z e d  e r v t h r o c v t c s  ( E A ) : Ox red blood

ce l l s  w e r e  w a s h e d  x3 wi th  P B S  and  w e r e  i n c u b a t e d  w i th  50  g g /m l  o f  

p u r i f i e d  p o ly c lo n a l  goa t  IgG  ant i  Ox  e r y t h r o c y t e  a n t ib o d y  fo r  45  m in  at 

4**C.  F o l l o w i n g  i n c u b a t i o n ,  the  c e l l s  w e r e  w a s h e d  x3 w i th  P B S  and 

r e s u s p e n d e d  at 1x10** ce l l s /m l  in C M .  R a d i o l a b c l i n g  o f  the  ce l l s  was  

p e r f o r m e d  by  i n c u b a t i n g  the  ce l l s  w i t h  a n t i - O x  a n d  50  p. Ci o f  5 1 c  r 

( A m c r s h a m  Cor p . ,  Ar l in g t on  H e igh t s ,  IL) for  1 h r  at 37**C. T he  ce l l s  were 

w ash ed  x3 wi th PBS an ' ^ s u s p e n d e d  at 10**/ml  in CM.

P r e p a r a t i o n  o f  n e u r a m i n i d a s e - t r e a t e d  s h e e p  e r y t h r o c y t e s  ( E N ):

S h e e p  e r y t h r o c y t e s  w er e  w a s h e d  x3 wi th  R P M I .  T h e  ce l l s  p e l l e t  wer e  

i n c u b a t e d  w i t h  1 0 0  p i  o f  n e u r a m i n i d a s e  ( 1  u n i t / m l ,  v i b r i o  c h o l e r a ,  

C a lb io c h c m ,  Bc rh i ng  D iagnos t i c s )  d i lu t ed  in 20 ml  o f  C M ,  for  1 h r  at 37**C. 

F o l l o w i n g  i n c u b a t i o n  the ce l l s  wer e  w a s h e d  x3 in R P M I  and  r e - s u s p e n d e d  

in CM. The  cel ls  wer e  used wi thin the first tw o  w ee ks  o f  p repa ra t ion .  ^ * C r

l a b e l in g  was  p e r f o rm e d  as de sc r i b ed  for  the EA.

I m m u n e  m e d i a t e d  r o s c t l i n g : 5x10^ m o n o c y t e  h y b r i d o m a  ce l l s  and

f re sh ly  i s o l a t e d  m o n o c y t e s  w e r e  c o m b i n e d  w i t h  2 . 5x 10 ^  E N  o r  EA.  All 

e x p e r i m e n t s  w e r e  set  up in d u p l i c a t e .  T h e  m i x t u r e s  w e r e  c e n t r i f u g e d  at 

5 00  R P M  for  5 m in  and  in cu ba te d  at 37**C for  1 hr.  A f t e r  inc u ba t i o n  the 

ce l l s  w e r e  r e s u s p e n d e d  in C M  a n d  w er e  a s s e s s e d  by  d i r ec t  v i s u a l i z a t i o n  

us i n g  a p h a s e  m ic r o s c o p e .  A s a m p le  f rom e a c h  tu be  w as  m o u n t e d  on  a 

s l i d e ,  and  th e  r a t io  o f  r o s c t t e d  a n d  n o n r o s c t t e d  c e l l s  w a s  d e t e r m i n e d  

( po s i t ive  roset t es  wer e  b i nd i ng  o f  at l east  4  RBC/ cc l l ) .

P h a g o c y t o s i s : I m m u n e  m e d ia t ed  ro se t t ing  w as  a s sa y e d  as desc r ibed.

D i r ec t  v i s u a l i z a t i o n  o f  p h a g o c y t i c  c a p a c i t y  w as  a s s e s s e d  a f t e r  ly s i n g  f ree

Ox R B C  and  r o se t t e s  wi th  0 . 8 4 %  NH4C1,  and  by d i r ec t  v i s u a l i z a t i o n  o f
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i n t c r n a l i / . c d  c e l l s .  Q u a n t i t a t i v e  a s s e s s m e n t  o f  p h a g o c y t i c  a c t i v i t y  was  

te sted by the uptake  o f  ^ 1 Cr  l abeled  EN or  EA cells .  The  cel ls  were  washed  

and as sa y e d  for  p h a g o c y to s i s  as de sc r i be d  above .  F o l l o w in g  lysi s ,  the cel ls  

were  w as he d  x3,  and  the  pel le t  w as  co u n t e d  in g a m m a  coun te r .

B l o c k i n g  as sa y  o f  i m m u n e  m e d i a t e d  r o s c t t i n g  a nd  p h a g o c y t o s i s ;  

T h e  a b i l i ty  to b lo c k  i m m u n c - m c d i a t c d  r o s c t t i n g  and  p h a g o c y t o s i s  w as  

t e s t e d  by p r c i n c u b a l i o n  o f  the  ce l l s  wi th  1 g g / m l  o f  m o n o m e r i c  m o u s e  

m y e l o m a  IgG o r  ant i  Fc an t ib od y .  F o l l o w i n g  s a tu ra t io n  o f  the  r ec ep t o r s ,

the  c e l l s  w e r e  in c u b a t e d  wi th  a n t ib o d y  c o a t e d  EA and  p h a g o c y t o s i s  was

d e t e r m in e d .  Ce l l s  to be t es ted w ere  w as he d  x3 wi th  R P M I .  1.5x10** cel ls

w er e  r e s u s p e n d e d  in C M  in the p r es e n ce  o f  50 g g / m l  o f  p u r i f i e d  m o u s e  

m y e l o m a  I g G l ( M O P C  300,  A T C C ) ,  Ig G2 a  ( L P C 1 ,  A T C C ) ,  l g G 2 b  o r  an t i -Fc  

an t ibo dy  3G8  (kind gift o f  DR.  J. unkclcss ,  Mo un t  Sinai  Medica l  Ce n te r ,  NY).  

T h e  ce l l s  w er e  inc uba te d  in the cold  for  45  min.  F o l l o w in g  inc uba t ion  the 

cel ls  were  w a sh e d  x3 wi th RP MI  and res uspe nded  in CM .  0.5x10** cel ls  were 

i n c u b a t e d  w i t h  1 . 5 x 1 0 ^  ^ ^ C r  l abeled  an t i - Ox  IgG co a t ed  O x R B C  in 15 ml 

r ou nd  bo t to m tubes.  T h e  ce l l s  were  spun  for  5 min at 5 0 0  R P M  and were 

in c ub a t e d  for  60  min  at 5%  C O 2  37*^C. F o l l o w i n g  in c u b a t i o n ,  the O x R B C  

w er e  lyscd  wi th  0 . 8 4 %  N H 4 CI, the ce l l s  wer e  w as he d  x3 wi th  PBS  and the 

p e l l e t  w a s  c o u n t e d  in the  g a m m a  c o u n t e r .  Al l  s t u d i e s  w e r e  d o n e  in 

t r ip l i ca te ,  and rep e a t e d  tw ic e  for  each  ce l l  l ine.

C S F  as sav :  A shor t  t erm se mi - so l id  cul tu re  was  u t i l i zed  as p revious ly

d e s c r i b e d  ( 128 ) .  B o n e  m a r r o w  ce l l s  o f  n o r m a l  v o lu n te e r s  w e r e  s u s p e n d e d  

in M c C o y  5a  m e d iu m  su p p le m e n te d  wi th 10% FC S,  10% m o n o c y t e  h y b r id o m a  

c o n d i t i o n e d  m e d i u m  and ,  as a con t ro l ,  1 0% o f  g iant  cel l  t u m o r  co n d i t i o n e d  

m e d i u m  c o n t a i n i n g  c o l o n y  s t i m u l a t i n g  f a c t o r  ( G i b c o ) .  W a r m  a g a r  was  

ad de d  to  a f inal  co n c en t ra t i o n  o f  0 .3%.  T h e  s u s p e n s io n s  w er e  a l iq u o t c d  in
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35 m m  pct r i  d i s he s ,  in t r ip l i ca t e s  at a f inal  ce l l  co n c e n t ra t i o n  o f  2 x l 0 ^ / m l .  

T h e  cu l tu r e  w as  a l low ed  to  sol idi fy .  T h e  p la te s  were  inc ub a te d  at 3 7 ^ C  5% 

C O 2 a t m os ph e re  for  10 days .  Co lo n ic s  were  scored  by d i rec t  v i s ua l i za t ion  as 

p lu s  o r  m i n u s  4 0  ce l l s  p e r  ag gr eg a te .  T h e  as sa y  w as  r ep e a t e d  tw ic e  for  

n e g a t i v e  s u p e r n a t a n t  a n d  th r ee  t im e s  for  p o s i t iv e  s u p e r n a t a n t .

M o n o c l o n a l  a n t i b o d i e s :  T h e  f o l l o w i n g  m o n o c l o n a l  a n t ib o d ie s

( M a b )  w e r e  u s e d  t h r o u g h o u t  t h i s  s t u d y  f o r  s t a i n i n g  c e l l  s u r f a c e  

d e t e r m i n a n t s  o f  n o r m a l  m o n o c y t e s ,  m o n o c y t e  h y b r i d o m a s ,  U 9 3 7  ce l l  l ine,  

an d  the EBV  t r an s f o r m ed  B cel ls .  F or  s t a in ing ,  the m o n o c l o n a l s  were used 

e i t h e r  d i r e c t l y  f ro m  h y b r i d o m a  s u p e r n a t a n t s  o r  d i l u t e d  a s c i t e s .  As 

con t ro l ,  an i so ty pc  m a t c h e d  m y e l o m a  IgG w as  used for  each  s t a ining.

M o n o c v t c  spec i f i c :  O K M 1  ( co u l t e r ) ,  M a b  P9 (Leu M 3 ) ( I gG 2 b ) ,  SI  and 

S 39  ( Ig G 2 a)  w e r e  k ind ly  su p p l i e d  by Dr.  A. Bona.  Th i s  pane l  o f  M a b  stain 

7 0 - 9 3 %  o f  n o r m a l  p e r i p h e r a l  b l o o d  m o n o c y t e s  w i t h  s i m i l a r  t i s s u e  

d i s t r ib u t io n  (1 23) .  Th es e  m a rk e r s  arc no t  e x p r e ss e d  by  o u r  U 9 3 7  o r  H L -6 0  

ce l l  l ines .

B cell  speci f ic :

M a b  B1 ( I g G 2 a )  C D 2 0  is foun d  on  all m a tu r e  p e r ip h e ra l  B

c e l l s .

M a b s  T B 2 8 - 2  and 1.155.2 ( IgG  1) speci f ic  for  h um a n  ka pp a  and  

l a m b d a  l ight  ch a in  r e s pe c t i ve l y  ( A T C C ,  HB61  and  B cc t on  Dick i nso n) .

T  cell  speci f ic :

M a b  T3  ( I g G l ,  C o u l t e r )  is f o un d  on  al l  m a t u r e  p e r ip h e ra l  

b lo o d  T  cel ls ,  and  is a s soc ia t ed  wi th  the T  cell  receptor .

M a b  T i l  ( I g G l ,  C o u l t e r )  is f o u n d  on  1 0 0 %  o f  E p o s i t iv e  

r o s c t t i n g  l y m p h o c y t e s .  A l t h o u g h  the  a n t ig e n  is p r e s e n t  on rare m y e l o i d  

l e u ke mi as ,  it is not  exp re sse d  on  o u r  U93 7  cel ls .
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M a b  T 4  ( I g G l ,  C o u l t e r )  is p r ese n t  on 6 0 %  o f  c i r c u la t in g  T

c e l l s .  T h i s  p o p u l a t i o n  is f u n c t i o n a l l y  d e f i n e s  the  h u m a n  i n d u c e r  T cel l  

subse t  for  T-T ,  T-B ,  T-M  interact ion .

Mab T 8  ( Ig G l ,  Coul ter )  is present  on  35% o f  ci rculat ing T 

ce l l s  and  is fu n c t i o n a l l y  d e f in e s  the h u m a n  s u p p r e s s o r / c y t o t o x i c  subse t s .

D - r c g i o n  spe c i f i c ;

M a b  5G2.1 ( I g G l )  k ind ly  sup p l i ed  by Dr.  S. M.  Fu de f ine s  

n o n - p o l y m o r p h i c  r e g io n s  sp e c i f i c  for  the DR f r a m e w o r k  (1 24) .

M a b  S34  (D r  A. B on a )  an a n t i - f r a m e w o r k  h u m a n  D- r cg i on

a n t i b o d y .

M a b  G c n o x  3 . 5 3  ( I g G l )  d i r e c t l y  b i n d s  p o l y m o r p h i c  

d e t e r m i n a n t s  o f  the c l a ss  II an t igen  w h ic h  is the p r od u c t  o f  the  H L A - D Q

region (A T C C ,  HB 103).

M a b  L eu  10 ( I g G l )  d e f i n e s  a c l a s s  II a n t ig e n  w h ic h  is a 

p r o d u c t  o f  the H L A - D Q  reg ion  ( Bc c t on  Dick i nso n) .

M a b  B7/21 ( I g G l )  ini t ial ly des c r i bed  as r eact ive  wi th  H L A - D R ,  

w a s  s u b s e q u e n t l y  d e t e r m i n e d  to r e c o g n i z e  H L A - D P  s p e c i f i c i t i e s .  A s c i t e s  

w as  k ind ly  p r ov id ed  by Dr.  S teve n  Bur akof f .

U 9 3 7  spe c i f i c :

M a b  U26,  28,  4 8  were  d ev e lo p e d  aga ins t  U 937  cel l  l ine.  These  

M a b s  a rc  not  e x p r e s s e d  on m o n o c y t e s  o r  m a c r o p h a g e s  bu t  w e a k ly  s ta in  

c i r c u la t in g  g r a n u l o c y t e s  ( k in d l y  s u pp l i ed  by Dr.  A. Bona) .

C o n t r o l  a n t i b o d i e s :

M s I g G l ,  M s I g G 2 a ,  M s I g G 2 b  ( C o u l t e r )  a r c  m o n o c l o n a l  

a n t ib o d ie s  wi th  n o  spec i f i c i ty  for  h u m a n  t i s sue and sc rum  pr o te ins .  T h es e  

M a b s  were  used  as con t ro l  in su r face  s t a in i ng  assays.

M o u s e  m v e l o m a  p r o te i n s :



Ig Gl :  M O P C  300, ATCC 

IgG2a:  L P C 1 . A T C C

S t a t i s t i c a l  a n a l y s i s :  T he  d a t a  arc e x p r e s s e d  as m e a n  and s t a n da rd  

e r r o r  o f  the m e a n  in al l  e x p e r i m e n t s .  C o m p a r i s o n  b e t w e e n  g r o u p s  wer e  

p e r f o r m e d  by  u s in g  the  s t a n d a r d  s t u d e n t  T - t c s t  o r  A N O V A  ( a n a l y s i s  o f  

v a r i a n c e s ) .  P r o t e i n  c o n c e n t r a t i o n  ( m o n o c l o n a l  a n t i b o d i e s )  w e r e  

d e t e r m i n e d  f ro m  s t a n d a r d s  u s in g  l i n e a r  r e g r e s s i o n  cu r v e s .  All  s t a t i s t i ca l  

a n a ly s i s  w as  p e r f o r m e d  us i ng  S t a t v i c w  5 1 2 + T M ,  I n te r a c t i v e  S ta t i s t i c s  and 

G r a p h i c s  p a c k a g e ,  A b a c u s  C o n c e p t s ,  inc.
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R e s u l t s

1. M o n o c v i c  fus ion

la.  I so l a t ion  o f  m o n o c v l c s  for  fusion :  E lu t r i a t io n :  In o r de r  to obtain

a r e l a t ive ly  p ur e  p o p u l a t i o n  o f  m o n o c y t e s  we r e s o r t e d  to  the  m e t h o d  o f  

c o u n t c r f l o w  e l u t r i a t i o n .  As se en  in f igu re  1, the s e q u e n t i a l  in c r e a s e  in 

f low rate  r e s u l t ed  in e l u t i on  o f  l a rg e r  ( lo w e r  d e n s i t y )  ce l l s  ( a s  a s se ss ed  

by a C o u l t e r  Cha nnc ly / . c r ) .  It can  be c l ea r ly  seen  tha t  the P B L  can  be 

d i v i d e d  in to  t w o  g r o u p s  o n c e  the c o n t a m i n a t i n g  R B C  a n d  p l a t e l e t s  arc 

e l im in a te d  (peak 1), T h e  first g r ou p  o f  sm a l l e r  B and  T  ce l l s  ( pea ks  2-6) ,

and  se con d  g r o u p  con s i s t i n g  o f  the l arge m o n o c y te s  ( p e a k s  7-9) .  T h i s  was  

a l so c o n f i r m e d  by  s t a in ing  i so la t ed f r ac t ions  wi th  ant i -  T3,  T i l ,  B1 and  P9 

(F igu re  1, up p er  r ight  c o m e r ) .  A t  f low rate o f  6  m l / m in  all t he  red b lood

c e l l s  and  p l a t e l e t s  pa s s e d  t h r o u g h  (p eak  1). I n c r e a s i n g  the  f low rate

sequ en t i a l ly  1 m l / m in  f rom 7, 7.6,  8 .6 , 9 .6 and 10.6 m l / m in  ( g ro u p  1, peaks

2-6) ,  r e m o v e d  the  m a jo r i ty  o f  the  B and T  ce l l s  s i n ce  ce l l s  in this  g r ou p  

s t a in e d  po s i t ive ly  wi th  ant i-  T 3 ,4 , 8  and  B l .  O f  spe c ia l  in t e r es t  w as  the 

e l im in a t i o n  o f  the  m a jo r i ty  o f  the  B ce l l s  in the  s e c o n d  f ract ion .  T h u s ,  

u s in g  th i s  m e t h o d ,  we s ig n i f i c a n t ly  r e d u c e d  the  p r o b a b i l i t y  o f  g e n e r a t i n g

B c c l l - U 9 3 7  h y b r i d o m a s  w h ic h  do  no t  e x p r e s s  B ce l l  c h a r a c t e r i s t i c s  and 

c o u l d  be m i s t a k e n  f o r  r e p r e s e n t i n g  f u n c t i o n a l  m o n o c y t e  s u b p o p u l a l i o n s .  

T h i s  i s  in c o n t r a s t  to  p r e v i o u s l y  p u b l i s h e d  r e p o r t s  w h e r e  th e  

m o n o c y t e / m a c r o p h a g e  p o p u l a t i o n  w a s  s e l e c t e d  by  o n e  h o u r  p l a s t i c  

a d h e r e n c e ,  a t e c h n i q u e  w h i c h  l e a v e s  a l a rg e  p o p u l a t i o n  o f  a d h e r e n t  B 

ce l l s  in the  p r e p a ra t i o n .
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Figure 1: Cell size profiles o f  a representative countcrflow elutriation of human peripheral blood m ononuclear fractions

1-9, as determined on ZB1 coulter counter and channelyzer. The majority of monocytes were eluted in fractions 7-9,
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T h e  m a j o r i t y  o f  the  m o n o c y t e s  w er e  e l u t e d  in f r a c t i o n  7 - 9  wi th  

f low ra te s  o f  11.6,  13.6 and  15.6 m l / m in  (p eak  7 -9) .  C e l l s  f rom those

f rac t ions  were  8 1- 91%  posi t ive  for  O K M 3  and S39.  S ince  we  no t i ced  some

co n t a m i n a t i o n  o f  f r act ion  7 and  9 wi th  T  ce l l s  a nd  B ce l l s  ( as  s h o w n  by 

su r fa ce  s t a in in g  for  O K T 3 . 4 .8  and  B l ) ,  we ex c lu s i v e ly  used  f r act ion  8  (P9- 

9 1 % ,  C D 3 -  8 %. B l -  0 % ) ,  r ea l i z i ng  that  a m o n o c y t e  s u b p o p u la t i o n  m a y  be 

p r c f c r c n t i a l y  se l ec ted  in this  m a n n e r .  T h e s e  ce l l s  w e r e  p la t e d  on  t i s sue 

cu l tu r e  d i s h e s  and t r ea ted  wi th  g a m m a  IFN.  O n l y  the  a d h e r e n t  ce l l s  were

used  for  fusion.  In genera l  we were  able to obta in  5 0 x 1 0 ^  m o n o c y t e s  f rom 

e a c h  bu f fy  coat .

lb.  Fu s ion  and se lec t ion  o f  m o n o c v t c  h y b r i d s :  U 937  h i s t iocyt i c  cell

l in e  w a s  m u l a g c n i z c d  w i t h  c t h y l m c t h a n c s u l f o n a t c  a n d  g r o w n  in an 

in c r e a s i n g  c o n c e n t r a t i o n s  o f  6 - t h i o g u a n i n c .  A n  a m i n o p t c r i n  se n s i t i v i t y  

a s s a y  wi th  the  m u t a g c n i z c d  p a r e n t  l ine r e v e a le d  a n a r r o w  g a p  b e t w e e n  

the tox ic  do se  o f  am in o p tc r i n  Sx lO  ^ M  for  nor mal  U 9 3 7  cel l  and  k i l l ing  o f

3 - 5 x 1 0 ' ^ M  for  the  H G P R T  d ef i c i e n t  U 9 3 7  ce l l s .  In co n t ra s t ,  t h e re  was  

la rge  d i f f e re n ce  be tw ee n  toxic  l evel  o f  A za sc r in c  (>5 p g / m l )  a nd  c idal  dose  

for  the  m u ta n t  ce l l s  (0 .5 - 2  p g / m l )  l e a v i n g  s i g n i f i c a n t  r o o m  to  m a n u v c r .  

P e r i p h e r a l  b l o o d  m o n o n u c l e a r  c e l l s ,  e n r i c h e d  f o r  m o n o c y t e s  a n d  

a c t iv a te d  wi th  100 un i t s /m l  o f  r e c o m b in a n t  g a m m a  IFN ,  w e r e  fused  wi th

the  H G P R T  def i c i en t  U 9 3 7  cell  l ine ge n e r a te d  by Dr.  J. La r r i ck .  G a m m a  

in t e r fe r o n  w as  us e d  s inc e  we fo und  in se ve ra l  e x p e r i m e n t s  tha t  it w as  the 

m o s t  p r o m i s i n g  c y t o k i n e  for  f us i on  e f f i c i e n c y .  A f t e r  fu s i o n ,  ce l l s  wer e  

c u l t u r e d  in c o m p l e t e  m e d i u m  c o n t a i n i n g  H y p o x a n t h i n e - A z a s c r i n c  at a 

f inal  c o n c e n t r a t i o n  o f  1 p g / m l .  M i c r o s c o p i c  g r o w t h  a p p e a r e d  6 - 9  w ee k s  

a f t e r  fus ion  ( F ig ur e  2).  In two  o f  th r ee  su cc es s fu l  fu s ions ,  we w e r e  able 

to  i s o l a t e  s p o n t a n e o u s l y  t r a n s f o r m e d  B cel l  l i n e s  w h i c h  w er e  u se d  as



2 2

gamma IFN activated 
peripheral blood monocytes

HGPRT deficient 
U937

\ PEG 1000 mw

U937 x monocytes
6-8 weeks in 
HAT medium

monokine production 
Fc receptor assay 
surface antigens 
MLR

expanded
clones

V
HL60 x monocytes

rosetting P9+/DR+

Figure 2: Scheme for generation of monocyte hybridomas
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c o n t ro l s  for  H L A  t y p in g  s tud ies .  In the  ini t ia l  fu s ion  we w er e  able to 

ob ta in  11 c l o n e s  ( fus i on  e f f i c i e n c y  o f  1 %),  and wi th  2 su b s e q u e n t  fus ions  

we wer e  ab le  to o b ta in  6  and  1 c l o n e  r e s p e c t i v e ly  ( fu s i on  e f f i c i en c y  o f  

0 . 6 -0 .1 %) .  T hus ,  it app ea r s ,  that  due to the t e rmina l  s t a ge  o f  ma tu r a t i on  of  

these  ce l l s ,  fusion e f f i c i en cy  is low.

S in ce  f u s io n  e f f i c i e n c y  w a s  so  lo w ,  a l t e r n a t i v e  a p p r o a c h e s  wer e  

a t t e m p te d .  F u s io n  wi th  H L - 6 0  w a s  p r o b l e m a t i c ,  h o w e v e r ,  s ince  se lec t ion  

wi th  e i th e r  H A T  or  HA was im p os s ib le  d ue  to t e rm ina l  m a tu r a t io n  o f  the 

ce l l s  in the p r ese nce  o f  these  c o m p o u n d s .  T o  c i r c u m v e n t  this  we t r ied to 

s e l e c t  h y b r i d s  by  r o s c t t i n g  c e l l s  w i t h  m o n o c y t i c  s u r f a c e  a n t i g e n i c  

d e t e r m in a n t s  such as L u c -M3,  S 3 9  o r  a n t i - H L A - D R .  Ini t ia l ly ,  we w er e  able 

to o b ta in  h y b r id s  w h ic h  w e r e  po s i t iv e  for  th es e  m a r k e r s ,  h o w e v e r ,  t he re  

wer e  m a n y  c o n t a m i n a t i n g  H L - 6 0  cel ls .  W e  w ere  u n ab l e  to  o b ta in  c lona l  

p o p u l a t i o n s  o f  t h e s e  h y b r i d o m a s  d e s p i t e  o u r  e f f o r t  t o  s u b c l o n c  the 

m o n o c y t e  hy b r id s  as soon  as po ss ib le  fo l l o w in g  fus ion.  W e  a s s u m e  that  

th is  f a i lu re  w as  due  to r ap id  loss  o f  m o n o c y t e  c h r o m o s o m e s  and  fo l lowed  

by the  loss  o f  m o n o c y t e  ch a r a c t e r i s t i c s  and  the e x p r e s s io n  o f  ce l l  su r face  

d e t e r m i n a n t s .

W e  w e r e  u n ab l e  to o b t a i n  m o n o c y t e  h y b r i d o m a s  w h e n  the  fus ion  

p a r t n e r  w as  o n e  o f  the  c o m m o n l y  us e d  H G P R T  de f i c i e n t  ly m p h o b l a s t o i d  

cel l  l i ne s  such as 0 4 6 7  o r  the  K R 4  h u m a n  m y e l o m a  cel l  l ine.  In all the 

a t t e m p t e d  fu s i o n s  us i ng  the  a b o v e  l ines and  m o n o c y t e  e n r i c h e d  f r a c t ions ,  

the p r o d u c t  w as  p r o v e n  to  be e i t h e r  a T  o r  B cel l  h y b r i d o m a ,  s ince  it 

e x p r e s s e d  T  o r  B cell  su r fa ce  de te rm in a n t s .

W e  c o u l d  d e m o n s t r a t e  t h a t  o u r  f u s i o n  p r o d u c t s  h a d  n e w  

c h a r a c t e r i s t i c s :  (1)  T h e r e  w e r e  d i f f e r e n c e s  in th e  m o r p h o l o g y  w h e n
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c o m p a r e d  lo the  pa re n t  cel l  l ine ,  (2)  T he  ce l l s  had  an inc re as e d  n u m b e r  o f  

c h r o m o s o m e s ,  (3)  T h e  ce l l s  o b ta in e d  nov e l  m o n o c y t i c  m a rk e r s .  T he  ce l l s  

w er e  t rue  h y b r id s  s ince  they aq u i rc d  d o n o r  HL A an t igens .

11a. M o r p h o l o g y :  T h e  p a r e n t  ce l l  l ine  U 9 3 7  g r o w s  as s in g l e

u n i f o r m ly  r o u n d  ce l l s  in su sp e n s i o n .  It is n o n - a d h e r e n t  in t i s sue  cu l t u r e  

d i sh es .  T he  c y t o p l a s m  is c l ea r  wi th f ew da rk  g r an u l e s ,  t he  cel l  su r fa ce  is 

s m o o t h  wi th  o cc as io n a l  2-4  d e nd r i t i c - l ik e  ex te n s i o ns .  S o m e  o f  the hyb r ids  

e x h i b i t e d  d i s t in c t iv e  m o r p h o l o g y .  C l o n e s  13 and  20.3  w e r e  n o n - u n i f o r m  

po p u l a t i o n s  o f  l a rge  to sma l l  ce l l s ,  the c y t o p la s m  w as  a s m o o t h  wi th  few 

la rge  va c u o le s  and one  to  four  nuc leo l i .  C l o n e  13 ce l l s  s h o w n  in f igure  

3b,  arc l a rg e r  than the  U 9 3 7  p a re n t  ce l l s  ( f ig u r e  3a . ) ,  w i th  m os t  o f  the 

c e l l s  r o u n d  w i t h  s m o o t h  ce l l  s u r f a c e  w h i l e  t h e  o t h e r  h a v e  m u l t i p l e  

p s c u d o p o d i a  a n d  d e n d r i t i c - l i k e  e x t e n s i o n s .  T h i s  l ine  w a s  c l o n e d  and  

m a i n t a i n e d  th e i r  v a r i a t io n  in m o r p h o l o g y .  In g en e r a l  the  ce l l s  w er e  not  

a d h e r e n t  on t i s sue  cu l tu r e  d i sh es ,  h o w e v e r ,  3 0 - 4 0 %  o f  c l o n e  20 .3  ad h e re d  

to  p l a s t i c .  T h i s  p r o p e r t y  w a s  r a p i d l y  lo s t  in c o n t i n u o u s  c u l t u r e  

co n d i t i o n s ,  p r e s u m a b l y  d u e  to loss  o f  spe c i f i c  c h r o m o s o m e s .  O t h e r  c l on es  

su c h  as  9,  11 and  16.1 w e r e  m o r p h o l o g i c a l l y  i n d i s t i n g u i s h a b l e  f ro m  the 

U 9 3 7  p a r e n t  ce l l  l ine .  In p r o l o n g e d  c u l t u r e ,  a n d  s p e c i f i c a l l y  f o l l o w in g  

f re ez i ng  and  t ha w i ng ,  the  c l one s  such  as 13 and 20 .3  t e n d ed  to lose  the ir  

m o r p h o l o g i c a l  c h a r a c t e r i s t i c s  and  w o u l d  e i t h e r  d i e  o r  a c q u i r e  the  U 9 3 7  

m o r p h o l o g y .  T h e s e  p h e n o m e n o n  w a s  u s u a l l y  a s s o c i a t e d  w i t h  l o s s  o f  

sp e c i f i c  f u nc t i on  as  well .

T h e  ce l l s  w er e  in i t i al ly  s t ud ie d  for  the i r  c h r o m o s o m e  n u m b e r .  The  

U 9 3 7  had  4 4 - 4 7  c h r o m o s o m e s  w h i l e  hy b r id s  u n i f o r m l y  h ad  m o r e  than  55 

c h r o m o s o m e s .  C l o n e  13 had  m o r e  than  100 c h r o m o s o m e  on  r e p e a t e d  

t e s t i n g .
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Figure  3: ^  Parent  cell l ine U937.  £l- M o n o c y te  h y b r id o m a  c lone 13.
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T h e  rate  o f  g r o w t h  w as  d i f f e r en t  for  va r io u s  c l o n e s  wi th  d o u b l i n g  

t im e  o f  36  h ou r s  f o r  c l o n e s  13 a nd  20 .3  c o m p a r e d  to  a n o r m a l  U 93 7  

d o u b l i n g  t ime o f  18 hours .

11b. H L A  t y p i n g  o f  m o n o c v t c  h y b r i d o m a s :  E l u t r i a t e d  e n r i c h e d

m o n o c y t e  f r a c t i o n s  w e r e  o b t a i n e d  f r o m  b u f f y  c o a t s  o f  b l o o d  d o n o r  

v o l u n t e e r s  s u p p l i e d  by the  M o u n t  S in a i  b lo o d  b a nk .  In o n e  o f  the 

su c c e s s f u l  f u s io n s  we  w e r e  f o r t u n a te  e n o u g h  to  i s o l a t e  a s p o n t a n e o u s l y  

t r a n s f o r m e d  B c e l l  l i ne  f rom  the  s a m e  d o n o r  as  w e l l  as  m o n o c y t e  

h yb r id o m a s .  T h e s e  cel l  l ines in add i t ion  to  the U 9 37  w er e  H L A  type d  and 

c o m p a r e d  to the  e x p r e s s i o n  o f  H L A  a n t i g c n c s  on  the  h y b r i d o m a s .  As 

sho w n  in table 1, the U937 eel) l ine exp re sse s  HLA  A3 and B5,  18, wh ich  is 

in a g r e e m e n t  w i t h  p r e v i o u s  r e p o r t s  o f  th i s  l ine .  T h e  d o n o r  ce l l s  

express ed  HL A A9,  11 and B5,  49.  Both do n o r  and U937  sha red  B w 4  and  B w 6  

and  B5 spec if i c i t i e s .  Ini t ia l ly,  mos t  o f  the hy br ids  e x p r e ss e d  all U 9 37  HL A 

d e t e r m in a n t s .  H o w e v e r ,  c l on e  9  and  14 w er e  pos i t ive  fo r  the d o n o r  A9,  in 

add i t ion  c l o ne  14 was  w eak ly  po s i t ive  for  A l l .  C l o n e  8  w ea k l y  ex p re sse d  

A 9  and  A l l  in add i t ion  to the  U93 7  A3 ant igens .  C l o n e  12 w as  weak ly

pos i t i ve  for  A9 ,  w h i l e  c l o ne  11 w as  w e a k ly  pos i t ive  for  A l l .  T h e  ini t ial  

f i n d i n g  th a t  h y b r i d s  w e r e  p o s i t i v e  fo r  the  d o n o r  H L A  B 4 9  w a s  not

s u p p o r t e d  by  r e p e a te d  te st s  u s i n g  d i f f e r e n t  an t i se ra .  C l o n e  13 d id  not

acq u i r ed  any o f  the  d o n o r  H L A  an t ige ns  and  ap pe are d  to lose  the  H L A  B18 

ex p r e ss io n  o f  the U93 7  cel ls .

W e  w er e  ab le  to  iden t i fy  the  H L A - D  reg io n  p r o d u c t s  e x p r e s s e d  on 

U937 ,  the t r an s f o rm ed  B ce l l s  and c lon e  16. The  resu l t s  c o n f i r m e d  that  the 

U9 3 7  d id  not  ex p r e s s  any  H L A - D  reg ion  m ol e cu le s .  H y b r i d o m a  c l o n e  16

h o w e v e r  e x pr e ss ed  H L A - D R  2 and D Q  1, whi le  the  d o n o r  B ce l l s  exp re sse d

H L A - D R  3, 5 and DQ  2. It is obv ious  that  the D-reg ion  mo le cu l es  o f  c l one  16



U 937
haplotype ^ B18 Bw4 Bw6

Donor
haplotype A9 A 11 B5 B49 Bw6 DR3, 5 DQ

Hybrid #

8 4+ 4+ 3+ 3+ 3+ +/- +/- 4+ 2+ 4+

9 4+ 4+ 2+ 4+ 3+ 4+ 4+ +/- 3+

11 4+ 4+ 2+ 3+ 3+ w eak 4+ 2+ 3 f

12 4+ 4+ 2+ 3+ 4+ +/- 3+ 2+ 3+

13 4+ 2+ 3+ NT 2+ 3+

14 4+ 4+ 2+ 3+ 3+ 3+ +/- 3+ 2+ 3+

15 4+ 4+ 2+ 3+ 3+ 3+

16 4+ 4+ 2+ NT NT 3+ 2+ 3+ DR2 DQ1

20 4+ 4+ 3+ 3+ 3+ 3+ 2+ 3+

T able 1: HLA typing of th e  m onocyte  hybridom a cells rev ea led  sh a re d  c la s s  I ex p re ss io n  with th e  paren t line U937. in addition, 
som e of the hybrids aqu ired  HLA- A9, 11, a s  well a s  B49 from the do n o r cells. C lone 16 now e x p re s se d  DR2, DQ1 which a re  

probably co n stitu en ts  of th e  original U 937 g en o m e .
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w e r e  no t  c o n t r i b u t e d  by  the  d o n o r  c e l l s ,  but  w e  ca n  n o t  e x c l u d e  the

p r e s e n c e  o f  a t r a n s a c t i n g  fac to r  w h ic h  in d u c e d  the  DR 2 e x p r e s s i o n  on

the  h y b r id ,  w h ic h  w as  d o n a t e d  by the  m o n o c y t e  p a r tn e r  as  s u g g e s t e d  in 

o t h e r  s y s t e m s  (2 4 ,25) .

T h e s e  r e s u l t s  i n d i c a t e  tha t  o u r  m o n o c y t e  h y b r i d o m a  c l o n e s  arc 

i n d e e d  t r u e  h y b r i d s ,  s h a r i n g  b o t h  d o n o r  a n d  p a r e n t  l i n e  H L A  

d e t e r m i n a n t s .

Me. S u r f a c e  e x p r e s s i o n  o f  l v m p h o c v l i c  m a r k e r s :  T he  abi l i ty to

i d e n t i f y  n e w  h y b r i d s  by  th e  a c q u i s i t i o n  o f  s p e c i f i c  c e l l  s u r f a c e  

d e t e r m i n a n t  i n d i c a t e  the  f u n c t i o n a l  e x p r e s s i o n  o f  n e w l y  i n c o r p o r a t e d  

c h r o m o s o m e s .  As e x p e c t e d ,  the  h y b r i d s  e x p r e s s e d  s u r f a c e  d e t e r m i n a n t s

found  on the  U937  ce l l s  ident i f i ed  by Mab  U28 ,  and  U48.  T h e  hy br ids  did 

n o t  e x p r e s s  a ny  B ce l l  m a r k e r s  i d e n t i f i e d  by M a b  B l ,  s u r f a c e  o r  

c y t o p l a s m i c  k a p p a  o r  l a m b d a  l i g h t  c h a i n s  a n d  d i d  n o t  s e c r e t e

i m m u n o g l o b u l i n s .  S ta in i n g  wi th  a pane l  o f  T  ce l l  m a r k e r s  su c h  as  M a b

T 3 ,  T4 ,  T 8  o r  T i l  were  nega t ive .  Th e  hy br ids  were  n ega t iv e  for  M a b  Luc 

M 3  o r  O K M 1  bu t  th e y  s h o w  v a r i o u s  e x p r e s s i o n  o f  m o n o c y t e  sp e c i f i c

m a r k e r s  S I  and  S 3 9  ( T a b le  2)  ( a f t e r  e x c lu s i on  o f  n o n - s p e c i f i c  b in d in g  by 

Fc g a m m a  rece p to r ) .  C l on e  13 a l so  e x p r e s s e d  the  Fc r e c e p t o r  in h i g he r  

de n s i t y  d e t e c te d  by M a b  an t i - Fc Rl .

T h e  l ack  o f  B o r  T  cel l  m a r k e r s  on the  n e w  h y b r i d s  c o n c o m i t a n t  

w i t h  the  e x p r e s s i o n  o f  m o n o c y t i c  m a r k e r s  S I / 3 9  a nd  the  Fc r e c e p t o r  

ind i ca t e  tha t  the se  c l o n e s  arc fusion  p r o d u c t s  o f  b lo o d  m o n o c y t e s  and  the

U 9 3 7  cell  l ine.

F u n c t i o n a l  a s s e s s m e n t  o f  h u m a n  m o n o c v t c  h y b r i d o m a s



Cell line

U 937 6 1 3  14  15  16.1

mAB Staining Intensity

U48 + + + ++ + + + + + + + + + +

S1 +++ + + ++ ♦

S39 - - + + + + + + +++ +

B1 ♦ + + . . . .

T3 . . . . . .

Table 2: S u rface  sta in ing  of m onocyte hybridom as with specific mAB S1 and  S39. T h ese  m olecu les a re  
ab sen t on the U 937 pa ren t line, or th e  transfo rm ed  B cell line (B1+). All hybridom a c lones and  U937 
w ere s ta ined  with U48 mAB, but failed to sta in  B or T cell m arkers. S tain ing  w as a s s e s e d  by fluorescen t 
m icroscopy a s  well a s  flow cytom etry. (- negative , + w eak, ++ m odera te , +++ strong  staining).

NO
m
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I n i t i a l  s t u d i e s  w e r e  p e r f o r m e d  to  d e t e r m i n e  w h e t h e r  t h e s e

h y b r i d o m a s  w e r e  n o w  c a p a b l e  o f  m o n o c y t e  r e l a t e d  f u n c t i o n s  no t

d e m o n s t r a b l e  by the  U 9 3 7  p a r e n t  l ine .  T h r e e  e x p e r i m e n t a l  a p p r o a c h e s

w e r e  u se d  1) a s s e s s m e n t  o f  IL-1 s e c r e t i o n .  2)  r o s c t t i n g  w i th  and

p h a g o c y t o s i s  o f  an t i b o d y  c o a te d  red b lo od  ce l l s  and  3) sec r e t i on  o f  o the r  

m o n o c y t e - d e r i v e d  f a c t o r s  s u c h  as  c o l o n y  s t i m u l a t i n g  f a c t o r s  and

m o n o c y t e -  d e r i v e d  s c c r c t a g o g u c  pe p t id e .

I l i a .  S e c r e t i o n  o f  i n t e r l e u k i n  1 ( I L - 1 ) :  IL-1 p r o d u c t i o n  is a

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

i m m u n o r c g u l a t o r y  m o n o k i n e  is s e c r e t e d  by a c t i v a t e d  c e l l s  d u r i n g  an 

i m m u n e  re sp o n se .  T h i s  m o n o k i n e  h as  u b i q u i t o u s  e f f ec t s ,  but  im p or ta n t ly

ac t s  on T  ce l l s  to r end er  them ca p ab le  o f  e x p r e s s i n g  in t e r l eu k i n  2 ( IL -2 )  

r e c e p t o r  w h i c h  is u su a l ly  a c c o m p a n i e d  by s e c r e t i o n  o f  IL-2 .  A l t h o u g h  

se v e r a l  g r o u p s  h a v e  d e m o n s t r a t e d  tha t  U9 37  c e l l s  c a n  se c r e t e  IL-1 w h en  

s t i m u l a t e d  w i th  l i p o p o l y s a c c h a r i d c  ( L P S ) ,  no t  al l  U 9 3 7  l i n e s  h a v e  this

c a p a c i t y .  T h e  l in e  m a i n t a i n e d  in o u r  l a b o r a t o r y  s e c r e t e s  m i n i m a l

a m o u n t s  o f  IL-1 a f te r  s t im ula t io n  wi th  LPS.  It was  th e re fo re  o f  inte res t  to

d e t e r m i n e  w h e t h e r  o u r  h y b r i d s  c o u l d  n ow  se c r e t e  IL-1 c o n s t i t u l i v e l y  o r  

a f t e r  s t im u la t io n  wi th  LPS .  As  seen  in f igu re  4a,  s ig n i f i c an t  sec r e t i on  o f

IL-1 was  no te d  in h y b r id s  13, 16, 17 and  20,  on ly  a f te r  s t im ul a t io n  wi th

L P S ,  us ing  the m ur in e  IL-1 sens i t ive  DIO T  cell  l ine as say .  T h e  rem ainder ,

l ik e  U 93 7 ,  w e r e  u n i n d u c i b l e  ( c l o n e s  8 , 9,  14, 15) o r  s e c r e t e d  m in i m a l

a m o u n t s  o f  IL-1 af te r  LPS  s t i mula t ion  (c lones  11, 12). The  supe rna tan t  did 

no t  c o n t a in  any  t r a c e a b le  a m o u n t  o f  IL-2 s i n c e  they  w er e  in c a p a b l e  o f  

su pp o r t i n g  the  g r o w t h  o f  IL-2 sens i t ive  C T L L  ce l l  l ine (128) .  T h e  a m o u n t  

o f  I L- I  s e c r e t i o n  c o u l d  be d e t e r m i n e d  by c o m p a r i n g  a d o s e  r e s p o n s e  

c u r v e  f o r  ea ch  h y b r i d o m a  su p e r n a t a n t  wi th  a s t a n d a r d  IL-1 cu r v e  us i ng
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Figure 4: A. C onstitu tive IL-1 production  in m onocy te hybridom as ( | )  a n d  after 
LPS stim ulation  ( Q )  a s  a s s e s s e d  by th e  D10 cell line. Only c lo n es  13 ,16 ,17  an d  20 
se c re te d  significant am oun t of IL-1 upon LPS stim ulation.

B. A d o se  re s p o n se  cu rv e  w as u sed  in o rder to d e te rm in e  IL-1 activity 
(determ ined  by th e  D 10 cell line a ssay ). C lone 13 a n d  c lone  17 (1.5 an d  0 .8  units/ml 
respective ly ) s e c re te d  significantly  g re a te r  am oun t of IL-1 th an  th e  U 937 p a ren t cell line.
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a v a i l a b l e  r e c o m b i n a n t  IL-1 ( F ig u r e  4b) .  F o l l o w i n g  s t i m u l a t i o n  w i th  10 

p g /m l  o f  LPS  for  48  hours ,  c lones  13 and 17 secreted 1.5 and  0.8 uni ts  o f  IL- 

1/ml r e s p e c t i v e l y ,  w h i l e  c l o ne  16 se c r e t e d  0 . 1 5  and  U 9 3 7  se c r e t e d  on ly  

0 . 05  u /ml  o f  IL-1 u n d e r  the  sa m e  c o n d i t i o n s .  T h e s e  r e su l t s  su pp o r t  the 

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

c h a r a c t e r i s t i c s  such  as  IL-1 se c r e t io n .

l l l b .  I m m u n e  m e d i a t e d  r o s c t t i n g  a n d  p h a g o c y t o s i s :  S ince  ma ny

m o n o c y t e  f u n c t i o n s  a r c  m e d i a t e d  by b i n d i n g  o f  a n t i g e n /  a n t i b o d y  

c o m p l e x e s  to  the  Fc r e c e p to r  f o l l o w e d  by in te r n a l i z a t i o n  a nd  p r o c e s s i n g ,  

it w as  a p p r o p r i a t e  to  a s se ss  the  abi l i ty  o f  o u r  h y b r i d s  to  b in d  i m m u n e  

c o m p l e x e s  and  f o l lo w  the i r  p r o g re ss io n  in to  the  cel l .  T h e  p e r c e n t a g e  o f  

i m m u n c - m c d i a t c d  r o s c t t i n g  for  a n l i - O x  IgG  c o a t e d  Ox  red  b lo o d  ce l l s  

( O x R B C )  o f  U 9 3 7 ,  m o n o c y t e  h y b r i d o m a s  a nd  f r e s h l y  i s o l a t e d  h u m a n  

m o n o c y t e s  is s h o w n  in t able 3. U 9 37  ce l l s  and c l on es  8 , 11, 12, and 13,

e x h i b i t e d  s o m e  d e g r e e  o f  r o sc t t in g  wi th  the  c o a t e d  O x R B C .  H o w e v e r ,  

i n i t i a l ly  c l o n e s  20  and  9  d i sp l a y e d  s i m i l a r  r o se t t e s  c o m p a r e d  wi th  n o r m a l  

m o n o c y t e s .  T he  b i n d in g  fo r  c l o ne  20 w as  m o r e  than 10 R B C / h y b r i d o m a  

cel l .  T h i s  abi l i ty  to roset t e  ant igen coa ted R B C  was  lost in cu l tu re  by c lone 

9  a n d  r e t a i n e d  in c l o n e  20 .3  ( s u b c l o n e  o f  20 ) .  W e  c o u l d  c l e a r l y  

d e m o n s t r a t e  tha t  the  a t t a c h m e n t  w a s  i m m u n c - m c d i a t c d  s i n c e  n o n - c o a t c d  

O x R B C  d id  n o t  b i n d  to the  h y b r i d s .  I n c u b a t i o n  o f  the  c e l l s  wi th  

n e u r a m i n i d a s e  s e n s i t i z e d  s h e e p  R B C  was  no t  a s s o c i a t e d  wi th  a t t a c h m e n t ,  

i n d i c a t i n g  the  l ack  o f  o t h e r  s u r f a c e  r e c e p t o r s  ( s u c h  as  fo r  m a n n o s c )  

w h ic h  a re  r e s p o n s i b l e  f o r  Fc i n d e p e n d e n t  a t t a c h m e n t  a n d  p h a g o c y t o s i s .

A l t h o u g h  t h e r e  is s o m e  c o r r e l a t i o n  b e t w e e n  th e  p h a g o c y t i c  

ac t i v i ty  and  ro se t t e  f o rm a t i o n ,  ro sc t t i ng  p e r  se w as  no t  s y n o n y m o u s  wi th  

p h a g o c y t o s i s .  T h e  f u n c t i o n a l  h e t e r o g e n e i t y  w h i c h  is d e m o n s t r a t e d  for
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Ox RBC Rosettes 

%

Phagocytosis

%

PBL Monocytes 7 1 5 0

U 9 3 7 1 0 .7 6

Clone # 8 2 0 .3 1 8 .3

9 4 9 .1 2 0 .1

11 1 3 .6 0

13 2 4 .1 6 .1

15 5 .6 1 1 .9

16 4 . 9 1

17 6 .5 5 . 6

20 6 4 .1 3 4 .1

Tabic 3: Binding (rosette formation) and phagocytosis o f  IgG coated ox RBC o f  is
com pared  to normal freshly isolated PBL m onocytes.  T here  was a hetcrogcnicity  in both 
rosette formation and phagocytos is  am ong the hybrids when com pared  to the normal 
m onocytes  or the U937 parent line. The  ability o f  b inding was no t necessari ly  associated  
with phagocy to s is  sugges t ing  that the two p rocesses  were d if fe ren t ia l ly  acquired .
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s u b p o p u l a t i o n s  o f  h u m a n  m a c r o p h a g e s  a p p e a r s  to  b e  e x p r e s s e d  by the 

h y b r i d s  (13) .  T h e  d e g r e e  o f  p h a g o c y t o s i s  in the n o r m a l  m o n o c y t e  was  

l e s s  the n  tha t  r e p o r t e d  in the  l i t e r a tu r e ,  but  w a s  r e p r o d u c i b l e  in o u r  

h a n d s .  As  s e e n  in t a b le  3. the  c a p a c i t y  fo r  r o s e t t e  f o r m a t i o n  and 

p h a g o c y t o s i s  is c l e a r ly  d e m o n s t r a t e d  by the h u m a n  m o n o c y t e s  (13)  and 

c l o n e  20.  A l t h o u g h  the re  is a g o o d  c o r r e l a t i o n  b e t w e e n  the  t h e s e  two 

fun c t i on s  in c l one  8 , t he re  is no p h a g o c y t o s i s  in c l o n e  11 de sp i t e  b i nd i ng  

o f  co a t ed  O x R B C  (1 3 .6%) .  S im i la r  r esu l t s  in the  m ur in e  s y s t em  (14)  were 

a s s u m e d  to  be  r e l a t e d  to  th e  p r e s e n c e  o f  a p o o r l y  p h a g o c y t i c  

su b p o p u l a t i o n ,  o r  due  to po ly m o r p h ic  Fc r e c ep to r  wi th  the e x p r e s s io n  o f  a 

r e c e p t o r  w h ic h  d o c s  no t  t r ig g e r  ing es t io n .

T h e  ab i l i ty  o f  c l o n e  20  to b ind  an t i g en  c o a t e d  O x R B C  is 

d e m o n s t r a t e d  in f igu re  5a.  In the u p p e r  par t ,  the a t t a c h m e n t  o f  mu l t ip l e  

R B C  to the  ce l l s  is e v i d e n t  f o l l o w i n g  m i x i n g  o f  the  O x R B C  a nd  the 

h y b r i d o m a  ce l l s  at the  rat io o f  50:1.  T h e  ce l l s  wer e  spun  at 50g  and the 

u n d i s t u r b e d  pel l e t  w as  in c ub a t e d  at 3 7 ^ C  for  6 0  min u t es .  T he  ce l l s  were  

m o u n t e d  on s l i de s  a f t e r  ge n t l e  r e s u s p e n s i o n  and  w e r e  d i r ec t l y  v i s u a l i z e d  

u n d e r  the m i c r o s c o p e .  T h e  lo w e r  f igure  ( f igu re  5b)  w as  t a ke n  f o l lo w in g  

lys i s  o f  su r fa c e  a t t a c h e d  O x R B C  wi th  0 . 8 4 %  NH4C1.  T h e  p h a g o c y t o s c d  

O x R B C  can  be seen  ins ide  the hybr id  u s in g  phas e  mi c ro sc op y .

Hie .  P h a g o c y t o s i s  o f ^ C r  l a b e le d  O x R B C :  A l t h o u g h  m ic r o s c o p ic

e v i d e n c e  s u g g e s t s  an a c t i v e  F c R  in t h e s e  h y b r i d s ,  q u a l i t a t i v e  and  

q u a n t i t a t i v e  a s s e s s m e n t  o f  p h a g o c y t o s i s  a n d  the  ro le  o f  Fc r e c e p t o r  in 

i m m u n e  m e d i a t e d  p h a g o c y t o s i s  ca n  be b e t t e r  d e m o n s t r a t e d  by the  u p ta k e  

o f  ^ 1 C r  l abe led  an t i - O x  IgG co a t ed  O x R B C  by U 93 7  and  h y b r i d o m a  cel ls .  

F o l l o w i n g  in c u b a t i o n  wi th  l a be l ed  Ox  R B C ,  the ce l l s  w ere  r e s u s p e n d e d  in 

0 . 84%  NH4C1 for  5 mi nu tes ,  the pel le t  was  washe d  x3 wi th  PBS  and coun t ed



Figure  5: a.. Rose l l e  fo rmat ion  with IgG coa ted  ox R B C  by c lone 20.  b.

F o l l o w i n g  lys i s  o f  su r fa c e  a t t a c h ed  ox R B C ,  the  p h a g o c y t o s c d  ce l l s  are seen  

in s i d e  the  h yb r i d .
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by  g a m m a  c o un t e r .  As  s h o w n  in t a b l e  4 ,  c l o n e  20.3  w h e r e  we  cou ld

v i su a l ly  de t ec t  p h a g o c y t o s i s ,  t he re  was  a h i g h e r  u p ta k e  o f  ^ * C r  o x R B C  

than the U937  cel ls .  In ag r e em e n t  wi th  table  3, c l one  16 had lo w er  up take

o f  the ^ ' Cr  than the U937  cells .  O f  interest  was  the low up take  o f  c lone 9.2

w h i c h  had lost  the  abi l i ty  to p h a g o c y t o s c  the Ox ce l l s  d e s p i t e  r ep e a t e d

s u b - c l o n i n g  o f  the  ce l l s ,  a p h e n o m e n o n  w h i c h  is p r o b a b l y  a s s o c i a t e d  

w i t h  h y b r i d  i n s t a b i l i t y .

Ce l l s  w er e  p r c - in cu b a tc d  wi th  m o u s e  m y e l o m a  IgG 1, 2a ,  2b  o r  the 

ant i -Fc  r e c ep to r  M a b  3G 8 fo l low ed  by incu ba t io n  wi th  the l a be led  O x R B C .  

A l t h o u g h  the  l evel  o f  ^ * C r  u p ta k e  w a s  lo w ,  a s i g n i f i c a n t  d e c r e a s e  in

p h a g o c y t i c  ac t i v i ty  was  p r o d u c e d  by the I g G 2 a  p r o te in  and  not  by o t h e r

i s o t y p cs  o r  the  3 G 8  a n t ib o d y  ( T a b le  4) ,  c o n f i r m i n g  that  the  b in d in g  and

the  p h a g o c y t o s i s  a rc  m e d i a t e d  t h r o u g h  Fc r e c e p t o r  s p e c i f i c  for  m u r i n e  

IgG2a .  T h u s  we wer e  ab le  to d e m o n s t r a t e  that  Fc d e p e n d e n t  rosc t t i ng  and 

p h a g o c y t o s i s  w h i c h  c a n  o c c u r  in s o m e  o f  th e  m o n o c y t e  h y b r i d s ,  is

d i f f e r e n t  f rom the  U 9 3 7  p a r e n t  ce l l  l ine ,  a nd  p r e s u m a b l y  r e p r e s e n t s  a 

f u n c t i o n  c o n t r i b u t e d  by the  d o n o r  m o n o c y te .

I l l d .  S e c r e t i o n  o f  c o l o n y  s t i m u l a t i n g  f a c t o r s :  A l t h o u g h  IL-1

a p p e a r s  to  be a m a jo r  m o n o k i n e  r e g u la t i n g  T  and  B cel l  func t io n ,  o th e r  

m o n o k i n e s  m a y  a l so  h av e  e f fe c t s  on the  i m m u n e  res p on se .  It has  been

s u g g e s t e d  tha t  IL-3  and  o t h e r  c o l o n y  s t i m u l a t i n g  f a c t o r ( s )  ( C S F )  may

a f f e c t  l y m p h o c y t e  a c t i v a t i o n .  T h i s  f a m i ly  o f  m o l e c u l e s  is c a p a b l e  o f

s u p p o r t i n g  the  c l o n a l  p r o l i f e r a t i o n  o f  h c m a t o p o e i l i c  p r o g e n i t o r  c e l l s  in 

v i t r o .  S o m e  f a c t o r s  s u c h  as  I L - 3  a re  c a p a b l e  o f  s u p p o r t i n g  the  

p r o l i f e r a t i o n  o f  c o l o n i c s  o f  m u l t ip le  ce l l  l i n e a g e s ,  i n c l u d i n g  c r y t h r o i d  as

we l l  as  m y e l o i d  p r ec ur so r s ,  w h i l e  o t he r s  such  as the h u m a n  G M - C S F  arc 

c a p a b l e  o f  s u p p o r t i n g  c e l l s  o f  the  g r a n u l o c y t c - m a c r o p h a g c  ( G - M )  l i n e ag e



C ell lin e

U937 2 0 .3

CPM 51 Cr

9 .2 16.1

antibody 2 5 9 7 4 9 4 3 2 1 0 9 1 9 8 5

Preincubation with lgG1 2 2 8 1 5 2 7 0 * N1 NT

lgG 2a 2 5 7 5 2 3 0 6 NT NT

lgG2b 2 2 8 1 4 9 1 4 NT NT

anti-Fc (3G8) 2 4 8 2 5 4 6 7 NT NT

* P, 0 .005 
** Not te s ted

T able 4: U ptake of chrom ium  labled OxRBC by m onocyte hybridom a c lones com pared  to  U937 d em o n stra te  the 
e n h an ced  ability of clone 20.3  bind and  internalize lgG 2a co a ted  OxRBC. This p ro c e s s  is blocked by preincubation 
with lgG 2a m yelom a protein, but not IgG l, lgG 2b or anti- FcR mAB 3G8.
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(15) .  G M - C S F  has  been  sh o w n  to be sec reted by n u m e ro u s  tu m o r  cel l  l ines

and  is ca pab le  o f  ac t ing  in an au t oc r ine  f ashion.  It has  a l so  be e n  asc r ibed

to  n o r m a l  m o n o c y t e s  and  m a c r o p h a g e s  (16) .  U s i n g  a s t a n d a r d  c o l o n y  

f o r m i n g  u n i t  a s s a y ,  we  a d d e d  g r a d e d  c o n c e n t r a t i o n s  o f  h y b r i d o m a  

s u p e r n a t a n t  to  the  f e e d e r  l a y e r  o f  n o r m a l  b o n e  m a r r o w  c u l t u r e s .  As 

s h o w n  in t a b l e  5,  t h r e e  p a t t e r n s  e m e r g e d  w i t h  r e g a r d  to  c o l o n y  

f o r m a t i o n .  T w o  h y b r i d s  ( c l o n e s  13,  20 )  a p p e a r e d  to  se c r e t e  a f ac to r  

c a p a b l e  o f  s t i m u l a t i n g  c o l o n y  g r o w t h  ( d e f i n e d  as  m o r e  th a n  4 0  ce l l s  

/ a g g r e g a t e ) ,  and  w a s  c o m p a r a b l e  to  the  e f fec t  p r o d u c e d  by  the  po s i t i v e  

c o n t r o l  fo r  th i s  a s s a y ,  s u p e r n a t a n t  f rom  a g ia n t  ce l l  t u m o r  k n o w n  to

sec re te  G M - C S F .  U9 3 7  and  4 o t h e r  h yb r i ds  ( c l ones  8 , 9,  15, 16) inhibi ted

c o l o n y  f o r m a t i o n ,  w h i l e  o t h e r  c l o n e s  d e m o n s t r a t e d  i n t e r m e d i a t e  e f f e c t s

o n  g r o w i n g  c o l o n i c s  ( c lo n e s  12, 14) and  w e r e  no t  d i f f e r e n t  f ro m  the

p l a te s  wi th  m e d i u m  a lone w i th ou t  CS F.  T h e  s t i m u la to ry  c a p a c i t y ,  wh ich  

d id  not  a pp e a r  to co r re l a te  wi th  IL-1 sec re t ion ,  do cs  a p p e a r  to be a form of

C S F .  U n d e r  d i r ec t  v i su a l i z a t i o n  the  c o l o n ic s  wi th  the re  l a rge  ce l l s  were

ty p ic a l  fo r  the g r a n u l o c y t c - m o n o c y t e  l in e a g e  a nd  c o u l d  be d i s t i n g u i s h e d

f ro m  c r y t h r o i d  c o l o n i c s  w h i c h  a rc  u s u a l l y  s m a l l e r ,  d e n s e r ,  and  c o n t a in  

h e m o g l o b i n .



Controls Supernatant Source

+CSF -CSF U937 #8 #9 #13 #15 #16 #20

C olonies (#) C olonies (#)

Experim ent 1 3 8 .3 1 5 .7 0 1 .7  0 .3 3 7  0 .3 0 .3 4 6

2 3 3 .7 3 .3 0 .3 0 1 .3 3 9 .3  1 0 3 7 .7

3 4 7 1 2 .3 4 1 .3 4 0

T able 5: The ability of su p e rn a tan t from unstim ulated  hybridom as to support colony growth of b o n e  m arrow  cells. C lone 13 and 
20 display C SF activity com parab le  to  C SF  control (10%  gaint cell tum or conditioned m edium ) while U937 and  c lo n es  8, 9, 15 and 
16 inhibit colony form atiom .
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D i s c u s s i o n

T h e  ro le  o f  the  m o n o c y t e / m a c r o p h a g e  in r e g u l a t i n g  an i m m u n e  

r e s p o n s e  h as  b e c o m e  in c r e a s i n g l y  a p p a r e n t  ;n s tu d i e s  o f  T  and B ce l l  

ac t i v a t i o n .  T h i s  r e g u la t i o n  is m e d i a t e d  v ia  a)  the  m o n o c y t e ' s  ab i l i t y  to

p r o c e s s  a n t i g e n ,  b)  t h e  i n t e r a c t i o n  o f  c e l l  s u r f a c e  m o l e c u l e s  a nd  

p r o c e s s e d  pe p t id es  wi th  T  cel l  r ecep to r ,  and  c)  the se c re t ion  o f  r egu l a t o r y  

m o n o k i n e s .  H o w e v e r ,  u p  to  n o w ,  the ab i l i ty  to  s t u d y  d i s t in c t  r eg u la to r y  

m e c h a n i s m s  h as  been  h a m p e r e d  by the  h e t e r o g e n e i t y  o f  f r e sh ly  i s o l a t e d  

m o n o c y t e / m a c r o p h a g e  p r e p a r a t i o n s  and  th e  l a ck  o f  i m m o r t a l i z e d  c l o n a l  

cel l  l ines  in bo th  m u r in e  and h u m a n  sys t ems .  R e ce n t l y  two  g r o u p s  have  

d e s c r ib e d  the su c ce ss fu l  i m m o r t a l i z a t io n  o f  ce l l s  o f  the  m o n o c y t e  l ine age ,  

in m o u s e  by  e i t h e r  v i r a l l y  i n d u c e d  c e l l  f u s i o n  o r  f u s i o n  w i t h  a 

m u t a g c n i z c d  m o n o c y t o i d  ce l l  l i ne  P 3 8 8 D 1  ( 1 , 3 , 5 , 6 ). T h e s e  s t u d i e s

d e m o n s t r a t e  tha t  m o n o c y t e s  a rc  c a p a b l e  o f  f u r t h e r  a c t i v a t i o n  to a s t a te

w h ere  fus ion  is poss ib le .  Use o f  such  cel l  l i nes  has  e n h a n c e d  the abi l i ty  

to s t u d y  c e l l u l a r  i n t e r a c t i o n s  as wel l  as to ide n t i fy  s p e c i f i c  m o n o k i n e s  

(10 ,1 1) .  In ma n ,  the ava i l a b i l i t y  o f  m o n o c y t e  l ines  is e v e n  m o r e  l imi ted ,  

w i t h  f ew l ine s  r e p r e s e n t i n g  o n l y  e a r ly  s t a g e s  o f  m o n o c y t e  m a t u r a t i o n  

and  fa i l ing to  ex p r e ss  c l a s s  II gene  p ro du c t s .  U 9 3 7  h as  been  a v a l u ab le  

s ou r ce  o f  IL-1 for  i so la t i o n  and  c l o n in g  ( 17) ,  but  o t h e r  m o n o k i n e s  have  

not  be e n  i so la t e d  o r  wel l  c h a r a c t e r i z e d  f rom  th i s  l ine .  T h e  a b i l i ty  to 

i m m o r t a l i z e  n o r m a l  h u m a n  m o n o c y t e s  is a m a j o r  s t e p  f o r w a r d  in the

c h a r a c t e r i z a t i o n  o f  m o n o c y t e  fu n c t i o n .

In the  fi rs t  pa r t  o f  th is  w o rk  we d e s c r i b e  the  e s t a b l i s h m e n t  and

c h a r a c t e r i z a t i o n  o f  h u m a n  m o n o c y t e  h y b r i d o m a s .  T h e  f u s i o n  p r o d u c t s
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w e r e  d i f f e r e n t  f ro m  the  U 9 3 7  c e l l s  by v i r t u e  o f  t h e i r  m o r p h o l o g y ,

a c q u i s i t i o n  o f  c h r o m o s o m e s ,  e x p r e s s i o n  o f  n o v e l  ce l l  s u r f a c e  a n t i g e n s  

( m o n o c y t e  spe c i f i c  and c l a s s  I/I I an t i ge ns ) ,  and  the  ab i l i ty  to  fu nc t ion  as 

m a t u r e  m o n o c y t e s / m a c r o p h a g e s .  T h e y  w e r e  p r o v e n  to  be  t r u e

h y b r i d o m a s  s inc e  the a c q u i r e d  the  H L A  c l as s  1 a n t ig en s .  W e  c o n c l u d e  

tha t  h u m a n  m o n o c y t e s ,  d e s p i t e  th e i r  t e r m i n a l l y  d i f f e r e n t i a t e d  s t a t e ,  a rc  

fus ible .  O u r  f in d in g s  arc s u pp o r te d  by s t u d i es  p e r f o r m e d  in the  m u r in e  

sy s t e m  (5 ,6 , 12) .  A l t h o u g h  suc ce ss f u l  fus ion  in the se  e a s e s  w a s  a c h ie v ed  

by fu s ing  m a c r o p h a g e s  wi th  a B cell  l ine (5),  o u r  ini t ial  e x p e r i e n c e  us ing  

v a r io u s  h u m a n  H G P R T  d ef i c i en t  B cel l  l ines w a s  d i s c ou ra g in g .  A t t e m pt e d

fus ion  wi th  a n o t h e r  ea r ly  m o n o c y t o i d  (h i s t i o c y t i c )  ce l l  l ine,  H L 6 0 ,  fai l ed,  

s inc e  the fu s ion  p r o c e s s  in d u c e d  thes e  ce l l s  to t e r m in a l l y  d i f f e r e n t i a t e  in 

the  p r e s e n c e  o f  s e l e c t i o n  m e d i u m  c o n t a i n i n g  e i t h e r  6  t h i o g u a n i n c  o r  

a m i n o p t c r i n .  W e  se le c te d  U 937 ,  a p r o m o n o c y t i c  ce l l  l ine ,  s i nc e  1) T h i s  

cel l  l i ne  is m o n o c y t o i d ,  2)  It d o c s  no t  ex p r e ss  m a tu r e  m o n o c y t i c  m a r k e r s  

( i n c l u d i n g  c l a s s  II m o l e c u l e s ) ,  3 )  a n d  d o c s  n o t  d i s p l a y  n o r m a l  

m a c r o p h a g e  f u n c t i o n s .  U n d e r  s u c h  c i r c u m s t a n c e s  th e  a b i l i t y  o f  the  

fus ion  p r o d u c t  to ex p r e ss  f ea tu res  o f  m a tu r e  m o n o c y t e  is s e c o n d a ry  to the 

p r e s e n c e  o f  n ew ly  ac qu i r ed  o r  ac t iva ted  gene s  in fus ion .  T h e s e  g e n e s  can 

e i t h e r  f un c t i on  p r i m a r i l y  in s y s t e m s  u n iq u e  to  the  n e w  h y b r i d ,  o r  m a y  

p r o d u c e  f ac t o r s  w h i c h  ca n  re gu la te  the  e x p r e s s i o n  o f  o t h e r  g e n e s  in the 

o r ig in a l  t u m o r  ce l l s .  S eve ra l  p r o b le m s  inna te  to  h u m a n  h y b r i d o m a s  were  

a l so  e v i d e n t  in o u r  ini t ia l  f u s i o n s  i.e.  c h r o m o s o m a l  in s t a b i l i t y ,  lack  o f  

fu s ion  and  p o o r  fus ion  e f f i c i ency .  W e  u t i l i zed  a c o u n t e r f l o w  e lu t r i a to r  to 

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

p e r i p h e r a l  b l o o d ,  e n h a n c i n g  o u r  n u m b e r s  a n d  c h a n c e s  f o r  s u c c e s s f u l

fu s i o n .  O u r  r e su l t s  c l e a r l y  d e m o n s t r a t e  that  an e n r i c h m e n t  o f  > 9 5 %
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L u c M 3  ce l l s  is eas i ly  ob ta in ed  in n u m b e r s  e x c e e d i n g  10^ f rom on e  unit  o f  

b l o o d  ( 5 0 0 c c ) .  A l t h o u g h  we  m a y  h a v e  s e l e c t e d  a s u b p o p u l a t i o n  o f

m o n o c y t e s  by th i s  p r o ce ss .  F o l l o w i n g  m u l t i p l e  f u s i o n s  w e  f ou n d  tha t ,  

w i t h  o u r  t e c h n i q u e ,  a f u s i o n  e f f i c i e n c y  o f  1 - 3%  c o u l d  be o b t a i n e d .

M o r e o v e r ,  p r o l o n g e d  i n c u b a t i o n  p e r i o d s  ( u p  to 6 w e e k s )  w e r e  r e q u i r e d  

b e f o r e  the  ini t ia l  g r o w t h  o f  the  h y b r i d s  w as  ev i d en t .  A l t h o u g h  se ve ra l

a p p r o a c h e s  to f u s i o n  w e r e  a t t e m p t e d ,  m a x i m a l  f u s io n  e f f i c i e n c y  w a s  

a c h i e v e d  u t i l i z i n g  g a m m a  i n t e r f e r o n  a c t i v a t e d  p u r i f i e d  ( by  c l u t r i a t i o n )

p e r ip he ra l  m o n o c y t e s  fused  wi th  the H G P R T  def i c i en t  cel l  l i ne  U937.  Th e

a p p r o a c h  o f  P E G  as a fusion  agen t  ap p e a r s  to be  b e t t e r  tha n  the p r ev io u s

a t t e m p ts  o f  v i r a l ly  m e d ia t e d  fu s ions  s ince ou r  p r o to co l  has  r e s u l t ed  in the

g e n e r a t i o n  o f  a se r i e s  o f  u n iq u e  and  fu nc t i o n a l  h y b r id s ( 2 0 ) .  O u r  r esu l t s  

u s i n g  the  t e c h n i q u e  d e s c r i b e d  a b o v e  w er e  c o n f i r m e d  by o t h e r  g r o u p s

( 1 8 , 1 9 ) .

It w a s  i m p e r a t i v e  to p r o v e  th a t  o u r  f u s io n  p r o d u c t s  w e r e  t r ue

h y b r i d s  and  w e r e  c a p a b l e  o f  f u n c t i o n i n g  as m a t u r e  m o n o c y t e s .  T h e  

acq u i s i t io n  o f  d o n o r  c l a s s  I m o le cu l es ,  H L A  A9  o r  A l l ,  s t r ong ly  s u g ge s t ed  

tha t  o u r  fu s io ns  w er e  t rue  hy br ids .  H o w e v e r ,  C l o n e  16 e x p r e s s e d  H L A-

D R 2  DQ1  a n t i g e n s  w h i l e  th e  d o n o r  ce l l s  e x p r e s s e d  H L A - D R 3 . 5  D Q 2.  

I s o la t ion  o f  D N A ,  re s t r ic t ion  e n z y m e  d ig es t io n  and  p r o b in g  fo r  DR and DQ  

in U 9 3 7  r e v e a le d  a D R 2 . 5  DQ1 p h e n o t y p e .  T h e s e  da ta  s u g g e s t  tha t  the 

f u s i o n  i n d u c e d  the  e x p r e s s i o n  o f  e n d o g e n o u s  c l a s s  II g e n e s  in U 9 3 7

p r o b a b l y  by  th e  a c q u i s i t i o n  o f  g e n e s  e n c o d i n g  s p e c i f i c  t r a n s a c t i n g

fac to r s  (87,88) .  N o  se c re te d  fac tor s  wer e  r e sp on s i b l e  for  the  ex p r e ss io n  o f  

c l a s s  II a n t ig e n s  on  the h y b r id s  s inc e  we were  ab le  to d e m o n s t r a t e  (da ta  

n o t  s h o w n )  tha t  i n c u b a t i o n  o f  n o r m a l  U 9 3 7  c e l l s  in th e  p r e s e n c e  o f
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s u p e r n a ta n t  o f  c l o n e  16 was  not  a s s o c ia t e d  wi th  u p r c g u la t i o n  o f  c l a s s  II

e x p r e s s i o n .

In a dd i t i on  to c l a s s  II ge n e  p r o d u c t s ,  we w er e  ab le  to d i s t i ng u i s h  

the h y b r i d s  f rom the U 93 7  ce l l s  by m o r p h o l o g i c  c r i t e r i a ,  as  wel l  as by 

m e a s u r i n g  th e  n u m b e r  o f  c h r o m o s o m e s  r e l a t i v e  to  the  U 9 3 7  c e l l s .

F in a l ly ,  the a b s e n c e  o f  d is t inc t  T and  B cel l  su r fa ce  an t ig en s  a l o n g  wi th  

the  m o n o c y t e  c h a r a c t e r i s t i c s  d e s c r i b e d  ab o v e  m a d e  it u n l ik e ly  tha t  the se  

h y b r i d o m a s  r e s u l t e d  f rom  the  f us i on  o f  a c t i v a t e d  l y m p h o c y t e s  wi th  the 

U 9 3 7  pa ren t .

Th u s ,  the  m a jo r  f i nd ings  in th i s  par t  o f  the  s t u d y  w er e  the fact

tha t  t h e s e  h y b r i d s  a c q u i r e d  no v e l  f u n c t i o n a l  c a p a b i l i t i e s ,  a l l o w i n g  for  

m o r e  ca r e f u l  e v a l u a t i o n  o f  spe c i f i c  m o n o c y t e  fu n c t i o n s .  O u r  m o n o c y t e  

h y b r i d o m a s  wer e  c o m p a r e d  to the m a t u r e  m o n o c y t e  by: a).  the abi l i ty  o f

t h e s e  c e l l s  to  s e c r e t e  v a r i o u s  m e d i a t o r s  w h i c h  a rc  e s s e n t i a l  in the

s t i m u l a t i o n  o f  T  c e l l s ,  b) .  p h a g o c y t o s i s  a nd  p r o c e s s i n g  o f  v a r i o u s  

a n t i g e n s ,  a ty p i c a l  f e a t u r e s  o f  th e  m a t u r e  m o n o c y t e  a nd  th e  t i s su e  

m a c r o p h a g e ,  c) .  s e c r e t io n  o f  m o n o k i n e s ,  d).  the ab i l i ty  to  ac t ive ly

s t i m ul a te  an a l lo gen e i c  M L R  and to ac t iva te  d i f f e r en t  T  cel l  subse t s .  Th e  

M L R  s tud i es  wil l  be desc r ibed  in the nex t  par t  o f  this  thesis .

Ini t i a l  e x p e r i m e n t s  d e m o n s t r a t e d  tha t  u n s t i m u l a t c d  U 9 3 7  ce l l s  o r  

m o n o c y t e  h y b r i d o m a s  do  not  secre te  IL-1.  In con t ras t ,  the LPS s t im ula ted  

h y b r i d o m a  c lo ne s  13 and  16 as well  as f re shly  i so la t ed  m o n o c y t e s  p r od uce  

s igni f i can t  am o u n t s  o f  IL-1.  O u r  m u t a g c n i / e d  U93 7  did not  r e sp ond  to the

sa m e  s t i mulus  by secre t ion  o f  IL-1.  So lu b le  IL-1 a lone do cs  not  seem  to be

e f f e c t i v e  in th e  i n d u c t i o n  o f  p r o l i f e r a t i o n  o f  r e s t i n g  T  ce l l s .  T h e

a c t i v a t i o n  o f  T  ce l l s  d e p e n d s  u p o n  the p h y s ic a l  p r e s e n c e  o f  A P C  ( ? 

c o g n a t e  i n t e r a c t io n )  (21) .  In o ur  sy s t e m  we m a n a g e d  to  p r o d u c e  a cel l
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which  can scc rc tc  IL-1 and ,  as wil l  be  sh o w n  later ,  is ab le  to s t im ula te  T 

c e l l s .

A n  im p o r t a n t  ro le  for  the  m o n o c y t e / m a c r o p h a g e  in the  in i t i a t ion  

o f  the  i m m u n e  r e s p o n s e  is the  u p t a k e  o f  a n t i g e n  by  the  A P C ,  the  

b r e a k d o w n  o f  t h e s e  a n t i g e n s  by c n d o l y s o s o m a l  e n z y m e s ,  a n d  t h e i r  re-  

e x p r e s s i o n  c o m p l c x c d  to c l a s s  II m o le c u l e s .  T h i s  A g / M H C  c o m p l e x  is 

r e c o g n iz e d  by the  T  cell  r e c ep to r  o f  h e l pe r  T  cel ls .  A l t e rn a t iv e l y ,  b i nd i ng  

o f  l a rge  m a c r o m o l c c u l c s  fo l lo w ed  by d ig e s t io n  m a y  e l im in a te  an e x c e s s iv e  

a n t i g e n i c  load  in the  s y s t e m  (i .e.  t he  ro le  o f  th e  l i v e r  m a c r o p h a g c -  

K u p f f c r  cel l  as  a s c a v e n g e r  ce l l  for  v a r i o u s  gut  a n t ig e n s  e n t e r i n g  the 

por ta l  sy s t em  (22)) .  M a n y  o f  these p ro ce sse s  arc m e d ia t e d  by the  b in d in g  

o f  a n t i g c n - a n t i b o d y  c o m p l e x e s  to  t h e  Fc  r e c e p t o r  f o l l o w e d  by 

in te rn a l i z a t io n  and  p r o ce ss in g .  W e  w e r e  ab le  to d e m o n s t r a t e  tha t  m os t  o f  

the  c l o n e s  ( e x p r e s s i n g  Fc r ec ep to r )  c o u l d  ro se t t e  and  p h a g o c y t o s e  an t i -ox 

IgG c o a t e d  ox R B C.  T h e  i m m u n e  m e d ia t e d  a t t ac hm e nt  and p h a g o c y to s i s  is 

a u n i q u e  f u n c t i o n  o f  m a t u r e  ce l l s  o f  the  m o n o c y t e  l i n e a g e  a n d  is not  

f ou n d  w i th  U 9 3 7 ,  s u p p o r t i n g  o u r  c o n c l u s i o n  th a t  o u r  h y b r i d s  r e p r e s e n t  

v a r io u s  s t ag es  o f  m a tu r a t io n .  T h e  ab i l i ty  o f  so m e  h y b r id s  to  d e m o n s t r a t e  

p h a g o c y to s i s  o f  an t ibo dy  co a t ed  red b lo o d  cel ls  has  a l l o w ed  us to  use  these  

ce l l s  to  s t u d y  m e c h a n i s m s  o f  a n t i ge n  p r o c e s s i n g .  C e r t a in  h y b r i d s  h av e  

d e m o n s t r a t e d  an i n c r e a s e d  a b i l i ty  to  t ake  up  s o l u b l e  p r o t e i n  a n t i g e n s ,  

p r o c e s s  the m  and  r e - e x p r e s s  the m  on  the  ce l l  su r fa c e  ( i .e.  c a s e i n  and 

t e t anu s  toxo id - K.  Spc rb e r ,  A.  S h ak ed  and  L M a y e r ,  in p r epa ra t ion ) .

In o u r  la st  set  o f  e x p e r i m e n t s  w e  e l e c te d  to tes t  t he  s e c r e t io n  o f  

v a r i o u s  k n o w n  m o n o c y t e  m e d i a t o r s  by  t h e  n e w  h y b r i d s ,  t h u s  

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

c h a r a c t e r i z a t i o n  o f  m o n o k i n e s .  V a r i o u s  c l o n e s  w e r e  ab le  to  s e c r e te
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f ac tor s  wi th  CS F - l i kc  ac t ivi ty .  T h e  s t ab i l i t y  o f  th es e  h u m a n  h y b r i d o m a s  

r e m a i n s  an  i s s u e .  It h a s  b e e n  we l l  r e c o g n i z e d  th a t  h u m a n - h u m a n  

h y b r i d s  a rc  g e n e r a l l y  u n s t a b l e ,  l o s i n g  c h r o m o s o m e s  d u r i n g  p e r i o d s  o f  

p r o l o n g e d  ce l l  c u l t u r e  (23) .  O u r  m o n o c y t e  h y b r i d s  h a v e  be e n  in i t i a l ly  

s t a b l e  in t e r m s  o f  m a i n t a i n i n g  s u r f a c e  p h e n o t y p e  ( i . e .  p r e s e n c e  o f  

m o n o c y t e  s u r f a c e  a n t i g e n s )  b u t  h a v e  r e c e n t l y  d e m o n s t r a t e d  s i g n i f i c a n t  

c h r o m o s o m a l  los s  a n d  s o m e  loss  o f  f u n c t i o n .  M a i n t e n a n c e  o f  s t ab le  

h y b r id s  has  be e n  a i d ed  by  rep e a t e d  su b c lo n in g  and cel l  f r eez ing .

In s u m m a r y ,  we w er e  ab le  to p r o d u c e  an im p o r t a n t  tool ,  h u m a n

m o n o c y t e  h y b r i d o m a s ,  w h i c h  can  aid to  o ur  ab i l i ty  to s tudy  the role and

f u n c t i o n  o f  c e l l s  o f  th e  m o n o c y t e / m a c r o p h a g e  l i n e a g e  in i m m u n e

r e s p o n s e s  a nd  c e l l - e e l  1 c o m m u n i c a t i o n .  W e  f o c u s e d  o u r  a t t e n t i o n  on 

u t i l i z i n g  t h e s e  h y b r i d o m a s  to  s t u d y  the  f u n c t i o n  o f  d i s t i n c t  c l a s s  II

m o l e c u l e s  in a l l o g e n e i c  r e s p o n s e s ,  d e s c r i b e d  in the  s e c o n d  pa r t  o f  this  

w o r k .
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CHAPTER TWO

R o le  o f  d i f f e ren t i a l  c l a s s  II a n t i ge n  e x p r e s s io n  in a l lo s l i m u la t io n  by 

h u m a n  m o n o c y t e  h y b r i d o m a s

INT R OD U CT IO N  11

E a r l i e r  s t u d i es  o f  t i s sue  and  o r g a n  t r a n s p l a n t a t i o n ,  r e c o g n i z e d  tha t  

the  f at e o f  the g raf t  w as  d e t e r m i n e d  by a set  o f  an t ig e n i c  d e t e r m i n a n t s

w h ic h  w e r e  the  p ro d u c t s  o f  c l o se ly  r e l a t ed  g en e t i c  loci  t e rm e d  the  m a jo r  

h i s t o c o m p a t i b i l i t y  c o m p l e x  ( M H C ) .  S u b s e q u e n t  s t u d i e s  d e t e r m i n e d  tha t  

the  p r o d u c t s  o f  the  M H C  p a r t i c ip a te  no t  on ly  in a l l o r c c o g n i t i o n  bu t  arc 

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

pa t h w a y s .  Mor e  r ec en t ly ,  a sy s t em  o f  non  M H C  a l l o an t i g cn s ,  t e r m e d  Mis ,  

h a s  a l so  b e e n  d e s c r i b e d  to  e x p l a i n  th e  h i s t o - i n c o m p a t a b i l i t y  o f  M H C  

id e n t i c a l  m ic e .  In i t i a l ly  M H C  d e t e r m i n a n t s  w e r e  d i s t i n g u i s h e d  o n  ce l l s  

b a s e d  on  a p an e l  o f  an t i s c ra  a g a in s t  c l a s s  I a nd  c l a s s  II a n t i g e n s  ( i .c

" s e r o l o g i c a l l y  d e f i n e d " )  o r  by  t h e  a b i l i t y  to  s t i m u l a t e  a l l o g e n e i c  

l y m p h o c y t e s  o f  the sa m e  sp e c ie s  to  u n d e r g o  b la s t  t r a n s f o r m a t i o n  wi th  the 

g e n e r a t i o n  o f  cy t o to x ic  T - c e l l s  ( C T L ) .  T h i s  " m ix e d  l y m p h o c y t e  r e s p on se "  

o r  M L R  co u l d  be  m e a s u r e d  by  an inc rease  in ^ H  t h y m i d i n e  i n c o r p o r a t i o n  

by  the r e s po n d e r  T  ce l l s  a f te r  six da y s  o f  cul ture .  It has  b e c o m e  c l ea r  that

M L R  is m e d i a t e d  t h r o u g h  r e c o g n i t i o n  o f  c l a s s  II a n t i g e n s  on  the  ce l l

s u r f a c e  ( I - A ,  I -E ,  H L A - D ) ,  w h e r e a s  c y t o t o x i c  T-c c I I s  r e c o g n i z e  c l a s s  I 

a n t i g e n s  ( k , d,  H L A - A , B , C ) .  C l as s  II an t ig en s  a re  p r e d o m i n a n t l y  p r e se n t
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o n  B - c c l l s  a n d  m o n o c y t c / m a c r o p h a g c / d c n d r i t i c  c e l l s ,  w h e r e a s  c l a s s  I 

a n t i g e n s  arc u b i q u i t o u s  on  n u c l e a t e d  cel ls .

C l a s s  I m o l e c u l e s :  C l a s s  I m o l e c u l e s  arc se t  o f  t r a n s m c m b r a n c

g l y c o p r o t e i n s  o f  a r o u n d  4 4 K D  tha t  arc t y p ic a l ly  a s s o c ia t e d  wi th  a l ight  

c ha in ,  p 2  m ic r o g lo b u l i n .  T h e  heav y  cha in  is e n c o d e d  wi th in  the M H C  on 

c h r o m o s o m e  17 in the m o u se  and 6 in h um a n  (26),  wh i l e  the p 2  is en c o d ed  

o u t s id e  the M H C  on c h r o m o s o m e  2 in the m o u se  and 15 in hu ma n .  Class  I 

m o l e c u l e s  f un c t i on  as r e s t r i c t io n  e l e m e n t s  in M H C  r es t r i c t ed  c y t o t o x i c  T

cell  r e sponses .  T h e  T  cell  r ec ep to r  on  a cy t o to x ic  T  cel l  r ec ogn ize s  fore ign 

ce l l  su r fa ce  a n t ig e n s  p r e se n te d  on ce l l s  tha t  b e a r  " s e l f '  c l a s s  I m o le c u l e s  

r e su l t in g  in s t i m u la t i o n  o f  the  T -c c l l s  and lys i s  o f  the  t a rge t  (27) .  The

ro le  o f  c l a s s  I in s c l f / n o n - s c l f  d i s c r i m i n a t i o n  is e v i d e n t  in the  o b s e r v e d  

i m m u n o l o g i c  p h e n o m e n a  s u c h  as  g r a f t  r e j e c t i o n  and  c e l l  m e d i a t e d

l y m p h o l y  s i s .

C l as s  II m o le cu l es :  C l ass  II an t igens  cons i s t  o f  two  ch a i ns  o f  34 KD

( a ,  heav y  c h a in )  and  29  K D  ( p ,  l i ght  c h a in )  (28) .  Each  ch a in  con s i s t  o f

d i s t a l  a n d  p r o x i m a l  e x t e r n a l  d o m a i n s ,  a t r a n s m c m b r a n c  d o m a i n  and  

c y t o p l a s m i c  tai l .  Each  o f  the  ex te rn a l  d o m a i n s  ( exc ep t  the d i s t a l  a  ch a i n )  

has  a tw o  cy s tc i c  ac id  r e s id ue s  w h ich  fo rm a d i su l f i de  loop.  T h e  cha ins

a r c  n o n - c o v a l c n t l y  l i n k e d ,  h o w e v e r ,  t h e  e x a c t  t h r e e  d i m e n s i o n a l  

a r r a n g e m e n t  o f  t h e s e  m o l e c u l e s  is s t i l l  u n k n o w n  d e s p i t e  th e  r e c e n t  

c r y s t a l l o g r a p h i c  a n a l y s i s  o f  c l a s s  I m o l e c u l e s .  T h e  d i s t a l  e x t e r n a l

d o m a i n s  s h o w  m a r k e d  d i v e r s i t y ,  w h i l e  the  p r o x i m a l  e x t e r n a l  d o m a i n s  as 

w e l l  as  t h e  t r a n s m c m b r a n c  a n d  i n t r a c y t o p l a s m i c  p o r t i o n s  a rc  w e l l  

c o n s e r v e d .  T h e  c l a s s  II m o l e c u l e s  a r e  s t r u c t u r a l l y  r e l a t e d  to

i m m u n o g l o b u l i n s ,  as  p a r t  o f  t h e  Ig s u p c r g e n e  f a m i l y ,  a n d  t h e i r  

o r g a n i z a t i o n  i n to  p o l y m o r p h i c  f i r s t  and  c o n s e r v e d  s e c o n d  d o m a i n s  is
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r e m i n i s c e n t  o f  the  v a r i a b l e  a nd  c o n s t a n t  r e g i o n s  o f  i m m u n o g l o b u l i n

m o l e c u l e s .

T h e  h u m a n  H L A  c l as s  II g e n e s  arc lo c a t e d  on  the  shor t  a rm  o f  

c h r o m o s o m e  6 c c n t r o m c r i c  to the  c l a s s  I g en e s .  T h e  w h o le  r eg io n  is 

r o u g h l y  1 1 0 0 - 1 5 0 0  kb  wi th  se ve ra l  wel l  d e f i n e d  as wel l  as  l e ss  wel l

d e f in e d  s u b - re g io n s  (29) .  T h e  DR su b- re g io n  ( a n a lo g o u s  to  the  I -E reg ion

o f  the mur ine  H-2 I r egion)  is co m p o s e d  o f  one DR a  gene and 3 DR p genes

(30) .  G en e t i c  p o l y m o r p h i s m  is c o n f in e d  to the  P ge n e s  and  a c co un t  for  

the  d i s t in c t  sp e c i f i c i t i e s  o f  the  g e n e  p r o d u c t s  ( D R  h a p l o t y p c s ) .  DR a ,  

s e q u e n c e d  by  d i f f e r e n t  g r o u p s ,  w a s  s h o w n  to ha ve  on ly  o ne  am in o  ac id  

p o l y m o r p h i s m  in the  c y t o p l a s m i c  d o m a i n  ( 3 1 ) .  T h i s  c o n s e r v a t i o n  

p r o b a b l y  r e f l e c t s  s t r o n g  c o n s t r a i n t s  on  t h e  s t r u c t u r e  r e q u i r e d  f o r

a p p r o p r i a t e  a s s o c i a t i o n  w i t h  the  p o l y m o r p h i c  p c h a i n s  a n d  u l t i m a t e ly

w i th  the T  ce l l  r ec ep to r .  H o w e v e r ,  o th e r  a  ge n es  o f  D Q  and D P  c h a in s  

p o s s e s s  e x t e n s i v e  p o ly m o r p h i s m .  T h i s  f in d i ng  ru les  out  the  ex i s t e n c e  o f  a 

c o m m o n  si te o f  b in d in g  for  the T  cell  r ec ep t o r  on  the  a  ch a i n  o f  the c l as s  

II m o l e c u l e .  T h e  D Q  s u b - r e g i o n  ( a n a l o g o u s  to  the  I -A r e g io n  o f  the

m u r i n e  H-2 I r eg ion )  has  e x t r e m e l y  p o l y m o r p h i c  a ,  p ch a i ns  (32,33) .  Th e  

a v a i l a b l e  a n t i s c r a  r e c o g n i z e  p o l y m o r p h i c  d e t e r m i n a n t s  on  th e  a  c h a i n  

p r odu c t .  T h e  c o m b in a t io n  o f  p o ly m o r p h ic  a ,  p ch a i n s  in the  D Q  m o le cu l e  

m a y  re su l t  in an  i n c r e a s e d  n u m b e r  o f  v a r i a n t  D Q  m o l e c u l e s  in the

po p u la t i o n .  T he  DP g e n e  is a n a l o g o u s  to the  n o n - c x p r c s s c d  A P 3  g en e  in

the  m u r i n e  H-2  1 r eg ion  (34) .  Its d e g r e e  o f  p o l y m o r p h i s m  is not  c l ea r  

s i n ce  the re  is e v i d e n c e  for  ide n t i ty  b e t w e e n  s e q u e n c e d  g e n e s  o f  d i f f e r en t  

cel l  l ines  (35).  At  p resent  on ly  these  three D - rcg ion  m o le c u l e s  DR,  D Q  and 

D P  c a n  b e  d e t e c t e d  on  th e  c e l l  s u r f a c e  by m o n o c l o n a l  a n t i b o d i e s  

( 3 6 ,3 7 , 3 8 ) .  S e q u e n c i n g  a n a ly s i s  s u g g e s t s  the  e x i s t e n c e  o f  at l eas t  th ree
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mo re  s u b r e g io n s  at the ge n e  level-  DX (a pos s ib le  d u p l i ca t ion  o f  DQ ) ,  DZ 

( DO )  and SX (39,40) .  It has  not  been de te r m in e d  w h e th e r  D X  and DZ  arc 

e x p r e s s e d ,  a l th o u g h  no r th e r n  b lo t s  u s i n g  m R N A  p r o b e s  for  D Z  a sug ge s t  

low level  expr es s io n  on  a few B cell  l ines.  SX appear s  to be a pscudogcnc .  

T h e  o v e r a l l  d i v e r s i t y  b e t w e e n  a  c h a i n s  fall  in the  r an g e  o f  5 5 - 6 1 %  

w h e r e a s  6 0 - 7 0 %  o f  the P ch a in  d e m o n s t r a t e  d iv e r s i t y  at the a m in o  acid 

l e ve l  (4 1 ) .  T h i s  m a y  a r i s e  f ro m  g e n e  d u p l i c a t i o n  wi th  s u b s e q u e n t  

m u t a t i o n  a n d / o r  g e n e t i c  e x c h a n g e  ( by  g e n e  c o n v e r s i o n )  c r e a t i n g  n ew  

p a t c h w o r k  g e n e s  (4 2 , 4 3 ) .

DR,  DQ  and D P  c lass  II an t igens  as the p rod uc t s  o f  the Ig supcrgc nc  

fa m i l y ,  d e m o n s t r a t e  s ig n i f i c a n t  h o m o l o g y  wi th  d i f f e r e n t  d o m a i n s  o f  c l a s s  

I a n t i g e n s  and  the i m m u n o g l o b u l i n  h e a v y  and  l ight  cha ins .  T h e  c o m m o n  

s t r u c t u re  m a y  p lay  a ro le  in the c on t r o l  o f  i m m u n e  re s p o n s e s .  Al l e l i c  

v a r i a t i o n s  a rc  m o r e  p r o n o u n c e d  in the  e x t e r n a l  d o m a i n s  a n d  s im i l a r  to 

the  i m m u n o g l o b u l i n  v a r i a b l e  d o m a i n  the re  a rc  " h y p c r v a r i a b l c "  r e g i o n s  

w h i c h  a rc  s u r r o u n d e d  by  m o r e  c o n s e r v e d  r e g i o n s  ( 4 4 , 4 5 ) .  T h i s  

h y p e r v a r i a b i l i t y  is g e n e r a t e d  e i t h e r  by g e n e  c o n v e r s i o n  f o l l o w e d  by 

se le c t i o n  and  f ixa t ion ,  o r  by po in t  m u ta t i o n s .  T h er e  is no  e v i d e n c e  for  

s o m a t i c  r e a r r a n g e m e n t s  in c l a s s  II g e n e s .  T h e  l a r g e  n u m b e r  o f  

p o l y m o r p h i s m s  in the  f irs t  d o m a i n  m a y  re f l ec t  a p o s i t i v e  se le c t i o n  for  

p o l y m o r p h i s m ,  w h i l e  in the  s e c o n d  d o m a i n  th e re  is a c o n s e r v a t i v e  

se l e c t i o n  p r e s s u r e .  A l t h o u g h  d a t a  a rc  a c c u m u l a t i n g  wi th  r ega rd  to  the 

g e n e s  e n c o d i n g  th e se  m o l e c u l e s ,  l i t t le  is k n o w n  ab o u t  t h e i r  r e g u la t i o n  

a n d  t h e i r  f u n c t i o n a l  i m p o r t a n c e .  S e q u e n c i n g  d a t a  h a s  a l l o w e d  

in d c n t i f i c a t i o n  o f  tw o  wel l  c o n s e r v e d  b l oc ks  r e l a t ed  to  the p r o m o t o r  site.  

T h e  c o n s e r v a t i o n  o f  t h e s e  p r o m o t o r  e l e m e n t s  in the  h u m a n  a n d  the 

m o u s e  s y s t e m  s u g g e s t  they  h a v e  a f u n c t i o n a l  ro le  in the  c o o r d i n a t e
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c on t r o l  o f  c l a s s  II e x p r e s s io n  (46 ,4 7) .  It is  no t  k n o w n  h o w e v e r  w h e t h e r  

the  c o n t ro l  by  th es e  p r o m o t o r  r e g io n s  i nv o lv e s  s u p p r e s s io n  o r  ind uc t io n

o f  c l a s s  II ex p re ss io n .

R.C £U Lai io n  o f  c l a s s  II m o l e c u l e  e x p r e s s i o n :  A c t i v a t i o n  o f  h um a n

m o n o c y t e s  a nd  m a c r o p h a g e s  f ro m  v a r i o u s  s o u r c e s ,  o r  the  p r o m y c l o c y t i c

H L - 6 0  ce l l  l i ne wi th  g a m m a  I FN  u p r c g u la te  the  e x p r e s s i o n  o f  D reg ion  

m o l e c u l e s  ( 4 8 ,4 9 ) .  H u m a n  f i b r o b l a s t s  and  v a s c u l a r  e n d o t h e l i u m ,  w h ic h  

h a v e  no  c o n s t i t u t i v e  c l a s s  II a n t ig e n  e x p r e s s i o n  arc i n d u c e d  by g a m m a  

IFN  to  e x p r e s s  D R  and  D P  a n t i g e n s  (50) .  H o w e v e r ,  n o t  all c l a s s  II 

m o l e c u l e s  are ca p a b l e  o f  b e i n g  in du c ed  by g a m m a - I F N  ( m R N A  level s  for

A P 3  in the  m u r i n e  sy s t em  and  D X ,  DZ  in the  h u m a n  do  no t  sh o w  any

d i f f e r e n c e  f o l l o w in g  t r e a tm e n t  wi th  g a m m a  IFN  (4 1 , 51 ) ) .  T a k e n  toge the r ,  

w i t h  the  a v a i l a b l e  i n f o r m a t i o n  o f  the  g e n e t i c  m a p p i n g  fo r  the  H L A - D  

re g io n ,  it is p o s s i b le  tha t  g a m m a  IFN  is d i r ec t l y  i nv o lv e d  in c o n t ro l l i n g  

th e  p r o m o t o r  r e g i o n s  o f  the  c l a s s  II g e n e s  (52) .  In the  e x p e r i m e n t s  

r e p o r t e d  to  d a t e  g a m m a  I F N  w a s  c a p a b l e  o f  u p r c g u l a t i n g  c l a s s  II

e x p r e s s i o n  s u g g e s t i n g  a d i r ec t  e f f ec t  by  the m ol e c u l e .  H o w e v e r  as sh o w n

in o u r  e x p e r i m e n t s ,  as  w e l l  as  o t h e r s ,  t he  d i f f e r e n t i a l  up  o r  d o w n  

r e g u l a t i o n  o f  d i f f e r e n t  c l a s s  II m o l e c u l e s  s u g g e s t s  s e p a r a t e  c o n t r o l  

m e c h a n i s m s  for  d i f f e ren t  c l a s s  II m o le cu l es .  M o r e o v e r ,  t he  f i nd ing  tha t  

fus ion  p r o d u c t s  o f  a c l a s s  II n eg a t i v e  B-ce l l  l i nes  wi th  a n o r m a l  c l a s s  II

e x p r e s s i n g  ce l l  l ine  r e su l t in g  in the  e x p r e s s i o n  o f  the  D R  h a p l o t y p c  o f

b o t h  c e l l s ,  s u g g e s t s  t h e  e x i s t e n c e  o f  o t h e r  p o s i t i v e  t r a n s a c t i n g  

r e g u l a t o r y  f a c to r s  ( 2 4 ,2 5 , 5 3 ) .

T h e  r o l e  o f  c l a s s  II m o l e c u l e s  in s e l f - n o n s c l f  d i s c r i m i n a t i o n :

A l t h o u g h  t h e  i m m u n e  r e s p o n s e  to  c o m m o n  a n t i g e n s  is c o m m o n l y  

d i s s e c t e d  in to  T  cel l  r e c o g n i t io n ,  g e n e r a t i o n  o f  h e l p e r / s u p p r e s s o r  T  ce l l s
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and  p r o d u c t i o n  o f  a n t ib o d y  by B ce l l s ,  t he se  p r o c e s s e s  wo u ld  not  o c c u r  

w i t h o u t  the in te ra c t io n  o f  the  m o n o c y t e / m a c r o p h a g e .  In m o d e l s  o f  T-ccl l  

r e s p o n s e s ,  m a c r o p h a g e s  n o n - s p c c i f i c a l l y  c n d o c y t o s c  b u l k y  a n t i g e n s ,  

b r e a k  t h e m  d o w n  b y  c n d o - l y s o s o m a l  d e g r a d a t i o n  to  r e c o g n i z a b l e  

a n t i g e n i c  c o m p o n e n t s ,  and  c o m p l e x  the se  " p r o c e s s e d "  a n t i g e n s  wi th  c l a s s  

II a n t i g e n s  to  be r e - e x p r e s s e d  on  the su r fa ce  o f  the  m a c r o p h a g e .  T h e s e  

l a / a n t i g e n  c o m p l e x e s  c a n  n o w  be r e c o g n i z e d  by the  a p p r o p r i a t e  T  ce l l  

r ecep to r .  In add i t ion ,  the se  c l a s s  II m o le c u l e s  can  be r ec o g n iz e d  by a set 

o f  a l lo rc ac t iv c  T  ce l l s  as wel l  to  ini t iat e s im i la r  i m m u n e  responses .

T h e  role o f  H L A  c l ass  II mo le cu le s  in the r eco gn i t io n  o f  n o n - s e l f  in 

th e  c o n t e x t  o f  s e l f  is c l e a r l y  d e m o n s t r a t e d  in th e  p r i m a r y  m i x e d  

ly m p h o c y t e  r eac t ion .  P e r i ph e ra l  b lood  T  ce l l s  f rom o n e  ind iv idua l  can  be 

i n d u c e d  to  p r o l i f e r a t e  up on  rec o g n i t io n  o f  a l lo g e n e ic  c l a s s  II a n t ig e n s  on 

i r r a d i a t e d  l y m p h o c y t e s  f ro m  a n o t h e r ,  u n s c l c c t c d  in d i v i d u a l .  T h e  n a t u r e  

o f  the  s t i m u l a t o r  ce l l  in  th e  M L R  is s t i l l  s o m e w h a t  c o n t r o v e r s i a l .  

A l t h o u g h  the re  is g o o d  e v i d e n c e  that  la  p os i t iv e  d e n d r i t i c  c e l l s  a rc  qu i t e

p o t e n t  s t i m u l a t o r s  o f  p r i m a r y  M L R ,  t h e r e  a r c  n e w  a n d  o l d  d a t a

d e m o n s t r a t i n g  a ro le  fo r  th e  m o n o c y t e / m a c r o p h a g e ,  E B V  t r a n s f o r m e d  B 

ce l l s  l i nes ,  e n d o t h e l i a l  and ep i t h e l i a l  ce l l s  in a l lo s t i m u la t io n  ( 5 4 ,5 5 , 5 6 ,5 7 ) .  

T h e  c o m m o n  d o m i n a t o r  in al l  t h es e  s t i m u l a t o r  c e l l s  is the  p r e s e n c e  o f  

c l a s s  II m o l e c u l e s  on  th e i r  s u r fa ce .  H o w e v e r ,  e x p r e s s i o n  o f  c l a s s  II by 

i t s e l f  i s  not  su f f i c i e n t  for  the  r ea c t ion  to o cc ur .  An  e x a m p l e  o f  th i s  is 

f o und  us i n g  la  p o s i t iv e  pu r i f i ed  l e u k em i c  B ce l l s  w h ic h  by th e m s e l v e s  arc 

p o o r  s t i m u la to r s  o f  M L R  (58) .  In fact ,  in e a s e s  w h e r e  s t i m u la t i o n  by B 

c e l l s  o c c u r ,  t h e  r e s p o n s e  h a s  b e e n  r e p o r t e d  to  b e  a b o l i s h e d  by

p r c t r c a t m c n t  o f  t h e  r e s p o n d e r  c e l l s  p o p u l a t i o n  w i t h  a n t i  l a  a n d

c o m p l e m e n t ,  s u g g e s t i n g  th e  in te r a c t io n  o f  an a u t o l o g o u s  m a c r o p h a g e  in
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(his  r eac t io n  (59).  T h i s  is no t  the ease  w h e n  the  s t i m u la to r  p op u la t i o n  is 

m o n o c y t e s  o r  m a cr op h ag e s .  T h e se  da ta  sug ges t  that ,  in so m e  ea se s  ( i.c B 

c e l l s ) ,  c o n t a m i n a t i n g  a c c e s s o r y  c e l l s  in th e  r e s p o n d e r  p o p u l a t i o n  arc 

r e s p o n s i b l e  f o r  t h e  s t i m u l a t i o n  s e e n  ( p e r h a p s  by  p r o c e s s i n g  a n d  

p r e s e n t i n g  a l l o a n t i g c n s  o f  the  s t i m u l a t o r  ce l l s ) .  T h u s  it m a y  be tha t  

m a n y  M L R  r esp o ns es  arc no t  on ly  d u e  to c l a s s  II m o le cu l e  r ec og n i t ion  but  

a l s o  m a y  i n v o l v e  o t h e r  s u r f a c e  m o l e c u l e s  o r  t h e  r e l e a s e  o f  

g r o w t h / p r o m o t i n g  f a c t o r s .

1 - 6% o f  al l  r e s p o n d e r  T  ce l l  p o p u l a t i o n s  arc a l l o r c a c t i v c  (6 0 , 61 ) .  

T h i s  m a ss iv e  r e s p o n s e  to a l lo g e n e ic  M H C  bu t  not  x e n o g e n e i c  M H C  which  

o c c u r s  in the  m a t u r e  o r  th e  g e r m - f r e e  a n i m a l ,  l ed to a f ew  th e or e t i c a l  

m o d e l s  r e g a r d i n g  the  m e c h a n i s m  o f  a l l o r c s p o n s i v c n c s s .  J c r n c  p r o p o s e d  

the  e x i s t e n c e  o f  se p a r a te  a l l o r c s p o n s i v c  T  ce l l  p o p u l a t i o n s ,  u n a f f e c t e d  by 

the  th y m i c  se le c t iv e  p r oc e ss  (62).  T h e s e  ce l l s  w o u l d  r e c o g n iz e  a l l og ene ic  

M H C  in the  sa m e  m a n n e r  as a n t i ge n  sp e c i f i c  T  ce l l  r e c o g n i t i o n  o f  se l f  

M H C  c o m b i n e d  to ant igen .  T h i s  theo ry  w as  not  g e ne r a l ly  ac ce p te d  based  

o n  t h e  h i g h  f r e q u e n c y  o f  a l l o r e a c t i v c  T  c e l l s  fo r  a r e l a t i v e l y  h igh  

n u m b e r  o f  fo re ign  M H C .  It w as  a l so  d e m o n s t r a t e d  tha t  cy t o to x ic  T  ce l l s  

f ro m  bu lk  M L R  co u l d  r e c o g n i z e  and  lysc  u n m o d i f i e d  a l l o g e n e i c  ce l l s  as 

wel l  as h ap te n  mo d i f i e d  (bu t  no t  u n m o d i f i e d )  syn ge n e i c  ce l l s  (63) .  It was  

c o n c l u d e d  t h a t  th e  r e s p o n s e  w a s  c a r r i e d  by c e l l s  b e a r i n g  r e c e p t o r s  

s p e c i f i c  f o r  a l l o g e n e i c  M H C  d e t e r m i n a n t s  and  a n t i g e n / h a p t e n  m o d i f i e d  

se l f  MHC.

L a t e r  e x p e r i m e n t s ,  u s i n g  m u r i n e  c l o n e d  T  c e l l s ,  s h o w e d  

u n e q u i v o c a l l y  tha t  th e  s a m e  ce l l  c o u l d  r e c o g n i z e  a n t i g e n  in a s s o c ia t i o n  

wi th  s e l f  M H C  e n c o d e d  m o l e c u l e s  as wel l  as a l lo gen e i c  ce l l s .  T h ey  were  

a b l e  to  p r o p a g a t e  th e s e  c e l l s  in c u l t u r e  e i t h e r  by  the  a d d i t i o n  o f



s y n g e n e i c  A P C  and  the  an t ig e n  used  for  p r i m i n g  o r  by the a d d i t i o n  o f  

a l l o g e n e i c  i r r a d i a t e d  c e l l s  w h i c h  s e r v e  as  s t i m u l a t o r s  w i t h o u t  a n t i g e n  

(64) .  T h e s e  e x p e r i m e n t s  d i r ec t ly  d e m o n s t r a t e  that  the  a l lo r c a c t i v c  T  cel l

p o p u l a t i o n  o v e r l a p s  w i t h  the  s e l f  M H C  + a n t i g e n  s p e c i f i c  T  ce l l

p o p u l a t i o n .  M o r e o v e r ,  a l l o r c a c t i v i t y ,  o n c e  p r e s e n t ,  e x h i b i t s  a g r e a t e r  

d e g r e e  o f  c r o ss  r eac t i v i ty  than a n t ig en  spe c i f i c  r e s p o n s e s  (66) .

The  d em on s t r a t i o n  that  the same T  ce l l s  can  r e sp ond  to se l f  M H C  + 

an t i gen  and  to a l lo ge n e ic -  M H C  led to the  sea rch  for  e i th e r  o ne  b in d in g

s i t e ,  o r  T  ce l l  r e c e p t o r  w h i c h  w o u l d  r e c o g n i z e  b o th  a l l o g e n e i c  and

m o d i f i e d  s e l f  M H C  o r  tw o  r e c e p t o r s  o n  the  s a m e  T  c e l l ,  o n e  for

a l l o rcac t iv i ty  and  one  for  se l f  M H C  + an t igen  (67,68) .  U s in g  m o n o c lo n a l  

an t ib o d ie s  as p r ob es  to ident i fy  o ne  vs. tw o  se pa r a te  r ec ep to r s  on  the sam e  

T  ce l l ,  Kay e  and J a n c w a y  g en e r a t e d  a h e l p e r  T  cel l  c l o n e  D10.G4.I  whi ch

c ou l d  be in d uc ed  to p ro l i f e ra t e  by  O V A  and  I-A*1 a c c e s s o r y  ce l l s  and  was

a l lo r c a c t i v c  in r e s p o n se  to I -A ^  s t i m u la to r  ce l l s  (69) .  F (ab)  f r a g m e n t s  o f  

3D3 m o n o c l o n a l  an t ib o d y ,  aga in s t  the  T  cell  r e c e p to r  o f  the  DIO cel l  l ine ,

w e r e  ab le  to  b lo c k  the  p r o l i f e r a t i v e  r e s p o n s e  to e i t h e r  DA*1 a c c e s s o r y  

cel ls  + O V A  or  to IA** s t im ula to r  ce l l s  alone.  T h e  an t i bo d y  p rec i p i t a t ed  the 

sa m e  h e t e r o - d i m e r  w hi ch  in r e t rospec t  w as  the  T  ce l l  r ec ep to r .  T h i s  work  

s u pp o r te d  the mo d e l  w hi ch  sug ge s te d  that  bo th  a l lo g en e i c  IA and  s e l f  IA +

a n t i g e n  a re  r e c o g n i z e d  by the  s a m e  r e c e p t o r  m o l e c u l e .  O t h e r  s t u d i e s  

u t i l i z i n g  the  sa m e  t e c h n i q u e  h a v e  c o n f i r m e d  th is  c o n c l u s i o n  (70) .

S i n c e  s e l f  a nd  n o n s c l f  r e c o g n i t i o n  is a s s i g n e d  to  a s i n g l e  ce l l  

r e c e p t o r  w h i c h  can  id e n t i f y  a c l a s s  II an t ig e n  p o s i t i v e  t a rg e t  ce l l ,  the

a p p r o a c h  to e x p l a i n  th e  p h e n o m e n o n  o f  a l l o r c a c t i v i t y  i s  b a s e d  on

v i e w i n g  fo re i gn  c l a s s  II m o l e c u l e  as m o d i f i e d  se l f ,  o r  s e l f  p lu s  an t ig e n  

(67 ,68 ) .  M o s t  o f  the e x p e r i m e n t s  to da te  ha v e  b e e n  d i r e c t e d  t o w a r d  the
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c h a r a c t e r i z a t i o n  o f  m e c h a n i s m s  in w h i c h  s e l f  c l a s s  II m o d i f i e d  w i t h  

an t ig e n  is r e c o g n iz e d  by the  T  ce l l ,  a s s u m in g  that  the sa m e  is t rue for  

a l l o g e n e i c -  c l a s s  II.  T o  a c c o u n t  f o r  th e  M H C  r e s t r i c t e d  a n t i g e n  

r e c o g n i t i o n  o r  a l io -  r e c o g n i t i o n  tw o  m o d e l s  f o r  T  ce l l -  t a r g e t  ce l l  

i n t e rac t i on  w er e  su gg e s t ed .  T he  first ,  the " se l f - a l t e red  " m od e l ,  s ug g e s t ed  

the e x i s t e nc e  o f  o ne  T  cel l  r ec ep to r  which  can rec og n iz e  an a l te red s i t c( s)  

on the M H C  m o l e c u l e ;  the  s e c o n d  p r o p o s e d  a "dua l  r e c o g n i t io n "  o f  o ne  

r e c e p to r  for  a r e c o g n i t io n  un i t  o f  the  M H C  m o le c u l e  and  an o t h e r  for  an

ac t ive  s i t e on  the  an t i gen  (7 1 ,72) .  In these  s tud i es ,  p r o te in  f r a g m e n t s  o r  

sy n t he t i c  p e p t id e s  s u bs t i tu t e  for  nat ive  a n t ig en  in a sy s t e m  in w h ich  the 

T  h e l p e r  cel l  ac t iv a t io n  in v i t ro  is m e a s u r e d  in the  p r e s e n c e  o f  ant igen  

p r ese n t in g  cel ls .  T h e  b ind in g  site on  the M H C  c l ass  II m o le cu l e  is v i ewe d  

as a p o l y m o r p h i c  in te rna l  l i ga nd  e n c o d e d  by a p o l y m o r p h i c  r eg ion .  T h i s

l i ga n d  is n o r m a l l y  b o u n d  to in t e r na l  r e c e p t o r  ( p e r h a p s  o n  e a c h  c h a in  o f  

the  c l a s s  II m o l e c u l e ) ,  t he  i m m u n o d o m i n a n t  p e p t i d e  ca n  d i s p l a c e  the  

i n te r n a l  l i g a n d  a n d  t a ke  an e q u i v a l e n t  g e o m e t r y  o n  th e  r e c e p t o r  (6 7) .  

F o re ig n  l i g a n d s  a rc  seen  by the  T  ce l l  as  a n a l o g u e s  o f  the  in te rna l  s e l f  

l i g a n d  a n d  the  c o m p a r i s o n  o f  in t e r n a l  l i g a n d  wi th  an e x t e r n a l  l ig a n d

w ou ld  fo rm the bas i s  for  s e l f  - n o n s c l f  d i s c r i m in a t i o n .  W h e n  the  fo re ign

l i ga nd  is in d i s t i n g u i s h a b l e  f rom  the in te rna l  l iga nd  the re  wil l  be  a "hole"  

in th e  r e p e r t o i r e  w h i c h  wi l l  l ead  to  s e l f  t o l e r a n c e .  In the  e a s e  o f

a l l o r c a c t i v i t y ,  t he  in te r n a l  l i g a n d ,  w h i c h  is c o m p o s e d  o f  a n u m b e r  o f

p o l y m o r p h i c  r e s id u e s  wil l  be seen  as fo re ign .  E a c h  p o l y m o r p h i c  r e s i du e  

wil l  p r e se n t  a d i f f e r e n t  fo re i gn  an t i gen  in the  c o n t e x t  o f  self .  H en c e ,  a

l a rg e  n u m b e r  o f  T  c e l l s  wil l  r e s p o n d  to s i n g l e  a l l o r c a c t i v c  c l a s s  II

m o l e c u l e s  a n d  e x p l a i n s  the  l a rg e  n u m b e r  o f  r e s p o n d i n g  a l l o g e n e i c  T  

c e l l s .



Th e  recogni t ion unit  o f  the T cell ,  the T-ccl l  receptor ,  is a d isul f ide  

- l i n k e d  h e t e r o - d i m e r ,  c o n s i s t i n g  o f  a  and P c h a i n s  w i t h  an a p p a r e n t  

m o le c u l a r  w e ig h t  o f  50 -4 0  kd in h u m a n  (73) .  Th e  ge ne s  e n c o d in g  the T

ce l l  r e c e p t o r  arc m e m b e r s  o f  the  i m m u n o g l o b u l i n  s u p c r g c n c  f am i l y  and 

o f  gene  s e g m e n t s  w h ic h  r e a r r a n g e  d u r in g  o n t o g e n y  to  g e n e r a t e  c l o n a l l y

d i s t r i b u t e d  r e c e p t o r  m o le c u l e s .  F o u r  T  ce l l  r e c e p to r  g c n c s - a ,  p, y, a n d  8 

arc o r g a n i z e d  l i ke  the  i m m u n o g l o b u l i n  l ig h t  a n d  h e a v y  c h a in  g e n e s ,  

ea ch  wi th  its o w n  va r i ab le  (V) ,  Jo i n i ng  (J),  d iv e r s i ty  (D)  (not  found  in the 

a  g en e ) ,  and co n s ta n t  (C)  s e g m e n t s  (74).  U s i n g  the sa m e  m e c h a n i s m  for

the g e n e r a t i o n  o f  d iv e r s i ty  as  in the  i m m u n o g l o b u l i n  g e n e  fa m i l y ,  the 

e n d  p r o d u c t  is m e m b r a n e  a s s o c i a t e d  m o l e c u l e  b e a r i n g  v a r i a b l e  and  

c o n s t a n t  d o m a i n s ,  w h ic h  a rc  s p e c ia l i z e d  in t h e i r  r e c o g n i t i o n  o f  a l t e r ed

M H C  c lass  I ( fo r  the sup p res so r / c y t o t ox ic  T  cel l )  o r  c l ass  II m o le c u l e s  ( for  

h e l p e r  T  ce l l s ) .  A n a l y s i s  o f  the  a  a n d  P c h a i n  s e q u e n c e s  in a n t i g e n  

speci f ic  T  cell  c l on es  reveal  that  bo th  a  a n d  p c h a in s  arc in vo l ve d  in M H C  

p l u s  an t ig e n  sp ec i f i c i ty  (75) .  D i f fe re n t  V p  g e n e  s e g m e n t s  co r r e l a t e  wi th  

t h e i r  ab i l i ty  to  r e c o g n i z e  a n t i g e n  in a s s o c i a t i o n  w i th  d i f f e r e n t  M H C  

m o l e c u l e  (76 ,77 ) .  U s i n g  spe c i f i c  J a  g e n e s ,  s e g m e n t s  d i sp l a y  n e w  M H C

a l l o r c a c t i v i t y  (7 7 ) .

T h e  i n t r o d u c t i o n  o f  T  ce l l s  and  a c c e s s o r y  c e l l s  in an a n t ig e n  

s p e c i f i c  s ys te m  resu l t s  in the  ac t iv a t io n  o f  the T  h e l p e r  cel l  p o p u la t i o n ,  

e x p r e s s i o n  o f  IL-2  re c e p to r ,  and the  in i t i a t i o n  o f  IL-2 se c r e t io n .  IL-2 

s e c r e t i o n  p r o v i d e s  a s e c o n d  s ig n a l  for  a n o n - l a  r e s t r i c t e d  p o p u l a t i o n ,  

c y t o to x ic  T -c c l l s ,  to p r o l i f e r a t e  (7 8) .  S ev er a l  s t u d i e s  h a v e  d e m o n s t r a t e d  

ea r ly  p r o l i f e r a t i o n  o f  h e l p e r  T  c e l l s  f o l l o w e d  by a s e c o n d  p h a s e  o f  T 

c y t o t o x i c / s u p p r e s s o r  ce l l  p r o l i f e r a t i o n  (79) .  T h e  a p p e a r a n c e  o f  s e c o n d  

ph as e  p r o l i f e r a t i o n  is d e p e n d e n t  u p o n  IL-2  p r o d u c t i o n  and  the e x p r e s s io n
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o f  D R an t i ge ns  on the h e l pe r  T  ce l l s  (80) .  T h e  p r es e nc e  o f  T  s u pp r es s o r  

c e l l s  i n h i b i t s  f u r t h e r  p r o l i f e r a t i o n  o f  f r e sh a u t o l o g o u s  T  h e l p e r  c e l l s

(81 ,8 2) .  T h e  ac tua l  ind uc t io n  o f  spe c i f i c  s u p p r e s s o r  o r  c y t o to x ic  ce l l s  is 

le s s  c l ea r .  A l t h o u g h  it has  been  s u g g e s t e d  that  C D 4 +  T  ce l l s  r ec og n iz e  

c l a s s  II and  C D 8 +  T  ce l l s  rccogniz.c c l a s s  I, the re  arc severa l  e x a m p l e s  o f  

c r o s s o v e r .  T h e  role  o f  d i s t in c t  D r eg io n  m o l e c u l e s  in the  ac t iv a t io n  o f  

th o se  T-ccl I  sub se t s  r e m a in s  to be e lu c ida ted .  S u c h  rea c t io ns  can  resul t  in 

th e  i n d u c t i o n  o f  b o th  c y t o t o x i c  and  s u p p r e s s o r  T  ce l l s .  It h as  been 

d e m o n s t r a t e d  tha t  s t i m u la t i o n  by  bo th  D R and D P  an t ig en s  can  resul t  in 

the  p r o l i f e r a t i o n  o f  h e l p e r  a nd  s u p p r e s s o r  T - c c l l s  (8 3 , 8 4 ) .  It w as  a l so 

d e m o n s t r a t e d  tha t  the  H L A - D R  m o l e c u l e  is d i r e c t l y  i m p l i c a t e d  in the

p r o l i f e r a t i o n  o f  h e l p e r  ce l l s  in M L R  w hi le  H L A - D Q  m o l e c u l e s  a p p e a r  to 

h a v e  r e g u l a t o r y  f u n c t i o n s  in v o l v i n g  th e  a c t i v a t i o n  o f  s u p p r e s s o r  a n d / o r  

c y t o t o x i c  T  c e l l s  ( 3 6 , 8 5 ) .  U n f o r t u n a t e l y ,  all o f  th e s e  s t u d i e s  w e r e  

p e r f o r m e d  us i n g  c e l l s  w h i c h  ex p r e s s  m u l t ip le  D r eg io n  d e t e r m in a n t s .  In 

an a t t e m p t  to look  at the  funct ion  o f  spec i f i c  D reg ion  m o le c u l e s ,  c o s m id  

c l o n e s  for  d i s t inc t  a  a n d  P ch a in  D - r c g i o n  m o l e c u l e s  w e r e  t r a n s f e c t e d  in 

m o u s e  f i b rob las t s  o r  m a c r o p h a g e  cell  l ines .  T h e  e x p r e s s io n  o f  spe c i f i c  D- 

r c g i o n  p r o d u c t s  w e r e  d o c u m e n t e d  b y  c e l l u l a r  b i n d i n g ,

r a d i o i m m u n o a s s a y ,  i m m u n o f l u o r e s c e n c e ,  a n d  i m m u n o p r c c i p i t a t i o n  o f  

i o d i n a t c d  ce l l  s u r f a c e  m o l e c u l e s  ( 8 6 , 8 7 , 8 8 ) .  O n l y  o n e  s t u d y  c o u l d  

d e m o n s t r a t e  L - c c l l  t r a n s f c c t a n t s  e x p r e s s i n g  f u n c t i o n a l  D P  m o l e c u l e s ,

w h i c h  w er e  ab le  to  p r e s e n t  an t ig e n  and  s t i m u la te  p r o l i f e r a t i o n  o f  a D P  

res t r i c t ed  T-cel l  c l on e  (86).  Fu nc t iona l  ex pr e ss io n  o f  DQ  and  DR m o le cu le s  

h a v e  not  as yet  been  d e m o n s t r a t e d .  T h e  inabi l i ty  o f  these  t r a n s f c c t a n t s  to 

f u n c t i o n  as n o r m a l  ac c e ss o r y  ce l l s ,  m a y  be r e l a t ed  to the lack o f  o th e r
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m a c r o p h a g e  d e r i v e d  f a c to r s ,  s u r f a c e  a n t i g e n s  o r  a c o m b i n a t i o n  o f  the

t w o .

R e c e n t l y ,  w e  h a v e  b e e n  a b l e  to  g e n e r a t e  h u m a n  m o n o c y t e  

h y b r i d o m a s  by  f u s io n  o f  n o r m a l  a c t i v a t e d  p e r i p h e r a l  b l o o d  m o n o c y t e s  

wi th  a m u ta g c n i z c d  U 9 3 7  h i s t iocy t i c  cel l  l ine.  T h e se  fusion p r o d u c t s  wer e  

d e t e r m i n e d  to  be t r u e  h y b r i d o m a s  by  t h e  a c q u i s i t i o n  o f  n o v e l

c h r o m o s o m e s ,  t h e i r  ab i l i t y  to f un c t i on  as  m a t u r e  m o n o c y t e s  and  by  the 

e x p r e s s i o n  o f  d o n o r  ce l l  su r fa c e  a n t i g e n s  ( see  s e c t i o n  I).  A m o n g  the 

a c q u i r e d  a n t i g e n s  a rc  the  ge n e  p r o d u c t s  o f  H L A - D  reg ion .  H y b r i d o m a  

c l o n e s  b e a r i n g  c o m b i n a t i o n s  o f  DP,  D Q  m o l e c u l e s  wi th  o r  w i t h o u t  D R 

m o l e c u l e s  h a v e  b e e n  i s o l a t e d ,  a l l o w i n g  fo r  a f u n c t i o n a l  a s s e s s m e n t  o f  

such c o m b i n a t i o n s  in the  se t t ing  o f  a t rue m o n o c y te .  S u c h  s t u d ie s  shou ld  

r e su l t  in a b e l t e r  u n d e r s t a n d i n g  o f  the in te r ac t io n  o f  th e se  m o l e c u l e s  in 

the  i m m u n e  r e s p o n s e  a n d  h e l p  to c h a r a c t e r i z e  the  r e g u la t i o n  o f  T  ce l l  

a c t i v a t i o n .  A b e r r a n t  e x p r e s s i o n  o r  r e a c t i v i ty  to  t h e s e  m o l e c u l e s  c o u l d

resu l t  in se v e r e  i m m u n o r c g u l a t o r y  de f ec t s .  In add i t io n ,  the se  s t u d i e s  m a y  

a id  in u n d e r s t a n d i n g  as  to  w h y  s o m e  a n t i g e n s  s e l e c t i v e l y  s t i m u l a t e  

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

a s so c i a t e  wi th  o ne  D - r cg i on  m o le c u l e  and  no t  o th e r s .  S h o u ld  th is  be the 

ea se ,  o n e  w ou ld  be ab le  to d i s s ec t  out  r eg u l a t o ry  m e c h a n i s m s ,  s t u d y  th e i r  

r o le s  in s p e c i f i c  d i s e a s e s  o f  d i s o r d e r e d  i m m u n o r c g u l a t i o n  and  p o te n t i a l l y  

be  ab le  to i n t e r c e d e  in th es e  d i s o r d e r s  by r e - r e g u l a t i o n  o f  a n t i g e n - c l a s s  

II i n t e r a c t i o n .
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M a te r i a l s  and  M e t h o d s

I so la t ion  o f  T  c e l l s :  W h o l e  b lo od  o f  h ea l th y  v o lu n te e r s  was  d i lu te d  

1:2 in P B S .  P e r ip h e r a l  b lo o d  l y m p h o c y t e s  ( P B L )  w er e  s e p a r a t e d  u s in g  

F i c o l l - H y p a q u c  d e n s i t y  g r a d i e n t  c e n t r i f u g a t i o n .  F o l l o w i n g

c e n t r i f u g a t i o n  at 18 0 0  R P M  for  30 m in  the  in t e r f a c e  ce l l  l a y e r  w as

r e m o v e d  a nd  w a s h e d  x3 wi th  PBS and r e s u s p e n d e d  in C M  at Final den s i ty

o f  6 x l 0 ^ / m l .  T o  ob ta in  T-ce l l  p o pu l a t ion s ,  3 0 x l 0 6 ce l l s  were  mixed  wi th  1

ml  o f  n e u r a m i n i d a s e  sen s i t i z ed  sh ee p  red b lood  ce l l s  ( EN )  in round bo t to m 

tubes .  The  ce l l s  were  ce n t r i fuged  at 8 0 0  R P M  for 5 mi nu tes ,  and  inc uba ted  

on ice for  1 hour .  F o l l o w i n g  in c ub a t io n ,  the  cel l  pel l e t  w as  r e s u s p e n d e d  

in the C M  and the the ce l l s  were  l ayered  o n to  3 ml  o f  F i co l l -H yp aq uc .  Th e  

t u b e s  w e r e  c e n t r i f u g e d  at  180 0  R P M  for  30  m in .  T h e  p e l l e t  w h i c h

r e p r e s e n t s  the  r o s c t t c d  T - c c l l s  w e r e  ly sc d  wi th  0 . 8 4 %  N H 4 C I .  T h e  ce l l s  

w ere  w a sh e d  x3 wi th  PBS and  res us p e nd ed  in CM.  S i nc e  o u r  ini t ial  s tud ies  

s h o w e d  c o n t a m i n a t i o n  o f  the  i so l a t ed  T - c e l l s  w i th  < 5 %  m o n o c y t e s ,  the 

c e l l s  were  fu r t h e r  sep a r a t e d  by p las t i c  a d h e r e n c e  fo r  45  min .  r e su l t in g  in 

l ess  than 2%  Luc M3 +  cel ls ,  and  o ve r  9 5 %  C D 3 +  cel ls .  It is o u r  exp e r i en c e  

tha t  in us i n g  the se  m e t h o d s  the c o n t a m i n a t i o n  o f  the  T -c c l l s  is m in i m u m .  

T h e  ce l l s  w er e  r e su sp e n d e d  in CM  o r  M L R  m e d iu m  for  fu r the r  s tud ies .

I so la t io n  o f  B ce l l s :  T h e  in te r fa c e  l a y e r  o f  the  F icol l  s e p a r a te d  T 

c c l l - r o sc t t e s  w as  r e m o v e d  and w a sh e d  x3 wi th  PBS.  T he  n o n - T - c e l l s  were  

a l lo w e d  to ad he re  for  60 min  on  t i s sue  cu l t u r e  d i s h e s  at 3 7 ° C .  The  non-  

ad h e r en t  ce l l s  w er e  >  9 0 %  B- ce l l s  as j u d g e d  by su r fa c e  s t a in in g  wi th  B1 

a n t i b o d y .



5 9

I so la t ion  o f  m o n o c v t e s  for  M L R  s t u d i e s :  T h e  in t e r face  l a ye r  o f  the 

F ico ll  s epa ra ted  T-ce l l s  was  w ash ed  x3 wi th  PBS.  The  ce l l s  were  a l low ed  to 

adhe re  for  60  min  at 3 7 ° C  in t i s sue cu l tu r e  d ishes .  T h e  n o n - a d h e r e n t  ce l l s

w er e  r e m o v e d  and  the plate w as h e d  x3 wi th  PBS.  T he  ad h e r en t  ce l l s  were

i n c u b a te d  o v e r n i g h t  in a 3 7 ° C  h u m i d i f i e d  i n c u b a t o r  wi th  5 %  COj-  The

l o o s e l y  a d h e r e n t  c e l l s ,  i n c l u d i n g  B - c c l l s  a n d  d e n d r i t i c  c e l l s ,  w e r e  

r e m o v e d  by  w a s h i n g  the  p l a t e s  x3 w i t h  P B S .  T h e  f i r m l y  a d h e r e n t  

p o p u l a t i o n  w a s  r e m o v e d  us i ng  a r u b b e r  p o l i c e m a n ,  wi th  g e n t l e  sc r a p in g ,  

and p laced in a tube on  ice unti l  used.

M i x e d  l y m p h o c y t e  r e s p o n s e -  M L R :  U 9 3 7  c e l l s ,  m o n o c y t e

h y b r i d o m a  c l o n e s  w e r e  u s e d  as  s t i m u l a t o r s  in u n i d i r e c t i o n a l  M L R s .  

A u t o l o g o u s  o r  a l lo g e n e ic  m o n o c y t e s ,  p u l m o n a r y  m a c r o p h a g e s  and  E B V  3,6 

ce l l s  w er e  u se d  for  v a r io u s  co n t ro l  s t u d i es  as  the  s t i m u l a t o r  p o p u la t i o n s .  

T h e  s t i m u l a t o r  ce l l  p o p u l a t i o n s  w e r e  p r e v e n t e d  f ro m  p r o l i f e r a t i n g  by 

g a m m a - i r r a d i a t i o n  at an o p t i m a l  d o s a g e  p r e d e t e r m i n e d  f o r  e a c h  ce l l  l ine.  

1 0 5  r e s p o n d e r  T - c c l l s  w e r e  c o - c u l t u r e d  w i t h  v a r i o u s  c o n c e n t r a t i o n s  o f  

s t i m u l a t o r  c e l l s  a n d  the  o p t i m a l  r e s p o n d e r  to  s t i m u l a t o r  r a t i o  w a s  

d e t e r m i n e d  for  e a c h  po p u la t i o n .  Co n t ro l  c u l tu r e s  c o n s i s t e d  o f  r e s p o n d e r  

a nd  s t i m u l a t o r  ce l l s  in c u b a te d  a l o n e  u n d e r  the  s a m e  c u l tu r e  c o n d i t i o n s  as 

the  m ix e d  ce l l s .  T h e  ce l l s  w er e  cu l t u re d  in 0 . 2m l  M L R - m e d i u m  in round-  

b o t t o m e d  m i c r o t i t c r  p l a t e s  ( L i n b ro ,  F lo w  L a b o r a t o r i e s  Inc . )  at  3 7 ° C  in 5% 

C O 2  for  6 days .  18 hours  p r i o r  to ha rves t ing ,  l p C i  o f  t h y m i d i n e  ( N e w  

E n g l a n d  N u c le a r ,  Bo s to n ,  M A )  w a s  ad d e d  to  e a c h  wel l .  T h e  ce l l s  were  

h a r v e s t e d  o n t o  g l a s s  f i b e r  f i l t e r s  u s i n g  a s e m i a u t o m a t i c  P H D  ce l l

h a r v e s t e r  ( C a m b r i d g e  T e c h n o l o g y ,  i n c . ) ,  a n d  t h e  r a d i o a c t i v i t y  w a s

m e a s u r e d  by  sc in t i l l a t io n  c o u n t i n g .  S t im u la t i o n  ind ex  w as  d e f in e  as  peak
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r e s p o n s e  d i v i d e d  by the b a c k g r o u n d  n o n - s t i m u l a l c d  T ce l l s  t h y m i d i n e

i n c o r p o r a t i o n .

B l o c k i n g  M L R  as say s  bv a n t i - H L A  D - r c e i o n  M a b :  M L R  c u l t u r e s  

wer e  se t  up  as d e s c r i b e d  ab ove .  M o n o c l o n a l  a n t i b o d i e s  ( a n t i - H L A  DR 

(5G 2. 1 ) ,  DP  (B 7/2 1)  and D Q  ( G c n ox  353) )  were  added  as asci t es ,  at var ious  

c o n c e n t r a t i o n s ,  d i r e c t l y  to  the  w e l l s .  In c o n t r o l  e x p e r i m e n t s ,  the 

a n t i b o d i e s  w e r e  p r c - i n c u b a t c d  w i t h  e i t h e r  t h e  r e s p o n d e r  o r  the

s t i m u la to r  cell  po pu la t ion  for  45 min  on  ice,  the ce l l s  wer e  w as h e d  x3 with 

R P M I  and then co -c u l tu rc d  in the  M L R .  The  o p t im a l  l eve l s  for  co m pl e t e  

b l o c k i n g  w e r e  d e t e r m i n e d  by  d i l u t i o n  c u r v e s  u s i n g  v a r i o u s  k n o w n  

c o n c e n t r a t i o n s  o f  M a b  as m e a s u r e d  by ELIS A.

I n te r f e r o n  g a m m a  m o d u l a t i o n  o f  cell  su r fa c e  an t ig e n s :  Cell  c lones

gr o wn  in C M  were washe d  x3 wi th RP M I  and resu spe nd ed  in f resh C M  at a 

de ns i ty  o f  5 x l ( )^ /m l  in two 2 5 c m ^  f lasks.  100-250  un i t s /ml  o f  r ec om bin an t  

g a m m a  in t e r f e r o n  w e r e  a d d e d  to  o n e  o f  the f l a sks .  T h e  ce l l s  wer e

i n c u b a t e d  for  72 h o u r s  at  3 7 ° C in 5% C O 2  a t m o s p h e r e .  F o l l o w i n g

in c u b a t i o n ,  the ce l l s  wer e  w a s h e d  x3 wi th  R P M I  and  r e s u s p e n d e d  in CM .  

T h e  ce l l s  w e r e  c h e c k e d  for  v ia b i l i t y  u s in g  t r y p a n  b lu e  e x c l u s i o n ,  and 

s t u d i e d  in p a r a l l e l  for  the  e x p r e s s i o n  o f  s u r f a c e  a n t i g e n i c  d e t e r m i n a n t s

by s u r f a c e  s t a in in g  m e th o d s ,  for  the  p r e s e n c e  o f  m R N A  fo r  d i s t i n c t  D- 

r cg ion  p r o d u c t s  and  for  thei r  abi l i ty  to  s t i mula te  M L R.

S ta in i n g  o f  s t i m u la te d  T  c e l l s :  F re sh ly  i so l a t e d  T  ce l l s  and  e i th e r

i r r a d i a t e d  m o n o c y t e s ,  U 937 ,  m o n o c y t e  h y b r i d o m a  ce l l s  w e r e  c o - c u l t u r c d  

in m i c r o w c l l s  in M L R  m e d iu m  for  6 days  as p rev i ous ly  des c r ibed .  At  this 

p o i n t ,  t h e  r e s p o n d i n g  T c e l l s  w e r e  r e m o v e d ,  w a s h e d  x3 w i t h  

P B S / B S A / A z i d c ,  and  s t a ined  us in g  a pane l  o f  m o n o c l o n a l s  ag a in s t  T  ce l l s  

i n c l u d i n g  T3  (p an  T),  T 4  ( h c l p c r / i n d u c c r ) ,  T8 ( s u p p r e s s o r / c y t o t o x i c ) ,  9.3
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( h c l p c r / c y t o t o x i c )  and  5 G 2 .1  ( H L A - D R ) .  T h e  c e l l s  w e r e  s t a i n e d  as 

p r e v io u s l y  d e s c r ib e d ,  and the p e r c e n ta g e  o f  po s i t iv e  ce l l s  w as  d e t e r m in e d .

S u p p r e s s o r / h e l p e r  assay f o r  M L R - T  blasts: M L R  c u l t u r e s  w e r e

p e r f o rm e d  by m ix i n g  100 p i  o f  r e sp o n d e r  E- r osc t t cd  T -c c l l s  (1 0^  ce l l / we l l )  

w i th  50  p I o f  i r r a d i a t e d  ( 4 0 0 0  R )  s t i m u l a t o r s  c e l l s  ( 1 0 4 c e l l / w e l l )  

c o n t a i n i n g  e i t h e r  a l l o g e n e i c  m o n o c y t e s ,  t he  U 9 3 7  ce l l  l i n e ,  m o n o c y t e  

h y b r i d o m a  c l o n e s  13, 16.1 o r  m e d i u m  a lone ( R P M I ,  10% AB sc rum) .  All

cu l tu r es  w er e  p e r f o rm e d  in round bo t to m 96 well  pla tes .  A f te r  72 ho urs  o f  

in c u b a t i o n  at 5 %  C O 2 , 3 7 ° C ,  the T-cc l l  b l a s ts  (T*)  w er e  r ec ov ere d .  The  

ce l l s  wer e  w a sh e d  three  t im es  wi th  R P M I  and r e - su sp en d e d  in CM.

S u p p r e s s o r  cel l  ac t iv i ty  o f  the  T* ce l l s  w as  a s s a y e d  by m e a s u r i n g

the i n h ib i t i o n  o f  IgG  se c r e t i o n  by f r e sh ly  i s o l a t e d  a u t o l o g o u s  p e r ip h e ra l  

b lood  ly m p h oc y t e s  (P B L)  and P W M  cocu l tu rcd  wi th  the  T*  cel ls .  100 p i  o f

a u t o l o g o u s  P B L  ( 1 0 3 c e l l s / w e l l )  w er e  m ix e d  w i th  100 p i  o f  T*  ce l l s

c o n t a i n i n g  105 . 104 . 103 , o r  no T* cel ls  in C M  su p p le m e n te d  wi th  1% of  

p o k e w e c d  m i t o g e n  ( P W M )  (Gibco) .

T h e  h e l p e r  a s say  w as  p e r f o r m e d  by m e a s u r i n g  the  e n h a n c e m e n t  o f  

IgG s e c r e t i o n  by f re sh ly  i so l a t ed  a u t o lo g o u s  B ce l l s  wi th  T *  ce l l s .  The  

e n h a n c e m e n t  e f f e c t  w a s  m e a s u r e d  p r io r  o r  f o l l o w i n g  th e  i r r a d i a t i o n  o f  

T* cells.  100 p i  o f  au t o lo go us  B ce l l s  ( 1 0 ^ /wel l )  were  m ix e d  wi th 100 p i  o f

i r r a d i a t e d  o r  n o n - i r r a d i a t c d  T*  ce l l s  c o n t a i n i n g  103 , 104 , 103 o r  no  T*

cel ls  in C M  sup p le m e n te d  wi th 1% o f  P WM.

IgG se c re t ion  by the same P B L  or  B ce l l s  in the p r es e nc e  o f  P W M  

se rved  as base l ine pos i t ive  con t ro l ,  and  the ab s en c e  o f  P W M  as  a nega t ive  

co n t ro l  fo r  th e se  e x p e r i m e n t s .

T h e  s u p p r e s s o r / h e l p e r  a s say  w as  set  in t r ip l i ca t e s  in flat  b o t to m  96 

well  p l a te s .  T h e  ce l l s  were  i nc u ba te d  for  8 da ys  in h u m id i f i e d  5%  C O 2 ,
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3 7 ° C  incu ba t o r .  On  day  8, the su p e rn a ta n t  was  r em o v e d  to V - s ha p ed  96 

w e l l  p l a t e s ,  t he  p l a t e s  c e n t r i f u g e d  for 10 m in  at  2 0 0 0  R P M ,  the  

s u p e r n a t a n t  c o l l e c t e d ,  a n d  a s s a y e d  u s i n g  a s t a n d a r d  E L I S A  for  the  

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

E n z y m e  L in k e d  I m m u n o s o r b e n t  A s s a v - E L I S A  fo r  to ta l  IgG:  T o t a l  

IgG in cu l tu re  su p e rn a ta n t  was  d e t e r m in e d  by " s and w ich "  E L IS A .  Wel l s  o f  

f lat  b o t t o m e d  E L I S A  p la te s  ( N U N C  I n tc r m c d )  wer e  c o a te d  o v e r n i g h t  wi th  

6 5 p l  o f  a 1 :400 d i lu t i on  o f  a f f in i ty - pur i f i ed  goa t  a n t i - h u m a n  IgG an t ibod y  

( S i g m a )  in pH  9 . 6  c a r b o n a t e  b u f f e r  ( c o a t i n g  b uf fe r ) ,  w a s h e d  f ive t im e s  

w i th  p h o s p h a t e - b u f f e r e d  s a l i n e  ( p H  7 .2 )  c o n t a i n i n g  0 . 0 5 %  T w e e n  20  

( S i g m a )  and  0 . 0 2 %  s o d iu m  a / i d c  ( P B S - T w e e n )  us ing  an a u t o m a t e d  w a s h e r  

( T i t c r t c k  M i c r o p l a t c  w a s h e r ) .  N o n - s p e c i f i c  b i n d i n g  w a s  p r e v e n t e d  by 

"b lo ck i ng "  the p la t es  wi th  P B S - 1 %  B S A  for  l h r  p r ior  to the add i t ion  o f  the 

samples .  A f te r  wash i ng ,  the wel l s  wer e  f il led wi th 45 p i  P B S - T w e e n  and 20 

p i  a l iq u o t s  o f  the  cu l t u r e  s u pe rn a ta n t s  in t r ip l i ca tes .  Each  p la t e  c o n ta in e d  

e ig h t  ser ia l  tw o  fold  d i l u t io n s  o f  an IgG s t a n da rd  r an g in g  b e t w e e n  0 .5 -1 0 0  

p g / m l .  A f t e r  1 h r  i n c u b a t i o n  at  3 7 °  C  the  p l a t e s  w e r e  w a s h e d  a n d  

inc u ba te d  wi th  65 p i  o f  1:1000 d i lu t ion  o f  goat  a n t i - h u m a n  IgG c on ju g a t e d  

to a l k a l i n e  p h o s p h a t a s e  ( S i g m a )  in s u b s t r a t e  b u f f e r  fo r  1 h r  at 3 7 ° C . 

A f t e r  an a d d i t i o n a l  w a s h  the  p la t e s  w er e  d e v e l o p e d  wi th  1 p g /m l  p- 

n i t r o p h c n o l  p h o s p h a t e  ( S i g m a )  in P B S - T w e e n .  The  re a c t io n  w a s  s to p p e d  

on ice by the addi t ion  o f  25 p i  o f  10N NaOH.  The  opt ical  dens i ty  at 405 nm 

w a s  read  us in g  an  a u t o m a t e d  m i c r o p l a t c  r e a d e r  (G c n c t c  S y s te m s ) .  E a c h  

e x p e r i m e n t  w a s  r e p e a t e d  tw ic e .  T h e  a b s o l u t e  IgG c o n c e n t r a t i o n  w a s  

c a lc u la t e d  u s i n g  a l inea r  r eg res s i on  cu r v e  b as ed  on IgG s t a n d a r d s  in each  

p la t e  and  is g iv en  in ug/ml .
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M o d i f i c a t i o n  o f  i h i__ E L IS A _ t e c h n i q ue f o i  d e t e r m i n a t i o n  o f

m o n o c l o n a l  a n t i b o d y  c o n c e n t r a t i o n  [ a i  Lh£ b i o a s s a y s ;  C o a t i n g  o f  the

p l a t e s  w a s  p e r f o r m e d  u s i n g  a f f in i t y  p u r i f i e d  g o a t  a n t i - m o u s e  a n t i b o d y

( S ig m a ) .  T o  d e t e r m i n e  the ab s o lu te  IgG c o n c e n t r a t i o n ,  the s a m p l e s  were  

se r i a l ly  d i l u t e d  p r io r  to the a d d i t i o n  to  the  we l l s .  T h e  s t a n d a r d s  wer e

b a s e d  o n  k n o w n  c o n c e n t r a t i o n s  o f  m o u s e  Ig G  m y e l o m a  p r o t e i n s .  Th e  

a l k a l i n e  p h o s p h a t a s e  c o n j u g a t e d  a n t i b o d y  w a s  g o a t  a n t i - m o u s e  Ig 

an t i b od y .  T h e  as say  w as  p e r f o r m e d  as d e s c r ib e d  ab o v e  for  d e t e r m in a t i o n

o f  h u m a n  IgG lev e l s .  T h e  a b s o lu te  c o n c e n t r a t i o n  o f  the  a n t i b o d y  was

c a l c u l a t e d  u s i n g  a l i n e a r  r e g r e s s i o n  c u r v e  b a s e d  o n  s t a n d a r d  IgG  

m y e l o m a  p r o te i n s  in ea ch  p la t e .

M o n o c l o n a l  a n t i b o d i e s :  T h e  m o n o c l o n a l  a n t i b o d i e s  w h ic h  wer e

u s e d  in pa r t  I, t he  f o l l o w i n g  m o n o c l o n a l  a n t i b o d i e s  ( M a b )  w e r e  used  

t h r o u g h o u t  th i s  s tu d y  e i t h e r  fo r  s t a in in g  cel l  su r fa ce  d e t e r m i n a n t s  o r  for

b l o c k i n g  a s s a y s  o n  T  c e l l s  a nd  m o n o c y t e  h y b r i d o m a s .  F o r  s t a i n i n g  

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

s u p e r n a t a n t  o r  d i l u t e d  as c i t e s .  F o r  the  b l o c k i n g  s tu d i e s  the  a n t i b o d i e s  

w e r e  p u r i f i e d  f r o m  h y b r i d o m a  s u p e r n a t a n t  o r  a s c i t e s  f lu i d  by  c o l u m n  

c h r o m a t o g r a p h y  us in g  D E  52 and  P ro t e i n  A - S c p h a r o s c  c o l u m n s .
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R e s u l t s

N u m e r o u s  s tu d i es  h av e  d e v e l o p e d  the c o n c e p t  that  c l a s s  II an t i g en s  

on  the  m o n o c y t e / m a c r o p h a g e  s u r f a c e  a rc  e s s e n t i a l  to the  g e n e r a t i o n  o f  

an i m m u n e  res ponse .  S e l f  c l a ss  II an t i g en s  as as  wel l  as fo re ign  c l a s s  II 

a n t i g e n s  s t i m u l a t e  T 4 +  r e s p o n d e r  T  c e l l s  to  i n i t i a t e  an i m m u n o l o g i c  

c a s c a d e .  O u r  h u m a n  m o n o c y t e  h y b r i d o m a s  w i th  f u n c t i o n a l  c a p a b i l i t i e s  

arc an e x c e l l e n t  m o d e l  s y s t e m  for  d i s s e c t i n g  T  c e l l - c l a s s  II i n t e r a c t io n s  

a nd  d e f i n i n g  m o d e s  for  c e l l u l a r  a c t i v a t i o n .  In th i s  s e c t i o n  we  wil l  

d e s c r i b e  th e  p r e s e n c e  o f  c l a s s  II a n t i g e n s  o n  the  h y b r i d o m a  su r f a c e ,  

i n v e s t i g a te  the i r  r e g u la t i o n  a n d  d e v e l o p  s y s t e m s  to  e v a lu a te  th e i r  role  in 

i n t e r a c t in g  w i th  and  a c t i v a t i n g  a l lo g e n e ic  T  ce l l s .

la. E x p re s s io n  o f  H L A - D  reg ion  m o l e c u l e s  o n  m o n o c v t e  h y b r i d o m a s ;  

In o r d e r  to  d e f i n e  w h e t h e r  f u s io n  h a d  r e s u l t e d  in the  a c q u i s i t i o n  o r  

e x p r e s s i o n  o f  c l a s s  II a n t i g e n s ,  h y b r i d s  w e r e  s t a i n e d  w i t h  m o n o c l o n a l  

an t i b o d i es  ( M ab )  d i rec ted  aga ins t  DR (V G 2 . 1 ,  S34) ,  D Q  ( g cno x  353,  Leu  10) 

o r  D P  ( B 7 / 2 1 ) .  S u r f a c e  e x p r e s s i o n  o f  t h e s e  c l a s s  II a n t i g e n s  w as  

c o r r o b o r a te d  by de t ec t i on  o f  spec i f i c  m R N A  in e a c h  cel l  l ine.

A s  s e e n  in t a b l e  7,  h y b r i d o m a  c l o n e s  d e m o n s t r a t e  v a r i a b l e  

c o n s t i t u t i v e  e x p r e s s i o n  o f  D r e g i o n  m o l e c u l e s ,  e i t h e r  d u e  to  s e l e c t i v e  

c h r o m o s o m e  loss  o r  ac t i v a t i o n  o f  e n d o g e n o u s  g e n e s  f o l l o w i n g  the  fus ion .  

U 9 3 7  ce l l s  d id  no t  ex p r e ss  any  D R  o r  D Q  su r fa c e  an t ig en i c  d e t e r m in a n t ,  

and  had  very low densi ty  D P  on 8% o f  the cells .  C lon e  8 behav es  s imi lar ly  

to the  U 9 3 7  ce l l s  wi th  s l ight  e l e v a t i o n  in the D Q  e x p r e s s io n  f rom 2- 9% .  

5 4 %  to 7 0 %  o f  m o n o c y t e  h y b r i d o m a  c l o n e  16.1 e x p r e s s e d  DR a n t ig en  at 

h i g h  d e n s i t y  as  a s s e s s e d  by s t a in in g  w i th  f r a m e w o r k  an t i - l a  M a b  VG2.1.



C ell line

U937 #8

anti DR (IgG l) 0 0

anti DQ (IgG l) 2 9

anti DP (lgG1) 8 1 1

IgGl myeloma 5 5

#12 #13 #15 #16

% sta in ing

0 0 0 1 5

2 6 5 3 1 8 1 6

4 1 7 3 31 3 8

4 4 1 0

#16.1 #17 # 6  Monocytes

5 4 0 8 5 5 8

3 5 4 2 9 2 3 3

3 7 7 6 9 3 2 3

2 1 0 3

Table 6: Hybrid clones were stained with monoclonal antibodies to DR (VG2), DQ (genox), or DP (B7/21), as well as 
control IgGl myeloma protein. Clone 16.1 and normal monocytes display similar pattern of class II antigen expression, 
other clones are DR- and display varying amounts of HLA- DQ and -DP.

cn
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T h e s e  ce l l s  a l so  s t a in e d  b r ig h t l y  wi th  S3 4 ,  a s e c o n d  f r a m e w o r k  a n t i - l a

Mab.  None o f  the o the r  c lon es  exp re sse d  DR.  5 5 %  o f  the ce l l s  f rom c lone 

13 e x p r e s s e d  D Q  a n t ig e n ,  s t a in in g  p o s i t iv e l y  for  f r a m e w o r k  M a b  L eu  10

and G c n o x  353.  73 %  o f  the  ce l l s  e x p r e s s e d  lo w  de ns i ty  D P  a n t i g e n s  as

d e t e r m i n e d  by the spe c i f i c  m o n o c l o n a l  an t i bo d y  B7/ 21 .  In con t ras t  to the

h y b r id s ,  the s p o n ta n e o u s l y  t r a n s f o r m e d  B cel l  l ine - A V B  6 w er e  f ou nd  to

ex pr e ss  high dens i ty DR,  D Q  and D P  an t igens  on 8 5- 93 %  o f  the cel ls

lb. m R N A  f o r  H L A - D  reg io n  p r o d u c t s :  P a ra l l e l  e x p e r i m e n t s  w ere

e s t a b l i s h e d  to  d e t e r m i n e  w h e t h e r  the d i f f e r e n t i a l  e x p r e s s i o n  o f  D r e g io n

an t ig e n s  n o te d  w as  due  to  d e f e c t s  in t r an sc r ip t io n  o r  t r an s l a t io n .  m R N A

w a s  i s o l a t e d  f rom ea ch  h yb r id  a nd  a n a ly z e d  by s lo t  b lot  a n a l y s i s  us in g

s pe c i f i c  r ib o p r o b c s  for  D - r c g i o n  p r o d u c t s .  T h e s e  p r o b e s  arc sp e c i f i c  for

DR,  DQ,  D P  a lpha cha in  inva ri ant  r egions ,  so that  all DR,  DQ,  D P  m e ss a g e  

s h o u ld  be d e m o n s t r a b l e .  T h e  p r e s e n c e  o f  the m e s s a g e  by  s lot  b lo t  was

c o m p a r e d  wi th  the su r fa ce  e x p r e s s io n  o f  the t r an s l a t e d  p r od u c t .  F ig ur e  6

d e m o n s t r a t e s  the r e su l t s  o f  the s iot  b lo t  an a ly s i s  fo r  c l o n e s  13 16.1,  the

p ar e n t  U 9 3 7  ce l l  l ine and the s p o n ta n e o u s l y  t r a n s f o r m e d  B ce l l  l ine ,  A V B  

6 . T h e  Raj i  B cel l  l y m p h o m a  l ine k n o w n  to e x p r e s s  all su r fa ce  D - rc g i on

m o le c u l e s ,  w a s  used  as a po s i t ive  con t ro l  and d e m o n s t r a t e d  m R N A  in h igh

leve l s  in the cy to p la sm .  M O L T  4 o r  1301,  T  cel l  l y m p h o m a  l ines  w h ich  

lack the  ex p re ss io n  o f  D region m o le c u l e s  as  wel l  a s  m e s s a g e  fo r  D - re g io n  

m o le c u l e s ,  wer e  used as ne ga t iv e  con t ro l s .  As  seen  in t ab le  7, U9 3 7  ce l l s  

w h ic h  d id  no t  ex p r e s s  o f  D - r cg i on  p r o d u c t s  by s t a in in g  h ad  no  d e t ec ta b l e

leve l s  o f  m R N A  for  c l a s s  II gene  p ro du c t s ,  wh i l e  c l on e  13 had  m R N A  for

D Q  a n d  D P  p r o d u c t s  c o n s i s t e n t  wi th  the  s t a in in g  re su l t s .  In a g r e e m e n t  

wi th  the  s u r f a c e  s t a i n i n g  th e i r  w a s  no  m R N A  for  D R  a n t i g e n s  in this

c lone .  Clone  16.1 al so had  weak ly  detec tab le  m R N A  for  D Q  and DP,  but ,  in



m RNA DP

mRNA DQ

m RNA DR

to
cc

■*}■

o
to
*

CO to h-
co<T>
ZD

Figure 6: Scanning densitometery readout of isolated mRNA
from monocyte hybridomas and the parent line U937 demonstrates 
the correlation of surface D-region molecule expression with 
mRNA (DR/DP/DO in 16.1, DP/DQ only in clone 13) when compared 
to control.
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con t ra s t ,  e x p r e s s e d  low level  m R N A  for  DR as wel l .  T h i s  w as  s o m e w h a t  

un ex p e c t ed  g ive n  the b r ight  s t a in ing seen  for  DR.  As e x pe c t ed ,  the A V B  6 

e x p r e ss e d  ve ry  h igh  level s  o f  m R N A  for  all D - rcg ion  m ol ecu le s .

T h u s ,  the  p r e s e n c e  o f  m R N A  fo r  any  o f  the  D - r c g i o n  a n t ig e n s  

c o r r e l a t e d  wi th  the  e x p r e s s i o n  o f  these a n t ig e n s  on  the cel l  s u r fa c e ,  and  

co u l d  be u se d  as  c o n f i r m a t o r y  da ta  for  the  un u su a l  e x p r e s s i o n  o f  the D- 

r cg i on  m o l e c u l e s  seen  on o u r  hyb r ids .

Ic. S t i m u l a t i o n  o f  m i x e d  l y m p h o c y t e  r e s p o n s e  ( M L R ) :  S ince  we

co u l d  d e m o n s t r a t e  the d i f f e r e n t i a l  e x p r e s s i o n  o f  D r e g io n  m o l e c u l e s  on 

s o m e  o f  the  h y b r i d s ,  we  c o u l d  u t i l i ze  th e se  d i f f e r e n c e s  to  d e t e r m i n e  

d i f f e r e n c e s  in the i r  s t i m u la to ry  ca p ac i t y  in M L R .  F ig ur e  7 d e m o n s t r a t e s  

the ab i l i ty  o f  the m o n o c y t e  h y b r id o m a s  to s t im ula te  M L R .  10^ r e s p o n d e r  

a l l o g e n e i c  T  c e l l s  w er e  c o - c u l t u r c d  w i th  10^ i r r a d i a t e d  s t i m u l a t o r  ce l l s  

( e i t h e r  U 9 3 7  c e l l s ,  m o n o c y t e  h y b r i d o m a  c l o n e  #13 o r  16.1). T h e  

s p o n t a n e o u s l y  t r a n s f o r m e d  B ce l l  l i n e  A V B 6 ,  a n d  f r e s h l y  i s o l a t e d  

m o n o c y t e s  w e r e  us ed  as p o s i t iv e  c o n t r o l s  fo r  e a c h  e x p e r i m e n t .  Each  

c o l u m n  d e p i c te d  in f igure  7 r e p r es e n t s  the  m e a n  o f  t r ip l i ca t e s  cu l tu r es  o f  

the  M L R  re sp o n se .  S ix  d i f f e r e n t  e x p e r i m e n t s  are s h o w n  in th i s  f igu re  

r e p r e s e n t i n g  s ix  d i f f e r e n t  d o n o r s  f o r  th e  a l l o g e n e i c  T  c e l l s .  T h i s

a p p r o a c h  was  t a k en  to inc rease  the c h a n c e s  o f  DR,  D Q  a n d  D P  m is m at ch .

W e  w e r e  ab le  to  d e m o n s t r a t e  tha t  the p a re n t  U 9 3 7  ce l l s ,  w h ic h  lack  D- 

r c g i o n  a n t i g e n s ,  d i d  no t  s t i m u l a t e  a l l o r c a c t i v c  T  c e l l s ,  In c o n t r a s t ,

m o n o c y t e  h y b r i d o m a  c l o n e s  13, 15, 16.1 r c p r o d u c i b l y  a n d  s i g n i f i c a n t l y  

s t i m u l a t e d  the  p r o l i f e r a t i o n  o f  a l l o r c a c t i v c  T - c c l l s .  T h e s e  c l o n e s  all 

e x p r e s s  D - r c g i o n  m o l e c u l e s  on  the i r  su r fac e ,  and  arc c a p a b l e  o f  se c re t i ng

IL-I upon s t i mula t ion  wi th LPS.  As exp ec ted ,  the con trol  ce l l s ,  the A V B 6  as 

wel l  as the  f re shly  i so l a t ed  m o n o c y t e s  wer e  foun d  to be g o o d  s t i m ul a to r s
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Figure 7: Ability of hum an m onocyte hybridom as to stim ulate MLR. 1x10 T cells w ere 
co -cu ltu red  with 1x10 ^ irrad ia ted  (5000R ) hybridom a cells in RPMI 1640, 10%  AB serum  
and  antib io tics for 120 hou rs a t 37°C . During th e  last 18 hou rs of culture 1 uC i3 H thym idine 
w as  a d d ed  and  the cells w ere  ha rv es ted  and coun ted . Six different experim en ts a re  dep icted  
in this figure rep resen ting  six different donors. C lone 6 is an EBV transform ed B cell line 
from the  donor w h o se  m onocy tes w ere  u sed  for th e  fusion.
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in M L R  for  all t he  d o n o r  a l logene ic  T  cel ls .  In ea ch  case  the s t imula t ion  

index o f  m o n o c y t e s  and the  A V B 6  ce l l s  were  2 to 4  t imes  h ig h e r  than the 

h y b r i d o m a  c e l l s ,  a nd  w e r e  in a g r e e m e n t  w i t h  the  h e i g h t e n e d  e x p r e s s i o n  

o f  D reg ion m o le cu le s  on the cells .

T h e s e  d a t a  c o n f i r m  p r e v i o u s  s t ud ie s  d e m o n s t r a t i n g  the i m p o r t a n c e  

o f  D - r c g i o n  m o l e c u l e s  in the  s t i m u l a t i o n  o f  M L R .  H o w e v e r ,  it a l so  

s u p p o r t s  the p r e m i s e  that  DR m a y  not  be the  so le  s t i m u la t i n g  a n t i g en  in 

M L R .  W e  ca n  c l ea r ly  d e m o n s t r a t e  tha t  D Q - D P  a n t ig en  po s i t ive  m o n o c y t e  

h y b r i d o m a s  (but  not  a D Q  pos i t ive  T cel l  c l on e )  arc ca p a b l e  o f  s t imu la t in g  

M L R  e v e n  in c o m p l e t e  a b s e n c e  o f  su r fa c e  DR a n t i g en s .  M o r e o v e r ,  the 

d i s a p p e a r a n c e  o f  D r e g io n  m o l e c u l e s  f ro m  the  ce l l  s u r f a c e  o f  d i f f e r e n t  

h y b r i d o m a  c l o n e s  u n d e r  c o n t i n u o u s  c u l t u r e  c o n d i t i o n s  w a s  a s s o c i a t e d  

wi th  m a rk e d  d e c r e a s e  in th e i r  abi l i ty  to s t i m ul a te  M L R .  T h e  d e c r e a s e  in 

su r face  DR o f  c lon e  16.1 f rom 85% to 5 0 %  and  the d i sa p p ea ra nc e  o f  D Q  and 

D P  e x p r e s s i o n  r e d u c e d  i ts  ab i l i ty  to s t i m u la te  M L R  f rom  an a v e r a g e  o f  

3 5 , 0 0 0  C P M  to  6 ,0 00  C P M ,  a l thoug h  o t h e r  f ac tor s  m a y  rela te  to this  f inding 

as wel l .  T h e  sa me  was  t rue  for  c l on e  13 and 15. T h e  av e r age  s t i mula t ion  

rate for  A V B  6  was  not  c h a n g e d  and the re  was  no  n o t i c eab le  c h a n g e  in D 

reg io n  e x p r e s s i o n  o n  the ce l l  su r fa ce  o v e r  t ime.

Id. D o s e  r e s p o n s e  o f  c l a s s  II a n t i g e n  s t i m u l a t o r y  c a p a c i t y ;  T h e  

s t i m u l a t o r y  c a p a c i t y  o f  the  m o n o c y t e  h y b r id s  w as  c l ea r l y  d e m o n s t r a t e d  to 

b e  d o s e  d ep e n d en t .  In f igure  8 , c lon es  13 and  16.1 s t im ula ted  m a x im a l l y  at 

1 0 ^  ce l l s  (us ing  1 0 ^ a l lo g en e ic  r e s p o n d e r  T  ce l l s ) .  Ea c h  poin t  r ep res en t s  

t h e  m e a n  a n d  S E  o f  s ix  c o n s e c u t i v e  e x p e r i m e n t s  u s i n g  d i f f e r e n t  

a l l o g e n e i c  T  ce l l s  as the  r e s p o n d e r  p o p u l a t i o n .  G r e a t e r  r e s p o n s e s  w er e  

se en  w h e n  the  B ce l l  l i ne  o r  n o r m a l  a l lo g e n e ic  m o n o c y t e s  w e r e  t e s t ed .  

T h i s  su g g e s t s  that  the d e n s i t y  o f  c l a s s  II A g  is l o w e r  in the h y b r id o m a s ,
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Figure 8: C om p ariso n  of stim ulatory  capac ity  of c lo n e  13, 16, U 937 (A), freshly  iso la ted  
m o n o cy tes  and  pu lm onary  m ac ro p h ag es  (B) in prim ary a llogene ic  MLR. C lone 13 and  16 w ere  
m ore stim ulatory th an  the p a re n t line U 937 in a  d o se  d e p e n d e n t fash ion .



but  st i l l  s ig n i f i c an t  s i n ce  s t i m u la t i o n  w as  seen  w i th  cel l  n u m b e r s  as low 

as 1 0 ^ s t i m u la to r  ce l l s /we l l .  T h e  pa r e n t  cel l  l ine U 9 3 7  d id  no t  s t i mu la te  

M L R  at any  cel l  c o n c e n t r a t i o n ,  and gav e  total  c o u n t s  w h ic h  w e r e  s i m i la r

to the T  cell  b ac kg r o u nd  only ( <1 00 0  C P M ) .  O th e r  h y b r i d o m a  ce l l s  such as

c l o ne  8  and 15 w h ich  ex pr es s  low level s  o f  D - r cg i o n  an t i ge ns  w ere  ab le  to

w e a k l y  s t i m u la te  M L R  at 10^ ce l l /we l l  bu t  not  at 10^ ce l l / we l l  (d a ta  not

s h ow n ) .  I n c re as in g  the c o n c e n t r a t i o n  o f  the  h y b r i d o m a  ce l l s  up  to  5 x 1 0 ^

o r  1()5 ce l l s  /w e l l  d id  not  c a u s e  any inc re as e  in th y m i d i n e  in c o rp o r a t io n  

a nd  in m a n y  e a s e s  w as  a s s o c ia te d  wi th  r e d u c t i o n  o f  p ro l i f e r a t i o n .  Th is  

p r e v i o u s l y  d e s c r i b e d  p h e n o m e n o n  can be c o n t r i b u t e d  to  the  r ap id  loss  o f  

n u t r i e n t  in t h e  m e d i u m  a n d / o r  d e a t h  o f  th e  i r r a d i a t e d  s t i m u l a t o r

p o p u l a t i o n ,  r e l e a s i n g  t o x i c  s u b s t a n c e s  a n d  p r e v e n t i n g  T  c e l l  

p r o l i f e r a t i o n .

By c o m p a r i n g  the  q u a n t i t y  and  the  q u a l i t y  o f  s u r f a c e  D - r c g i o n  

m o l e c u l e s  on  the h y b r i d o m a  ce l l s  and  th e i r  abi l i ty  to  s t i mu la te  M L R ,  it is 

c l ea r  tha t  h i g he r  ex p r e ss io n  o f  D R o r  D Q  and  D P  w i th ou t  D R  on  the  cell  

s u r f a c e  is im p o r ta n t  f ac to r  in s t i m u la t i o n ,  bu t  at  t h i s  s t ag e  the  p r e s e n c e

o f  o t h e r  s t i m u l a t o r y  d e t e r m i n a n t s  c a n n o t  be  e x c l u d e d .

Ic. S t i m u l a t i o n  o f  a l lo - s p c c i f i c  D R 2  re s t r i c t e d  T  ce l l  c l o n e s :  The

r e c o g n i t i o n  o f  a l lo a n t ig c n s  by a l lo - s p c c i f i c  T  ce l l  c l o n e s  e n a b l e s  o ne  to 

d e t e r m i n e  th e  e x p r e s s i o n  o f  s p e c i f i c  a l l o a n t i g c n s  a nd  is o n e  p r o v e n  

m e t h o d  o f  t y p i n g  c l a s s  l i  a n t i g e n  e x p r e s s i o n  o n  a v a r i o u s  ce l l

p o p u l a t i o n s .  F i g u r e  9 d e s c r i b e s  the  p r o l i f e r a t i v e  r e s p o n s e  o f  a D R2  

re s t r i c t e d ,  a l lo - s p e c i f i c ,  T  ce l l  c l o n e  in the  p r e s e n c e  o f  the  U 9 3 7  ce l l s ,

m o n o c y t e  h y b r i d o m a  c l on es  13, and 16.1.  T h e  d o n o r  t r a n s f o r m e d  B cell

l ine A V B 2 1  and  an E rose t t e  ne g a t iv e  D R 2  p os i t iv e  cel l  s e rve d  as po s i t ive  

c o n t r o l .  T h e  p r o l i f e r a t i v e  r e s p o n s e  w a s  a s s e s s e d  by t h y m i d i n e
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i nc orpora t ion  in a 3 day  assay.  E- ce l l s  as  well  as c l one  16.1 were  able to 

s t i m ul a te  the p r o l i f e r a t io n  o f  the D R 2  bu t  not  a D R3  a l lo - spc c i f i c  T  cell

clone.  T he  U937  cel ls  , c lone 13 (DR-,  DQ,  DP+)  or  AV B 21 did not cause  any 

s t imu la t io n  o f  the DR2 o r  the DR3  a l lo rcac t ivc  T  cel ls .  In this  ex p e r im en t  

we wer e  able to conf i rm the t i s sue typ ing  resu l t s  o f  16.1 ( DR2+) .  S ince  the 

d o n o r  ce l l s  ty pe d  as DR 5 and  7, thes e  da ta  su g g e s t  that  that  the  DR

e x p r e s s e d  on  c l o n e  16.1 is not  p r o v i d e d  by  the  d o n o r ' s  m o n o c y t e s ,  but

ra the r  is ac qu i r ed  fo l low ing  fusion f rom the  U93 7  ce l l s  ( a l th ou g h  it is not  

e x p r e s s e d  by the  U93 7  ce l ls ) .  M o r e o v e r  and  mor e  im p or ta n t ly ,  it co n f i r m s  

tha t  c l o n e  13 w h ic h  was  ab le  to  s t i m u la te  a l lo g e n e ic  T  ce l l s  d o c s  not

m e d ia t e  this  e f f ec t  th ro ug h  the  sa m e  DR ant igens .

F r o m  th e  e x p e r i m e n t s  d e s c r i b e d  a b o v e  it s e e m s  o b v i o u s  th a t  

c o n t r a r y  to  the  c u r r e n t  m o d e l s  o f  a l l o s t i m u la l io n  the  p r e s e n c e  o f  D R is 

not  a ne c es sa r y  p re req u i s i t e  for  an M L R,  and that  D Q  and  DP arc ca pab le  

o f  g e n e r a t i n g  an  i m p r e s s i v e  a l l o g c n c i c - r c s p o n s c .  In o r d e r  to  fu r t h e r

d i s s e c t  the  r o le s  o f  d i s t in c t  D s u b r e g i o n s  in s t i m u l a t i n g  M L R  we  have

a d d r e s s e d  this  i ssue f rom tw o  o th e r  d i r e c t i o n s  1. T h e  e f fec t  o f  d i s t inc t

an t i -D  reg ion  an t ibod ies  on the  abi l i ty  to b lock an M L R ,  and  2. Reg u la t io n

o f  c l a s s  II o n  th e  s u r f a c e  o f  th e  m o n o c y t e  h y b r i d s  w i t h  g a m m a -  

in t c r f c r o n  a nd  r e - a s s e s s m e n t  o f  s u b s e q u e n t  s t i m u l a t o r y  c a p a c i t y .

Ha.  B l o c k i n g  r e s p o n s e  to  A V B 6  a n d  m o n o c v t c s  bv ant i  D reg ion

a n t i b o d i e s :  In o r d e r  to d e t e r m in e  w h e th e r  o u r  pane l  o f  D - rc g i on  speci f ic

f r a m e w o r k  m o n o c l o n a l  a n t i b o d i e s  a rc  b l o c k i n g  a n t ib o d ie s ,  we  t e s t e d  the ir

e f fec t  in an M L R  sy s t em  w h er e  the s t i m u la to r  ce l l s  w er e  sh o w n  to  ex pr es s  

all D - r e g i o n  m o le cu l es .  A V B  6 , t he  s p o n ta n e o u s l y  t r a n s f o r m e d  B cel l  o f

the d o n o r  e x p r e ss es  h igh d ens i ty  DR an t igen  on  85 %  o f  the cel ls ,  D Q  and
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D P  a n t ig e n s  on  92 and  9 3 %  o f  the  ce l l s  r e sp e c t iv e l y .  P e r ip he r a l  b lo o d  

m o n o c y t e s  e x p r e s s  h ig h  d e n s i t y  D R  a n t ig e n s  on 5 8 %  o f  the  ce l l s ,  and

lo w e r  den s i ty  DQ  and D P  on 33% and 24% o f  the ce l l s  r espec t ively .  W he n

pur i f i ed  an t i - DR  ( V G 2 . 1 )  an t ibody  (1.5 | i g /wc l l )  was  add e d  to  M L R  cul tu res  

o f  T  ce l l s  wi th  i r rad ia t ed  A V 6  at the onse t  o f  cul tu re ,  t he  M L R  r esp on se  to 

A V B  6  ce l l s  was  inh ibi t ed  by 6 7 % ,  whi l e  pur i f i ed  a n t i - D Q  ( gc nox  353)  and 

a n t i - D P  ( B 7 / 2 1 )  in the sa me  c o n c e n t r a t i o n  inh ib i t ed  the  r e s p o n s e  by  50 % 

a nd  5 7 %  r e s p e c t i v e ly  (F ig u r e  10).  A d d i t io n  o f  al l  t h r e e  a n t i - D  reg ion

a n t i b o d i e s  to  th e  w e l l s  r e s u l t e d  in f u r t h e r  s u p p r e s s i o n  o f  th e  M L R  

r e s p o n s e  by 8 6 % ( F i g u r e  10). T h e  M L R  r e s p o n s e  to  p e r ip h e ra l  b lood  

m o n o c y t e s  w a s  inh ib i t ed  by 8 6 % in the  p r e s e n c e  o f  a n t i - D R ,  4 3 %  wi th

a n t i - D Q  and 52 % wi th  a n t i -D P  an t ibody  (concen t r a t ion  = 1.5 g g / w c l l ) .

T h e s e  r esul t s  a l low ed  us  to e s t ab l i sh  the fact  tha t  o u r  an t i -D - r cg io n  

a n t i b o d i e s  c a n  s e r v e  as s t a n d a r d s  f o r  b l o c k i n g  a n t i b o d i e s  in f u r t h e r

s tud ies  wi th  the hybr ids .  T he  abi l i ty  to b lock w as  d i r ec t ly  co r r e l a t e d  wi th 

t h e  d e g r e e  o f  su r fa ce  a n t i ge n  e x p r e s s i o n  and  d id  no t  a p p e a r  to  r e l a t e  to

the  a f f in i ty  o f  the  m o n o c lo n a l  an t ibo dy .  F u r th e r m o r e ,  in the  case  o f  the

a l lo g e n e ic  m o n o c y t e s ,  w he re  D R is e x p r e s s e d  at h ig h  d e n s i t y  on  a l a rge

p e r c e n t a g e  o f  c e l l s  w h i l e  D Q  and  D P  a re  e x p r e s s e d  at  r e l a t i v e ly  low 

d e n s i t y ,  t he  a d d i t i o n  o f  a n t i - D R  w as  m o r e  e f f e c t i v e  in b l o c k i n g  the 

s t i m u l a t o r y  c a p a c i t y  o f  t h e s e  c e l l s .  I n h i b i t i o n  o f  s t i m u l a t i o n  o f  

a l l o g en e i c  T  ce l l s  wi th  A V B  6  ce l l s  by ant i  DR m A b  w as  no t  as m a rk e d ,  

p r o b a b ly  d ue  to  the ex p re ss io n  o f  D Q  and  DP an t ige ns  at h igh  de ns i ty  on 

the  cel l  su r face .  H o w e v e r ,  the M L R  res po n se  w as  inh i b i t ed  4 0 - 6 0 %  with 

a n t i - D Q  o r  - D P  su g g e s t in g  that  all 3 c l as s  II an t i g en s  m a y  p lay a role  in 

M L R  s t i m u l a t i o n .  In any c a s e ,  the  ab i l i t y  o f  th es e  M a b  to  sp e c i f i c a l l y
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Figure 10: T he anti D -region m onoclonal an tibod ies VG2.1, G enox 
a n d  B7/21 w ere  ab le  to inhibit p rim ary  a llo g en e ic  MLR s tim u la ted  
with periphera l blood m o nocy tes  (A) or EBV transfo rm ed  B cell line (B). 
T he  inhibitory e ffec t w a s  directly  re la ted  to th e  su rface  e x p re ss io n  of 
c la s s  II m o lecu les on th e  stim ulating population .



77

b lo c k  M L R  a l l o w e d  us  to  use  the m  f o r  o u r  f u r t h e r  s t u d i e s  w i th  the  

m o n o c y t e  h y b r i d s .

Ilb.  I n h ib i t i o n  o f  M L R  s t i m u l a t e d  wi th  m o n o c v t c  h y f r r i d p m a s___ by

a n t i - D  r e g i o n  a n t i b o d i e s :  S i nc e  we had  a l r ea dy  d e m o n s t r a t e d  tha t  d is t inc t

D s u b r e g i o n  m o l e c u l e s  arc c a p a b l e  o f  s t i m u l a t i n g  a l lo r c a c t i v c  T  ce l l s ,  we 

n ex t  t u r n ed  to  q u e s t i o n  the  ro le  o f  th es e  m o l e c u l e s  in a "n o r m a l"  M L R .  

T h i s  w as  a s se ss ed  by the ab i l i ty  o f  m o n o c l o n a l  a n t i - D - r c g io n  an t ib o d ie s  to 

m o d i f y  M L R  res po n se s .  In f igu re  11, T  ce l l s  wer e  c o - c u l t u r c d  wi th  10^

ir radia ted  hybr ido ma s ,  c lone 13 (DR - ,  D Q +,  DP+) ,  c lone 16.1 ( D R + D Q + D P + )  or  

the  pa re n t  ce l l  l ine U 9 3 7  (D R - ,  DQ- ,  DP- ) ,  in the p r es e n ce  o r  ab s e n c e  o f  

s p e c i f i c  a n t i - c l a s s  II a n t i b o d i e s  ( l p g / w c l l ) .  As  w e  no te d  p r e v io u s l y ,  the 

U 9 3 7  c e l l s  d i d  no t  s t i m u l a t e  M L R ,  a n d  the  a d d i t i o n  o f  a n t i - c l a s s  II 

a n t i b o d i e s  d id  not  a l t e r  th i s  f in d in g .  H o w e v e r ,  a d d e d  at the  o n s e t  o f  

c u l t u r e ,  al l  D - s u b r c g i o n  a n t i b o d i e s  s i g n i f i c a n t l y  i n h i b i t e d  t h e  M L R  

r e s p o n s e  to  c l o n e  13 and  16.1.  T h e  M L R  r e s p o n s e  to  c l o n e  16.1 w as

in h ib i t e d  by > 8 1 %  in the  p r e s e n c e  o f  a n t i - D R  ( 5 G 2 . 1 ) ,  w h i c h  co r r e l a t e d  

w i th  the h ig h  den s i ty  o f  D R a n t ig en  on  the ce l l  su r fa ce  ( 5 6 - 8 5 % )  o f  the 

c l o n e  a nd  s u g g e s t s  th a t  the  M L R  r e s p o n s e  e l i c i t e d  b y  t h i s  c l o n e  is

m e d i a t e d  m a i n l y  t h r o u g h  DR.  T h e  to ta l  r e s p o n s e  w a s  no t  c o m p l e t e l y  

in h ib i t ed  s i n ce  the se  ce l l s  st i l l  ex pr e ss  D Q  and  D P  an t ig en s  at lo w  dens i ty

on  th e i r  su r fa ce .  T h i s  low  an t ig e n  d e n s i t y  m a y  a l so  e x p l a i n  the  l e s se r

in h i b i to r y  e f f e c t  no te  w h e n  a n t i - D Q  o r  a n t i - D P  a n t i b o d i e s  w e r e  add e d  to 

th e  m i c r o c u l t u r e s  ( 3 5 - 5 0 % ) .  T h e  a d d i t i o n  o f  al l  t h r e e  a n t i - D  r eg io n  

a n t i b o d i e s  to  the  w e l l s  r e s u l t e d  in a l m o s t  c o m p l e t e  i n h i b i t i o n  o f  M L R  

r e s p o n s e  ( > 9 0 % ) .  T h e  e f f ec t  o f  th es e  b l o c k i n g  a n t i b o d i e s  o n  the  M L R

r e s p o n s e  to c l o n e  13 w as  o f  g r ea te r  in t e res t .  As  seen  in F ig u re  11, the

add i t ion  o f  a n t i - D Q  led to 3 5 - 7 5 %  inh ib i t ion ,  w h e r e a s  the  add i t ion  o f  ant i-
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Figure 11: T cells w ere  co-cu ltu red  with irradiated  m onocyte  hybridom as 13 (DP, DQ+), 16.1 (DR, DP.DQ+) 
or th e  pa ren t line U937 (DR, DP, DQ-) in th e  p re se n c e  or a b se n c e  of purified antibody to HLA-DR (1ug/ml), DP 
(1ug/ml) o r DQ (1ug/ml). W hen p laced  in cultu re  all anti D -subregion an tibod ies significantly inhibited re sp o n se  
to clone  13 w h e rea s  inhibition of re sp o n se  to c lone  16 w as  g rea te r with antibody to  DR. The effect of anti-DR 
on clone  13 's ability to stim ulate  a p p e a rs  to  re la te  to th e  an tibody 's effect on DR+ activated  T cells.
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D P  w as  as s o c ia te d  wi th  3 5 - 5 5 %  in h ib i t io n .  U n e x p e c t e d  w as  the  f i nd ing  

tha t ,  in p r e s e n c e  o f  an t i - D R ,  the  M L R  r e s p o n s e  w a s  r e d u c e d  by  30 - 3 5 %  

desp i t e  the lack  o f  DR an t ige ns  on the ce l l s  as d e m o n s t r a t e d  by 1) sur face  

s t a i n i n g ,  2)  m R N A  s t u d i es ,  and  3)  the  ina b i l i ty  to  s t i m u l a t e  a DR 

res t r i c t ed  a l lo r cac t iv c  T  cell  c lone.  T he  add i t ion  o f  all t hree  a n t i - D  reg ion  

a n t i b o d i e s  to the  w e l l s  r e su l t ed  in fu r t h e r  s u p p r e s s i o n  o f  M L R  r e s p o n s e  

by o v e r  60%.  Th es e  resul ts  may  relate to the an t ibody ' s  ef fec t  on T 4 + ,  DR+ 

a c t i v a t e d  c e l l s  in t h e  r e s p o n d e r  p o p u l a t i o n  ( t a b l e  9 )  s p e c i f i c a l l y  

i n h i b i t i n g  t h e i r  p r o l i f e r a t i o n ,  c o n s i s t e n t  w i t h  p r e v i o u s l y  p u b l i s h e d  da ta .  

In fact ,  as  r epo r t ed  b e l o w ,  p r c t r ca tm c n t  o f  c lon e  13 wi th  an t i - D R  fai l ed  to 

ca u se  inh ibi t ion  o f  M L R  res ponse .  As can be seen ,  inh ib i t ion  o f  the  M L R  

w a s  i n c o m p l e t e  e v e n  in the  p r e s e n c e  o f  b o th  a n t i b o d i e s  ( a n t i - D P  and  

an t i - D Q )  in the wel l s .  T h i s  m a y  rela te  to 1) In ade qu a te  sa tu ra t ion  o f  c l as s  

II a n t i g e n s  on  the  ce l l  s u r f a c e  ( a l t h o u g h  th i s  is u n l i k e l y  d u e  to  the  

c o n c e n t r a t i o n  u t i l i z e d  in th is  s t u d y) .  2)  T h e  p r e s e n c e  o f  n o n  c l a s s  II 

a l l o a n t i g c n s .  3 )  I n a d e q u a t e  b l o c k i n g  ( r e c o g n i t i o n  o f  n o n - b l o c k i n g  

e p i t o p e  but  pa r t i a l  i nh ib i t io n  d u e  to  s t c r i c  h i n d r a n c e )  o f  the  s t i m u la to r y  

e p i to p e  on  the  c l a s s  II an t ige ns  by the  an t i - c l a s s  II an t ibod ies .

In o r d e r  to ad d re ss  the  f i rs t  p os s i b i l i ty ,  we i n c u b a te d  the  ce l l s  in 

the  p r e s e n c e  o f  d e c r e a s i n g  c o n c e n t r a t i o n  o f  the  a n t ib o d y .  r e p r e s e n ta t iv e  

d o s e  r e s p o n s e  c u r v e s  a s sa y i ng  the  b lo c k in g  e f f i c i en c y  o f  an t i - D R ,  D Q  and 

D P  a n t ib od ie s  on  the  abi l i ty  o f  c l o n e s  13 and  16.1 to s t i m ul a te  M L R  are 

d e p i c t e d  in f ig u r e s  12a a n d  12b.  I n c r e a s i n g  the  c o n c e n t r a t i o n  o f  any 

a n t ib o d y  to o v e r  10 g g / w e l l  c a u s e d  n e a r  c o m p l e t e  i n h i b i t i o n  o f  M L R  

resp on se .  T h e s e  da ta  can  c i t h e r  r ef lec t  inh ib i t ion  pe r  se,  o r  c o u l d  be the 

r e su l t  o f  n o n s p e c i f i c  tox ic  e f f e c t s  o f  h i gh  c o n c e n t r a t i o n s  o f  a n t i b o d y .  

T h e s e  p o s s i b i l i t i e s  w e r e  a d d r e s s e d  by s e l e c t i v e  s a t u r a t i o n  o f  c l a s s  II
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F igure 12: D ose  re s p o n se  cu rve  of th e  blocking effecacy  of anti c la s s  II mAb to inhibit the 
stim ulation  of a llogeneic  T ce lls  by c lo n e  13 (A) and  c lo n e  16.1 (B). T he stim ulatory  capacity  
of c lo n e  16.1 is effectively inhibited by low concen tra tio n  of anti-D R, w h e re a s  anti-D P, DQ in 
sim ilar con cen tra tio n  had  no effect. In co n trast, th e s e  s a m e  co ncen tra tion  of anti-D P, DQ 
effectively  inhibited T cell stim ulation  by c lo n e  13.
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a n t i g e n s  b y  p r c i n c u b a t i o n  o f  the  h y b r i d  w i t h  a n t i b o d y  p r i o r  to  co -  

c u l l u r i n g  the  ce l l s  in M L R  ( see  be l ow ) .  H o w e v e r ,  t he  p r e s e n c e  o f  a n t i ­

c l a s s  II a n t ib o d ie s  at h igh  c o n c e n t r a t i o n  d id  no t  a f f ec t  the  p r o l i f e r a t io n  

o f  P H A - s t i m u l a t c d  T  ce l l s  o r  the  se c r e t i o n  o f  IgG  by  P W M  s t i m u la te d

p e r ip h e ra l  b lo od  m o n o n u c l e a r  ce l l s  (d a t a  not  s h o w n ) ,  th us  it is log ica l  to 

a s s u m e  tha t  the  e f fec t  d e m o n s t r a t e d  is in h ib i t o r y  r a th e r  then  toxic .

T h e  re l a t ive  c o n t r i b u t i o n  o f  d i f f e r en t  c l a s s  II a n t ig e n s  in M L R  can

b e  f u r t h e r  a n a l y z e d  by  l o o k i n g  at i n h ib i t i o n  in the  p r e s e n c e  o f  l o w e r  

c o n c e n t r a t i o n s  o f  b l oc k in g  an t ib o d ie s  (<0.1 pg /m l ) .  D R +  c l o n e  16.1 can be 

e f f e c t i v e l y  b l o c k e d  by a n t i - D R  at 0.1 g g / m l ,  w h i l e  at  t h i s  a n t i b o d y  

c o n c e n t r a t i o n ,  n e i t h e r  a n t i - D Q  n o r  D P  h a d  a ny  s i g n i f i c a n t  b l o c k i n g  

e f f e c t ,  ( p r e s u m a b l y  o v e r w h e l m e d  by  the  r e s p o n s e  to  n o n - b l o c k c d  D R 

ant igens ) .  In con t ras t ,  c lone 13, w h i ch  e x p r e ss e s  DQ  and D P  on ly  and not  

D R ,  ab i l i t y  to  s t i m u l a t e  M L R  r e s p o n s e  ca n  be  b l o c k e d  s ig n i f i c a n t ly  by 

an t i - DQ  or  D P  at 0.1 g g /m l .  T h u s  it appea r s  that  o u r  r esul ts  are not  rela ted

to  n o n s p e c i f i c  t o x ic i t y  b u t  r a t h e r  r e l a t e  to  the  i n h ib i t i o n  o f  s p e c i f i c a l l y

e x p r e s s e d  d i s t inc t  D - r c g i o n  m o l e c u l e s  on  the su r fa ce  o f  o u r  hy br ids .

He. T h e  e f f ec t  o f  p r e - i n c u b a t i o n  w i th  an t i - D  r eg io n  a n t i b o d i e s  o n

M L R  r e s p o n s e  o f  m o n o c v t e  h y b r i d o m a s :  O u r  e x p e r im e n t a l  p r o toco l  in

th e  ab o v e  d e s c r ib e d  e x p e r i m e n t s  u t i l i zed  ant i -  c l a s s  II M a b  a d d e d  d i r ec t ly  

to  th e  w e l l s  at  t h e  o n s e t  o f  cu l t u r e ,  w h ic h  m i g h t  a d v e r s e l y  a f fec t  the

r e s p o n d e r  T  cel l  p o p u la t i o n  as  wel l  as  ac ce ss o r y  ce l l s  p res en t .  T h i s  was

su g g e s t e d  by the  abi l i ty  o f  ant i  D R to  b loc k  the ce l lu la r  r e s p o n se  to c lon e  

13 d es p i t e  the  fact  that  this  c l on e  did not  ex pr e ss  D R  an t igens .  T hu s ,  we 

in i t i a t e d  s t u d i e s  to  e x c l u d e  the  p o s s i b i l i t y  tha t  o u r  r e su l t s  a rc  d ue  to

i n h i b i t i o n  o f  T  ce l l s  by p r e - i n c u b a t i n g  the  r e s p o n d e r  o r  the  s t i m u l a t o r  

ce l l  p o p u la t i o n  wi th  an t i - D  reg io n  m o l e c u l e s  p r io r  to  th e i r  ad d i t io n  to the
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Figure13: The capacity  of c lone  13 to stim ulate MLR (colum n 1), w as blocked by the addition of 
an ti-c la ss  II an tib o d ies  directly  to  th e  w ells (colum n 2). or by preincubating  th e  hybrids with the 
an tibod ies prior to  th e  addition of re sp o n d er population ( colum n 3). P re trea tm en t of the responder 
T cell population with an ti-c la ss  II an tibod ies did not affect their capacity  to respond  (column 4). 
T hus th e  inhibitory effect of th e s e  an tibod ies w as  mainly m ed ia ted  through binding to su rface  
D-region m olecu les of th e  m onocyte  hybridom as.
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well s .  In f igu re  13, the r e s p o n se  to  c l on e  13 on ly  is sh o w n  in c o l u m n  I. 

T h e  addi t ion  o f  an t i - DR,  DQ,  D P  d i rec t ly  to  the wel l s  is de p i c t e d  in co l u mn  

II, w i t h  the  i n h ib i t i o n  by  a n t i - D R  o f  3 1 % .  In c o l u m n  III ,  c l o n e  13 

( s t i m u l a t o r  ce l l s )  w as  p r c - t r ca t cd  wi th  e i th e r  an t i - D R ,  D Q ,  o r  D P  p r i o r  to 

the  ad d i t io n  o f  the  r e s p o n d e r  p o p u la t i o n .  O ne  ca n  see  tha t  the  b lo c k in g  

e f f ec t  o f  a n t i - D Q  and  D P  s t ay ed  the  sa m e ,  w h i l e  the  b lo c k in g  by an t i -DR 

w a s  r e d u c e d  to  8 % w h i c h  is n o t  s i g n i f i c a n t .  P r e - t r e a t m e n t  o f  the  

r e s p o n d e r  T  ce l l  p o p u la t i o n  wi th  an t i - c l a s s  II a n t ig e n s  d id  no t  a f fec t  the ir

c a p a c i t y  to  r e s p o n d  ( s i n c e  th e y  a rc  c l a s s  II n e g a t i v e  to  s t ar t ) .  T a k e n

toge the r ,  these da ta  sup po r t  a ro le  for  D P  and  D Q  in a l los t i mula l ion .

l id.  M o d u l a t i o n  o f  su r fa ce  D reg ion  an t i gen  e x p r e s s io n  wi th  g a m m a  

i n t e r f e r o n :  S in c e  we  w er e  in te r e s t e d  in the  ro le  o f  d i f f e r e n t  c l a s s  II

a n t i g e n s  in the  s t i m u l a t i o n  in M L R ,  we  p r o c e e d e d  to  e x p l o r e  w h e t h e r  

c h a n g e s  in the  e x p r e s s i o n  o f  s u r f a c e  D  r e g i o n  m o l e c u l e s  i n d u c e d  by 

g a m m a  i n t e r f e r o n  w e r e  a s s o c i a t e d  w i t h  d i f f e r e n t  p a t t e r n s  o f  M L R  

s t i m u l a t i o n .  M o r e o v e r ,  s i n c e  o u r  h y b r i d o m a s  h a v e  d i f f e r e n t i a l  

e x p r e s s io n  o f  the se  D reg ion  an t ig ens ,  m o d u la t i o n  o f  e i th e r  D R ,  D Q  o r  DP  

a l o n e  o r  in c o n c e r t ,  a nd  the c o r r e l a t i o n  o f  these  c h a n g e s  to  t h e i r  abi l i ty  

to s t i m u l a t e  M L R ,  w o u l d  a l lo w  us to  a s s e s s  the  r e l a t i v e  c o n t r i b u t i o n  o f

s p e c i f i c  D r e g i o n  a n t i g e n s  in  the  s t i m u l a t i o n  o f  a l l o g e n e i c  T  ce l l s .  

M o n o c y t e  h y b r i d o m a  c l o n e s  13, 16.1 and  th e  p a r e n t  ce l l  l i ne  U 9 3 7  wer e

i n c u b a t e d  in th e  p r e s e n c e  o r  a b s e n c e  o f  1 0 0 - 2 5 0  u n i t s  o f  r e c o m b i n a n t  

g a m m a  i n t e r f e r o n  for  72  h o u r s .  F o l l o w i n g  the  i n c u b a t i o n ,  ce l l  g r o w t h  

and  v i ab i l i t y ,  su r fa c e  D r eg io n  a n t ig e n  e x p r e s s i o n  a nd  c a p a c i t y  fo r  M L R  

s t i m u la t i on  w er e  a s sessed .  In the  p r es e n ce  o f  g a m m a  I FN  the  g r o w t h  rate 

o f  c l on e  13 was  r educ ed  2 -4  fold.  C l o n e  16 and  U9 37  wer e  inhibi t ed  1.5-2.5 

fold.  T h e  v iab i l i t y  was  not  a f f ec te d .  As  s h o w n  in t a b le  8 , t he  su r fa ce



Cell l ine

U937 #8 #13 #15 #16 #16.1

mAB %  s t a i n i n g

anti DR (IgGl 0 0 0 0 1 5 5 4

IFN anti DQ (IgG l) 2 9 5 3 1 8 1 6 3 5

anti DP (Ig G l) 8 1 1 7 3 31 3 8 3 7

IgGl myeloma 5 5 4 1 0 2

Cell  l ine

U937 #8 #13 #15 #16 #16.1

mAB % s t a i n i n g

anti DR (lgG1) 0 0 0 0 1 5 5 6

IFN anti DQ (lgG1) 21 1 5 2 6 2 2 1 9 4

anti DP (lgG1) 2 8 3 0 5 6 4 2 3 5 1 3

MslgGl 4 1 2 2 2 0

Table 7: Hybrid clones were stained with antibodies to DR(VG2), DQ(genox) or 
DP (B7/21) either before (upper table), or after (lower table) stimulation with 
gamma interferon (100 U/ml) for 72 hours.
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e x p r e s s i o n  o f  al l  D r e g i o n  m o l e c u l e s  w a s  d i f f e r e n t i a l l y  a f f e c te d  in all 

ce l l s .  T h e  e x p r e s s i o n  o f  D Q  and  D P  m o l e c u l e s  on  the  U 93 7  ce l l  was  

s ign i f i can t ly  inc reased  ( D Q  2%  to 21% ,  D P  8 % to 28%).  The  sa m e  response  

w as  seen  for  ce l l s  o f  c l on e  8 . In con t ras t ,  su r face  D Q  expr es s io n  on c lone 

13 was  s ig n i f i can t ly  r ed uc ed  from 53 to  26 % ,  and the r ed uc t io n  o f  D P  was 

le s s  p r o n o u n c e d  ( 7 3 %  to  56% ) .  T h er e  w er e  no  c h a n g e s  in D R  ex pr e ss io n  

(0%) .  D reg ion  an t igen  ex p re ss io n  d id  not  c h a n g e  on c l o ne  16. H o w ev er ,  

ce l l s  o f  c l o n e  16.1 s h o w e d  a to ta l  d i s a p p e a r a n c e  o f  D Q  su r fa ce  an t ig en s

( 3 5 %  to 4 % )  s ig n i f i c a n t  r e d u c t i o n  in the D P  e x p r e s s i o n  ( 3 7 %  to  13%).  

T h e r e  w a s  no  c h a n g e  in DR e x p r e s s i o n  on  th e s e  c e l l s  ( 5 6 % ) .  T h i s  

d e m o n s t r a t i o n  o f  d i f f e r e n t  p a t t e r n s  o f  D r e g i o n  e x p r e s s i o n ,  s p e c i f i c a l l y  

the  a p p e a r an c e  o f  DQ ,  D P  on  the U93 7 ,  the r edu c t ion  in the e x p r e s s io n  o f  

the se  an t i gen s  on 13, and the a lm os t  co m p le t e  d i s a p p e a ra n c e  o f  D Q  and  DP 

on  16.1 w i th ou t  c h a n g e s  in DR,  a l low ed  us to e x a m i n e  the role o f  D Q /D P ,  

D R / D Q / D P  or  DR alone in s t imulat ion o f  MLR.

I I c l .  The  e f f ec t  o f  the m o d ul a t io n  o f  s u r f a c e  D - r e g i o n  m o l e c u l e s  on 

the  abi l i ty  o f  m o n o c v l c  h y b r i d o m a s  to  s t i m u la te  M L R :  T h u s  far  we  have

d e m o n s t r a t e d  tha t  T  ce l l s  rccogn i/ . c  and  arc ac t iv a t ed  by  d i s t inc t  D reg ion  

m o l e c u l e s .  S i n c e  w e  h a v e  a l r e a d y  d e m o n s t r a t e d  o u r  a b i l i t y  to 

d i f f e r e n t i a l l y  up  a nd  d o w n  reg u la te  c l a s s  II a n t ig e n s  on  the h y b r i d s  and 

the  U 9 3 7  p a r e n t  ce l l  l i ne ,  it w a s  o f  in t e r e s t  to  s tu d y  w h e t h e r  th e se

m o d i f i c a t i o n s  c o u l d  r e su l t  in an a l t e r a t ion  in M L R  r e s p o n s e  w h ic h  cou l d  

r e l a t e  to  o u r  in i t i a l  f i nd ings .  As  seen  in F ig u re  14, U 9 3 7  ce l l s  wh ich  

in i t ia l ly  w er e  u n a b l e  to s t i m ul a te  a l lo g en e ic  T  ce l l s ,  w er e  n o w  c a p a b l e  o f  

s t i m u l a t i n g  M L R  a f t e r  t r e a t m e n t  w i th  in te r f e r o n .  T h i s  n e w l y  a c q u i r e d  

p r o p e r t y  a p p e a r e d  to  p a r a l l e l  t he  e x p r e s s i o n  o f  D Q  a n d  D P  e x p r e s s i o n

i n d u c e d  by  g a m m a  i n t e r f e r o n  ( c o l u m n  1-2) .  In c o n t r a s t ,  t he  d o w n



25000 -1
CPM

20000 -

15000 -

10000

5000 -

a

■ U937
■ U937+IFN

□ 13
□ 13+IFN

□ 16.1
□ 16.1+IFN

U937 13 16.1

Figure 14: The capacity of gamma IFN to regulate the expression of D-region molecules 
corresponded to the ability of clones 13, 16.1 and U937 to stimulate allogeneic T cells. 
Inhibition of DP and DQ expression on clones 13 and 16.1 resulted in significant reduction 
in the stimulatory capacity of these cells in MLR, while the apearance of these molecules 
on U937 was now associated with their ability to stimulate MLR.
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r e g u la t i o n  o f  DQ  and  D P  on  c l o n e  13 w as  a s so c i a te d  wi th  a s ig n i f i c an t  

d e c r e a s e  in the  ab i l i ty  o f  th es e  ce l l s  to  s t i m u la te  M L R  ( c o l u m n s  3-4) .  

T h e s e  d a t a  w e r e  r e p r o d u c e d  in s e v e r a l  e x p e r i m e n t s  w i t h  an  o v e r a l l  

r educ t ion  in M L R  o f  35-40%.  Co m p le te  loss  o f  DQ  exp ress ion  on c lon e  16.1 

f o l l o w i n g  t r e a t m e n t  w i t h  g a m m a  i n t e r f e r o n ,  c o n c o m i t a n t  w i t h

s i g n i f i c a n t  d o w n - r c g u l a t i o n  o f  D P  m o l e c u l e s  to  b e l o w  13% ( lo w  de n s i ty  

e x p r e s s i o n )  r e s u l t e d  in a 4 0 - 6 5 %  i n h i b i t i o n  in M L R  r e s p o n s e .  T h i s  

r e d u c e d ,  bu t  st i l l  s ig n i f i c a n t ,  r e s p o n s e  w as  no ta b le  e s p e c i a l l y  g iv e n  the 

ab s e n c e  o f  c h a n g e  in the  ex p re ss i on  o f  DR ant igen.

T h e s e  r e su l t s  in d ic a t e  tha t  D Q  and  D P  e x p r e s s i o n  a rc  f un c t io na l  

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

a l l o g e n e i c  T  ce l l  r e s p o n s e  e v e n  in th e  a b s e n c e  o f  D R  a n t i g e n s  as 

d e m o n s t r a t e d  by U 9 3 7  ce l l s  a f t e r  in t e r f e r o n  t r e a tm e n t .  D o w n - r c g u l a t i o n  

o f  D Q  or  DP is a s socia t ed  with a d im in i s he d  abi l i ty to s t imula te  a l logene ic  T  

ce l l s ,  as  seen  in c l o n e  13 and  16.1.  H o w e v e r ,  it is o b v i o u s  tha t  the

e x p r e s s i o n  o f  D R  a l o n e  can  s u p p o r t  a s ig n i f i c a n t ,  a l be i t  r e d u c e d  M L R

r e s p o n s e .

IIc2.  Ef fect  o f  b lo c k in g  an t ib o d ie s  on  c l o n e  16.1 f o l l o w i n g  g a m m a  

i n t e r f e r o n  t r e a t m e n t :  A log ica l  e x t e n s i o n  o f  the  e x p e r i m e n t s  d e s c r i b e d

a b o v e  w as  to d e m o n s t r a t e  the ab i l i ty  o f  an t i - c l a s s  II a n t ib o d ie s  to inh ib i t

M L R  a f t e r  g a m m a  in t e r f e r o n  t r e a t m e n t  o f  the s t i m u l a t o r  ce l l .  T h i s  

e x p e r i m e n t  w as  d e s ig n e d  to d e m o n s t r a t e  w h e th e r  a n t i - D Q  o r  D P  a n t i bo d ie s  

c a n  still  a f f ec t  M L R  r esp on se  to c l o n e  16.1 de sp i t e  the lack  o f  ex pr e ss io n

o f  t h e s e  a n t i g e n s  f o l l o w i n g  i n t e r f e r o n  t r e a t m e n t .  A s  p r e v i o u s l y  

d e m o n s t r a t e d ,  ce l l s  o f  c l o n e  16.1 a re  c a p a b l e  o f  s t i m u l a t i n g  a l lo ge n e ic  T

ce l l s  (F igure  15,c o l um n 1-1). Un t rea ted  16.1 ce l l s  sti l l  ex pr e ss  D Q  and  DP,

a nd  r es p o nd  to  the p r es e n ce  o f  a n t i - D Q  or  D P  a n t ib od ie s  in the wel l s  by
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Figure 15: T cells were co-cultured with clone 16.1 before and after treatment with gamma 
IFN. Following treatment with IFN there was no notable difference in DR expression, but DP 
and DQ were significantly downregulated. This correlated with a diminished capability to 
stimulate allogeneic T cells. While antibodies against DP and DQ partially inhibited the 
stimulatory capability of non-IFN treated hybrids, once treated, these antibodies no longer 
could inhibit the mixed lymphocyte response.
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r e d u c t i o n  in M L R  r e s p o n s e  ( c o lu m n s  1-3,4).  Inh ib i t i on  is a l so  se en  wi th  

the  add i t ion  o f  an t i - D R  to  the  we l l s  ( c o lu m n  1-2). C o ns i s t e n t  wi th  the data  

in the  p r e v i o u s  s e c t i o n ,  fo l l o w in g  in te r fe ro n  t r e a t m e n t  o f  c l o n e  16.1 the 

s t i m u l a t o r y  c a p a c i t y  is m a r k e d l y  r e d u c e d  ( c o l u m n  II -1).  T h i s  r e d u c e d

r e s p o n s e  is f u r th e r  i n h i b i t e d  by  a n t i - D R  a n t i b o d y  d o w n  to  b a c k g r o u n d

l e v e l s  ( c o l u m n  II-2) .  In con t ras t  and as an t i c ip a t e d ,  the  ad d i t io n  o f  ant i-

D Q  o r  D P  to  these cu l tu res  ex p re ss i ng  m in im al  o r  no  D Q  o r  D P  no  longer

in te r fe re s  w i th  the 16.1 ce l l ' s  abi l i ty  to  g en e r a t e  an a l r e ad y  re d u c e d  M L R  

r e s p o n s e  ( c o l u m n s  11-3,4).

S in c e  we w er e  ab le  to d e m o n s t r a t e  tha t  D Q  and  D P  a n t i g e n s  arc

c a p a b l e  o f  g e n e r a t i n g  a s ig n i f i c an t  M L R  r e s p o n s e ,  we  n e x t  p r o c e e d e d  to 

see  w h e th e r  T  ce l l s  s t im ul a t ed  in this  r e s p o ns e  arc s im i l a r  to those  e l i ci t ed  

by  D R +  ce l l s .  T h e s e  se r i es  o f  p r e l i m in a r y  e x p e r i m e n t s  took  ad v a n ta g e  o f  

th e  d i f f e r e n t i a l  d i s t r i b u t i o n  o f  D  r e g i o n  m o l e c u l e s  o n  t h e  m o n o c y t e  

h y b r i d o m a s ,  such as  the  DQ ,  D P  e x p r e s s io n  on  c l on e  13, the  e x p r e s s io n  o f

D Q ,  D P  and  DR o n  c l o n e  16.1, and the lack o f  ex p re ss i on  o f  any  D reg ion

m o l e c u l e s  o n  t h e  p a r e n t  ce l l  l i n e  U 9 3 7 .  C o n t r o l  c e l l s  f o r  t h e s e

e x p e r i m e n t s  w e r e  f r e s h l y  i s o l a t e d  D R +  a l l o g e n e i c  m o n o c y t e s  as  

s t i m u l a t o r s  o r  r e s p o n d e r  T  ce l l s  c u l t u r e d  in m e d i u m  a l on e .  C h a n g e s  in 

the  r e s p o n d e r  T  ce l l  p o p u l a t i o n s  w e r e  f o l l o w e d  by  s u r f a c e  s t a i n i n g  for

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

s u p p r e s s o r  and  c y t o t o x i c  ac t iv i ty .

I l ia .  S u r f a c e  s t a in in g  o f  the  r e s p o n d e r  T  ce l ls :  R e s p o n d e r  T  ce l l s

w e r e  s t i mu la ted  by o ne  o f  the fo l lo w in g  cel l  po p u la t io n s :  U 9 37 ,  c l on es  13

o r  16.1, f r e sh ly  i so l a t e d  m o n o c y te s ,  o r  m e d i u m  a lone.  T h e  r e s p o n d e r  ce l l s

w e r e  r e m o v e d  f ro m  the  m i c r o w e l l s  a f t e r  4 8 ,  9 6  a n d  144 h o u r s  o f
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s t i m u l a t i o n  a nd  w e r e  s t a i n e d  w i t h  p a n e l  o f  m o n o c l o n a l  a n t i b o d i e s

inc luding:  an t i - DR,  T3,  T4,  T8 and 9.3.  At day 0,  the nor mal  C D 4 / C D 8  ratio

in o u r  T  ce l l  p r e p a r a t i o n  o b ta in e d  f rom  he a l t h y  b lo o d  d o n o r s  w as  2 -4 :1 .  

DR +  ce l l s  wer e  fo und  to be less than 2%.  All  the  ce l l s  w er e  T11+ ( s ince  

th e y  w e r e  p u r i f i e d  f r o m  p e r i p h e r a l  b l o o d  l y m p h o c y t e s  by  r o s c t t i n g

t e c h n i q u e  u s in g  n e u r a m i n i d a s e - s e n s i t i z e d  S R B C )  and  o v e r  9 5 %  C D 3 +  (pan  

T).  R e s p o n d e r  ce l l s  te sted fo l lowing  48  and 96 hour s  o f  s t imu la t io n  did not  

s h o w  any  s ig n i f i c a n t  c h a n g e  f rom b as e l i n e  v a l u e s  o f  e i t h e r  DR a n t ig e n s  

o r  T  ce l l  m a r k e r s  f ro m  th e  in i t i a l  p r e p a r a t i o n  ( r e s u l t s  n o t  s h o w n ) .

S t a i n in g  on day  6 is sh o w n  in T ab le  9. O f  no te  is the f ind ing  that  D R+

c x p r c s s i o n  o f  the T  ce l l s  in c re a se d  w i th  t im e  in cu l tu r e  w h e n  s t i m u la te d

wi th  e i th e r  c l one  13 o r  16.1 o r  a l lo g en e i c  m o n o c y t e s  (7 -1 2  fold inc rease ) .

In con t ras t  on ly  a 4  fold inc rease  was  seen  us ing  U 93 7  as a s t i mula to r ,  and

no  c h a n g e  w a s  n o te d  in the  m e d i u m  c on t ro l .  T h e  e x p r e s s i o n  o f  C D 3

r e m a i n e d  c o n s t a n t  in al l  cu l t u r es .

O t h e r  d i f f e r e n c e s  w e r e  n o te d  h o w e v e r  in the  r e s p o n d i n g  T  ce l l

po pu la t ion .  A g r ea te r  n u m b e r  o f  C D 8 +  T  cel l s  were  e v id en t  a f te r  6 da y s  in 

M L R  c u l t u r e s  s t i m u la te d  by c l on e  13 ce l l s  ( 4 2 .8 % ,  C D 4 / C D 8  ra t io  1 .2:1)  

c o m p a r e d  w i th  c l o n e  16.1 o r  a l lo g e n e ic  m o n o c y t e s  ( 2 8 % ,  C D 4 / C D 8  ra t io  

2 .3:1) ,  o r  U 93 7  and m e d iu m  a lone  (1 6 -2 2% ,  C D 4 / C D 8  rat io 3-4:1) .

A c t i v a t e d  T  c e l l s  w e r e  c o - s t a i n c d  w i t h  a n t i b o d y  9 .3  w h i c h  

r e c o g n i z e s  an e p i t o p e  on c y t o t o x i c  T  ce l l s  bu t  is a b s e n t  on  s u p p r e s s o r

cel ls .  As seen  in T ab le  9,  T  ce l l s  w h ic h  e x p r e s s e d  the  9 .3 ep i to p e  wer e  

s i g n i f i c a n t l y  g r e a t e r  in t h o s e  M L R  c u l t u r e s  s t i m u l a t e d  w i t h  c l o n e  13,

th a n  w i t h  th os e  s t i m u l a t e d  wi th  16.1,  a l l o g e n e i c  m o n o c y t e s  o r  m e d i u m  

a lon e  ( 5 9 .2 %  vs. 3 7 - 4 6 % ) .  T h e s e  da ta  sug ge s t  tha t  the a b s e n c e  o f  DR (o r  

th e  p r e s e n c e  o f  D P  a n d  D Q  ) o n  a s t i m u l a t o r  ce l l  s t i m u l a t e s  th e



DR T3 T4 T8 9.3

Slimulalar % staining

T cells only 2.29 94.65 71.17 16.40 46.15

U937 10.00 85.96 63.85 22.50 40.00

13 27.67 90.35 51.10* 42 87* 59.25*

16.1 16.55 87.70 63.45 28.82 37.50

Monocytes 25.39 94.33 65.98 28.57 42.62

*P< 0 05

Table 8: Allogeneic T cells were co-cultured with irradiated stimulator cells (hybrids 13 and 16.1, U937, 
or freshly isolated monocytes) or in medium alone for 6 days. At the end of this period, T cells were harvested 
and analyzed for differences in T cell subpopulation (i.e. specifically stimulated T cells) by surface staining.
Clone 13 significantly stimulated more T8+, 9.3+ (cytotoxic cells) than other clones and normal monocytes 
This table represent the results of six experiments.
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p r o l i f e r a t i o n  o f  c y t o t o x i c  l y m p h o c y t e s  r a t h e r  th e n  h e l p e r  i n d u c e r  ce l l s ,  

s een  wi th  DR d r iv en  cul tu res .  T h u s  each  D s u br eg io n  m o le c u l e  may  play 

an im p o r t a n t  ro le  in s t i m u la t i n g  d i s t inc t  T  cel l  s u b p o p u la t i o n .

I l lb .  S u p p r e s s o r  vs .  h e l pe r  ac t iv i ty  in M L R :  S ince  we were able  to

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

e x p r e s s i n g  d i s t i n c t  p a t t e r n s  o f  c l a s s  II a n t i g e n s ,  it w a s  o f  in t e r es t  to

d e t e r m i n e  w h e t h e r  the  s t a i n i n g  d a t a  c o r r e l a t e d  w i th  T  c e l l  f u n c t i o n .

Cl one  13 ap p e ar  to s t imula te  CD 8+ ,  9 .3+ CT L ,  w her ea s  c l one  16.1 and normal  

D R +  m o n o c y te s  s t imula ted  CD 4+ ,  9.3-  T  cells .

S p e c i f i c  h e l p e r  ac t iv i t y  o f  T  blas t  ce l l s  f o l l o w i n g  s t i m u l a t i o n  and

p r o l i f e r a t i o n  in M L R  w a s  t e s t ed  by the  abi l i ty  o f  th es e  ce l l s  to in du ce

s e c r e t i o n  o f  i m m u n o g l o b u l i n  f ro m  a u t o l o g o u s  B ce l l s .  T o  a s sa y  for

su p p r e s s o r  cel l  ac t iv i ty ,  t he  T  ce l l  b l a s t s  wer e  c o - c u l t u r c d  wi th  au to lo g o u s

p e r i p h e r a l  b l o o d  l y m p h o c y t e s  ( P B L )  in the  p r e s e n c e  o f  p o k c w c c d

m i t o g e n  ( P W M ) .

IIlc.  S u n n r e s s o r  f u n c t i o n :  The  s u p p r e s s o r  ce l l  a s say  d e m o n s t r a t e s

q u a l i t a t i v e  s u p p r e s s o r  ac t iv i ty .  10^ P B L  s t i m ul a te d  wi th  P W M  resu l t ed  in

IgG secre t ion  o f  1.39 +/- 0 .05 p g / m l .  T h e  addi t ion  o f  10^ a u to lo go u s  T  cell  

b la s t s ,  d e r iv e d  f rom  M L R  cu l tu r es  us ing  m o n o c y t e  h y b r i d o m a s ,  c l o n e s  13,

and  16.1, o r  a l lo g e n e ic  m o n o c y t e s  as s t i mu la to r s ,  t o  the P B L / P W M  cu l t u r es  

r e s u l t ed  in a 5 -7  fold  inh ib i t ion  o f  IgG  se c r e t io n .  T h e  in h i b i to r y  e f fec t

w a s  eas i ly  d i lu t ab l e ,  wi th  n o  ac t ivi ty no ted when  on ly  10^ o r  10^ blast  ce l ls  

were  ad d e d  to the  cu l t u r es .  N e g l i g i b l e  s u p p r e s s o r  ac t iv i ty  was  m e d ia t e d

by T  ce l l s  wh ich  were  cu l tu red  6 days  in m e d iu m  on ly  (40%) .

T h u s ,  f u n c t i o n a l l y ,  T  c e l l s  s t i m u l a t e d  in a p r i m a r y  a l l o - M L R  

a p p e a r  to  be  p r e d o m i n a n t l y  c y t o t o x i c / s u p p r e s s o r  T  ce l l s  r e g a rd le s s  o f  the



T cell blasts (#1

1 0 5  1 0 4  1 0 3  0

S tim ula to r c e lls la  S ec re tio n .LugZmJj

C lone #13 0.88 0.44 0.55 1 .46

#16.1 40.46 0.58 0.68 1 .46

M onocy tes 102.7 0.35 0.91 1 .46

M edium only 40.46 0.74 1.26 1 .46

T able 9: T cells stim ulated  by c lone  13, 16, allogeneic  m onocy tes or m edium  only for 
120 hours w ere  iso lated  and  co-cu ltu red  at varying concen tra tion  with au to logous B cell 
(105/well) in the  p re s e n c e  of PWM (1%) for 6 days. S u p e rn a ta n ts  from th e s e  cu ltu res  w ere 
ha rv es ted  and  analyzed  for Ig secre tion  by ELISA.
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d i f f e r e n c e  in D - r c g i o n  e x p r e s s i o n  o f  the s t i m u l a t i n g  c e l l s ,  c o n s i s t e n t  

w i th  p r e v i o u s  r e su l t s  p u b l i s h e d  by E n g c l m a n  and o th e r s  (96) .

If Id. H e l p e r  f u n c t i o n :  Th e  h e l pe r  ac t iv i ty  o f  the T  cel l  b la s t s  was

a s s e s s e d  by t h e i r  a b i l i t y  to  s t i m u l a t e  i s o l a t e d  a u t o l o g o u s  B c e l l s  to 

t e rm in a l ly  m a tu r e  to  Ig se c re t ion  in the p r es e n ce  o f  P W M .  Ini t ia l ly  the T

b la s t s  wer e  a d d e d  to the  cu l tu r es  w i th ou t  any  t r ea tm e n t .  H o w e v e r ,  in a 

s e c o n d  se t  o f  e x p e r i m e n t s ,  t he  p o t e n t i a l l y  n e g a t i v e  c o n t r i b u t i o n  o f  

s u p p r e s s o r  c e l l s  w as  e l i m i n a t e d  by fi rs t  i r r a d i a t i n g  th e  T  b la s t s  and 

su bse que n t l y  add in g  them to the B cel ls .  As seen in T ab le  10, the basal  IgG 

se c re t ion  f rom B ce l l s  a lone was  1.46 +/-  1.4 p g / m l .  T he  add i t ion  o f  non-  

i r r ad ia t cd  T  b la s t s  to 10^ i so la t ed  B ce l l s  led to h i gh e r  IgG se c re t ion  f rom

the B ce l l s  w h e n  th es e  b la s t s  w er e  d e r iv e d  f rom M L R  c u l tu r e s  wi th  the

D R +  c l o n e  16.1, a l lo g en e i c  m o n o c y t e s  as s t i m u la to r s  o r  T  ce l l s  cu l t u re d  in 

m e d i u m  only ( 40 - 1 00  fold inc rease ) .  Th e  addi t ion  o f  T  b las ts  s t imula ted  by 

c l o n e  13 ce l l s ,  in co n t ras t ,  d id  no t  r esul t  in in c re a se d  IgG se c re t i on  wi th

l e v e l s  c o m p a r a b l e  to  the  IgG se c r e t i o n  by  B ce l l s  a l on e .  T h e  h e l p e r

ac t iv i ty  o f  b l a s t s  s t i m u la te d  wi th  c l o ne  16.1 o r  a l lo ge ne ic  m o n o c y t e s  cou l d  

be eas i ly d i lu t ed  ou t  by  red uc ing  the  n u m b e r  o f  T  blast  ce l l s  adde d  to the B 

ce l l  p r e p a r a t i o n .  F o l l o w i n g  i r r a d ia t i o n  ( ic.  e l i m i n a t i o n  o f  r a d io  se ns i t iv e  

s u p p r e s s o r  ce l l s ) ,  all T  cel l  b l a s t s  d e m o n s t r a t e d  s ig n i f i c an t  h e l p e r  ac t iv i ty

( table 11). W i t h  the addi t ion  o f  10^ T  blasts ,  the IgG secre t ion  was  20 0- 40 0

fold  g r e a te r  than  the bas a l  l evel ,  and  the  r e su l t s  wer e  s im i l a r  for  b la s ts  

s t i m u la te d  wi th  c l o n e s  13, 16.1 o r  a l lo g en e ic  m o n o c y t e s .  A l t h o u g h  the re

w as  h e l p e r  ac t iv i ty  d e m o n s t r a t e d  by T  cel l  b l a s t s  s t i m u la te d  by c l o n e  13, 

t a k e n  to g e th e r ,  t hes e  da ta ,  c o n s i s t e n t  wi th  the  s t a in in g  da ta ,  su g g e s t  tha t  

the  p r e d o m i n a n t  T  ce l l  s t i m u la te d  by the  DR- ,  D P . D Q +  c l o n e  13 is a

s u p p r e s s o r / c y t o t o x i c  T  ce l l .



T cell b la s ts  (#1

105 104 103 0

S tim u la to r ce lls Ig S ec re tio n  (ug/ml)

C lone #13 427 .3 18.8 0 .35 1 .4 6

#16.1 4 8 2 .9 6.34 0 .3 9 1 .4 6

M onocy tes 2 6 4 .7 0.35 0 .3 5 1 .4 6

M edium only 3 0 9 .2 16.9 1.49 1 .4 6

T able  10: T cells stim ulated  by clone  13, 16, a llogeneic m onocytes or m edium  only tor 
120 h o u rs  w ere  iso lated , irrad ia ted  in o rd e r to elim inate  rad io sensitive  su p p re sso r  T cells, 
and  co-cultured  a t varying concen tra tion  with au to logous B cells in the  p re se n c e  of PWM for 
6 d ay s . H elper activity is clearly  d em o n s tra ted  after such  approach .
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H o w e v e r ,  w h e n  as s a y s  o f  c y t o t o x i c  T  ce l l  a c t i v i ty  w e r e  p e r f o r m e d ,  no 

d i f f e r e n c e s  in ac t iv i ty  w er e  n o te d  in any  c u l t u r e s ,  s u g g e s t i n g  tha t  the 

f i n d i n g s  d e s c r i b e d  w e r e  c o n s i s t e n t  wi th  th e  p r o l i f e r a t i o n  o f  s u p p r e s s o r  

r a t h e r  than  c y t o t ox ic  T  cel ls .  T h i s  r esul t  is s o m e w h a t  in co nf l i c t  w i th  the 

e x p r e s s i o n  o f  the  9.3 e p i t op e  on the  T  ce l l  b l a s t s  and is c u r r en t l y  be in g  

s t u d i e d .



D iscuss ion  II

Rol e  o f  c l ass  11 gene  p ro d u c t s  in the a l l og ene ic  r e sp ons e

T h e  c o n c e p t  tha t  c l a s s  II a n t i g e n  e x p r e s s i o n  q u a n t i t a t i v e l y  and  

q u a l i t a t i v e l y  i n f l u e n c e  the  i m m u n e  r e s p o n s e  is s u p p o r t e d  by  n u m e r o u s  

s t u d i es .  T h i s  w as  m o s t  e v i d e n t  in the s t u d i e s  d e m o n s t r a t i n g  tha t  the 

r e s p o n s e  o f  a n t ig e n  sp e c i f i c  T  cel l  c l o n e s  w a s  p r o p o r t i o n a l  to  the  type  

(DR,  DP,  D Q )  and  dens i ty  o f  the c l a s s  II an t ig en  e x p r e ss e d  on the ant igen  

p r e s e n t i n g  cel l  (59 ,60 ) .  O u r  r e su l t s  co n f i r m  tha t  this  sa m e  c o n c e p t  a l so 

ap p l i e s  to a l lo r c a c l i v c  r e s p o n s e .  W e  ha ve  s h o w n  tha t  the  a l t e r a t io n  in 

c l a s s  II an t i gen  den s i ty  as wel l  as ty p e  o f  c l a s s  II an t i gen  d e t e r m i n e s  the 

m a g n i t u d e  o f  the  a l l o r c s p o n s i v c n c s s  in the  sa m e  m a n n e r  as  M H C / a n t i g e n  

r e s t r i c t e d  r e sp o n se s .  F or  th e se  s tu d i e s  we  u t i l i ze d  a pa n e l  o f  m o n o c y t e  

h y b r i d o m a s  w h i c h  e x p r e s s  d i f f e r i n g  d e n s i t i e s  a n d  p a t t e r n s  o f  s u r f a c e  

c l a s s  II m o l e c u l e s .  T h e  m a g n i t u d e  a nd  the  n a t u r e  ( i .e .  s t i m u l a t i o n  o f  

s p e c i f i c  T  ce l l  s u b s e t s )  o f  a u n i d i r e c t i o n a l  M L R  w a s  f o u n d  to  be 

p ro p o r t i o n a l  to the e x p r e s s io n  o f  spe c i f i c  c l a s s  II m o le cu le s .

O u r  e a r l y  s t u d i e s  r e l a t e d  to  the  c o r r e l a t i o n  o f  e x p r e s s i o n  and  

p r e s e n c e  o f  m e s s e n g e r  R N A  fo r  c l a s s  II m o l e c u l e s  in o u r  h y b r i d s .  

P r e v i o u s  s t u d i e s  h a d  r e p o r t e d  tha t  B ce l l s  e x p r e s s  h ig h  l e v e l s  o f  the  

k n o w n  c l as s  II a n t i g e n s  D R,  D Q  a nd  DP,  w h e r e a s  th e re  a p p e a r s  to be 

d i s c o o r d i n a t c  e x p r e s s i o n  o f  t h e s e  m o l e c u l e s  o n  c e l l s  o f  t h e  

m o n o c y t e / m a c r o p h a g e  l i n e a g e  ( 8 9 , 9 0 , 9 1 ) .  M o s t  o f  t h e  c i r c u l a t i n g  

m o n o c y te s  ex pr e ss  DR but  on ly  a f ract ion  ex p r e ss  D Q  o r  DP.  T h i s  pat t ern  

o f  e x p r e s s i o n  i m p e d e s  the  e x p l o r a t i o n  o f  the  ro le  o f  d i s t i n c t  c l a s s  II
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m o l e c u l e s  in i m m u n e  a l l o r c s p o n s i v c n c s s .  T h e  m o n o c y t e  h y b r i d s  w er e

u n i q u e  s inc e  ind i v i dua l  c lo ne s  were  fo und  to h av e  se le c t iv e  e x p r e s s i o n  o f

c l a s s  II m o l e c u l e s  on  th e i r  s u r fa c e .  O u r  in i t i a l  r e s u l t s  s h o w e d  tha t  

m o n o c y t e  h y b r i d o m a  c l o n e s  16, 16.1 e x p r e s s e d  D R  in h igh  d e n s i t y ,  but

o n l y  a f r a c t i o n  e x p r e s s e d  D Q  o r  D P  a n t i g e n s ,  c o n s i s t e n t  w i t h  the  

e x p r e s s i o n  o f  c l a s s  II m o l e c u l e s  on  n o r m a l  p e r ip h e r a l  b l o o d  m o n o c y t e s .  

O t h e r  h y b r i d o m a s  w er e  qu i t e  un iq ue .  C l o ne  13 and  15 d e m o n s t r a t e d  an 

u n u s u a l  c o m b i n a t i o n  o f  su r fa ce  H L A - D Q / D P  w i t h o u t  DR,  wh i l e  the  U 937  

p a r e n t  cel l  l ine d id  not  ex p r e ss  any c l a ss  II ant igens .  T h e s e  r esu l t s  were

c o n f i r m e d  at the level  o f  m R N A .  Only  the  appro pr ia t e  m e s s e n g e r  R N A  for 

th e  m o l e c u l e s  e x p r e s s e d  on  the  ce l l  s u r f a c e  w e r e  d e t e c t e d  u s i n g  

r i b o p r o b c s  spe c i f i c  for  D R a ,  D Q a ,  and D P a .  T h e  lack o f  expr es s io n  could 

not  be e x p l a in e d  at the D N A  level ,  s ince the g en e s  fo r  all t h ree  c l a s s  II

m o l e c u l e s  w er e  d e t e c ta b l e  by S o u th e r n  b lot  a n a ly s i s ,  in all the l ines  and 

the U9 37  p a r e n t  l ine  (d a ta  not  s h o w n ) .  T hu s ,  the r e g u l a t io n  o f  c l a s s  II 

m o l e c u l e s  a p p e a r s  to be  at a t r a n s c r ip t i o n a l  l eve l .  T h i s  pa t t e r n  o f  la 

e x p r e s s i o n  can  be ex t ra p o la t ed  to  p h y s i o l o g ic a l  s ta te s .  A l t e ra t io n  in c l a s s  

II a n t i g e n  e x p r e s s i o n  in v a r i o u s  p a t h o l o g i c a l  c o n d i t i o n s  h a s  be e n  

r e p o r t e d  by se ve r a l  in v e s t i g a to r s  ( 8 9 ,9 7 ,9 8) .  As  par t  o f  o u r  s tu d ie s ,  we 

w e r e  a b l e  to  c o n f i r m  th e se  d i f f e r e n t i a l  a nd  u n u s u a l  H L A  c l a s s  II 

a n t i g e n i c  c o m b i n a t i o n s  on p e r i p h e r a l  b l o o d  l e u k o c y t e s  o f  p a t i e n t s  wi th  

v a r i o u s  g r a n u l o c y t i c /  m o n o c y t i c  l e u k e m i a s  ( d a t a  not  s h o w n ) .  T h u s  in 

o u r  s y s t e m ,  as  w e l l  as  in p a t h o l o g i c a l  c o n d i t i o n s ,  t h e r e  m a y  be 

d i f f e r e n t i a l  e x p r e s s i o n  o f  v a r io u s  c l a s s  II a n t ig e n s .  . T h i s  f i n d i n g  m i g h t  

r e p r e s e n t  a s t a ge  spe c i f i c  e v e n t  in ce l l  l i n e ag e  m a t u r a t i o n  o r  m a y  rela te  

to  s p e c i f i c  f u n c t i o n a l  c h a r a c t e r i s t i c s  o f  t h e s e  c e l l s .  O u r  m o n o c y t e
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h y b r i d o m a s  r e p r e s e n t  an e x c e l l e n t  m o d e l  sy s t e m  to  d e f in e  f ac to r s  w hi ch  

reg u la te  such  c o o r d i n a t e d  e x p r e s s io n  o f  c l a s s  II gene  p r oduc t s .

T h e  d i f f e ren t i a l  e x p r e s s io n  o f  c l a s s  II su r fa ce  an t ig en s  w a s  used to 

d e t e r m i n e  th e  a s s o c i a t i o n  b e t w e e n  s u r f a c e  e x p r e s s i o n  a n d  f u n c t i o n a l  

c a p a c i t y  o f  the  d i s t i n c t  c l a s s  II m o l e c u l e s  in M L R  s t i m u l a t i o n .  T he  

o b v i o u s  ad va n ta g e  to  u s in g  o u r  m o n o c y te  h y b r i d o m a s  in these  s t ud ie s  was  

tha t  the y  r e p r e s e n t  the m a t u r e  m o n o c y t e  as a c l o n a l  an t ig e n  p r e s e n t i n g  

ce l l ,  c a p a b l e  o f  p h a g o c y t o s i s / I L - 1 p r o d u c t i o n  ( s e e  s e c t i o n  I e a r l i e r )  

r eq u i red  to  in i t ia t e  the ca sc a d e  o f  an i m m u n e  resp on se .

In o r d e r  to  d e t e r m i n e  the  ro le  o f  d i s t i n c t  c l a s s  II a n t i g e n s  in 

a l l o s t i m u l a t i o n ,  we  s e l e c t e d  the  m o d e l  o f  u n i l a t e r a l  M L R ,  w h e r e  the 

s t i m u la t i n g  ce l l  is a l w a y s  a m o n o c y t e  h y b r i d o m a  c l o n e  o r  the  p a re n t  l ine 

U 9 3 7 ,  a nd  the  r e s p o n d i n g  ce l l  is a h ig h ly  p u r i f i e d  m o n o c y t e  d e p l e t e d  

a l lo gen e i c  T  cell .

C o n v e n t i o n a l l y ,  a bu lk  a l lo ge n e i c  M L R  is the  su m  o f  m a n y  T  cell  

c l o n a l  r e s p o n s e s  d i r e c t e d  a g a i n s t  s p e c i f i c  f o r e i g n  c l a s s  II a n t i g e n i c  

d e t e r m i n a n t s .  T h e  c l a s s  II a n t i g e n  d e t e r m i n a n t s  w h i c h  h a v e  b e e n  

d e f i n e d  by sp e c i f i c  T  ce l l  c l o n e s  h a v e  a l so  be e n  d e t e c t e d  by spe c i f i c  

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

c l a s s  II ( D - r c g i o n )  g e n e  p r o d uc t s .  H o w e v e r ,  c e l l u l a r  r e s p o n s e s  a re  mor e  

r e s t r i c t e d  th a n  m o n o c l o n a l  a n t i b o d i e s ,  p i c k i n g  u p  su b t l e  d i f f e r e n c e s  in 

d i s t in c t  c l a s s  II an t i g en .  In a u t o l o g o u s  sy s t e m s ,  an t ig e n  sp e c i f i c  T  cel l  

p o p u l a t i o n s  r eq u i r e  c l a s s  II i d e n t i ty  in c e l l u l a r  i n t e r a c t i o n s  w i th  an t ig e n  

p r e s e n t i n g  ce l l s .  H o w e v e r ,  in a l l o g e n e i c  s y s t e m s ,  c l a s s  II a n t ig e n s  

a p p e a r  to  ac t  a s  s e l f  a nd  n o n  se l f ,  p o t e n t i a l l y  m i m i c k i n g  a sp e c i f i c  

fo re ig n  a n t i g e n  in c o n t e x t  o f  se l f ,  s t i m u l a t i n g  the  a l l o r e a c t i v c  T  ce l l s .  

D esp i t e  th es e  f i nd ings ,  the ex p re ss io n  o f  c l a s s  II p r o d u c t s  on a s t imu la t in g



ce l l  is n e c e s s a r y  bu t  no t  s u f f i c i e n t  fo r  the  g e n e r a t i o n  o f  a s ig n i f i c a n t

a l lo g e n e ic  r e s po ns e .  D es p i t e  so m e  ini t ia l  r epo r t s  to the  co n t ra ry ,  it has

be e n  wel l  d o c u m e n t e d  that  c l a s s  II e x p r e s s io n  on  n or m al  and a b n o r m a l  B

ce l l s  is a s so c i a t e d  wi th  p o o r  M L R  s t i m ul a to ry  ca pa c i ty  ( 5 8 , 1 1 3 , 1 1 4 ) ,  wh i l e  

m o n o c y t e s / m a c r o p h a g e s  and  d e n d r i t i c  c e l l s  a rc  e x c e l l e n t  s t i m u l a t o r s  o f  

an a l lo ge n e ic  M L R  M 13,116).  T he  na tu re  o f  the  s t i m u la t i n g  cel l  in M L R  

h a s  b e e n  s tu d i e d  in g r ea t  de ta i l  by S t c i n m a n  ct .  al . ,  d e t e r m i n i n g  the

r e la t i v e  s t i m u l a t o r y  c a p a c i t y  o f  c l a s s  II a n t ig e n  b e a r i n g  m o n o c y t e s  and

m a c r o p h a g e s  vs. de nd r i t i c  ce l l s .  It has  been  s u g g e s t e d  in th es e  s t ud i es

tha t  an a l lo g e n e ic  r e s p o n s e  to  m o n o c y t e s  is d u e  so l e l y  to  c o n t a m i n a t i o n

by  d e n d r i t i c  ce l l s  ( w hi ch  arc the m o s t  po te n t  s t i m u la to r s  o f  a l lo g en e ic  T

ce l l s  in a p r im a ry  M L R )  (113) .  In o u r  sy s t em ,  c l a s s  II an t igen  po s i t ive

m o n o c y t e  h y b r i d s  w er e  q u i t e  c a p a b l e  o f  s t i m u l a t i n g  a l l o g e n e i c  T  ce l l s .  

A l t ho u gh  it is no t  pos s ib le  to exc lud e  the ex i s t e nc e  o f  a den dr i t i c  c c l l - U 93 7  

h y b r i d ,  th i s  is ve ry  u n l i k e l y  s i nc e  o u r  m o n o c y t e  h y b r i d o m a s  d i s p l a y e d  

t h e  p h e n o t y p e  a n d  f u n c t i o n  o f  m a t u r e  m o n o c y t e / m a c r o p h a g e s .  T h e  

c a pa b i l i ty  o f  c l a s s  II an t i gen  posi t ive  m o n o c y t e s  and E B V  t r a n s f o r m e d  cel l  

l i nes  bu t  not  un s t i m u la tc d  B ce l l s  to  s t i mu la te  M L R  can  be e x p l a i n e d  by

o t h e r  f a c to r s  a s s o c ia t e d  wi th  m o n o c y t e  f u n c t i o n  w h ic h  m a y  be  in v o lv e d  

in a l lo g e n e ic  s t i mu la t io n .  T h i s  w as  c l ea r ly  d e m o n s t r a t e d  by  G l i m c h c r  and 

o th e r s ,  w h o  r e p o r te d  tha t  f ac to r s  such  as  IL-1 are r e q u i r e d  to  d r iv e  an

M L R  r e s p o n s e  by  a l l o - s p c c i f i c  T  ce l l  c l o n e s  a g a i n s t  c l a s s  II a n t ig e n  

b e a r i n g  m u r i n e  t u m o r  B ce l l  l i nes .  E B V  t r a n s f o r m e d  B ce l l  l i ne s  arc 

e q u a l l y  c a p a b l e  o f  s t i m u l a t i n g  M L R ,  s u g g e s t i n g  t h a t  g i v e n  the  

a p p r o p r i a t e  se t t in g ,  o r  f u n c t i o n a l  p r o p e r t i e s ,  su ch  as  IL-1 s e c r e t i o n  o r  

the  e x i s t e n c e  o f  c o - s t i m u l a t o r  m o l e c u l e s ,  m a n y  c l a s s  II an t ig e n  b e a r in g

ce l l s  can s t imula te  M L R  (114 ,115) .  The  o b v i ou s  adv a n t a ge  o f  ou r  sys t em is
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t he  a v a i l a b i l i t y  o f  c l o n a l  ce l l  p o p u l a t i o n s  e x p r e s s i n g  d i s t i n c t  D r eg io n  

p r od u c t s ,  w h ic h  arc able  to fu nc t ion  as no rm al  m o n o c y t e s  by v i r tue  o f  IL- 

1 se c r e t io n ,  as  wel l  as sec r e t i on  o f  o the r  m o n o k i n e s  ( I L - 6  ?)  w h ich  may 

a f f ec t  T  ce l l  p r o l i f e r a t i o n .  F u r t h e r m o r e ,  the  a r g u m e n t  tha t  o u r  s t u d i e s

r e p r e s e n t  a T  ce l l  r e s p o n s e  to  an a b n o r m a l  m a l i g n a n t  ce l l  l ine is not

va l id ,  s i nc e  o u r  r e s p o n d e r  T  ce l l  p o p u l a t i o n s  arc v i g o r o u s l y  d e p l e t e d  o f  

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

t u m o r  an t ig e n s ,  and  a v o i d in g  n o n s p e c i f i c  T  cel l  s t i m ul a t io n .

All  m o n o c y t e  h y b r i d o m a s  w h ic h  e x p r e s s e d  o n e  o r  m o r e  D reg ion  

m o l e c u l e s  w e r e  c a p a b l e  o f  s t i m u l a t i n g  M L R  to d i f f e r i n g  d e g r e e s .  

S t i m u l a t i o n  in d ic e s  a v e r a g e d  f rom 10 to  50.  T h i s  is in c o n t ra s t  to  the

p a r e n t  ce l l  l i ne  U 9 3 7  w h ic h  c o m p l e t e l y  l a ck s  the e x p r e s s i o n  o f  a ny  D

r e g io n  m o l e c u l e  and  is i n c a p a b le  o f  s t i m u l a t i n g  an M L R .  F u r t h e r m o r e ,  

we  w er e  ab le  to inhib i t  M L R  r e sp o n se s  wi th  m o n o c l o n a l  an t ib o d ie s  to  the 

sp e c i f i c  c l a s s  II a n t ig e n s  on the  h y b r i d o m a s  ( see  b e l o w ) .  In c o n t ra s t  to 

o t h e r  s t u d i e s  w h i c h  s t r e s s  the  n e c e s s i t y  f o r  a c c e s s o r y  c e l l s  in the  

r e s p o n d e r  p o p u l a t i o n  fo r  th e  in i t i a t io n  o f  an M L R  r e s p o n s e s  ( 5 9 , 1 1 6 ) ,  

s t i m u la t i o n  o f  a l lo ge ne ic  T  ce l l s  was  ac h i e ve d ,  in o u r  h an ds ,  even  af ter  

c o m p l e t e  r e m o v a l  o f  all a c c e s s o r y  ce l l s  a nd  d e n d r i t i c  c e l l s  f ro m  the

r e s p o n d e r  p o p u l a t i o n  ( n o  D R +  o r  O K M 3 +  c e l l s  in th e  r e s p o n d i n g

p o p u la t i o n ) .  T h u s ,  we  a rc  ab le  to c o n c lu d e  that  a p r i m a r y  M L R  is  the 

r e s p o n s e  o f  a l l o g e n e i c  T  c e l l s  a g a in s t  c l a s s  II a n t i g e n  e x p r e s s i n g  ce l l s  

i n c l u d i n g  t h o s e  o f  th e  m o n o c y t e / m a c r o p h a g e  l i n e a g e ,  a n d  th a t  th i s

r e s p o n s e  d o c s  n o t  r e q u i r e  the  p r e s e n c e  o f  a d d i t i o n a l  a c c e s s o r y  ce l l s  in 

t h e  s y s t e m .

S in ce  sel f-  and n o n - s e l f  r ec o g n i t io n  is the p ro p er ty  o f  a s ing l e  cell  

r e c e p t o r  w h i c h  c a n  i d e n t i f y  a C l a s s  II a n t i g e n  p o s i t i v e  a n t i g e n
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p re se n t i n g  cel l ,  and  i f  we accep t  that  a l lo r cac t iv i t y  is, in a sense,  v i e w in g  

fo re ign  C l as s  II m o le c u l e s  as mod i f i e d  se l f  o r  se l f  + an t igen ,  it is log ical  to 

an t i c i p a te  tha t  C l as s  II p r o d u c t s  such as D Q  and  D P  ( w h i c h  arc ab le  to 

se rv e  as r e s t r i c t i o n  e l e m e n t s  in an t ig e n  sp e c i f i c  M H C  re s t r i c t e d  sy s t em s)  

s h o u l d  s e r v e  as  s t i m u l a t o r y  d e t e r m i n a n t s  in a l l o g e n e i c  s y s t e m s .  O u r  

e x p e r i m e n t s  c o n f i r m e d  o u r  h y p o t h e s i s  tha t  the  e x p r e s s i o n  o f  DR is no t  

the sole  s t i m u la to ry  d e t e r m in a n t  in M L R .  Mos t  o f  o u r  h y b r id s  ( exc ep t  for 

c l o n e  16) d id  not  exp ress  DR but  ex p re sse d  va r ious  c o m b i n a t i o n s  o f  D P  and 

D Q  and  wer e  ful ly  ca p a b l e  o f  s t im ula t in g  an M L R  res ponse .

O u r  da ta  a rc  the re fo re  in co n t r a s t  to  o t he r s  w h o  ha v e  d e m o n s t r a t e d  

that  the s t im ul a t io n  o f  p r im a ry  M L R  is m a i n ly  the  fu nc t ion  o f  H L A  D /D R 

i n c o m p a t ib i l i ty  a n d  not  H L A - D Q  ( 1 1 7 ,1 1 9 ) .  T h e r e  a rc  no  d a t a  av a i l a b l e  

r e g a r d i n g  the  a l lo r c a c t i v c  r e s p o n s e  o f  T  ce l l s  to  H L A - D P .  O u r  r e su l t s  

s t r on g ly  su g g e s t  that  b o t h  D Q  and  D P  a re  p o te n t  s t i m u la to r y  d e t e r m in a n t s  

for  a l lo gen e i c  T  cel ls .  F u r th e r  p r o o f  for  th is  co n c e p t  w as  o b t a i n e d  in o u r  

s t u d i e s  u s i n g  m o n o c l o 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  s p e c i f i c  c l a s s  II 

a n t i g e n s .  H o w e v e r ,  t he  use  o f  m o n o c l o 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  

m o n o m o r p h i c  d e t e r m i n a n t s  on  C l a s s  I o r  C l a s s  II m o l e c u l e s  to  b l o c k  

i m m u n e  r e s p o n s e s  in v i t r o  m u s t  be  i n t e r p r e t e d  w i t h  c a u t i o n .  T h e  

b in d in g  o f  an t ib o d ie s  to  a g iv e n  s i t e on  the c l a s s  II a n t i g en  c o u l d  ca u se  

i n h i b i t i o n  o f  T  cel l  r e s p o n s e s  by c i t h e r  s i t e  sp e c i f i c  i n h i b i t i o n  o r  by 

s t c r i c  h in d r a n c e .  O u r  ini t ial  s t u d i e s  wer e  d e s i g n e d  to  p r o v e  w h e t h e r  o ur  

an t i - c l a s s  II a n t ib o d ie s  wer e  e f f e c t i v e  as b l o c k i n g  a n t i b o d i e s  in a n or m al  

u n i d i r e c t i o n a l  M L R .  T h e  a l l o g e n e i c  M L R  r e s p o n s e  a g a i n s t  p e r i p h e r a l  

b lo o d  adh er en t  ce l l s  o r  a DR,  DQ,  D P  po s i t ive  t r a n s f o r m e d  B cell  l ine was  

s i g n i f i c a n t l y  in h ib i t e d  in the  p r e s e n c e  o f  c i t h e r  an t i -  D R  ( V G 2 . 1 ) ,  ant i -  

D Q  ( g c n o x )  o r  ant i -  D P  (B 7 /21) .  T h e  re l a t ive ly  we a k  inh ib i t ion  o f  ant i-
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D Q / D P  a g a i n s t  f r e s h l y  i s o l a t e d  m o n o c y t e s ,  a n d  th e  n e a r  c o m p l e t e  

i n h i b i t io n  by a n t i - D R  co r r e l a t e d  wi th  the  e x p r e s s io n  o f  these an t ig en s  on 

the  ce l l  su r fa ce .  S u r f a c e  s t a in in g  d e m o n s t r a t e d  tha t  u n s t i m u l a t c d  f re sh ly  

i s o la t e d  m o n o c y t e s  e x p r e s s  m a in ly  D R wi th  D Q / D P  a n t ig e n s  e x p r e s s e d  at 

lo w  d en s i t y .  O u r  b lo c k in g  e x p e r i m e n t s  w er e  s t r u c t u re d  to p r o v e  that  the 

s t i m u la to ry  m o le c u l e s  on ou r  h yb r id s  wer e  C la ss  II g e n e  p ro duc t s .  In this  

s y s t e m  w e  t o o k  a d v a n t a g e  o f  the  d i f f e r e n t i a l  e x p r e s s i o n  o f  t h e s e  

m o l e c u l e s  in u n i n d u c c d  o r  i n d u c e d  s t a t e s  ( i n c u b a t i o n  w i t h  g a m m a  

i n t e r f e r o n ) .  S i n c e  th e  m o n o c l o n a l  a n t i b o d i e s  w e  u s e d  h a d  b e e n  

p r e v i o u s l y  d o c u m e n t e d  to be s p e c i f i c  fo r  d i s t i n c t  D s u b - r e g i o n s ,  the 

an t i b o d y  w o u ld  b lock M L R  r es po nse  on ly  i f  the spec i f i c  C l ass  II m o le cu le ,  

e x p r e s s e d  by the  ce l l ,  is r e s p o n s i b l e  fo r  the  s t i m u la t i o n .  In d ee d ,  in the 

p r e s e n c e  o f  a n t i - D R ,  the  M L R  re sp o n se  to  c l o n e  16.1 ( D R  p os i t iv e )  was

s i g n i f i c an t ly  bu t  in c o m p le te l y  inh ib i t ed .  T h e  ad d i t io n  o f  a n t i - D P  and  DQ  

to  t h e s e  c u l t u r e s  w a s  a s s o c i a t e d  w i t h  o n l y  3 0 - 4 6 %  i n h i b i t i o n  by

t h e m s e l v e s ,  b u t  in c o n j u n c t i o n  w i th  a n t i - D R  c o m p l e t e  i n h i b i t i o n  w as  

a c h ie v e d  (d a t a  not  sh o w n ) .  T he  po ss ib le  role  for  a n t i - D Q  and  D P  in this

s y s t e m  w a s  fu r t h e r  d e m o n s t r a t e d  in e x p e r i m e n t s  a l t e r i n g  c l a s s  II a n t ig e n  

e x p r e s s i o n  in th i s  c e l l  c l o n e .  F o l l o w i n g  t r e a t m e n t  w i t h  g a m m a  

in te r fe ro n ,  e x p r e s s i o n  o f  D Q  and  D P  w as  d o w n  r e g u la te d  in c l one  16.1 

w h i l e  D R r e m a i n e d  c on s ta n t .  M L R  r es p o n se  ag a i ns t  thes e  ce l l s  was  no w  

c o m p l e t e l y  in h ib i t e d  in the p r e s e n c e  o f  a n t i - D R ,  h o w e v e r ,  t he  s t i m u la t i o n  

in d ex  w as  u n c h a n g e d  in the  p r e s e n c e  o f  e i t h e r  a n t i - D Q  o r  D P  an t ib o d ie s  

(d ue  the  ab s e n c e  o f  the se  an t ig en s  on  the  in t e r fe ron  t r ea ted  16.1 cel ls ) .

F u r t h e r m o r e ,  it w as  log ica l  to e x p e c t  that  the  a l lo g e n e ic  r e s p o n s e  

ag a ins t  c l o n e  13, w h ic h  l acks  DR but  d o e s  ex p r e ss  D Q / D P ,  an t i g en s  w ou ld  

be  i n h i b i t e d  by  a n t i - D Q  a n d  a n t i - D P  bu t  no t  a n t i - D R .  I n d e e d ,  bo th
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an t i bod ie s  w er e  able  to inh ib i t  the r e sp on se  by 7 5 %  to 55 %, r e spec t iv e ly ,  

c o n f i r m i n g  t h a t  b o th  o f  t h e s e  c l a s s  II m o l e c u l e s  on c l o n e  13 arc 

s t i mula to ry  in M L R.  The  addi t ion o f  an t i - DR  an t ibody  d i rec t ly  to the we l l s  

d id  r esul t  in a 3 0%  d e c r e a s e  in the  s t i m ul a t i on  index ,  but  th i s  inh ib i t ion  

was  a t t r ibu tab le  to the b in d in g  o f  the an t ibo dy  to D R+  act iva ted  T  ce l l s  in 

the r e s p o n d e r  p o p u la t i o n ,  s inc e  ac t iv a t ed  h e l p e r  T  ce l l s  h a v e  b e e n  sho w n

in ou r  s tud ies ,  as wel l  as in o the r s ,  to ex pr e ss  DR an t igens  on the ir  su r face 

( 9 3 ,5 7 ) .  T h i s  w a s  m o r e  v i g o r o u s l y  d e m o n s t r a t e d  in e x p e r i m e n t s  w h er e  

p r c in c u b a t i n g  T  ce l l s  o r  the DR n ega t iv e  c lon e  13 ce l l s  wi th  an t i - DR  pr ior  

to the a d d i t i o n  o f  the ce l l s  to the c u l tu r e s  w as  not  a s s o c ia t e d  wi th  any 

s i g n i f i c a n t  i n h i b i t i o n ,  w h e r e  p r c i n c u b a t i n g  c l o n e  16.1 w i t h  the  sa m e

m o n o c l o n a l  a n t i b o d y  r e s u l t e d  in m a r k e d  i n h i b i t i o n  o f  M L R  r e s p o n s e .  

F u r t he rm or e ,  p r c i nc u b a t io n  o f  the T  ce l l s  wi th  ant i  D Q  o r  D P  did not  lead 

to any  i n h ib i to r y  e f f ec t  in the  M L R  r e s p o n s e ,  w h e r e a s  p r e i n c u b a t i o n  o f

c lone 13 wi th  anti  D Q  or  D P  lead to the sa m e  inh ibi tory  ef fec t  w h i ch  was 

ac h ie ved  by d i rec t  add i t ion  o f  the se  an t ib od ie s  to the  we l l s .  T h es e  r esul t s  

arc c o n s i s t e n t  wi th  the  c o n c e p t  tha t  D Q  a n d  D P  a rc  bo th  s t i m u l a t o r y

d e t e r m i n a n t s  w h i l e  b e i n g  e x p r e s s e d  o n  c e l l s  o f  th e  m o n o c y t e -

m a c r o p h a g c  l i n e a g e .

T h e  r e l a t i v e  c o n t r i b u t i o n  o f  e a c h  o f  the  c l a s s  II a n t i g e n s  in

s t a n d ar d  M L R  cu l t u re s  c ou l d  be a s ses se d  us ing  c l o n e  16.1,  e x p r e s s in g  DR,  

DQ and DP.  Ant ibod ies  to DR,  DQ  or  DP,  added  in va ry ing  concen t ra t ion s  to 

c l o n e  16 .1 ,  i n h i b i t e d  M L R s .  H o w e v e r ,  m o n o c l o n a l  a n t i b o d y  a n t i - D R

e f f e c t i v e l y  in h ib i t e d  M L R  e v e n  at  lo w  c o n c e n t r a t i o n s ,  w h i l e  a n t i - D P / D Q  

on ly  b l o c k e d  s t i m u l a t i o n  at h ig h  c o n c e n t r a t i o n s .  In c o n t r a s t ,  t he  ab i l i ty  

to inhib i t  c l o n e  13 s t i m u la te d  M L R  was  a c h ie v e d  by  l o w e r  c o n c e n t r a t i o n s  

o f  a n t i - D Q  and  D P  m o n o c l o n a l  a n t i b o d i e s  ( b e i ng  the  m a j o r  s t i m u la to ry
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a n t i g e n s  in th i s  s e t t i n g ) .  D o s e  r e s p o n s e  c u r v e s  o f  the  m o n o c l o n a l  

a n t i b o d i e s  d e m o n s t r a t e d  tha t  the  e f f e c t s  se en  w e r e  not  r e l a t e d  to the  

a f f in i t y  o f  i n d iv i d u a l  a n t ib o d ie s .  T h u s ,  in sum,  all t hree  c l a s s  II an t igens  

a p p e a r  to p lay  a role  in a l lo s t i m ul a t io n ,  wi th  DR b e i ng  the  m o s t  po te n t  

s t i m u l a t o r  m o l e c u l e .  O u r  d a t a  a rc  in d i s a g r e e m e n t  w i th  o t h e r  s tu d i e s  

w h i c h  r epo r t  tha t  ant i  DR but  not  ant i  D Q  a n t i b o d i e s  a rc  c a p a b l e  o f  

b l o c k i n g  M L R ,  s u g g e s t i n g  tha t  D Q  is no t  a s t i m u l a t o r y  d e t e r m i n a n t  in

M L R  ( 8 5 ,3 6 , 1 17 ) .  O ne  po ss i b le  ex p l a n a t i o n  in this  d i s c r e p a n c y  m a y  rela te  

to  the use  o f  d i f f e ren t  b l oc k in g  an t ib od ie s  ( G c n o x  vs. Leu  10),  r ec o g n iz in g  

d i f f e r en t  e p i to p e s  on  this  C l ass  II mo le cu le .

A l t h o u g h  th e  d e n s i t y  o f  c l a s s  II a n t i g e n s  e x p r e s s e d  on  a n t ig e n  

p r e s e n t i n g  ce l l s  has  been sh o w n  to  play  an im po r t a n t  role  in the i r  abi l i ty

to  p r ese n t  an t i g en ,  the c o r re l a t io n  b e t w e e n  the  den s i ty  o f  C la ss  II an t i gen  

e x p r e s s io n  and  s t i m ul a to ry  ca p ac i ty  in p r i m a ry  M L R  r e sp o n se s  is not  wel l  

e s t a b l i s h e d  ( 9 9 , 1 1 1 , 1 1 8 ) .  C o m p a r i n g  t h e  d a t a  f r o m  i n d i v i d u a l  

e x p e r i m e n t s ,  we  w e r e  i m p r e s s e d  by  t h e  f i n d i n g  t h a t  the  d e g r e e  o f  

s t i m u la t i o n  w as  d i r ec t ly  c o r r e l a t e d  to the  q u an t i t y  as wel l  as the  spec i f i c

ty p e  o f  the  e x p r e s s e d  D r eg i on  m o l e c u l e  on  the  hy br ids .  E x p r e s s i o n  o f  

h i g h  d e n s i t y  D R  on  c l o n e  16.1 w a s  a s s o c i a t e d  w i th  h i g h e r  s t i m u l a t i o n  

ind ic es .  D i f fe r i n g  d e g r e e s  o f  D Q  a nd  D P  e x p r e s s i o n  on  v a r i o u s  c l o n e s  

c o r r e l a t e d  (n on  l in e a r )  w i t h  a l l o g e n e i c  T  ce l l  s t i m u l a t i o n .  C l o n e  15, 

wh ich  ex pr e sse d  18% DQ  and  31% D P  had s t imula t ion  indices  o f  7-10,  whi le  

c l o n e  13 w hi ch  e x p r e s s e d  m o r e  D Q  ( 5 3 % )  o r  D P  ( 7 3 % )  in d u c e d  g r e a te r

p r o l i f e r a t i o n  in the  s a m e  T  ce l l  p o p u l a t i o n  ( i n d i c e s  = 15- 20) .  W i th

c o n t i n u o u s  cu l t u r e ,  a va r i a n t  o f  c l o ne  13 w h ic h  p ro g re ss iv e ly  lost  D Q  and 

D P  ex p r e ss io n .  T h i s  p h e n o m e n o n  w as  a s so c i a te d ,  in i t ia l ly,  w i th  m a r k e d ly  

d i m i n i s h e d  a l l o s t i m u la t o r y  c a p a c i t y  by th i s  c l one .  F i n a l ly ,  c o m p l e t e  loss
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o f  D reg ion  e x p r e s s io n  by this c l on e  led to its inab i l i ty  to s t im ula te  M L R  

a l t h o u g h  s o m e  m i n o r  s t i m u l a t o r y  c a p a c i t y  w a s  r e t a i n e d  s u g g e s t i n g  the 

p r e s e n c e  o f  a n o n - c l a s s  II a n t i g e n  s t i m u l a t o r y  m o l e c u l e  ( s t u d i e s  in 

p r o g r e s s ) .

In o r d e r  to  f u r t h e r  e x p l o r e  the  r e l a t i o n s h i p  b e t w e e n  d e n s i t y  and  

ty p e  o f  D reg io n  e x p r e s s i o n  wi th  s t i m u la to r y  c a p a c i t y  in M L R ,  we  took 

a d v a n t a g e  o f  c h a n g e s  in C l a s s  II a n t i g e n s  f o l l o w i n g  i n c u b a t i o n  wi th  

g a m m a  i n t e r f e r o n .  U n d e r  m a x i m a l  s t i m u l a t i o n  ( 1 0 0 - 2 0 0  u n i t s / m l  for  

4 8hr )  U 9 3 7  and c l on e  8 ce l l s  wer e  able to ex pr es s  s ign i f i c an t  l eve l s  o f  DP 

a n d  D Q  ( 2 1 % ,  2 8 % ) .  A l t h o u g h  th e s e  c e l l s  h a d  b e e n  i n c a p a b l e  o f

s t i m u l a t i n g  an M L R  p r io r  to g a m m a  in te r fe ro n  e x p o s u r e ,  the y  w er e  now  

c a p a b l e  o f  s t i m u l a t i n g  a s i g n i f i c a n t  r e s p o n s e .  In c o n t r a s t ,  t h e  d o w n  

regu la t io n  o f  D P  and DQ  on c l o n e  13 in d uc ed  by g a m m a  in te r fe ron  (see 

b e l o w )  w as  a s s o c i a t e d  wi th  a d e c r e a s e  in th e  a b i l i ty  o f  th es e  ce l l s  to 

s t im ula te  in M L R  cu l tu res .  C o m p le t e  loss  o f  D Q  ex p r e ss io n  and s ign i f i can t  

o f  d o w n  r e g u la t i o n  o f  D P  e x p r e s s io n  o f  c l o n e  16.1 f o l l o w i n g  t r e a tm e n t  

w i th  g a m m a  in te r f e r o n  re su l t ed  in a 6 5 %  i n h ib i t i o n  in M L R  re sp o n se .

T h i s  r e d u c e d ,  but  st i l l  s ig n i f i c a n t  r e s po ns e ,  was  n o ta b le  s i n c e  the re  was  

n o  c h a n g e  in the  e x p r e s s i o n  o f  D R a n t i g e n  in th e se  i n t e r f e r o n - t r e a t e d  

ce l ls .  T h e  up r e g u l a t io n  o f  C l as s  II g e n e  p r o d u c t s  f o l l o w i n g  in c u b a t i o n

w i t h  g a m m a  i n t e r fe ro n  h as  b e e n  r e p o r t e d  in m u l t i p l e  s tu d i e s  ( 1 0 0 ,1 1 0 ) .  

H o w e v e r ,  t ha t  d i s t in c t  c l a s s  II a n t ig e n s  a rc  d i f f e r e n t i a l l y  u p r c g u l a t c d  and  

d o w n  r e g u l a t e d  by e i t h e r  t r a n s c r i p t i o n a l ,  t r a n s l a t i o n a l  o r  t r a n s a c t i n g  

fac to r s  is a nov e l  f ind ing .

In m os t  ex p e r i m en t s ,  we no t i ced  a t r end  for  the DR pos i t ive  c l o n e  to

h a v e  s t i m u l a t i o n  in d ic e s  w h i c h  w e r e  h i g h e r  than  th o se  o f  the  D Q ,  DP

p o s i t i v e  c l o n e s .  H o w e v e r ,  s u b j e c t i n g  t h e s e  d a t a  to  n o n - p a r a m c t r i c
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s t a t i s t i c a l  a n a l y s i s  f a i l e d  to  d e m o n s t r a t e  a n y  d i f f e r e n c e  b e t w e e n  the  

s t im ula to r y  capac i ty  o f  DR pos i t ive  vs. D Q  po s i t ive  c lones .

T h e  im p o r ta n c e  o f  su r fa ce  den s i ty  o f  c l a ss  II p r o d u c t s  in a c l in ica l

s e t t i n g  is yet  to  be e x p l o r e d .  S in c e  ac u t e  r e j e c t i on  is b e l i e v e d  to be 

d i r e c t e d  a g a i n s t  c l a s s  II a l l o a n t i g c n s ,  h e i g h t e n e d  e x p r e s s i o n  o f  th e s e

g en e  p r o d u c t s  m a y  be a s s oc i a t ed  wi th  a m o r e  severe  form o f  r e ject ion.

An  a l l o g e n e i c  M L R  o f fe r s  an ideal  s y s t e m  to a n a l y z e  in te r a c t io n  

a m o n g  v a r i o u s  p h c n o l y p i c a l l y  a nd  f u n c t i o n a l l y  d i s t i n c t  s u b s e t s  o f  T  

l y m p h o c y t e s .  It h a s  b e e n  p r e v i o u s l y  d e m o n s t r a t e d  th a t  a l l o - s p c c i f i c  

h e l p e r ,  s u p p r e s s o r  and  c y t o t o x i c  T  ce l l s  arc g e n e r a t e d  in th e se  c u l t u r es ,  

h o w e v e r ,  t he  ex a c t  m o l e c u l a r  s i gn a l s  l e a d in g  to the ac t i v a t i o n  o f  spe c i f i c  

he l p e r ,  s u p p r e s s o r  vs.  cy t o to x i c  ce l l s  arc not  k no w n.

T h e  u n i que  d i s s oc ia t io n  o f  DR and D Q / D P  ant igen  e x p r e s s io n  in o ur

s y s t e m  a l lo w e d  us to in v es t ig a t e  w h e t h e r  p r o l i f e r a t io n  o f  T  cel l  su b se t s  in 

r e s p o n s e  to  a l l o g e n e i c  D - r c g i o n  d e t e r m i n a n t s  is r e s t r i c t e d  by d i s t i n c t  

c l a s s  II a n t i g e n s .  D e t e r m i n a t i o n  o f  s p e c i f i c  T  c e l l  p o p u l a t i o n s

p r o l i f e r a t i n g  in r e s p o n se  to  c l o n e  16.1 and  a l lo ge ne ic  m o n o c y t e s  ( D R + )  o r  

c l o n e  13 (D R - ,  D Q / D P + )  was  s t ud ie d  us ing  s u b p o p u la t i o n  spe c i f i c  T  cell  

s u r f a c e  m a r k e r s  a nd  f u n c t i o n a l  a s s a y s .  W e  d e m o n s t r a t e d  th a t  the  

p r e d o m i n a n t  h e l p e r  T  ce l l  p r o l i f e r a t i o n  w a s  in  r e s p o n s e  to D R  a l lo -  

an t ig c n  wh i l e  a se l ec t iv e  p r o l i f e r a t io n  o f  s u p p r e s s o r  T ce l l s  was  no te d  in

the  p r es e nc e  o f  D Q / D P  and  the absenc e  o f  DR.  In e i the r  ease  the T  cel ls  

s h o w e d  e v i d e n c e  o f  a c t i v a t i o n ,  e x p r e s s i n g  s u r f a c e  H L A - D R .  DR

e x p r e s s io n  on T  ce l l s  w a s  de te c te d  d u r in g  the  5th and 6th d a y s  o f  cul ture .  

A s  h as  be e n  s h o w n  in p r e v i o u s  s tu d i e s ,  a l l o - o r  a u t o - a c t i v a t e d  T  ce l l s ,

e x p r e s s i n g  D R  a n t i g e n ,  m a y  f u n c t i o n  in ce l l  to ce l l  c o m m u n i c a t i o n  and 

p r o p a g a t i o n  o f  the  i m m u n e  r e s p o n s e  ( 9 5 ,9 6 ) .  T h e r e  w a s  n o  a p p a r e n t
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ex pr es s io n  o f  e i the r  D Q  or  DP on the r e sp ond er  T  cel ls .  Mo reo v e r ,  we were 

ab le  to  d e t e r m i n e  tha t  the  a p p e a r a n c e  o f  DR on a c t i v a te d  T  ce l l s  is a

r e s p o n s e  s t i m u l a t e d  by  al l  c l a s s  II a l l o d e t e r m i n a n t s  on  the  s t i m u l a t o r  

p o p u l a t i o n .

F u r t h e r m o r e ,  da ta  f rom the se  e x p e r i m e n t s  add  fu r t h e r  su p p o r t  to 

the  c o n c e p t  tha t  the DR a n t ig e n s  e x p r e s s e d  on T ce l l s  arc the r esul t  o f

e n d o g e n o u s  s y n th e s i s  by the r e s p o n d e r  p r o l i f e r a t i n g  T  ce l l s .  It can  not  

r ef l ec t  the  ad s o rp t i o n  o f  sh ed  DR m o le c u l e s  f rom the s t i m u la to r  cel l  (95) ,  

s ince ,  in ou r  sys t em,  the  s t i m u la to r  cel ls ,  such as c lon e  13, d id  not  expre ss  

DR.

Mos t  o f  the T  ce l l s  r e s p o n d in g  to DR pos i t i ve  c l one  16.1 ce l l s  and 

pe r ip h e ra l  b lo o d  m o n o c y t e s  s t a ined  po s i t ive ly  wi th  O K T 4  and  wer e  able  to

p r o m o t e  the  p r o d u c t i o n  o f  IgG by P W M  s t i m u l a t e d  a u t o l o g o u s  B ce l l s .

T h e s e  f i n d in g s  arc in a g r e e m e n t  wi th  p r e v i o u s  r e p o r t s  o n  the  ab i l i ty  o f  

D R +  ce l l s  to  s t i m u la te  a l l og en e ic  h e l p e r  T  cel ls .  In co n t ra s t ,  h y b r i d o m a  

c lo n e  13 (D R - ,  D Q / D P + )  was  fo und  to induce  the p ro l i f e r a t io n  o f  a l logene ic  

O K T 8 +  ce l l s ,  sup p or te d  by su r fa ce  s t a in ing  o f  the r e s p o n d i n g  cel ls .  Th es e  

c e l l s  f u n c t i o n e d  h o w e v e r  as T  s u p p r e s s o r  ce l l s  as d e t e r m i n e d  by the i r  

abi l i ty  to  s u p p r e s s  the p r o d u c t i o n  o f  i m m u n o g l o b u l i n s  by P W M  s t i m u la te d  

au t o lo g ou s  P B M C  and  B cells.

T h e  p r e s e n c e  o f  m u l t i p l e  c l a s s  II g e n e s  a n d  t h e i r  d i f f e r e n t i a l

e x p r e s s i o n  on the  ce l l  s u r f a c e  r a i se s  the  q u e s t i o n  as  to  w h e t h e r  the 

e v o l u t i o n  o f  th es e  a n t i g e n s  was  the  r esu l t  o f  an a t t e m p t  to  e x p a n d  the 

r e p e r t o i r e  o f  a n t i g e n  p r e s e n t i n g  m o l e c u l e s  and  a id in th e  in d u c t i o n  o f

d i s t i nc t  i m m u n e  res p o ns es .  Ear ly  work  in the  m u r in e  s y s t e m  by J. Klein

ct .  al s u g g e s t e d  tha t  the  I -E  s u b r e g i o n  w a s  a r e s t r i c t i o n  e l e m e n t  for

s u p p r e s s o r  T-  ce l l s ,  wh i l e  I-A su b r e g io n  was  im p l i ca te d  in the r e s p o n se  o f



h e l p e r  T-c c l l s  ( 1 0 2 , 10 1 ,1 03 ) .  In M L R  cu l tu res ,  the late p ro l i f e r a t ion  o f  the 

s u p p r e s s o r  ce l l s  co u l d  be  b l o c k e d  by  the  a d d i t i o n  o f  a n t i - I - E  sp e c i f i c  

an t ib od i es .  S in ce  the I-A m o le c u l e  is c o m p a r a b l e  to the H L A - D R  m o le cu l e  

and  the I -E to  the  H L A - D Q  ( 1 05 , 106 ) ,  it is po ss ib le  tha t  the se  r eg io ns  arc 

a l s o  a c t i n g  as  r e s t r i c t i o n  e l e m e n t s  in th e  r e g u l a t i o n  o f  h e l p e r  and

s u p p r e s s o r  T -c c l l s  in the h u m a n  sy s t em .  A r ec en t  s tu d y  by H i r a y a m  ct.

d e s c r ib e s  the r e s p on se  o f  a C D 4 +  T  cel l  l i ne  to  a S c h i s t o s o m a  j a p o n i c u m  

(SJ )  a n t i g en  f rom a H L A  D w  12 D R 2  DQ1 ind iv id u a l  in the  p r e s e n c e  o f  

a u t o l o g o u s  o r  a l lo g e n e ic  A P C  s h a r i n g  the  sa m e  D R 2  a n t ig e n  w i th  the  T

cel l  l i ne  ( 1 0 ^ ) .  In th e i r  sy s t em ,  the  r e s p o n se  w a s  c l e a r l y  b l o c k e d  by an 

a n t i - D R  f r a m e w o r k  m o n o c lo n a l  an t ib o d y ,  bu t  no t  by an ant i  D Q  a n t i bo d y .  

T he  a u t h o rs  co n c lu d e d ,  ap pr o p r ia t e ly ,  tha t  the  H L A  D R 2  m o le c u l e  ac ted  as 

a r e s t r i c t ion  e l em e nt  for  the p rese n ta t i on  o f  the SJ an t i gen  to C D 4 +  T  cells .  

S u p p r e s s i o n  co u l d  be  in d u c e d  in th i s  s y s t e m  in the  p r e s e n c e  o f  C D 8 +  T

ce l ls ,  but  this  s u p p r e s s io n  c o u l d  be r ev e r s e d  o n ly  by the  add i t ion  o f  ant i -  

D Q  a n t i b o d y .  F u r t h e r m o r e ,  n o n - r e s p o n d e r s  o f  t h e  s a m e  h a p l o t y p e ,  

c l e a r l y  d e m o n s t r a t e  p r o l i f e r a t i o n  in the  p r e s e n c e  o f  a n t i g e n  p r e s e n t i n g  

ce l l ,  an t igen  and an t i -D Q  ant ibody .  Th u s ,  the D Q  in this  sy s t em  is epi sta t ic  

to  DR in the r egu la t io n  o f  the i m m u n e  r es p o n se  to  the SJ an t ige n ,  and  is 

a c t i n g  as  a r e s t r i c t i o n  e l e m e n t  in the  g e n e r a t i o n  o f  s u p p r e s s o r  c e l l s  in 

the  r e s p o n s e  to a spe c i f i c  an t igen .  T h e s e  d a t a  su g g e s t  a log ica l  pa t h w a y  

in th e  c o n t r o l  o f  an i m m u n e  r e s p o n s e  in an a n t i g e n  sp e c i f i c  s y s t e m .  

W h i l e  an t ig e n  c a n  be b o un d  to all D r eg io n  d e t e r m i n a n t s  on  the su r face  

o f  an a n t ig e n  p r e s e n t i n g  ce l l ,  t h e  i m m u n e  r e s p o n s e  is in i t i a t ed  by  the  

p r e s e n t a t i o n  o f  a n t i g e n ,  b o u n d  to  D R,  to  h e l p e r  T  ce l l s .  M e a n w h i l e ,  

a n t i g e n  b o u n d  to  the  r e l a t i v e ly  l e s s  e x p r e s s e d  D Q / D P  m o l e c u l e s  co u l d  

r e s u l t  p r o l i f e r a t i o n  o f  a n t i g 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 ,  c o n t r o l l i n g
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f u r t h e r  a c t i v a t i o n / p r o l i f e r a t i o n  o f  the  h e l p e r  ce l l .  In i t i a l  a c t i v a t i o n  o f  

C D 4 +  T  ce l l s  co u l d  r e su l t  in the  se c r e t i o n  o f  g a m m a  i n te r fe ro n  which  

s u b s e q u e n t l y  e n h a n c e s  D Q  and  D P  e x p r e s s i o n  on  a c c e s s o r y  ce l l s .  T h e  

p r e s e n c e  o f  th e s e  a c c e s s o r y  ce l l s  w o u l d  n o w  a l l o w  f o r  s t i m u l a t i o n  o f  

s u p p r e s s o r  T  ce l l s ,  s u p p r e s s i n g  f u r t h e r  T  ce l l  p r o l i f e r a t i o n .  T h e  da ta  

p r e s e n t e d  by o th e r s  in au t o lo g o u s  s y s t e m s  ( 1 0 7 ,8 5 , 3 6 ,1 0 8 ) ,  and  th i s  s tudy 

in an a l lo g e n e i c  s y s t e m ,  f avo rs  d i f f e r e n t i a l  fu nc t i o n  for  d i s t inc t  c l a s s  II 

an t i g en s .  T h i s  th e o ry ,  o f  se l ec t ive  b in d in g  o f  e i t h e r  h e l p e r  o r  su p p r e s s o r  

c e l l s  to the  d i f f e r e n t  D r e g io n  m o l e c u l e s ,  can  be f u r t h e r  e x p l o r e d  by 

u s in g  cel l  t r a n s f e c te d  wi th  i so l a t ed  c l a s s  II g en es  (88) .  O u r  w o rk  wi th 

m o n o c y t e  h y b r i d o m a s  p r o v i d e  a s y s t e m  s u i t a b l e  to  i d e n t i f y  su ch  

r e g u l a t o r y  T - c c l l  p a t h w a y s .

T h e  exa c t  m e c h a n i s m  o f  T  cel l  subse t  s t i m ul a t io n  in o u r  s y s t em  is 

l a rge ly  u n k n o w n ,  h o w e v e r ,  it has  been  su g g e s t e d  that  a l lo r c a c t i v c  T  ce l l s  

ident i fy  the  fo re ign  DR m o le c u l e  as  se l f  p lus  c ross  r eac t iv e  ant igen .  Th i s  

is p r o b a b l y  s e c o n d a r y  to  the  s p e c i f i c  c o n f o r m a t i o n  o f  v a r i a b l e  and  

h y p c r v a r i a b l c  d o m a i n s  o f  the  c l a s s  II m o l e c u l e .  We  ca n  e x t e n d  these 

a s s u m p t i o n s  a nd  su g g e s t  tha t  the  s u p p r e s s o r  T ce l l  r e c e p t o r  ca n  ide n t i fy  

s p e c i f i c  d o m a i n s  on  t h e  D Q  a n d / o r  D P  m o l e c u l e s  a n d  r e s p o n d  by 

p r o l i f e r a t i n g .  T h e  c o n c l u s i o n s  d r a w n  f ro m  the se  d a t a ,  as  wel l  as o th e r  

s t u d i e s  in a u t o l o g o u s  a nd  a l l o g e n e i c  s y s t e m s ,  d o c u m e n t  the  ab i l i ty  o f  

d i f f e r e n t  D - r c g i o n  m o l e c u l e s  to s t i m u l a t e  e i t h e r  h e l p e r  o r  s u p p r e s s o r  

c e l l s .

E x p e r i m e n t a l  m o d e l s  u s in g  l a b o r a t o r y  a n i m a l s  a nd  t i s su e  c u l tu r e  

t e c h n i q u e s  h av e  c l e a r l y  d e m o n s t r a t e d  the  i m p o r t a n c e  o f  M H C  a n t i g e n s  in 

t r a n s p l a n t a t i o n .  I f  t he  r e s p o n s e  to su r fa c e  a l l o g e n e i c  c l a s s  II a n t ig e n s  

c a n  reg u la te  the i m m u n e  res po n se ,  i.e.  in the c l in ica l  se t t ing ,  the abi l i ty



o f  Ihc r ec ip ien t  to to l e ra te  o r  r eject  a graf t  by the e x p r e s s io n  o f  d i f f e ren t  

c l a s s  II m o le cu l es ,  o ne  m ig h t  w o n d e r  w h e t h e r  an u n e x p l a i n e d  re j e c t i on  is 

no t  the  r e su l t  o f  m i s m a t c h i n g  o f  c l a s s  II a n t i g e n s  o t h e r  th a n  the  

c o n v e n t i o n a l  D R m o le c u l e .  At p r es e n t  the re  arc n o  s t ud ie s  d o c u m e n t i n g  

the  i m p o r t a n c e  o f  D Q  o r  D P  a n t i g e n s  in h u m a n  o r g a n  o r  t i s s u e  

t r a n s p l a n t a t i o n .  W e  s u g g e s t  tha t  c l a s s  II a n t i g e n s  o t h e r  tha n  D R arc 

i n v o lv e d  in the r e j e c t i o n  o r  to l e ra nc e  p h e n o m e n o n .  O u r  r e su l t s ,  as wel l  

as o th e r s ,  s t r e s s  the i m p o r t a n c e  o f  f u tu re  s t u d i e s  in h u m a n  o r g a n  and 

t i s su e  t r a n s p l a n t a t i o n  re l a t i n g  to the  ro le  o f  al l  D r e g io n  m o l e c u l e s  in 

ac u te  g raf t  r e j e c t io n  o r  s u c c e s s f u l  c n g r a f l m c n t .
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