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ABSTRACT 

A m i c r o a s s a y  i s  d e s c r i b e d  t o  d e t e r m i n e  imniunoglobulin I g  c l a s s  or IgC 
s u b c l a s s  o f  mouse monoclonal  a n t i b o d i e s  by mixed hemadsorp t ion  a s s a y .  
Monoclonal a n t i b o d y  bound to  a d h e r e n t  t a r g e t  c e l l s  i s  r e a c t e d  wi th  s e r i a l  
d i l u t i o n s  o f  a pane l  o f  c l a s s  o r  s u b c l a s s  s p e c i f i c  r a b b i t  ant i -mouse Ig  
a n t i s e r a  and b i n d i n g  o f  t h e  l a t t e r  is t r a c e d  by a n t i - r a b b i t  g l o b u l i n - c o a t e d  
i n d i c a t o r  e r y t h r o c y t e s .  The c l a s s  o r  s u b c l a s s  o f  t h e  bound monoclonal  
a n t i b o d y  i s  r e v e a l e d  by p r e f e r e n t i a l  b i n d i n g  o f  t h e  c o r r e s p o n d i n g  r a b b i t  
a n t i b o d y .  Un l ike  g e l  immunodiffusion a n a l y s i s ,  t h e  mixed hemadsorp t ion  a s s a y  
may b e  performed w i t h  u n c o n c e n t r a t e d  hybridoma c u l t u r e  s u p e r n a t a n t s .  

INTRODUCTION 

Monoclonal a n t i b o d i e s  produced by hybr idomas  r e s u l t i n g  from f u s i o n  o f  

mouse myeloma c e l l s  and a n t i b o d y  p r o d u c i n g  s p l e n o c y t e s  (1) a r e  c u r r e n t l y  

wide ly  used i n  many l a b o r a t o r i e s ,  E x t e n s i v e  immunochemical s t u d i e s  o f  mouse 

heavy c h a i n  c l a s s e s  have l e d  t o  t h e  a s s o c i a t i o n  of p a r t i c u l a r  b i o l o g i c a l  
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228 LIAO ET AL. 

a c t i v i t i e s  w i t h  each  I g  c l a s s  o r  s u b c l a s s  ( 2 ) .  For t h i s  r e a s o n  i t  may b e  

d e s i r a b l e  t o  d e t e r m i n e  or  even s e l e c t  f o r  I g  c l a s s  o r  IgG s u b c l a s s  d u r i n g  t h e  

e a r l y  s t a g e s  o f  c l o n i n g  and e s t a b l i s h m e n t  o f  hydridomas.  

We have r e c e n t l y  e s t a b l i s h e d  a number o f  mouse hybridomas p roduc ing  

monoclonal a n t i b o d i e s  a g a i n s t  v a r i o u s  human inelanoma s u r f a c e  a n t i g e n s  

(3.4.5). I n  t h i s  r e p o r t ,  we d e s c r i b e  an  a s s a y  mod i f i ed  from t h e  c o n v e n t i o n a l  

mixed hemadsorpt ion t e c h n i q u e  (6-8)  t o  d e t e r m i n e  I g  c l a s s  o r  IgG s u b c l a s s  

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

hybridomas. T h i s  a s s a y  i s  s i m p l e ,  r e p r o d u c i b l e  and s e n s i t i v e ,  and i s  

independent,  o f  t h e  a b i l i t y  o f  I g  t o  b i n d  complement or  p r o t e i n  A .  

MATERIALS A N D  METHODS 

l o u s e  Monoclonal A n t i b o d i e s  

Seven mouse monoclonal  a n t i b o d i e s  r e c e n t l y  deve loped  i n  o u r  l a b o r a t o r y  

by t h e  hybridoma sys t em ( 1 )  were used i n  t h i s  s t u d y .  The d e s i g n a t i o n s  and 

s e r o l o g i c a l  s p e c i f i c i t i e s  a s  we l l  a s  t h e  t i t r e s  a g a i n s t  t h e  immunizing 

melanoma c e l l  l i n e ,  CaCL 78-1, de t e rmined  by t h e  d i r e c t  m i x e d  hemadsorp t ion  

a s s a y  (3 .9 )  o f  t h e  f i r s t  s i x  monoclonal  a n t i b o d i e s  a r e  l i s t e d  i n  T a b l e  1 .  

The methods used f o r  t h e  p r o d u c t i o n  of  t h e s e  a n t i b o d i e s  have been  d e s c r i b e d  

e l sewhere  (3 -5 ) .  The s e v e n t h  monoclonal  a n t i b o d y  214.1AP1 is t h e  p r o d u c t  of 

a hybridoma formed by f u s i o n  o f  t h e  mouse P3-NSl-Ag4 ( s e e  below) and 

s p l e n o c y t e s  from a BALB/c mouse immunized w i t h  c u l t u r e d  human e r y t h r o l e u k e m i a  

c e l l s  (K-562). T h i s  a n t i b o d y  i s  d i r e c t e d  a g a i n s t  a d e t e r m i n a n t  p r e s e n t  on 

f e t a l  c a l f  serum (FCS).  

C e l l  L i n e s  and C u l t u r e  Methods 

The human melanoma c e l l  l i n e ,  CaCL 78-1, was e s t a b l i s h e d  i n  o u r  

l a b o r a t o r y  from a lymph node m e t a s t a s i s  and m a i n t a i n e d  a s  a monolayer  i n  

E a g l e ' s  minimum e s s e n t i a l  medium (MEM) c o n t a i n i n g  10% h e a t - i n a c t i v a t e d  FCS 

( 1 0 ) .  
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LIAO ET AL. 

The mouse myeloma c e l l  l i n e  P3-NSl-Ag4 ( N S l ) ,  o r i g i n a l l y  e s t a b l i s h e d  by 

Dr. C.  M i l s t e i n  (Med ica l  Research Counc i l  L a b o r a t o r y ,  Cambridge, England)  was 

k i n d l y  o b t a i n e d  f r o m  Dr. R .  K e n n e t t ,  U n i v e r s i t y  o f  P e n n s y l v a n i a ,  

P h i l a d e l p h i a ,  PA. The c u l t u r e  WBS m a i n t a i n e d  i n  alpha-medium c o n t a i n i n g  10% 

h e a t - i n a c t i v a t e d  FCS ( 3 ) .  

Rabbit  Antisera t o  Mouse I g  Classes and S u b c l a s s e s  

230 

3' 

ant i - IgG and anti-IgM were o b t a i n e d  from L i t t o n  B i o n e t i c s  I n c . ,  Kens ing ton .  

MD. These a n t i s e r a  were p r e p a r e d  by immunizing r a b b i t s  w i t h  h i g h l y  p u r i f i e d  

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

b i o p h y s i c a l  homogenei ty  and i m m u n o p r e c i p i t a t i o n  a n a l y s i s  f o r  a n t i g e n i c  

p u r i t y .  The a n t i s e r a  were r e n d e r e d  "monospec i f i c "  by s o l i d  phase 

immunoadsorption t o  y i e l d  p r o d u c t s  f r e e  o f  s o l u b l e  immune complexes  and 

unwanted immunoadsorbent.  

Mouse Immunoglobul ins  

Rabb i t  a n t i - I g G , ,  ant i - IgG2a,  an t i - IgCZb ,  an t i - IgG 2 b ,  an t i - IgG 

Mouse IgG 1 ,  IgG2a, IgGZb, IgG3, and IgM purchased  from L i t t o n  B i o n e t i c s  

I n c .  were p repa red  from p u r i f i e d  mouse myeloma p r o t e i n s .  

Mixed Hemadsorption Assay 

Monoclonal a n t i b o d i e s  t o  a d h e r e n t  t a r g e t  c e l l s  were d e t e c t e d  by t h e  

mixed hemadsorpt ion a s s a y  a d a p t e d  f o r  s m a l l  volumes o f  r e a g e n t s  ( 9 ) .  The 

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

blood c e l l s  (SRBC) c o a t e d  w i t h  r a b b i t  ant i -mouse I g  a n t i b o d y  ( p o l y s p e c i f i c ) .  

For i d e n t i f i c a t i o n  o f  I g  c l a s s  o r  IgG s u b c l a s s  of t h e  bound monoclonal  

a n t i b o d y ,  t h e  p rocedure  h a s  been m o d i f i e d  a s  o u t l i n e d  i n  F i g u r e  1 .  

Mouse monoclonal  a n t i b o d y  i n  10 pl a l i q u o t s  a t  a p rede te rmined  d i l u t i o n  

(4 d o u b l i n g  d i l u t i o n s  above t h a t  g i v i n g  50% p o s i t i v e  c e l l s  i n  mixed 

hemadsorpt ion t e s t s  a g a i n s t  t h e  immunizing human melanoma l i n e ,  CaCL 78-1) 

was added t o  d u p l i c a t e  w e l l s  of m i c r o t e s t  p l a t e s  (No.3034, Fa lcon  P l a s t i c s ,  

Oxnard, C A I  and incuba ted  f o r  1 hour a t  room t e m p e r a t u r e .  Each well had been 

seeded w i t h  s u f f i c i e n t  c e l l s  t o  y i e l d  100 a d h e r e n t  t a r g e t  c e l l s  a t  t h e  end o f  
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MONOCLONAL ANTIBODIES 231 

anti-laG1 1 I antI-1GG2a 
ant14 g G2b 
anti4 g G 3 
anti-lg M 

2 Rabbit anti-SRBC 
Indicator 

system 

Rabbit anti-mouse lg  subclass] 

in serial d i lu t ions 

I Mouse monoclonal ant ibodyl  

in a predetermined dilution 

c e l l  

F i g u r e  1 .  P r i n c i p l e  o f  t h e  mixed heniadsorpt ion a s s a y  f o r  i d e n t i f i c a t i o n  o f  

I g  c l a s s  o r  IgG s u b c l a s s  o f  mouse monoclonal  a n t i b o d y .  A complex c h a i n  o f  

a n t i g e n - a n t i b o d y  r e a c t i o n s  r e p r e s e n t e d  d i a g r a m a t i c a l l y  is  produced i n  o r d e r  

t o  d e t e c t  t h e  second l i n k  from t h e  t a r g e t  c e l l s  i n  t h e  c h a i n .  

18-24 h o u r s  o f  i n c u b a t i o n  a t  3 7 O C .  A f t e r  t h r e e  washes w i t h  PBS c o n t a i n i n g  

0.22 g e l a t i n ,  10 p l  o f  s e r i a l l y  d i l u t e d  r a b b i t  a n t i - I g  s u b c l a s s  a n t i s e r u m  was 

added t o  each  w e l l  and i n c u b a t e d  f o r  1 hour  a t  room t e m p e r a t u r e .  A f t e r  

wasliing a s  a b o v e ,  10 p1 o f  s e n s i t i z e d  SRBC s u s p e n s i o n  was added t o  each  well 

and incuba ted  f o r  1 hour a t  room t e m p e r a t u r e .  Unbound SRBC were washed of; 

and t h e  p l a t e s  examined m i c r o s c o p i c a l l y  and s c o r e d  f o r  t h e  p e r c e n t a g e  o f  

t a r g e t  c e l l s  w i t h  5 or more a d h e r e n t  SRBC. 

P r e p a r a t i o n  o f  t h e  i n d i c a t o r  SRBC f o r  t h e  d e t e c t i o n  o f  a n t i b o d y  ,of 

r a b b i t  o r i g i n  has  been d e t a i l e d  i n  a p r e v i o u s  communicat ion (A). 

Rlocking Exper imen t s  

Rabb i t  ant i -mouse I g  s u b c l a s s  a n t i s e r u m  i n  100 pl  a l i q u o t s  a t  a 

p rede te rmined  d i l u t i o n  ( s e e  above )  was abso rbed  w i t h  i n c r e a s i n g  amounts  o f  

each  p u r i f i e d  IgC s u b c l a s s  o r  IgM p r o t e i n  at, room t e m p e r a t u r e  f o r  1 hour  and 
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232 LIAO ET AL. 

a t  4 O C  f o r  2 hour s .  Absorbed a s  well a s  unabso rbed  r a b b i t  a n t i s e r a  were 

added t o  wells c o n t a i n i n g  t a r g e t  c e l l s  and mouse monoclonal  a n t i b o d y ,  and 

bound r a b b i t  a n t i b o d y  d e t e c t e d  a s  d e s c r i b e d  above.  

RESULTS 

The I g  s u b c l a s s  o f  s even  mouse monoclonal  a n t i b o d i e s  was de t e rmined  by  

t h e  p r e f e r e n t i a l  b i n d i n g  o f  o n e  o f  t h e  r a b b i t  a n t i s e r a  s p e c i f i c  f o r  mouse 

IgC1. IgCza, IgCPb, IgC o r  IgM t o  t a r g e t  c e l l s  p r e c o a t e d  w i t h  t h e  monoclonal  

a n t i b o d y .  I n  e a c h  c a s e ,  one  o f  t h e  r a b b i t  a n t i s e r a  t o  mouse IgC s u b c l a s s e s  

gave 16- t o  640-fold g r e a t e r  r e a c t i v i t y  t h a n  t h e  r e s t ,  and t h e  most  r e a c t i v e  

r a b b i t  an t i - IgG s u b c l a s s  a n t i s e r u m  r e a c t e d  w i t h  t h e  monoclonal  a n t i b o d y  t o  a 

s i m i l a r  t i t r e  a s  t h e  r a b b i t  a n t i  mouse IgG ( p o l y v a l e n t )  ( T a b l e  2 ) .  I n  

a d d i t i o n ,  t h i s  a s s a y  i s  c a p a b l e  o f  d e t e c t i n g  monoclonal  a n t i b o d i e s  o f  t h e  IgM 

c l a s s .  Normal r a b b i t  serum i n  p l a c e  o f  r a b b i t  ant i -mouse I g  f a i l e d  t o  show 

any r e a c t i v i t y  ( d a t a  n o t  shown).  When myeloma NS1 c u l t u r e  s u p e r n a t a n t  or 

normal mouse serum i n  p l a c e  o f  monoclonal  a n t i b o d i e s  was s i m i l a r l y  t e s t e d ,  no 

b i n d i n g  o f  t h e  r a b b i t  a n t i s e r a  was o b s e r v e d .  I t  i s  conc luded  t h e r e f o r e  t h a t  

monoclonal a n t i b o d y  87.20 b e l o n g s  t o  IgG1, 140.96,  IgC1;  7.51, IgC1: 7 . 6 0 ,  

IgC2a; 140.72,  I g C l ;  140.240,  IgGZa and 2 1 4 . 1 A P l .  IgM. 

3 

To conf i rm t h e  s p e c i f i c i t y  o f  t h e  i s o t y p e  a n t i s e r a .  t h e  r a b b i t  

anti-mouse IgG s u b c l a s s  a n t i b o d y  was abso rbed  w i t h  i n c r e a s i n g  amounts  o f  

d i f f e r e n t  p u r i f i e d  mouse IgC s u b c l a s s  o r  IgM p r o t e i n s  p r i o r  t o  t e s t i n g  on 

monoclonal a n t i b o d y  bound t o  t h e  t a r g e t  c e l l s .  R e p r e s e n t a t i v e  r e s u l t s  a r e  

shown i n  F i g u r e  2 a ,  b and c .  Only t h e  mouse IgC s u b c l a s s  c o r r e s p o n d i n g  t o  

t h e  s p e c i f i c i t y  o f  t h e  p r e v i o u s l y  det.ermined most r e a c t i v e  r a b b i t  s u b c l a s s  

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

DISCUSSION 

The present.  s t u d i e s  have shown t h a t  t h e  mixed hemadsorp t ion  a s s a y  can  b e  

used f o r  t h e  i d e n t i f i c a t i o n  o f  I g  c lass  and IgC s u b c l a s s  o f  mouse monoclonal  
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a n t i b o d i e s .  The r e s u l t s  o b t a i n e d  by d i r e c t  t e s t i n g  were conf i rmed  by g e l  

immunodiffusion ( d a t a  n o t  shown).  I t  must b e  s t r e s s e d  t h a t  p r e c i p i t a t i o n  

l i n e s  i n  g e l  immunodiffusion c a n  o n l y  b e  a c h i e v e d  w i t h  some o f  t h e  mouse 

monoclonal a n t i b o d i e s  f o l l o w i n g  15- t o  20-fold c o n c e n t r a t i o n  o f  c u l t u r e  

s u p e r n a t a n t s .  S i m i l a r l y  n o t  a l l  a n t i b o d i e s  d e r i v e d  from a s c i t e s  f l u i d  gave  

p r e c i p i t a t i o n  bands  i n  g e l  immunodiffusion w i t h  r a b b i t  ant i -mouse s u b c l a s s  

a n t i s e r a .  The a b i l i t y  t o  i d e n t i f y  t h e  I g  c l a s s  or IgC s u b c l a s s  o f  t h e  

monoclonal  a n t i b o d y  a t  an e a r l y  s t a g e  i n  t h e  s c r e e n i n g  p r o c e s s  w i l l  b e  

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

i t s  b i o l o g i c a l  f u n c t i o n ,  eg .  IgH and IgG2a for complement f i x a t i o n .  

The d e t e c t i o n  sys t em d e s c r i b e d  i n  t h i s  r e p o r t  c l e a r l y  i d e n t i f i e s  t h e  I g  

c l a s s  o r  IgG s u b c l a s s  o f  a g i v e n  a n t i b o d y  p r e p a r a t i o n .  The f a c t  t h a t  minimal  

c r o s s - r e a c t i v i t y  i s  s e e n  among r a b b i t  an t i - IgC  s u b c l a s s  a n t i s e r a  may r e f l e c t  

minor  c o n t a m i n a t i o n  of  t h e s e  a n t i s e r a .  Thus t h e  method d e s c r i b e d  c a n n o t  b e  

used t o  v e r i f y  t h e  m o n o c l o n a l i t y  o f  a hybridoma a n t i b o d y .  The p r e s e n c e  o f  

minor c o n t a m i n a t i o n  o f  r a b b i t  a n t i s e r a  o r  mouse s u b c l a s s  p r o t e i n s  may e x p l a i n  

t h e  i n h i b i t o r y  a c t i v i t y  o f  IgC2b on IgCl a n t i s e r u m  and IgC2b on IgC 
2a 

a n t i s e r u m  ( F i g u r e  2b and c ) .  A l t e r n a t i v e l y ,  minor  c r o s s - r e a c t i v i t y  among IgG 

s u b c l a s s e s  may indeed  e x i s t ,  based  on t h e  a n a l y s i s  o f  s t r u c t u r e  o f  mouse 

gamma-subclass c h a i n s  showing t h a t  t h e s e  p r o t e i n s  a r e  more c l o s e l y  r e l a t e d  t o  

one a n o t h e r  t h a n  t o  o t h e r  heavy c h a i n s  (11-13) .  

The a s s a y  p r o c e d u r e  d e s c r i b e d  i n  t h i s  pape r  is s i m p l e  and r e p r o d u c i b l e ,  

and r e q u i r e s  o n l y  minu te  amounts  o f  u n c o n c e n t r a t e d  s u p e r n a t a n t  o f  hybridoma 

c u l t u r e s .  Fu r the rmore ,  it o f f e r s  a number o f  o t h e r  a d v a n t a g e s  o v e r  some 

r e p o r t e d  t e c h n i q u e s  such  a s  a n t i b o d y  mixed hemadsorp t ion  ( 1 4 ) ,  anti-C3-mixed 

hemadsorpt ion ( 1 4 ) ,  immune a d h e r e n c e  ( 1 4 ) ,  S t a p h y l o c o c c a l  p r o t e i n  A a s s a y  

(14.15)  radioimmunoprecipitation ( 1 6 ) .  and radioimmunoassay ( 1 7 ) .  Our 

t e c h n i q u e  c a n  b e  performed w i t h o u t  c o n s i d e r a t i o n  o f  whether  t h e  mouse I g  

c l a s s  or IgC s u b c l a s s  h a s  t h e  c a p a c i t y  t o  b i n d  complement o r  p r o t e i n  A.  I n  

c o n t r a s t ,  most o f  t h e  o t h e r  a s s a y s  a r e  based  on b i n d i n g  a b i l i t y  o f  t h e  

a n t i b o d y  t o  complement o r  p r o t e i n  A ,  and have  d i s a d v a n t a g e s  i n  t h a t  IgC h a s  1 
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Monoclonal Ab 87.20 
Rab a m - l g G l  

Monoclonal Ab 140.72 
Rab anti-lgG1 

Test target  cells: 
CaCL 78-1 

Absorbing material:  

IgG1 0-0 

lgG2a &--a 

IgG2b 0-0 

l gG3  0-0 

IgM *-* 

Monoclonal Ab 140.240 
Rab anti-lgG2a 

235 

ng Protein used for absorption 

F i g u r e  2 .  Rlocking e x p e r i m e n t s  t o  c o n f i r m  t h e  s p e c i f i c i t y  o f  r a b b i t  

ant i -mouse IgC s u b c l a s s  a n t i s e r u m  r e a c t i n g  w i t h  monoclonal  a n t i b o d y .  The 

amounts o f  p r o t e i n  f o r  a b s o r p t i o n  a s  i n d i c a t e d  were abso rbed  w i t h  100 p l  of 

r a b b i t  a n t i - I g  100 ,ul s u b c l a s s  a n t i s e r u m ,  a t  a p rede te rmined  d i l u t i o n .  For 

an t i - IgC  i n  A was 1:5,000, f o r  a n t i  IgCl i n  & 1:40,000;  and f o r  a n t i  IgC 
2a 

i n  C, 1:5,000.  

- 

a low a f f i n i t y  f o r  complement and p r o t e i n  A :  IgC h a s  a weak a f f i n i t y  f o r  

complement w i t h  r e l a t i v e l y  s t r o n g  b i n d i n g  t o  p r o t e i n  A;  and IgM h a s  a weak 

a f f i n i t y  f o r  p r o t e i n  A ( 2 . 1 5 ) .  F i n a l l y ,  for i n v e s t i g a t o r s  who wish t o  avo id  

t h e  c o s t  and b iohaza rd  o f  r a d i o l a b e l e d  m a t e r i a l ,  o u r  m o d i f i c a t i o n  of t h e  

mixed hemadsorpt ion p r o v i d e s  a s i m p l e  and s e n s i t i v e  a l t e r n a t i v e  system. 
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