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ABSTRACT 

Y7, a murine monoclonal IgGl K ant ibody against  a human monoclonal 
IgM A DJ molecule, was a f f i n i t y  p u r i f i e d  on an IgM A immunoaff i-  
n i t y  column. As detected by enzyme-1 inked immunosorbent assay 
(ELISA) the  i s o l a t e d  Y7 monoclonal antibody was shown t o  be no t  
c ross- reac t ive  w i t h  human IgG, human secre tory  IgA, p chain, Atx 
chains and another human monoclonal IgM h BR. Binding t o  the  
po lyc lona l  human IgM standard i n  the  same assay was about 30 
percent.  The epi tope s p e c i f i c i t y  o f  a f f i n i t y  p u r i f i e d  and 
b i o t i n y l a t e d  Y 7  MoAb was l o c a l i z e d  on ly  i n  the  nonreduced pepsin 
Fab fragments o f  IgM h DJ immunogen. As the  immunogen was 
determined t o  be a s p e c i f i c  antibody t o  phosphorylchol ine, the  
s p e c i f i c i t y  o f  Y7 MoAb was f u r t h e r  ascertained i n  i t s  capac i ty  t o  
induce 95% i n h i b i t i o n  o f  immunogen b ind ing  f o r  phosphorylchol ine. 
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182 DIMITRIJEVIC ET AL. 

INTRODUCTION 

It has been known f o r  t h i r t y  years, t h a t  t he  id io types  are the  
most powerful markers of I g  connected ant igen s p e c i f i c i t y .  However 
t h e i r  exact involvement i n  immune network regu la t i on  i s  s t i l l  not  
completely understood. The c l a s s i f i c a t i o n  o f  t he  id io types  i n  the  
presence o f  a n t i  - i d i o t y p i c  ant ibodies (a-Ids) has been made 
according t o  immunochemical , c lona l  and network c r i t e r i a .  

The development o f  the  hybridoma technology gave r i s e  t o  a 
g rea t  number o f  monoclonal a- Ids which have played a very 
important ro le :  l / i n  studying the  r e l a t i o n  o f  paratopic and 
i d i o t y p i c  determinants "(1) ;  2/ i n  exp la in ing  i n t e r n a l  image 
func t ion ing  (2) ;  and 3/ i n  discover ing shared o r  regu la to ry  ( 3 ,  4, 
5) i d i o t y p i c  determinants on I g  molecules and T c e l l  receptor 
s t ruc tu res  which seem t o  be a p re requ is i t e  f o r  i m u n e  network 
func t ion ing .  

Although the app l i ca t i on  o f  monoclonal a- Ids i n  therapy 
i s  s t i l l  unsuccessful, t he  p o s s i b i l i t y  o f  using monoclonal a- Ids 
as therapeut ic agents i n  growing B and T c e l l  tumors (6, 7, 8) 
has a t t rac ted  add i t iona l  i n t e r e s t  f o r  t h i s  f i e l d  o f  research. 
Recent studies i nd i ca te  the importance o f  na tura l  (network) 
id io types  (9, 4) i n  network regu la t i on  o f  the  immune system. 

Hypervariable regions o f  IgMs are representa t ive  markers o f  
the dominant id io types  most commonly found among "na tura l "  
antibodies. Therefore, t he  a- Ids  against human IgM id io types ,  may 
be o f  g rea t  importance i n  e luc ida t i ng  o f  i d io t ype /an t i - i d io t ype  
in te rac t i ons  i n  human autoimmunity, lymphoprol i f e r a t i o n  and/or 
immunodeficiency disorders. 

Having i n  mind the  d i f f i c u l t i e s  i n  producing and 
charac ter iza t ion  o f  a - I d  as "natural" ,  we produced a murine 
monoclonal a - I d  against a human IgM molecule der ived from a 
pa t i en t  w i t h  Waldenstrom macroglobul inaemia. The immunochemical 
charac ter iza t ion  o f  such an antibody i s  presented i n  t h i s  a r t i c l e .  
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Human I g  Antigens 

Human IgM h DJ immunogen was i so la ted  from the  serum o f  a 
p a t i e n t  (DJ) w i t h  Waldenstrom macroglobul inaemia by euglobul i n  
p r e c i p i t a t i o n  w i t h  10 - fo ld  excess o f  d i s t i l l e d  water. Preparat ive 
1% agarose gel  e lectrophoresis o f  euglobul i n  p r e c i p i t a t e  appl ied 
t o  Sephadex 6-200 was f u r t h e r  performed. Human IgM h BR, which was 
used as a cont ro l  monoclonal IgM A ,  was i s o l a t e d  from another 
pa t ien t ,  (BR), w i t h  Waldenstrom macroglobulinaemia. Only the  
ammonium-sulfate p r e c i p i t a t e  was used as s t a r t i n g  ma te r ia l  f o r  
agarose gel  e lectrophoresis.  Polyclonal  human IgM, II chain, x and 
h chains were a l l  supplied by Calbiochem. Polyclonal  human IgG 
( ICN)  was also used. The IgM pepsin fragments used i n  t h i s  study 
were produced as described by Schrohenloherer b Bennett (10). Both 
the  so lu t i on  o f  immunogen and po lyc lona l  human IgM (10 mg/ml i n  
0.1 M Na-acetate b u f f e r  pH 4.1) were t rea ted  a t  an 
enzyme/substrate r a t i o  o f  2:lOO (w/w).  D iges t ion  was terminated by 
n e u t r a l i z a t i o n  w i t h  a saturated so lu t i on  o f  T r i s  base. 

I s o l a t i o n  o f  monoclonal antibody Y7 

The Y7 monoclonal antibody was i s o l a t e d  by imnunoaf f in i t y  
chromatography (11) from c e l l  c u l t u r e  supernatants o r  asc i tes .  
Asci tes were induced i n  BALB/c mice pre t rea ted  w i t h  incomplete 
Freund’s adjuvant (12) o r  pr istane. The imnunoaf f in i t y  column was 
made by coupl ing p u r i f i e d  IgM h DJ imnunogen a t  a t o t a l  
concentrat ion o f  50 mg t o  10 m l  o f  cyanogen bromide-act ivated 
Sepharose CL-4B (Pharmacia) (13). Asci tes were d i l u t e d  i n  
phosphate-buffered sa l i ne  (PBS), pH 7.3, and passed through the  
column which was then ex tens ive ly  washed. The Y7 MoAb was e lu ted  
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184 D I M I T R I J E V I C  E T  A L .  

with 0.1 M glycine-HC1, pH 2.5, dialyzed against PBS, pH 7.3, 
diluted 1:5 and lyophilized. The purity of the monoclonal antibody 
was checked by electrophoresis on 10% sodium dodecyl 
sulfate-polyacrylamide gel (SDS-PAG) as described by Jergil & 
Ohlsson (14) and silver staining (15). Radial immunodiffusion for 
subclass determination was done using monospecific anti-mouse Ig 
anti-sera (Litton, Bionetics). 

ELISA 

Activated polyvinyl-chloride (PVC) microtiter wells (Flow) were 
coated overnight at 4OC or for one hour at 37OC, with 50 pl of 
immunogen (20 pg/ml), and the previously described human Ig 
antigens in PBS. After saturation with 2% bovine serum albumin 
(BSA) and extensive washing in PBS-0.05% Tween 20, different 
concentrations o f  isolated Y7 antibody were added and the plates 
further incubated for one hour. Binding of Y7 was detected by 
adding 50 p1 of rabbit anti-mouse Ig peroxidase conjugated 
antibody (Serolab). The enzyme reaction was developed for 20 min 
using ortho-phenylene diamine (OPD) as the substrate and the 
optical density (O.D.) at 492 nm was recorded in a Titertek ELISA 
reader (Flow Laboratories). 

Imnunobl otting 

Western blotting was done essentially as described by Tobwin et 
al. (16). IgM A DJ pepsin fragments were electrophoretically 
separated in 5% the SDS-PAG electophoretical system of Weber & 
Osborn (17) and transferred to nitrocellulose. The binding of MoAb 
was detected in the presence of a streptavidin-peroxidase complex 
which was visualized by soaking nitrocellulose papers in 1.4 mM 
3,3'-diaminobenzidine (DAB) and 1 mM hydrogen peroxide in PBS at 
room temperature for 10-15 min. 
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A n t i - i d i o t y p i c  s p e c i f i c i t y  o f  Y 7  MoAb 

IgM h DJ paratopic s p e c i f i c i t y  was detected by s o l i d  phase ELISA. 
Ac t iva ted  PVC mic rop la te  we l l s  (Flow) were coated w i t h  50 p1 o f  3% 
BSA i n  PBS dur ing  an overnight incubat ion.  Phosphorylchol ine 
ch lo r i de  (PC) i n  deionized water (15 mg/ml)  ( m i l l i - Q )  was f u r t h e r  
added t o  albumin precoated p la tes  and incubated f o r  one hour a t  
room temperature. Washings were done as descr ibed prev ious ly .  
Binding o f  increasing concentrat ions o f  IgM h DJ i n  1% BSA/PBS, as 
we l l  as IgM A BR was v i sua l i zed  a f t e r  subsequent incubat ion  w i t h  
r a b b i t  anti-human IgM (p-chain s p e c i f i c )  ant ibody conjugated w i t h  
peroxidase (Sigma) and OPD. Competit ive ELISA was c a r r i e d  ou t  as 
p rev ious ly  described, except t h a t  concentrat ions o f  3-12 pg/ml 
IgM h DJ were preincubated f o r  one hour a t  room temperature w i t h  
inc reas ing  concentrat ions o f  i s o l a t e d  Y7 MoAb as we l l  as w i t h  
mouse IgG1 standard ( L i t t o n  Bionet ics,  USA). Percent i n h i b i t i o n  
was ca lcu la ted  as fo l lows:  

b ind ing  i n  the presence o f  i n h i b i t o r  
(l - b ind ing  i n  the  absence o f  i n h i b i t o r  1 

RESULTS 

I s o l a t i o n  o f  Y 7  MoAb 

The i s o l a t i o n  was performed on an immunoaff in i ty column, w i t h  
IgM h DJ immunogen coupled t o  agarose. Most o f  t he  p r o t e i n s  from 
the  asc i tes ,  which where no t  re ta ined  by the  column passed through 
as the  f i r s t  peak. Nonspec i f i ca l l y  adsorbed p ro te ins  were most ly 
desorbed w i t h  water and 1M NaCl i n  PBS, wh i l e  the  monoclonal 
antibody Y7 was e lu ted  as the  second peak w i t h  0.1 M glycine-HC1 
pH 2.5 (Fig.  l . A ) .  The antibody was i s o l a t e d  a t  a h igh  p u r i t y  
(Fig.  l.B), which was confirmed by 10% SDS-PAGE and s i l v e r  
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186 DIMITRIJEVIC ET AL. 

A. 

ELUTION VOLUME ( m i )  

F igure 1.A/ E l u t i o n  pa t te rn  o f  Y 7  MoAb produced i n  asc i tes  f l u i d ,  
from IgM h DJ immunoadsorbent column w i t h  the  glycine-HC1 b u f f e r .  
B/ 10% SDS-PAGE under reducing cond i t ions :  o f  immunoaff in i ty 
i so la ted  Y 7  MoAb ( lane l ) ,  IgM h DJ immunogen ( lane 2) and con t ro l  
mouse IgGl ( lane 3 ) .  Gel was s i l v e r  stained. 

s ta in ing .  Y 7  MoAb belonged t o  the IgGl subclass w i t h  kappa l i g h t  
chains as determined by r a d i a l  imnunodiffusion. 

Binding o f  the Isolated Y7 MoAb t o  Human I g  Proteins 

The b ind ing  o f  i s o l a t e d  MoAb t o  the  imnunogen was tes ted  over 
a range o f  concentrat ions from 10 t o  1000 ng/ml. A p la teau reg ion  
o f  b ind ing  w i t h  imunogen was achieved a t  a concentrat ion o f  250 
ng. Est imat ion o f  the Kd o f  Y 7  MoAb from the  antibody d i l u t i o n  
curve (18), as a rec ip roca l  value o f  the  molar concent ra t ion  
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Figure 1 Continued 

necessary f o r  5W sa tu ra t i on  would suggest a Kd value o f  around 
10- M. Under the  same experimental cond i t ions  th ree  t imes l e s s  
b ind ing  and 10 t imes less  b ind ing  were detected f o r  the  human 
po lyc lona l  IgM standard and human monoclonal IgM h BR 
respec t ive ly .  No b ind ing  t o  human cc chain, K and h chains, human 
IgA and human IgG was detected. I n  Fig.2 representa t ive  b ind ing  
curves are shown as the  O.D. versus d i f f e r e n t  concent ra t ion  o f  
monoclonal antibody Y7 added t o  po lyc lona l  human IgM, IgM h DJ 
immunogen and monoclonal IgM h BR. Based on these r e s u l t s  the  IgM 
h DJ s p e c i f i c  epi tope was detected i n  the  presence o f  Y 7  MoAb. 

9 
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DIMITRIJEVIC ET AL. - IgMDJ - polyclonal human IQM 

+ IgMBR 

200 400 600 800 1000 1200 o,oo 

Y7 MoAb nglml 

Figure 2. Binding of Y 7  MoAb t o  IgMs coated E L I S A  p la tes :  IgM h DJ 
(o-o) ,  polyclonal  human IgM (o-o), IgM h 6R (A-A) 

Loca l i za t i on  o f  IgM h DJ Spec i f i c  Epltope 

The enzyme pepsin i n  0.1 M, Na-acetate b u f f e r  pH 4.1, produced 
incomplete fragmentation. Fragments o f  d i f f e r e n t  s i ze  were 
detected. The most pronounced e lec t rophore t i ca l  bands o f  IgM h DJ 
under nonreducing cond i t ions  had r e l a t i v e  molecular masses o f  180, 
140, 119, 84 and 56 kDa and were a l l  detected i n  the  presence o f  
Y 7  MoAb (Fig.  3 ) .  No b ind ing  was detected i n  the  presence o f  
reduced e l e c t r o p h o r e t i c a l l y  separated IgM h DJ pepsin fragments. 
Binding o f  Y 7  f o r  pepsin fragments o f  po lyc lona l  human IgM e i t h e r  
under nonreducing o r  reducing cond i t ions  was a t  t he  l e v e l  o f  

nonspeci f ic  b inding. The s p e c i f i c i t y  o f  Y 7  MoAb was i n  t h i s  way 
l o c a l i z e d  i n  the Fab fragment o f  IgM A DJ which was f u r t h e r  
de f ined as a conformational determinant. 
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MURINE MONOCLONAL ANTI-IDIOTYPIC ANTIBODY 189 

Figure 3. Western b l o t  o f  IgM fragments under reducing and 
nonreducing condi t ions:  IgM h DJ p r i o r  t o  f ragmentat ion under 
reducing cond i t ions  ( lane l ) ,  IgM k DJ pepsin fragments under 
nonreducing cond i t ions  ( lane 2),  IgM h DJ pepsin fragments under 
reducing cond i t ions  ( lane 3) ,  po lyc lona l  human IgM pepsin 
fragments under nonreducing cond i t ions  ( lane 4) and po lyc lona l  
human IgM pepsin fragments under reducing cond i t ions  ( lane 5) .  
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c? 
0 

--O- IgM DJ ESAPC bind. - IgM DJ ESP. bind. 

d- IgM ER ESAPC bind. 

Figure 4. Dose-dependant b ind ing  o f  IgM h DJ t o  PC/BSA ( 0 - 0 ) .  

Binding o f  IgM h DJ t o  albumin alone ( 0 - 0 )  and b ind ing  o f  human 
monoclonal IgM h BR (A-A) t o  PC/BSA are presented as cont ro ls .  

A n t i - i d i o t y p i c  Property of Y7 MoAb 

A f t e r  l o c a l i z a t i o n  o f  t he  Y7 s p e c i f i c  epi tope i n  the  Fab 
fragment o f  IgM h DJ immunogen, the  a n t i - i d i o t y p i c  p roper ty  o f  Y 7  
MoAb was f u r t h e r  character ized by i t s  a b i l i t y  t o  i n h i b i t  IgM 13 DJ 
immunogen b ind ing  t o  PC/BSA. I t  was shown t h a t  IgM immunogen 
exh ib i ted  dose-dependent b ind ing  t o  albumin/PC w i t h  sa tu ra t i on  
achieved a t  a concentrat ion o f  6 pg o f  immunogen (Fig.4). More 
than 95% i n h i b i t i o n  w i t h  Y7 MoAb was achieved w i t h  a l l  
concentrat ions o f  imnunogen tested. 50% i n h i b i t i o n  was achieved 
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MURINE MONOCLONAL ANTI-IDIOTYPIC ANTIBODY 191 

w i t h  Y 7  MoAb (Fig.  5 )  i n  concentrat ions between 100 and 1000 
ng/ml. Under the  same experimental cond i t ions  no i n h i b i t i o n  
occurred i n  the  presence o f  t he  mouse monoclonal IgGl  used as the  
con t ro l .  

DISCUSSION 

The charac ter iza t ion  o f  monoclonal a - I d  i s  no t  always an easy 
task. Immunochemical charac ter iza t ion  o f  monoclonal a - Ids  usua l l y  
imp l i es  t e s t i n g  f o r  the  th ree  fo l l ow ing  parameters: 1/ i t s  
p roper ty  t o  de tec t  a conformational epi tope i n  the  Fab reg ion  o f  
an immunoglobulin molecule; 2/ i t s  p roper ty  t o  de tec t  i d i o t y p e  
presence i n  a mix tu re  o f  po lyc lona l  i d io t ypes  o r  d i f f e r e n t  
monoclonal id io types ;  3/ and f o r  immunochemical cha rac te r i za t i on  
of a - I d  i t  i s  necessary t o  de tec t  the  paratope s p e c i f i c i t y  o f  t he  
i d i o t y p e  bearing immunoglobulin. Discover ing the  paratope 
s p e c i f i c i t y  o f  t he  i d io t ype  i s  essent ia l  f o r  f i n a l  immunochemical 
cha rac te r i za t i on  o f  a - Id .  According t o  the  t h i r d  c r i t e r i u m ,  
monoclonal an t i -pa ra top ic  an t ibod ies  are c l a s s i f i e d  as Ab28 o r  
Ab2r a-Id.  

During the  cha rac te r i za t i on  o f  Y 7  MoAb we fol lowed these th ree  
c r i t e r i a .  

Enzymatic treatment o f  IgMs r e s u l t s  i n  the  produc t ion  o f  
asymmetric fragments, 1 i k e  Fabr (Cp2) 2, fragments which have been 
already reported f o r  pepsin (19), pronase and pro te inase K 

d iges t i on  (20). Y 7  MoAb bound t o  IgM X DJ fragments f rom 180 t o  56 
kDa on ly  under nonreducing condi t ions.  These r e s u l t s  confirmed 
t h a t  t he  Y 7  conformational s p e c i f i c  epi tope i s  present i n  the  Fab 
o f  IgM X DJ immunogen and f u l f i l l e d  the  f i r s t  c r i t e r i u m  o f  an a - I d  

which i s  def ined as conformational determinant (21). 
The de tec t ion  o f  c ross- reac t ive  i d io t ypes  ( C R I )  i n  t he  mix tu re  

o f  po lyc lona l  i d io t ypes  by a - I d  was very low and assay s p e c i f i c .  
Using of a hemaglutination assay, 8% o f  the  co ld  a g g l u t i n i n  
c ross- reac t ive  i d io t ypes  ( C R I )  were de tec tab le  among normal 
immunoglobulins (22). 
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IgM DJ 

0 
$1 ,1 1 10 100 1000 

conc. of Y7 MoAb p g h l  

Figure 5. Dose-dependent i n h i b i t i o n  o f  IgM h DJ b ind ing  t o  
alburnin/PC i n  the presence o f  d i f f e r e n t  concentrat ion o f  Y7 MoAb. 
D i f f e r e n t  concentrat ions o f  phosphorylchol i ne  s p e c i f i c  IgM DJ i n  
compet i t ive ELISA are presented: 1.5 pg ( 0 - 0 )  3 pg (0-0) and 6 pg 
( A - A ) .  

Isotype o r  a l l o t y p e  epi tope s p e c i f i c i t y  was excluded by 
t e s t i n g  the  i so la ted  Y 7  MoAb against  standard I g  preparat ions.  
According t o  some inves t i ga to rs  (23) t e s t i n g  o f  monoclonal a - I d  
should be done on several monoclonal I g  antigens. I n  our 
experiment we tes ted  on ly  monoclonal IgM A BR as an i n d i v i d u a l l y  
d i f f e r e n t  I g  antigen. 

The h igh  r e a c t i v i t y  w i t h  po lyc lona l  human IgM detected i n  the  

d i r e c t  EL ISA can be explained by the  presence o f  c ross- reac t ive  
id io types .  Besides these, the existence o f  IgM rheumatoid fac to rs  
(RF) i n  the  mix tu re  o f  po lyc lona l  human IgM i s  a l so  possible.  
Although, the po lyc lona l  human IgM was negat ive i n  the  Latex RF 
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t e s t ,  t h i s  does no t  exclude the  p o s s i b i l i t y  o f  t he  existence o f  
low concentrat ions o f  n a t u r a l l y  occur ing IgM RF i n  t h i s  
preparat ion.  Meanwhile presence o f  Y 7  C R I  i n  the  m ix tu re  o f  
po lyc lona l  human IgM was s tud ied  i n  an independent experiment and 
repor ted  t o  be l e s s  than 5% (24).  Therefore, t h e  nonspec i f i c  
b ind ing  reg i s te red  i n  our ELISA was more than 25%. A p o s i b i l i t y  o f  
nonspec i f i c  hydrophobic i n te rac t i ons  between I g  molecules may a l so  
be an explanat ion f o r  low s p e c i f i c i t y  i n  d i r e c t  ELISA. 

The t h i r d  p a r t  o f  a - I d  de tec t ion  was the  c l a s s i f i c a t i o n  
o f  Y 7  MoAb as an an t i -pa ra top ic  antibody. The i n h i b i t i o n  o f  IgM h 

DJ b ind ing  t o  phosphorylchol ine i n  the presence o f  Y 7  MoAb 
c l a s s i f i e d  i t  immunochemically as Ab2S a- Id .  According t o  Reisen 
e t  a l .  (25) among 904 human sera w i t h  myeloma (IgA, IgG and IgM) 
tested, on ly  one monoclonal IgM K had the  phosphorylchol ine 
paratope. Since agar gel  p r e c i p i t a t i o n  w i t h  pneumococcus C 
polysaccharide (PnC) was used as the screening procedure i n  t h i s  
experiment, the  low frequency o f  t h i s  paratope may be n o t  v a l i d .  
The nonhydrophobic nature o f  PC excludes the  p o s s i b i l i t y  o f  
nonspec i f i c  i n t e r a c t i o n  due t o  hydrophobic i ty.  Besides t h a t ,  t h i s  
i n t e r a c t i o n  e x h i b i t s  dose-dependence. The i n t e r a c t i o n  through the  
phosphate ion, as Kabat e t  a l .  (26) suggested f o r  two monoclonal 
human IgMs, cannot be excluded even i n  our case and may be 
compared t o  phosphorylchol i n e  s p e c i f i c  mouse myeloma p r o t e i n  
(McPC603). 

Fur ther  b i o l o g i c a l  eva lua t ion  o f  such an a n t i - I d  w i l l  maybe 
exp la in  whether i t  has any r o l e  i n  network o r  c lona l  r e g u l a t i o n  o f  
the  immune system. 
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