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There is a low frequency of idiotypic cross-reactions among antibodies of the same 
specificity from different outbred rabbits (1-4). When such cross-reactions do occur 
they are generally weak and involve a small proportion of the antiidiotypic antibody 
population (5, 6). This generalization applies also to rabbits belonging to the same 
family group (2, 7). Contrasting results were reported by Eichmann and Kindt (8), 
who investigated a family of rabbits consisting of a brother-sister mating pair and 
their F~ and F2 descendants. The mating pair was chosen on the basis of the capacity 
of both rabbits to produce high titers of antistreptococcal antibody of restricted 
heterogeneity. Antistreptococcal antibodies elicited in several members of the family 
group exhibited strong idiotypic cross-reactivity. 

In  mice of an inbred strain, idiotypic cross-reactions are more common. They have 
been observed among BALB/c myeloma proteins with antibody activity directed to 
the phosphoryl choline hapten group (9, 10). These same myeloma proteins also share 
idiotypic determinants with antiphosphoryl choline antibodies induced by immuniza- 
tion of some BALB/c mice with pneumococci (9). Strong intrastrain idiotypic cross- 
reactions have also been observed among antibenzoate antibodies of all BALB/c or 
A/J  mice tested so far and among antiphenylarsonate antibodies of A/J  mice (11). 
Examples of both strong and weak interstrain cross-reactivity were also noted (11). 
One cannot, however, make the generalization that the antibodies of all mice of the 
same strain exhibit idiotypic cross-reactions, since we have failed to detect strong 
cross-reactions, with two antiidiotypic antisera prepared so far, among antiphenyl- 
arsonate antibodies of C57/BL mice. 

The  existence of extensive cross-reactions within a s train makes it possible 
to test  the effect in vivo of ant i id iotypic  ant iserum on the immune response of 
isologous mice. We report  here tha t  the format ion of ant iphenylarsonate  anti-  
bodies of a par t icular  idiotype in adul t  A / J  mice, in response to the adminis t ra-  
t ion of keyhole l impet  hemocyanin (KLH)-azophenyla rsona te ,  1 is grea t ly  sup- 

* This work was supported by grants from the National Institutes of Health (AI-06281 
and AI-10220). 

2~ Supported by US Public Health Service Postdoctoral Fellowship AI-49223 FSG. 
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sonate antibody from mouse 413 (this antibody was used to elicit antiidiotypic (anti-D) 
antibody in a recipient rabbit); KLH, keyhole limpet hemocyanin; RIgG, rabbit IgG. 
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pressed by  pr ior  admin i s t r a t ion  of an t i id io typ ic  an t i s e rum directed t oward  the  

an t i hap t en  an t ibody .  Th i s  suggests  an  a l t e rna t ive  m e t h o d  for se lec t ive ly  in- 

h ib i t ing  the  fo rma t ion  of a pa r t i cu la r  an t i body  popu la t ion  w i t h o u t  genera l ized 

suppression of the  i m m u n e  response. 

Materials and Methods 

Immunization of M~e.--Methods for the preparation of antigens used for immunization 
and testing have been described (11). Anfi-p-azophenylarsonate antibodies used to elicit 
antiidiotypic antibody were produced in mouse 413 by immunization with KLH-p-azophenyl- 
arsonate. The protocol for immunization of the mice used in suppression experiments is given 
below. 

A ntiidiotypi¢ Antiserum Directed to A nti-p-A zophenylarsonate A ntibodies of an A /J  Mouse.- 
The anth'diotypic antiserum used in these experiments was from the same pool as that 
employed in previous experiments (11); it was prepared in a rabbit against anti-p-azophenyl- 
arsonate antibody of A/J  mouse 413. Evidence that the rabbit antiserum, after absorption 
with mouse immunoglobulin, was specific for idiotypic determinants was described in detail. 
The mouse immunoglobulin fraction that was used for absorption of the rabbit antiserum was 
prepared from normal A/J  serum by two precipitations with sodium sulfate at final concen- 
trations of 18°-/o and 14%, respectively. For brevity, the immunogen (purified antihapten 
antibody from mouse 413) will be designated D and the antiidiotypic antiserum, anti-D. 
Anfiphenylarsonate antibodies from other A/J  mice cross-reacted extensively with the 
absorbed antiserum (11). 

125I-labeled, specifically purified anti-p-azophenylarsonate antibodies from mouse 413 
(125I-labeled D) were prepared as described, and tested in an indirect assay system (11), 
which comprised 0.01 /~g of l~SI-labeled D, 5 #1 of a 10:1 dilution of the absorbed rabbit 
anti-D, and 30/zl of goat antiserum specific for the Fc fragment of rabbit IgG; the goat 
antiserum had been absorbed with A/J  mouse serum. The anti-D antibody was present in 
slightly less than an optimal amount; the goat anti-Fc was present in a small excess over the 
amount needed for maximal precipitation, as shown by preliminary experiments. Immune 
precipitates were washed three times after standing overnight, and the percentage of radio- 
activity precipitated was determined. Unlabeled inhibitory sera, when present, were mixed 
with the antiidiotypic antiserum before addition of the 12aI-labeled D. 

Immunosuppression Experiments.--An IgG fraction was prepared from the absorbed rabbit 
anti-D antiserum by two precipitations with sodium sulfate (18 and 14°-/o) followed by 
chromatography on diethylaminoethyl (DEAE)-cellulose (12). The rabbit IgG was con- 
centrated to 10 mg/ml, dialyzed against 0.1 R NaCl-phosphate buffer, pH 7.2, and sterilized 
by passage through a Millipore filter (Millipore Corp., Bedford, Mass.). Rabbit IgG from 
pooled normal serum was prepared and sterilized by the same procedure. 

Normal 8-wk-old A/J  mice (Jackson Laboratory, Bar Harbor, Maine) were injected intra- 
peritoneally with 1 mg of the IgG fraction of anti-D antiserum (group I) or with 1 mg of non- 
specific rabbit IgG (group 2). There were nine mice in each group. 3 days later the injections 
were repeated. After 2 wk all animals were challenged intraperitoneally with 500/xg of KLEI- 
p-azophenylarsonate in complete Freund's adjuvant. 2 wk later (wk 4) a second, identical 
injection was given; and the animals were bled retroorbitally 1 wk later (wk 5). Additional 
injections of 500/~g of antigen in incomplete Freund's adjuvant were given at wk 6 and 10; a 
bleeding was taken 1 wk after each inoculation. Each serum was tested by Ouchterlony analysis 
for its reactivity with KLH (the carrier protein) and with RIgG-p-azophenylarsonate. The 
serum of each bleeding was also analyzed for its capacity to inhibit the indirect precipitation 
of 125I-labeled D from mouse 413 with its antiidiotypic antiserum. 

Each serum was also tested by Ouchterlony analysis against rabbit IgG to determine 
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whether the 2 mg of IgG used for suppression had elicited antibodies. No precipitin lines were 
observed, presumably reflecting the fact that the two injections of rabbit IgG were given 
only 3 days apart and without adjuvant. 

All of the 18 mice in the two groups survived the experiment, except for one mouse in 
the control group that died after the wk-7 bleeding. 

RESULTS 

All of the mice in both the control and suppressed groups produced precipitat- 
ing antibodies against the carrier protein, KLH,  and against the azophenyl- 
arsonate hapten group; the latter was shown by precipitation with RIgG-  
azophenylarsonate. These precipitating antibodies were present in each of the 
bleedings taken, i.e., at wk 5, 7, and 11 after the injection of normal or anti- 
idiotypic rabbit IgG. Tests of precipitation were done by the Ouchterlony 

FIG. 1. Ouchterlony analysis of antisera to KLH-p-azophenylarsonate of a nonsuppressed 
mouse (C-2), patterns A, B, and C, and a suppressed mouse (S-l), patterns D, E, and F. 
Antiserum, taken 11 wk after injection of rabbit IgG (or 9 wk after the start of immunization), 
is in the center well; the test antigen is in the outer wells. In patterns A and D the antigen 
is RIgG; in B and E, RIgG-p-azophenylarsonate; in C and F, KLH (the carrier protein). 
Antigen concentrations, reading clockwise from the top well, are: patterns A, B, D, and E: 2, 
1.5, I, 0.5, 0.3, and 0.1 mg/ml; patterns C and F: 3, 2, 1.5, 1, 0.5, and 0.1 mg/ml. 

method. A typical pattern is shown in Fig. 1. Although there were differences 
in the strength of the reactions among individual mice, the average antibody 
titer did not differ markedly among the two groups of mice. Photographs were 
taken of all Ouchterlony plates, and the distances of precipitin lines from the 
antigen and antibody wells were correlated with antigen concentration. By  
this rough criterion there was no significant difference between the antihapten 
and ant i -KLH titers in the two groups of mice. Thus, there was no generalized 
suppression of the immune response. 

The results in Table I demonstrate that  the group of mice preinoculated with 
the antiidiotypic (anti-D) antibodies produced far less antiphenylarsonate 
ant ibody capable of displacing the 12~I-labeled ant ibody of mouse 413 from its 
antiidiotypic antibodies. 10 /A of antiserum from the wk- l l  bleeding of each 
suppressed mouse caused less inhibition than 0.3/zl of antiserum from any non- 
suppressed mouse. Thus the degree of idiotypic suppression exceeded 97 % in 
each mouse. I t  appears, however, that  suppression was not complete, since a 
few sera from suppressed mice had a small but  significant inhibitory capacity. 
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This did not appear to increase as a function of time of immunization. The 
investigations are continuing with the surviving mice. 

In  previous work (11) all immune sera were shown to lose their inhibitory 
capacity entirely upon adsorption with Sepharose (Pharmacia Fine Chemicals 
Inc., Piscataway, N. J.) coupled to RIgCr-p-azophenylarsonate, but  not with 

TABLE I 
Inhibition of Binding of 12~I-Labded Antiphenylarsonate Antibody from Mouse 

413 to Its Rabbit Antildiotypic Antiserum* 

[ 

Pre- ~se i ~ u ~ e  
serum 
(lO ut) 

Controls 
C-1 95(2) 
C-2 100(2) 
C-3 95 (2) 
C-4 95 (2) 
C -5 102 (1) 
C-6 95 (1) 
C-7 102(2) 
C-8 98(1) 
C-9 98(1) 

Suppresseffl 
S-1 91 (6) 
S-2 97(1) 
S-3 102 (3) 
S-4 96(2) 
S-~ 100(0) 
S-6 100 (0) 
S-7 100(0) 
S-8 98(1) 
S-9 109 (3) 

12~I-labeled purified D antibody bound (% of control) 

Wk-5 bleeding:~ { Wk-7 bleeding~ Wk-ll bleeding:~ 

~l of serum tested as inhibitor 

0.03 0.3 3 0.3 ] 10 

87(2) 
95(2) 
77(3) 
84(2) 
98(5) 
88 (o) 
84(3) 
78(5) 
8o(1)1 

26(0) 
76(7) 
45 (3) 
41 (o) 
79(2) 
59 (o) 
52(1) 
5o(5) 
48(0) 

23(3) 
37 (o) 
22(0) 
28(o) 
28(1) 
25 (o) 
28(1) 
30(3) 
29 (3) 

95 (0) 
95(1) 
90(0) 

101 (2) 
92(2) 
93(1) 
9o(1) 
96(0) 
87 (o) 

10 

87(5) 
88(1) 
80(3) 

N.D. 
81 (3) 
82(3) 
88(2) 
86(2) 
77 (3) 

0.03 

75(I) 
93(6) 
72(2) 
73(10) 
86(3) 
82 (8) 
83 (0) 
72(5) 
73 (8) 

o.3 ] 

13(2) 
38(0) 
26 (3) 
29(1) 
41(7) 
44(2) 
~8(1) 
36(1) 
53(2) 

3 10 

6(4~ 8(1) 
26(7 ~ , 10(1) 
14(3) 10(2) 
8(3) 14(1) 

20(4) 10(0) 
21(2) 10(2) 
17(1) 14(4) 
17(13 11(2) 
28(2) 13(5) 

74(2) I 75(2) 
89(3) I 86(2) 
82(1) I 75(2) 
84(8){ 88(2) 
77(2) I 75(1) 
83(4)[ 88(3) i 
86(6) I 74(1) 
89(2) 87(2) 
83(2) 80(2) 

0.03 0.3 

92(4 56(0~ 
85(6 25 (2'~ 
92(1 41(0~ 
95 (6 34(1) 
92(0 36(4) 
67(7 22(1) 
80(3 22 (3'~ 
99(5 49(4) 

3 

23(2~ 
7 (3~ 

10(3) 
17(1; 
12(1) 
8(i) 

11(3) 
12(13 

82(2) 
100 (1) 
90(t) 
91(2) 
77(1) 
93 (3) 
85 (0) 
84(6) 
93(2) 

70 (4) 
90(2) 
84(1) 
92(1) 
78(2) 
94(6) 
84(1) 
78(1) 
82(1) 

* Tests were carried out as described under Materials and Methods. In the control for a given set of experi- 
ments, the same amount of pooled normal A/J serum was substituted for the sera tested as inhibitors. In the 
absence of inlfibitor, an average of 54.8% of the labeled D was precipitated (corrected for 5.5% precipitation, 
which occurred when rabbit antiovalbumin was substituted for anti-D). Experiments were done in duplicate; the 
average deviations are shown in parentheses. 

++ Number of weeks after the injection of normal or antiidiotypic rabbit IgG. 
§ Preinjected with 2 X 1 mg of normal rabbit IgG. 
]l Freinjected with 2 X 1 nag of rabbit antiidiotypie IgG. 

u n c o n j u g a t e d  S e p h a r o s e .  T h i s  f i n d i n g  w a s  c o n f i r m e d  i n  t h e  p r e s e n t  s t u d ) ,  b y  

t e s t i n g  s e r a  of  t h e  w k - l l  b l e e d i n g  of  t h r e e  m i c e  i n  t h e  c o n t r o l  g r o u p .  I n  e a c h  

c a s e  a l l  i n h i b i t o r ) "  c a p a c i t y  w a s  l o s t  u p o n  t r e a t m e n t  w i t h  t h e  i m m u n o a d s o r b e n t .  

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

m o n o s p e c i f i c  g o a t  a n t i s e r a  t o  m o u s e  I g G 1  a n d  I g G 2 .  

DISCUSSION 

I t  is evident that  antibodies having idiotypic specificities shared with the 
antiphenylarsonate antibodies of mouse 413 (D antibody) were almost c o m -  
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pletely suppressed in the sera of the group of nine A/J  mice that had been 
treated with 2 mg of an IgG fraction of rabbit antiidiotypic antiserum (anti-D) 
2 wk before the 9-wk course of immunization with KLH-p-azophenylarsonate. 
In contrast, hyperimmune sera of each of nine control mice of the same strain, 
preinoculated with nonspecific rabbit IgG, contained antibodies that reacted 
with nearly all of the antiidiotypic antibody population, as evidenced by inhibi- 
tion of the indirect precipitation of l~SI-labeled D. These inhibitory antibodies 
were present in bleedings taken 3, 5, and 9 wk after the start of immunization 
(or 5, 7, and 11 wk after the injection of rabbit IgG). Immune adsorption of 
three of these control sera showed that, as in previous studies (11), the inhibi- 
tion was caused by antiphenylarsonate antibodies. All preimmune sera were 
noninhibitory. In these and other experiments we have tested antiphenyl- 
arsonate antisera from a total of more than 20 hyperimmunized A/J  mice; each 
antiserum displaced at least 75 % of 125I-labeled D of mouse 413 from its anti- 
idiotypic antiserum. 

Treatment of the experimental group with anti-D did not prevent the ap- 
pearance of antibodies to the carrier protein (KLH) or to the hapten (p-azo- 
phenylarsonate). Ouchterlony patterns suggested that the titers of these anti- 
bodies were roughly comparable in the experimental and control groups, but 
the possibility of some suppression cannot be ruled out. The antiphenylarsonate 
antibodies that did appear thus possessed idiotypic specificities not recognized 
by the anti-D antibodies. The results are not attributable to generalized sup- 
pression of a major subgroup of IgG since sera of the suppressed animals re- 
acted strongly with monospecific antisera to mouse IgG1 and mouse IgG2. 
Also, one would not anticipate suppression of a subgroup of IgG since the 
antiidiotypic antiserum injected was absorbed with excess mouse immuno- 
globulin and must also have been exposed in the recipient mouse to a large 
excess of subgroup-specific antigenic determinants. The same arguments would 
indicate that the effects observed were not attributable to suppression of a 
class other than IgG. 

Three major possibilities may be considered to account for the suppression 
of idiotypic antibodies: (a) There was no suppression of biosynthesis but the 
antiidiotypic antibodies injected before immunization with KLH-p-azophenyl- 
arsonate simply absorbed the idiotypic antibodies produced; (b) a small amount 
of idiotypic antibody was injected along with the anti-D, and the presence of 
this antibody suppressed the formation of identical antibody molecules (13); 
(c) there was central suppression, acting at the cellular level. 

Possibility (a) can be ruled out by quantitative considerations. In each con- 
trol animal, 11 wk after the start of the experiment, 0.3 /zl of antiserum dis- 
placed more than 50% of the 1~5I-labeled D antibodies from the antiidiotypic 
antibodies in the test system. Therefore, the number of anti-D molecules present 
in each test was not capable of binding more than the number of D molecules 
present in 0.6/zl of hyperimmune serum. Actually, the binding capacity of the 
anti-D molecules must have been smaller than this; because of competition with 
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labeled D, some unlabeled D molecules must have remained unbound. Thus 
the 0.3 #l of anti-D antiserum used in each test was capable of binding the D 
antibodies in less than 0.6 #l of control hyperimmune sera. The total quantity 
of rabbit anti-D IgG injected into suppressed animals was 2 mg, which is 
equivalent to about 200/~l of antiserum. The total binding capacity of the 
injected rabbit anti-D, therefore, could not exceed the amount of D antibodies 
present ill 200 X 0.6/0.5 or 240/A of a hyperimmune mouse serum. Thus at the 
time of the l l -wk bleeding, the serum of a hyperimmune control mouse con- 
tained far more D molecules than necessary to saturate all of the rabbit anti-D 
injected into a suppressed animal. In  addition, idiotypic antibodies were present 
in comparable titer throughout a 6-wk period preceding this bleeding (Table I).  
Since the half-life of mouse IgG is about 5 days (14), the control mice must have 
synthesized many times as much idiotypic antibody as necessary to saturate 
the anti-D antibodies during the 6-wk interval. This calculation is based on the 
assumption that n o n e  of the rabbit anti-D IgG was eliminated from the mouse 
during the 10-wk interval; actually, most of it was probably cleared rapidly 
since it was injected without adjuvant. The differences between the control and 
the experimental groups therefore cannot be attributed to simple absorption 
of D antibodies by rabbit anti-D. 

I t  is not possible to rule out theoretically suppression of D-antibody forma- 
tion by traces of D antibodies that might have been present in the IgG fraction 
of rabbit anti-D. However, any such contamination must have been minute. 
The rabbit was challenged with a total of 3 mg of mouse antiphenylarsonate 
antibody. Even if none of this mouse antibody was cleared, the maximum 
degree of contamination by mouse antibody of the IgG in a 3-kg rabbit would 
have been less than 3 parts in 1000, or 6/~g in the 2 mg used for suppression. 
The actual contamination was undoubtedly much lower. Furthermore, the 
weight of KLH-p-azophenylarsonate injected into mice during the course of 
immunization was 2 rag. If suppression of antibody biosynthesis by antibody 
is due to sequestration of antigen (13), the effect of trace contamination of 
rabbit IgG by mouse antiphenylarsonate antibodies must have been completely 
negligible. 

I t  seems very probable, then, that antiidiotypic antibodies act at the cellular 
level to suppress the formation of antibodies with the corresponding idiotype. 
This appears quite analogous to the suppression of allotypic specificities by 
anti-allotypic antisera (15-17). Allotype suppression, however, must be initiated 
in the newborn animal to be successful. Suppression of idiotype in the adult is 
probably feasible because only a very limited number of lymphocytes bear re- 
ceptors with a given idiotypic specificity. 

In all probability the antiidiotypic antibodies interact with immunoglobulin 
receptors bearing the idiotypic determinants which are present on the surfaces 
of lymphocytes. If the receptor corresponds in structure to the antibody to be 
produced by descendants of the lymphocyte after antigenic stimulation, inac- 
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tivation of the cell through interaction with antiidiotypic antiserum would 
account for the selective suppression observed. The cell type involved is prob- 
ably the thymus-independent B lymphocyte. 

Suppression of idiotype should provide a useful new approach for explora- 
tion of the mechanism of antibody biosynthesis. In addition, it represents 
another technique for specifically inhibiting the formation of a selected anti- 
body population without generalized suppression of the immune response. 
Possible applications may eventually be found in the areas of transplantation 
and allergy. 

SUMMARY 

It  has previously been shown that there are extensive idiotypic cross-reac- 
tions among antiphenylarsonate antibodies of A/J  mice. The present work 
indicates that administration, into normal, adult A/J  mice, of rabbit anti- 
idiotypic antibody directed to A/J  antiphenylarsonate antibody suppresses 
almost completely the subsequent production of antibody of the corresponding 
idiotype. No effect was noted on the formation of antibodies to the protein 
carrier or of antiphenylarsonate antibody of a different idiotype. The data are 
consistent with central suppression of production of the idiotypic antibody 
mediated through interaction with immunoglobulin receptors on lymphocytes. 

Note Added in Proof.--Two control and three suppressed mice were tested by allow- 
ing them to rest for 10 wk after the wk-ll bleeding, then challenging with the KLH-p- 
azophenylarsonate antigen, A week later (wk 22) the animals were bled. It  was found 
that 3/zl of each control serum caused nearly complete inhibition of indirect precipi- 
tation, whereas 10/zl of the serum from each suppressed mouse caused less than 12% 
inhibition. 
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