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Network Theory in Autoimmunity 

IN VITRO SUPPRESSION OF SERUM ANTI-DNA ANTIBODY 

BINDING TO DNA BY ANTI-IDIOTYPIC 

ANTIBODY IN SYSTEMIC LUPUS ERYTHEMATOSUS 

NABIH I. ABDOU, HELEN WALL, HERBERT B. LINDSLEY, }OHN F . HALSEY, and TSUNEO 
SuzuKI, Department of Medicine , Division of Allergy, Clinical Immunology and 
Rheumatology, and Departments of Biochemistry and Microbiology, University 
of Kansas Medical Center, Kansas City, Kansas 66103; Veterans Administration 
Hospital , Kansas City, Missouri 64128 

ABsTRAcT Regulation of serum anti-DNA antibody 
in systemic lupus erythematosus (SLE) by an antiidio
typic antibody was evaluated. Various sera from SLE 
patients in active and inactive states of their disease, as 
well as sera from normal individuals , were first com
pletely depleted of anti-DNA and of DNA by affinity 
chromatography. The suppressive capacity of equi
molar concentrations of the various depleted sera 
(blocking sera) on target lupus sera were determined. 
The target sera were from lupus pati~nts with known 
DNA-binding capacity. Blocking sera from inactive 
SLE suppressed the binding of autologous anti-DNA 
antibody to [3H]DNA (n = 19, P < 0.01) . Blocking sera 
from active SLE (n = 19), as well as human serum al
bumin, did not suppress. Sera from normal donors who 
had no contact with lupus patients or with lupus sera 
did not suppress (n = 14, P > 0.5), whereas those 
from normal donors who had contact with lupus pa
tients or sera did suppress the binding (n = 5, P < 0.02). 
The anti-anti-DNA antibody suppressive activity in 
the inactive lupus serum was shown to be localized 
within the F(ab')2 portion of immunoglobulin (Ig)G 
and could not be removed upon adsorption by normal 
human gammaglobulin . Furthermore, immune com
plexes could be detected by a Clq binding assay when 
the inactive lupus blocking sera were incubated with 
the anti-DNA antibody con taining target sera. The 

This work appeared in abstract form. (1980. ]. Allergy 
Clin. Immunol. 65: 221; Clin. Res. 28: 338A.) 
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specificity of the suppressive serum factor was shown 
by its inability to block the binding of tetanus toxoid to 
antitetanus antibody and its ability to block the binding 
of DNA to F(ab')2 fragments of active lupus IgG. 

Regulation of serum anti-DNA antibody levels by 
anti-antibodies could induce and maintain disease 
remission in lupus patients and prevent disease expres
sion in normals. 

INTRODUCTION 

Regulation of antibody synthesis and of lymphocytes 
involved in the immune response has been proposed 
by J erne ( 1) to be controlled by a network of antibodies 
and lymphocytes . Antiidiotypic antibodies directed 
against cell-surface receptors or secreted idiotypic 
molecules have been shown to be important elements 
in transplantation tolerance or the specific suppression 
of an antibody response (2, 3). Antiidiotypic antibodies 
that recognize and regulate the expression of idiotypic 
determinants on the cell surface could theoretically 
play a key role in the induction of self-tolerance and the 
prevention of autoimmunity. Abnormalities in the idio
type antiidiotype system could therefore lead to expres
sion or expansion of autoreactive cell clones (4-6). 

Self-tolerance is also dependent on suppressor 
cells (7). Suppressor cell dysfunction could in part be 
responsible for autoantibody production in systemic 
lupus erythematosus (SLE) 1 (8, 9). In fact, there appears 
to be a close interplay between suppressor cells and 
the idiotypic network in the regulation of the immune 
response (10-12). 

In this study we have tested an extension of the net-

1 Abbreviation used in this paper: SLE, systemic lupus 
erythematosus. 
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work theory (l) with respect to modulation of the ex
pression of autoantibody activity by presumed antiidio
typic factors. We have demonstrated the presence of 
autoantiidiotypic antibody in sera of inactive SLE pa
tients. In normal individuals who have had contact with 
lupus material, we found a cross-reacting antiidiotypic 
antibody against double-stranded DNA antibody. The 
effector activity is present in the F(ab 'h portion of im
munoglobulin (lg)G from sera of inactive SLE patients; 
it binds more avidly to autologous anti-DNA antibody 
than to antibody from unrelated donors. The blocking 
antibody could not inhibit an unre lated antigen-anti
body reaction and could not be detected in sera of ac
tive SLE patients or in sera of normal individuals not 
exposed to lupus sera. 

METHODS 

Patients and controls. 19 patients who satisfied the Ameri
can Rheumatism Association pre liminary diagnostic crite ria 
for SLE ( 13) were studied. 19 normal healthy individuals with
out personal or family hi story suggestive of an autoimmune 
state and with normal leve ls ( < 6.4% binding) of serum anti
DNA antibody were used as controls. 5 of the 19 normal in
dividuals had contact with lupus patients and sera for varying 
periods of time (0.5-16 yr) , and the othe r 14 normals had no 

· contact with lupus mate rial. The study was approved by the 
institution's human subjects com mittee and infonned con
sents were obtained from all of the subjects who ente red the 
study. All patients were studied twice, when the ir disease 
was active and again during clinical remission . Patients were 
considered to have active di sease if organ-specific clinical 
symptoms plus at least two of the following laboratory criteria 
were present: (a) erythrocyte sedimentation rate > 25 mm/h; 
(b ) total hemolytic compl ement CH50 < 120 U; (c) DNA anti
bodies > 14% binding. Patients were considered to have in
active disease if no organ-specific clinical symptoms or signs 
could be elicited and if the laboratory criteria - erythro
cyte sedimentation rate, CH50 , DNA antibodies-we re 
within the normal range. None of the patients was on cyto
toxic drugs . Prednisone dosage received by patients dur
ing active disease ranged from 5 to 6 mg/d (mean, 32.5 mg), 
and durin g inactive disease, from 0 to 40 mg/d (mean, 25 mg/d). 

Serum compl ement dete rmination (CH50 assay) was don e by 
a standard technique . The binding of sera to native DNA was 
studied b y the Millipore filte r radioimmunoassay (Millipore 
Corp., Bedford, Mass. ) using human KB cell line [3H]DNA 
(Electro-Nucleon ics, Inc., Fairfie ld, N.J.) (14). 

Adsorption of anti-DNA antibody on DNA-cellulose 
columns. Calf thymu s DNA-cellulose (Worthington Bio
chemical Corp., Freehold, N. J.) was suspended in buffer 
(0.01 M Tris-HCI , 0.001 M EDTA, pH 7.4), and packed in 
columns (K9/15 columns, Pharmac ia Fine Chemicals, 
Uppsala, Sweden) . For each 2 g of DNA-cellulose (containing 
18 mg DNA), 10 ml of serum was allowed to pass through the 
column at 4°C at a rate of 2 drops/min. The effluents were 
passed again through the DNA-cellulose columns tp i]lsure 
complete removal of the an ti-DNA antibody. Sera treated in 
this manne r did not contain any detectabl e anti-DNA antibody 
(0% binding) when tested by radioimmunoassay (14). Cellu
lose columns to which no DNA was coupl ed were incapable 
of deple ting anti-DNA antibody. 

Treatment of DNA with i1miiobilized DNAse. 6 or 60 U of 
DNAse-Se pharose conj ugate (immobilized deoxyribonucleuse, 
Worthington Biochem ical Corp. ), suspended in 1.0 ml , 

was incubated with 10 JLg [3H]DNA for 60 min at 37•c. 
The tubes were centrifpged at 720 g for 20 min , and 0.5 ml of 
the supernate was then dialyzed overnight against Tris-bu!Ier 
saline. The DNA treated in this manner fail ed to bind to serum 
containing DNA antibodies. Thus, in a typical experiment 
serum from an active lupus patient with 67% binding 
capacity (17,279 counts/min) to the undigested [3H]DNA 
failed to bind to the DNAse-treated ["H]DNA (< 1% binding). 
6 U of DNAse-Sepharose conjugate was as e fficient as 60 U. 
Therefore , in all the expe riments reported in thi s paper 6 U 
of immobilized DNAse was used for the digestion of 1.0 ml 
of serum. 

Suppression of anti-DNA binding to [3H]DNA by blocking 
sera or immunoglobulin fragments and testing of precipitate 
f ormation by Clq-binding assa y. All sera to be te sted for the 
presence of anti-anti-DNA antibody (antiidiotypic or block
ing antibodies) were depleted of anti-DNA antibody by pas
sage twice through DNA-ce llulose columns and then treated 
with 6 U of DNAse-Sepharose to digest DNA. In pre liminary 
experiments, lupus sera with 90% DNA-binding capacity or 
with 10 ILg DNA/ml could be completely depleted by this 
treatment. None of the blocking sera used in these experi
ments had DNA-binding capacity > 90% or DNA > 10 JLg/ml. 
Adequacy of depletion was con firm ed by the failure to detect 
anti-D A antibody by radioimmunoassay (14) and of DNA by 
chromatography (15). The anti-DNA depleted and DNAse
treated sera (blocking sera) were assayed for the ir capacity to 
inhibit the binding of [3H)DNA to sera from active lupus 
patients (targe t sera). For the blockin g assay 100 JLI contain
in g 1 nmol of the blocking mate rial lgG or its various frag
ments was incubated with 100 JLI of a target serum (contain
in g 1 nmol lgG) at 37•c for 1 h and then for 16 h at 4°C. 
The mixtures were centrifuged at 1,000 g for 30 min ; 100 ILl 
of the supe rnate was coll ected and tested in the standa,rd 
DNA-binding assay (14). The remaining 100 JLI , designated the 
precipitate fraction , was tested in a conventional Clq binding 
assay (16). 

The pe rcent suppression of DNA binding was calculated 
from the formula: 

D NA binding of mi xtures of targe t 

( 1 _ and blocking sera) X !00. 

D NA binding of target sera alone 

Depletion of various lg classes. Depletion of serum IgG, 
IgM, or IgA was performed by standard techniques as de
scribed earlier (17). Adequacy of depl etion was confirmed 
by immunoelectrophoresis and by immunodiffusion. 

Preparation of l gG, F(ab)' 2, and Fe fra gments. IgG pro
te ins were isolated from serum by affinity chromatography on 
Prote in A-Sepharose 4B (Pharmacia Fine Chemicals, Uppsalaf 
Sweden). F(ab' )2 fragments produced by pepsin d1gest10n o 
l gG proteins were separated from Fc-containing materials by 
passing ove r a column of Protein A-Sepharose 4B (18). Fab 
and Fe fragments, which were produced by papain digestion 
of l gG proteins, were separated also by Protein A-Sepharose 
4B chromatography ( 18). These l gG fragments were separate~Y 
passed through a column of Sephadex G-150 to ensure t e 
removal of undigested IgG proteins. IgG and its enzymatiC 
c leavage fragments thus prepared were immuno logica~ly 
pure and distinct when exam ined by immunoe lectrophores iS· 

Preparation of F(ab' )2 fragm ents f rom active lupus 
se ra . To e nsure that the block ing act ivity of the a~ti idioty~~ 
ant1bocly IS d1rected towards the bmdmg s1tes of ant1-D d 
antibody, we prepared F(ab ')2 fragments from IgG Jsolate 
!i·om active lupus sera. The isolation ofl gG prote in s on Prot~ In 
A-Sepharose 4B and the preparation of F(ab' ). fragments JY 
peps in di gestion were as described above. 
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Preparation of normal gammagloln d in im m u noadsorbents. 
ensure the spec ifi <::i ty of the antii d iotypic antibod y, we 

ratt,emptt~o to depl ete its blocking acti vity by passing it through 
gammaglobulin immunoadsorbe nt co lum ns . Gamma

. were iso lated from fi ve d iffere nt normal se ra by 33% 
itun sul h1te precip itati on. The precip itate was Wflshed , 

redi ssolved , and covale ntl y coupled to CNBr
Se pharose 48 according to the me thod described by 
a!. (19) . Such affinity chromatograph y media we re 

as gammaglobulin immu noadsorbents . Aliq uots of 
"diotypic se rum -prepared from inacti ve lu pus serum 

de~> cribe: cl above- we re allowed to pass through the fi ve 
im mun oadsorbe nts. The b locking activity of the 

antiidiotypic se rum was tes ted before and afte r its passage 
through the variou s immun oadsorbe nts. 

Hemagglutination assay . To test fo r specificity of the 
"idiotypic antibod y, serum h om a normal donor who 

y bee n boosted with tetan us toxoid was used as the 
. Ant itetan us antibod y was assayed by the 

passive he magglutination assay using chromium 
to coat sheep e rythrocytes with tetanu s toxo id (20). 

StGrtis tic ,~tlanalysis . The paired t tes t was used to compare 
·ion of targe t sera in the presence or absence of 

se ra . For comparison of pe rce nt suppress ion w ith 
ng, th e Spearman rank corre lati on coe ffi cie nt was 

ated (21). 

RESULTS 

Blocking of anti-DNA binding. Autologous sera 
lupus patients with inactive disease (n = 19) we re 

d to suppress the binding of [3 H]DNA to the target 
sera ( P < 0.01) (Fig. 1, Table I) . Blocking sera 

active unre lated (n = 9), from active autologous 
= 19), or from inactive unrelated (n = 9) lupus pa

were not capable of suppress ion . Human serum 
min at a similar prote in concentration and 

)>roc1~ssed similarly to the various blocking se ra was 
incapable of suppression (Fig. 1). The mean 

; sup~_::1res sion value of the 19 various normal sera tes ted, 
pooled togethe r, was not significantly diffe rent 

the percent DNA binding of the targe t lupus se ra 

by the mselves ( P = 0.2) (Fig. 1, Table I), However, 
normal sera from donors who had contact with lupus 
patients and lupus blood components had significant 
suppress ive acti vity on the target active lupus se ra ( P 
< 0.02) (T ables I and II). Sera from normal donors who 
had no contact with lupus mate rial did not suppress 
( P > 0.5) (Table II). 

Clq binding correlated with suppression of DNA 
binding. Precipitate fractions obtained from incubat
ing F(ab ')2 fragments with the corresponding autolo
gous target sera were tested for the ir ability to bind 125I- . 
Clq by radioimmunoassay. The upper limits of the 95% 
confidence inte rvals for individual values -of fragments 
from active lupus sera are shown with dotted lines 
parallel to each axis (25% for suppress ion , 8% for Clq 
binding) (Fig. 2). Low Clq binding values (3-7%) oc
curre d with sera and fragments from active lupus pa
ti ents; highe r Clq binding values (8-34%) occurred 
with those from patients with inactive lupus (Fig. 2) . 
When samples from patients with active and inactive 
di sease we re considered togethe r, pe rcent suppres-
sion corre lated significantly with Clq binding (Spear
man's rho= 0.92, P < 0.01). 

Effec ts of immunoglobulin depletion of the blocking 
sera. In the five experiments .performe d on five dif
ferent sera, d epletion of IgG e liminated the suppres
sive capacity of the autologous inactive lupus serum 
(Fig. 3). Depletion oflgM or of IgA failed to do so ( P 
< 0.01). 

Failure of depletion of the blocking activity by ad
sorption on normal human gammaglobulin. To 
avoid arte facts upon IgG depletion of blocking se ra b y 
immunoadsorbents, it is shown in T abl e III that normal 
gammaglobulin immunoadsorbents from five diffe rent 
donors failed to deplete the blocking activity of the 
lupus serum. 

Effects of l gG fra gm ents on DNA binding. In the 
nine sera that were processed and tested , F (ab ')2 frag
ments and not Fe fragments of the inactive lupus se ra 

SERUM SOUR CE . % DNA BINDING OF LUPUS SERA were capable of suppress ing the binding of anti-DNA 
10 20 30 40 50 60 

NONE 

NORMAL 

--;;;;;;;;;;;;:;;;;;;;;;:;;;;;:;;;;;;~~ antibody to [3H]DNA (P < 0.001) (Fig. 4). Fab frag-
• ments (P < 0.02), whole se rum (P < 0.01), and globu

lin fractions ( P < 0.01) were also inhibitory. 
ACTIVE UNRELATED 

---f---4 P< 0.01 

DNASE treated 

1 Suppression of anti-DNA binding to [3H]DNA by 
sera. Results are the means±SD. 19 sera were tested 

. each of the normals, SLE active autologous, and SLE in
~ve a';ltologous groups. Nine sera were tested for each of 

E active unrelated and SLE inactive unrelated groups. 

Effects of the blocking l gG on binding of F(a b')2 

fragments of the active lupus l gG to [3H]DNA.. To 
ensure that the blocking activity of the inactive autol
ogous IgG is directed towards the binding sites of 
the anti-DNA antibody, we have prepared F(ab 'h frag
ments from IgG of fi ve diffe rent active lupus sera. It 
could be seen from T able IV that the blocking IgG in
hibited the binding of the F (ab ')2 fragments to [3H]
DNA. Fe fragments prepared from the same active 
lupus sera failed to bind to [3H]DNA in the absence or 
presence of the blocking IgG (not shown in Table IV) . 

Effect of l gG fragments on tetanus toxoid binding. 
Whole serum, globulin fraction , or the various IgG frag-

Suppression of Anti-DNA Antibody by Antiidiotypic Antibody 1299 
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