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Abstract

Rabbit antiserum raised against a normal-derived monoclonal
anti-DNA antibody KIM 4.63 (IgM lambda) was used for
idiotype analyses. This anti-serum (anti4.6.3 ID) was ren-
dered specific for KIM 4.6.3 idiotype (4.6.3 ID) by absorption
with normal human IgM and IgG. The specificity of anti-4.63
was shown by its ability to bind to KIM 4.6.3 antibody but not
to normal human IgM and IgG, by inhibition of anti-4.6.3 ID
reactivity with KIM 4.6.3 antibody by the homologous mono-
clonal antibody and by the ability of anti4.6.3 ID to inhibit the
binding of single stranded DNAwith KIM 4.6.3 antibody. The
4.6.3 ID was found to be commonly expressed since it was
detected among 33% (10/30) DNAand 32% (23/72) non-
DNA-reactive monoclonal antibodies that were obtained from
five different unrelated normal individuals. The binding to
ssDNA of the majority of idiotype positive anti-DNA antibod-
ies however was not blocked by anti-4.6.3 ID suggesting that
among these other monoclonal antibodies its expression is
outside of the antigen binding site. The 4.6.3 ID, which was
present among some normal-derived monoclonal IgM mole-
cules was also found at a high frequency (90%) in the sera of
patients with systemic lupus erythematosus (SLE) but only at
a low frequency (24%) and concentration in normal sera. The
level of 4.6.3 ID in SLE did not correlate with serum IgM and
IgG nor with anti-DNA antibody concentrations. Idiotypic re-
latedness between SLE serum antibodies and monoclonal anti-
DNAantibodies of normals implies the existence of a cross-
reactive idiotype family and implies that a conserved common
gene or closely related genes exist in the germ line encoding
these 4.6.3 ID positive antibodies some of which are not exclu-
sively associated with nucleic acid reactivity. The expression of
these germ line genes in vivo thus distinguishes SLE from
normals.

Introduction

Anti-DNA autoantibodies are characteristic of human sys-
temic lupus erythematosus (SLE) and its murine equivalent.
Genes encoding anti-DNA antibodies, however, are not re-
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stricted to this autoimmune disease and are part of the normal
B cell repertoire. The generation of anti-DNA antibody re-
sponses was demonstrated in cultures of peripheral blood
lymphocytes (1, 2), normal tonsillar lymphocytes (1), in a
human:human hybridoma system derived from lymphoid
cells of normal individuals (3-5) and in nonautoimmune
strains of mice (6, 7). These normal-derived anti-DNA anti-
bodies are qualitatively identical to those produced in SLE in
that they exhibit an identical spectrum of antigen binding
characteristics in which not only nucleic acid antigens are in-
cluded but also human IgG, cardiolipin, and vimentin (1,
8-10).

The anti-DNA antibodies of SLE express cross-reactive
idiotypes as determined using monoclonal and polyclonal an-
tiidiotypic reagents (11-13). SLE anti-DNA antibody idio-
types were detected in the sera of normal strains of mice (14),
in culture supernatants of splenic cells obtained from normal
mice (15), in sera from healthy members of SLE families (16),
and on myeloma immunoglobulin recognizing bacterial anti-
gen (17). These findings indicate a commonderivative in SLE
and normals of DNAand non-DNA-reactive antibodies from
a single or a limited number of related genes. In the murine
system, the usage of commongenetic elements for MRL/lpr/
lpr anti-DNA antibody and for antibodies to exogenous anti-
gens has been recently demonstrated by nucleotide sequence
data comparison (18).

In this paper we provide additional evidence for the possi-
ble recruitment in SLE and normals of the same or closely
related genes in DNAand non-DNA antibody responses in
which major cross-reactive idiotype of normal-derived mono-
clonal anti-DNA antibody frequently occurs.

Methods

Characteristics of monoclonal anti-DNA antibody 4.6.3. KIM 4.6.3
monoclonal anti-DNA antibody was derived from a hybridoma ob-
tained after the fusion of tonsillar lymphoid cells from a normal indi-
vidual with the lymphoblastoid cell line GM4672 (Human Genetic
Mutant Cell Repository, Camden, NJ) as previously described (3).
KIM 4.6.3 monoclonal anti-DNA antibody was of IgMA isotype and
it displayed reactivity with various nucleic acid antigens includ-
ing: single stranded DNA(ssDNA),' native DNA(DNA), synthetic
double stranded polymers: polydeoxyguanylate-polydeoxycytidylate
(poly dG * poly dC) and polydeoxyadenylate-thymidylate sodium salt
(poly [dA-dT]), a low molecular weight DNA(- 150 base pairs, 80%

1. Abbreviations used in this paper: CFA, complete Freund's adjuvant;
ID, idiotype; IFA, incomplete Freund's adjuvant; poly (dA-dT), poly-
deoxyadenylate-thymidylate sodium salt; poly dG-poly dC, poly-
deoxyguanylate-polydeoxycytidylate; NRS, normal rabbit serum; RT,
room temperature; ssDNA, single-stranded DNA; S/N, supernatant;
WB, washing buffer.
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double stranded [19]), and ribonucleic acid (RNA). This KIM 4.6.3
antibody bound weakly to cardiolipin.

Purification of KIM 4.6.3 anti-DNA antibody. KIM 4.6.3 anti-
DNAantibody was chromatographically purified on silica (Boehringer
Mannheim GmbH, Mannheim, W. Germany) coupled rabbit anti-
human IgM (As chain specific) (DAKO, Copenhagen, Denmark). The
coupling of rabbit anti-human IgM to silica was performed according
to the instructions from Boehringer Mannheim attached with the silica
reagent. Approximately 300 ml of the KIM 4.6.3 hybridoma superna-
tant was passed at room temperature (RT) through the silica-rabbit
anti-human IgM packed column (15 cm height 1 cm diameter). The
column was then extensively washed with 3%NaCl until absorbance at
280 nmwas < 0.005 ODunits. The bound antibody was eluted with 2
mol/liter sodium thiocyanate (J. T. Baker Chemical Co., Phillipsburg,
NJ). l-ml fractions were collected and those which contained protein
(determined spectrophotometrically at 280 nm) were pooled. The
eluted antibody solution (20-25 ml) was dialyzed for 48-72 h at 4VC
against six changes of PBS, pH 7.4 (Gibco Laboratories, Grand Island,
NY). This dialyzed antibody solution was subsequently concentrated
by Amicon Filtration on an XM300 membrane (Amicon Corp., Lex-
ington, MA) and underwent further final dialysis at 4VC with three
changes of PBSpH 7.4 (Gibco Laboratories) during 48 h. This prepara-
tion yielded 5 ml of IgM antibody solution (120 Mg/ml), which had
reactivity with ssDNA and which lacked detectable human IgG or
rabbit Ig when tested by ELISA (3).

Production of anti-4.6.3 idiotype (anti-4.6.3 ID). The anti-4.6.3 ID
was prepared in 6-8 wk old female New Zealand rabbits. The test
rabbits were injected with 100 gg/rabbit of purified KIM 4.6.3 anti-
body in complete Freund's adjuvant (CFA) (Difco Laboratories, De-
troit, MI) and the control rabbits received saline (equivalent volume to
KIM 4.6.3 antibody solution) in CFA. These injections were done
intradermally into three different places in the neck region. 3 and 5 wk
later test and control rabbits were immunized again with 50 Ag of KIM
4.6.3 antibody/rabbit in incomplete Freund's adjuvant (IFA) (Difco
Laboratories) and saline in IFA, respectively. These injections were
given intramuscularly in the thigh region. 2 wk after the last immuni-
zation rabbits were bled through the ear and the control serum (normal
rabbit serum, NRS) and the test serum (anti-4.6.3 serum) were col-
lected.

The anti-4.6.3 serum as well as NRSwere extensively absorbed on
normal human IgM (Cappel Laboratories, Cochranville, PA) coupled
silica (Boehringer Mannheim GmbH) and on normal human IgG
coupled agarose (Sigma Chemical Co., St. Louis, MO) to remove anti-
bodies to the constant region of human immunoglobulin light and
heavy chains from the anti-4.6.3 serum. All absorptions (2 on IgG and
4 on IgM) were carried out at RT in 15 ml screw cap tubes (Coming
Glass Works, Corning, NY) containing 2 ml of packed absorbant and 3
ml of serum diluted 1:1 with PBS, pH 7.4 (Gibco Laboratories). Sera
were incubated with each absorbant for 2 h and tubes were in a con-
stant rocking motion (450C, 6 cycles/min) during that time. Sera were
removed from the tubes after centrifugation at 400 g for 10 min.
Anti-4.6.3 serum which had no reactivity in ELISA with normal
human IgG and IgM (both from Cappel), but bound to 4.6.3 antibody
was used and was considered as anti-4.6.3 idiotype (anti-4.6.3 ID).

ELISA for binding of rabbit sera to IgM, IgG, or to KIM 4.6.3
antibody. 50 1l of normal human IgM or normal human IgG (both
from Cappel) or purified KIM 4.6.3 antibody each at 5 Ag/ml in car-
bonate-bicarbonate buffer pH 9.6 were coated onto the polystyrene
round bottom wells of Cooke Microtiter plates (Dynatech Laboratories
Inc., Dynatech Corp., Alexandria, VA). Wells coated with buffer only
served as controls. The plates were incubated after coating at 4°C
overnight and then washed three times with the washing buffer (WB)
0. 1 MTris-HCI, pH 7.4 containing 0. 1%BSA (Boehringer Mannheim
GmbH)and 0.05% tween 20 (Sigma Chemical Co.). Subsequently all
the wells were totally filled with 2%BSA in 0.1 MTris-HCI pH 7.4 and
incubated for 2 h at RT. After one wash with WB50 Al of unabsorbed
anti-4.6.3 serum or anti-4.6.3 ID or unabsorbed NRSor absorbed NRS
diluted (1:50-1: I05) in 0. 1% BSA0.1 MTris-HCl, pH 7.4 were pipet-

ted into the antigen-coated and control wells. The plates were left
overnight at 4VC. The following morning they were washed five times
with WBand 50 Ml of 1:1000 dilution in 0.1% BSA-PBS pH 7.4 of
alkaline phosphatase conjugated sheep F(ab)M anti-rabbit IgG (Sigma
Chemical Co.) was added to the wells. After overnight incubation at
4VC the plates were washed again five times with WBand the wells
were filled with 50 Ml of para-nitrophenyl phosphate (Sigma Chemical
Co.) at 1 mg/ml in diethanolamine buffer, pH 9.8. The enzymatic
reaction was developed for 30 min at 370C and then stopped with 25
Ml/well of 3 MNaOH. Optical densities were read in a Titertek Mul-
tiskan (Dynatech Laboratories, Inc.) at 405 nm.

Inhibition of KIM 4.6.3 AB binding to ssDNA by anti-4.6.3 ID.
KIM 4.6.3 IgM purified anti-DNA antibody (6 Mg/ml) diluted in 0.1 M
Tris-HCI pH 7.4 was mixed with an equal volume of anti-4.6.3 ID or
NRSdiluted in 0.1% BSA 0.1 MTris-HCl pH 7.4 from a starting
protein concentration of 5 mg/ml. The mixture was incubated for 2 h
at 370C before using it in ELISA for binding to ssDNA as previously
described (3). The percent inhibition was calculated by comparing the
inhibition of KIM 4.6.3 to DNAby anti-4.6.3 or NRSwith the inhibi-
tion of KIM 4.6.3 to DNAby buffer diluent (0.1% BSA in 0.1 M
Tris-HCI, pH 7.4).

Inhibition of anti-4.6.3 ID binding to KIM 4.6.3 ID. 200 M1 of
absorbed anti-4.6.3 ID or NRS(both at protein concentrations of 5
Mgg/ml) were mixed either with an equal volume of: affinity purified
KIM 4.6.3 AB, different hybridoma S/N, normal human IgM or IgG.
The final amount of IgM or IgG competitors varied between 0.24 and
0.007 Mg. In addition, undiluted hybridoma fusion partner GM4672
S/N and diluent control consisting of 0.1% BSA0.1 MTris-HCl pH 7.4
were also tested as inhibitors.

The mixtures were incubated for 2 h at 37°C before testing in
ELISA. This ELISA procedure for binding of anti-4.6.3 ID to KIM
4.6.3 antibody coated on the wells using sheep F(abY2 fragment of IgG
conjugated with alkaline phosphatase was described above. The per-
cent inhibition was expressed according to the formula: % inhibition
= 100% - [(OD405 anti-4.6.3 ID with inhibitor/OD405 anti-4.6.3 ID
with buffer) X 100%].

ELISA for binding of anti-4.6.3 ID to the monoclonal DNA or
non-DNA antibodies or to the normal or SLE sera. 50 Ml of undiluted
hybridoma S/N containing DNAor non-DNA binding monoclonal
antibodies or hybridoma growth medium (HGM) or GM4672 lym-
phoblastoid cell line S/N, or normal or SLE sera or the dialyzed 50%
ammonium sulfate fraction of the sera, which were diluted at 1:102,
1:103, 1:104, 1: l0 in carbonate-bicarbonate buffer pH 9.6 were coated
overnight at 4°C onto the polystyrene wells of Cooke Microtiter plates
(Dynatech Laboratories Inc.). The plates were then washed three times
with WBand incubated for 2 h at RTwith 2%BSAin 0.1 MTris-HCl
pH 7.4. After one wash with WB50 Ml of anti-4.6.3 ID or NRSdiluted
1:500 in 0.1 MTris-HCl pH 7.4 containing 0.1% BSA was pipetted
into the wells and left overnight at 4°C. The plates were subsequently
washed five times with 0.1% BSA in 0.1 MTris-HCl pH 7.4 and 50 Ml
of alkaline phosphatase conjugated sheep F(abY2 anti-rabbit IgG di-
luted 1:1,000 in 0.1% BSA-PBS pH 7.4 was added to the wells. These
plates were left overnight at 4°C and were subsequently washed five
times with 0.1% BSA-0. 1 MTris-HCl pH 7.4. The enzymatic reaction
was developed with p-nitrophenyl phosphate (1 mg/ml) in diethanola-
mine buffer pH 9.8 for 1 h at 370C.

Results

Characteristics of monoclonal anti-DNA antibody KIM 4.6.3.
Human monoclonal IgM anti-DNA antibody KIM 4.6.3 was
derived from a hybridoma obtained from the fusion between
the lymphoblastoid cell line GM4672 and the tonsillar lym-
phoid cells of a normal individual. KIM 4.6.3 anti-DNA anti-
body was the product of a stable clone continuously main-
tained in culture over a year. This antibody exhibited a broad
spectrum of reactivity as indicated by its binding to a variety of
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nucleic acid antigens (ssDNA, DNA, poly(dA-dT), poly
dG * poly dC, low molecular weight 150 bp DNA) and also to
cardiolipin. The reactivity of KIM 4.6.3 antibody with these
antigens was retained in different culture samples and after its
purification on a rabbit anti-human IgM affinity column as
determined by ELISA (data not shown).

The polyspecific nature of KIM 4.6.3 antibody was also
observed with 55% of the other monoclonal anti-DNA anti-
bodies produced by different clones obtained in the same fu-
sion. For this reason KIM 4.6.3 antibody was considered a
prototype for polyspecific anti-DNA antibody and was chosen
for antiidiotypic antibody production.

Specificity of anti-4.6.3 idiotype for KIM 4.6.3 idiotype.
Immunizations of a rabbit with adjuvant-emulsified affinity-
purified human monoclonal KIM 4.6.3 anti-DNA antibody
resulted in the production of an antiserum that, following ab-
sorptions with normal (non-DNA reactive) human IgM and
IgG, was rendered specific for KIM 4.6.3 ID. This specificity is
documented in Fig. 1 which shows that in direct ELISA the
absorbed anti-4.6.3 serum reacts with KIM 4.6.3 antibody in a
dose-dependent fashion but does not bind to normal human
IgG and IgM. In contrast, the control serum (NRS) obtained
from an adjuvant immunized rabbit and absorbed in an iden-
tical manner as anti-4.6.3 exhibited no binding to any of the
three antigens tested (Fig. 1). This indicates not only the re-
stricted recognition of prepared anti-4.6.3 serum for the vari-
able portion of KIM 4.6.3 antibody but also that this recogni-
tion was not induced by adjuvant injection.

The specificity of anti-4.6.3 ID for the variable portion of
4.6.3 anti-DNA antibody was subsequently explored in inhibi-
tion studies. As shown in Fig. 2 the anti-4.6.3 ID inhibited
KIM 4.6.3 antibody reactivity with ssDNA antigen. This inhi-
bition was dependent on the dose of the anti-4.6.3 ID. At
1/100 dilution of anti-4.6.3 ID there was 100% inhibition of
the 4.6.3 antibody binding to ssDNA as compared to the bind-
ing of 4.6.3 antibody to ssDNA in the presence of 0.1% BSA
0.1 MTris-HCl pH 7.4 buffer control. The same dilution and
serum protein concentration (5 ug/ml) of NRSdid not inter-
fere with KIM 4.6.3 antibody binding to the nucleic acid anti-
gen. These results indicate that the rabbit anti-4.6.3 ID recog-
nized an epitope on the variable portion of KIM 4.6.3 anti-
body that is at, or close to, the antigen binding site.
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Figure 2. Inhibition of
KIM 4.6.3 antibody (6
Ag/ml) binding to
ssDNA (10 ,ug/ml
coated on the well) by
anti-4.6.3 serum or
NRS. (Inhibitor:
anti-4.6.3 (-a-) serum;
NRS(_).)

In a different inhibition assay (Fig. 3), the binding of
anti-4.6.3 ID to KIM 4.6.3 antibody was abolished or de-
creased in the presence of affinity purified homologous anti-
body. The homologous hybridoma supernatant used at an IgM
concentration equivalent to the purified KIM 4.6.3 antibody
showed a similar inhibitory effect. This suggests that during
purification, the variable portion of KIM 4.6.3 antibody was
not altered. The inhibition of anti-4.6.3 ID binding to KIM
4.6.3 AB was also observed with three of eight anti-DNA hy-
bridoma S/N tested: KIM 4.5 (IgMA), KIM 4.3 (IgMX) and
KIM 9.1 (IgMK) (Fig. 3) but not with KIM 1 1.4 (IgMA) (Fig. 3),
KIM 7.5 (IgM, light chain not determined), KIM 11.2 (IgMK),
KIM 12.2 (IgMK) and KIM 12.5 (IgMK) (results not shown).

KIM 9.1 produced about 60% less inhibition than KIM
4.6.3, KIM 4.5 and KIM 4.3 S/N. Non-DNA binding antibod-
ies from hybridoma supernatants KIM 13.1 (IgMK, anticar-
diolipin antibody) and KIM V (IgM, light chain and antigen
specificity not determined) (Fig. 3) as well as normal human
IgM, IgG, or IgGK containing S/N from GM4672 cell line
(used undiluted) had no inhibitory effect.
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Figure 1. Binding of absorbed anti-4.6.3 serum to KIM 4.6.3 anti-
body (A), to normal human IgG (-) or IgM (i). (o) represents the

binding of absorbed NRSto all of these antigens.

Figure 3. Inhibition of anti-4.6.3 serum binding to KIM 4.6.3 affin-
ity purified antibody by DNAand non-DNA binding antibodies.

it) DNAbinding inhibitors: KIM 4.6.3 purified antibody (-A-); KIM
10-3 4.6.3 hybridoma S/N antibody (--A--); KIM 4.5 hybridoma S/N an-

tibody (-An-); KIM 4.3 hybridoma S/N antibody (-x-); KIM 9.1 hy-
bridoma S/N antibody (-.-); KIM 11.4 hybridoma S/N antibody
(-); Non-DNA binding inhibitors: normal human IgM (I-); normal
human IgG (-ts); KIM 13.1 anticardiolipin antibody hybridoma S/N
(-_-); KIM V hybridoma S/N antibody (-o-).
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The above results imply that anti-4.6.3 ID recognizes a
public or cross-reactive idiotype which in addition to KIM
4.6.3 is expressed by some other monoclonal anti-DNA anti-
bodies (KIM 4.5, KIM 4.3, KIM 9.1).

Reactivity of anti-4.6.3 ID with DNAand non-DNA bind-
ing monoclonal antibodies. The qualitative assessment of 4.6.3
expression was performed by directly testing a large panel
(102) of undiluted hybridoma supernatants for binding to
anti-4.6.3 ID in direct ELISA. 30 of these supernatants con-
tained IgM anti-DNA and/or anticardiolipin binding antibod-
ies, while the remaining 72 supernatants contained IgM anti-
bodies without DNAand/or cardiolipin reactivity. These
tested antibodies were derived from the fusions of four differ-
ent unrelated normal individuals (KIM) (Fig. 4), KIR, KEL,
CAR, and ROB(Table I). In supernatants from KIM hybrid-
omas, 4.6.3 ID was detected in 7/22 (32%) anti-DNA and/or
anticardiolipin antibodies in addition to KIM 4.6.3 S/N and
KIM 4.6.3 affinity purified antibody (KIM P 4.6.3) (Fig. 4 a).
In KIM hybridoma supernatants lacking reactivity with nu-
cleic acid and/or cardiolipin, 7/22 (32%) IgM antibodies were
4.6.3 ID positive (Fig. 4 b).

The inability to detect 4.6.3 ID did not appear to be a
function of low IgM expression in 4.6.3 ID negative superna-
tants since some of them showed equal or higher IgM concen-
trations (e.g., KIM 7.2, 8 ,ug/ml IgM; KIM 11.4, 2.1 ,ug/ml
IgM) than the 4.6.3 ID positive supernatants, (e.g., KIM 4.3,
0.77 ,g/ml IgM; KIM 10.2, 0.512 /Ag/ml IgM; KIM 9.2, 0.74
,ug/ml IgM; KIM 4.5, 0.45 ,ug/ml IgM). The concentration of
IgM in affinity purified KIM P 4.6.3 preparation was 6 Ag/ml.

The expression of 4.6.3 ID positive KIM IgM anti-DNA
antibodies does not appear to be solely a function of the light
chain since both lambda (KIM: 4.3, 4.5, 5.1, 10.2) and kappa
(KIM: 9.1, 9.2) light chains were expressed by these antibodies
even though the original KIM 4.6.3 used for anti-ID produc-
tion was of IgM lambda type. Thus, the preference for IgM
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Figure 4. The expression of 4.6.3 ID on monoclonal DNAbinding
(a) and non-DNA binding (b) antibodies obtained in the same fu-
sion. (P 4.6.3 refers to the purified 4.6.3 antibody; other numbers
and letters refer to hybridoma S/N.)

Table . Expression of 4.6.3 ID in Diferent Tonsil Hybridoma
Supernatants Obtained in Fusions from Unrelated
Normal Individuals

Source of tonsil Anti-DNA Anti-DNA ID 4.6.3
hybridoma S/N positive negative positive

KIR I 0
17 4 (23)

KEL (N) 10 5 (50)
CAR(N) 6 2 (33)

16 5 (31)
ROB(N) 7 2 (28)

lambda is obvious, but the explanation for inhibition by KIM
9.1 and 9.2 an IgM kappa monoclonal, has not been deter-
mined.

The majority of 4.6.3 ID positive KIM anti-DNA antibod-
ies with the exception of KIM 4.6.3, KIM 4.3, KIM 4.5 reacted
with ssDNA antigen equally well in the presence or absence of
anti-4.6.3 ID competitor (results not shown). This together
with the high frequency of 4.6.3 ID expression in DNAnega-
tive hybridoma supernatants suggests that the polyclonal
anti-4.6.3 ID recognizes a framework rather than an antigen
binding site on the majority of 4.6.3 ID positive antibodies.

The 4.6.3 ID was expressed also on hybridoma antibodies
obtained from the fusions of different unrelated normal indi-
viduals KIR, CAR, and ROBat a frequency similar to the
frequency among KIM hybridoma antibodies (23-31%). A
higher frequency (50%) of 4.6.3 ID expression was also de-
tected in hybridoma supernatant from the KEL fusion (Table
I). In these hybridoma supernatants 4.6.3 ID expression was
also not restricted to antibodies with nucleic acid reactivities.
Thus in all fusions, the overall frequency of expression of 4.6.3
ID was 33% among DNAbinding and 32% among non-DNA
binding monoclonal antibodies.

The expression of 4.6.3 ID in SLEand normal human sera.
Human sera from 50 randomly chosen normal individuals
and from 40 SLE patients were tested at different dilutions
(l0-2-2 X 10-") for the presence of 4.6.3 ID by the ELISA
method using anti-4.6.3 ID.

The 4.6.3 ID was expressed in 43-90% of the SLE and in
0-24% of normal sera depending on the dilution of serum
tested (Fig. 5). Similar results were obtained with the 50%
ammonium sulfate fraction of SLE or normal serum tested in
the same manner (data not shown). The idiotype was detected
over a wide range of serum dilutions in SLE, from 10-2 to 2
X 10-4. The mean level of this ID was 0.26±0.2 in SLE and
0.05±0.04 in normals at a serum dilution of 10-3. At this
dilution the highest mean of 4.6.3 ID binding levels appeared
to approach a plateau value at - 5 X IO-' dilution (results not
presented). At serum dilutions of less than 10-3, there was a
reduced 4.6.3 ID binding. Whether this represents packing,
steric, charge, or other phenomena restricting 4.6.3 ID binding
at very high concentrations was not determined.

The high levels and frequent expression of 4.6.3 ID in SLE
were not merely a reflection of high serum immunoglobulin
concentrations in these patients. This is indicated in Fig. 6
which shows a lack of correlation (correlation coefficient r
= 0.254) between serum IgM and IgG with 4.6.3 ID. Here the
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relative amount of 4.6.3 ID bound to the serum-saturated
wells for each individual tested is compared to the corre-
sponding serum concentration of IgG + IgM for each of these
individuals. Furthermore, only 3/15 (20%) sera tested from
patients with unexplained polyclonal hypergammaglobuline-
mia expressed 4.6.3 ID (data not shown). There was also no
correlation found between 4.6.3 ID and the total serum IgM
and IgG anti-ssDNA antibodies (Fig. 7) or anti-DNA antibod-
ies (Fig. 8) in sera of these SLE patients.

Discussion

Wehave shown in this study that the 4.6.3 idiotype expressed
on a normal-derived monoclonal anti-DNA antibody (KIM
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Figure 7. Correlation between IgG + IgM anti-ssDNA antibody and
4.6.3 ID in SLE sera. (Data represent OD405 nm of SLE serum di-
luted l1-0 in ID 4.6.3 assay.)

4.6.3) is shared with other hybridoma monoclonal DNAbind-
ing and non-DNA binding antibodies from different unrelated
normals and with serum immunoglobulins from the majority
of SLE patients. This cross-reactive idiotype(s) was identified
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with a rabbit antiserum made specific for the variable portion
of IgM lambda anti-DNA antibody KIM 4.6.3 by absorption
with normal human IgM and IgG. The resultant antiserum
was therefore considered to represent an antibody to the 4.6.3
idiotype (anti-4.6.3 ID).

The specificity of anti-4.6.3 ID for KIM 4.6.3 anti-DNA
antibody idiotype was indicated by (a) the ability of anti-4.6.3
ID to bind to KIM 4.6.3 antibody but not to normal human
IgM, IgG or the GM4672 hybridoma fusion partner superna-
tant, (b) inhibition of anti-4.6.3 ID binding to KIM 4.6.3 by
homologous affinity purified 4.6.3 IgM antibody and the 4.6.3
hybridoma supernatant but not by normal human IgM, IgG or
GM4672 supernatant, and (c) anti-4.6.3 ID inhibition of KIM
4.6.3 antibody binding to ssDNA.

The 4.6.3 ID was shown to be commonly expressed and
was detected in 33% (10/30) of DNAand 32% (23/72) of non-
DNA binding hybridoma monoclonal antibodies obtained
from the tonsil fusions of five unrelated normal individuals
(KIM, KIR, KEL, CAR, ROB). 4.6.3 ID expression shown
here was determined by direct ELISA using anti-4.6.3 ID with
the undiluted hybridoma S/N sample which gave the highest
IgM concentration achievable for a given culture. The con-
centrations of IgM in these S/N studied varied from 0.45
jg/ml to 8 Asg/ml. The 4.6.3 ID was detected among S/N with
the lowest, as well as the highest IgM concentration. This indi-
cates that the level of IgM was not the limiting factor in idio-
type detection.

Supernatants that were positive for 4.6.3 ID by the above
direct ELISA assays were also positive by an inhibition assay.
Thus the 4.6.3 ID positive supernatants inhibited the binding
of KIM 4.6.3 ID to anti-4.6.3 ID. In contrast, 4.6.3 ID negative
antibodies (as assessed by the direct ELISA assay) were not
inhibitory. This indicates that there were no conformational
differences in the 4.6.3 ID whether present in a fluid phase or
bound on a solid support.

The monoclonal antibodies expressing 4.6.3 ID were pre-
dominantly IgM lambda although one monoclonal antibody
9.1, an IgMK showed limited ability to inhibit the 4.6.3
anti-4.6.3 antibody reaction. These data suggest an important
contribution of the lambda light chain for the expression of ID
4.6.3. This suggestion is further strengthened by our recent
observation on the ability of Burkitt's lymphoma cell line-BL2
(a lambda light chain non-heavy chain producer) and my-
eloma cell line-Hd (an IgA lambda producer) both of which
express the same V lambda gene as KIM 4.6.3 to interfere with
KIM 4.6.3-anti-4.6.3 reactivity (manuscript submitted).
Among monoclonal DNAbinding antibodies, 4.6.3 ID was
found on polyspecific antibodies (3) which reacted with a vari-
ety of nucleic acid antigens and which also had weak binding
to cardiolipin. Neither monospecific anti-DNA antibodies nor
polyspecific antibodies with strong binding to cardiolipin, nor
monospecific anti-cardiolipin antibodies (e.g., 13.1) (3) ex-
pressed the 4.6.3 ID.

The location of the idiotypic determinants recognized by
anti-4.6.3 ID have not been determined with respect to a par-
ticular site on the light and/or heavy chain variable regions.
Framework regions however seem most likely to be involved
in the expression of such determinants since with three excep-
tions, binding interactions of the majority of 4.6.3 ID positive
anti-DNA antibodies with ssDNA were not anti-4.6.3 ID in-
hibitable. The finding of similar frequencies of 4.6.3 ID on
DNA+ and DNA- antibodies also argues against 4.6.3 ID

being within the nucleic acid antigen reactive site. The latter
finding invites speculation that perhaps anti-4.6.3 ID recog-
nizes determinants which are derived from a common VH
and/or VL gene family or from a particular J and/or D seg-
ment. Relevant to this possibility is the finding of Margolies et
al. (20) in the arsonate system of a major cross-reactive idio-
type which was shown to be expressed by hapten-binding and
nonbinding antibodies. Structural differences in D/JH junc-
tion and JH segments were held responsible for arsonate reac-
tivity, and sites outside the antigen binding regions in VH seg-
ments were implied to confer the idiotype specificity.

The 4.6.3 cross-reactive ID, although expressed by normal
tonsil lymphoid cells in vitro, was either not expressed or in-
frequently expressed and at low levels in normal individuals in
vivo. Only 24% of normal human serum immunoglobulins
expressed this idiotype and the mean level was quite low
(0.05±0.04 OD405nm). Amongst the normal sera lacking 4.6.3
ID was serum from the donor whose tonsil lymphoid cells were
used to generate hybridomas and from which the 4.6.3 ID
described here was originally derived. These findings suggest
that the expression of this anti-DNA antibody cross-reactive
idiotype may be suppressed in vivo in normal individuals. In
contrast, this in vitro normal-derived anti-DNA antibody
4.6.3 ID was expressed on the serum immunoglobulins of
85-90% of unselected SLE patients and its mean level of
0.26±0.2 OD405nm was significantly higher than the level of
4.6.3 ID in normal sera. The high frequency of 4.6.3 ID in SLE
sera was not merely a reflection of the high serum immuno-
globulin concentrations often seen in SLE since sera from pa-
tients with unexplained polyclonal hypergammaglobulinemia
expressed 4.6.3 ID at the similar low frequency found in nor-
mal sera. Further, there was no correlation in SLE sera be-
tween IgM and IgG concentration and 4.6.3 ID concentration.
Differences in 4.6.3 ID expression in normal and SLE sera
suggest that preferential utilization of 4.6.3 ID encoding gene
segment(s) or expansion of 4.6.3 ID bearing B cells is relevant
to the SLE disease process. Since the 4.6.3 ID was also ex-
pressed very commonly and at levels similar to SLE among
sera of patients with monoclonal IgM paraproteins, particu-
larly IgM lambda with cold agglutinin activity (21) the B cells
of these patients may have properties similar to those of SLE.
In isolated cases, the level of 4.6.3 ID in SLE sera paralleled the
clinical course of SLE but was often independent of serum
levels of anti-DNA antibody (21). In randomly tested SLE
sera, no correlation of 4.6.3 ID and IgM and/or IgG antibodies
to ssDNA and/or DNAwas found. This however does not
exclude the possibility that some SLE serum anti-DNA anti-
bodies bear 4.6.3 ID. Someserum 4.6.3 ID-positive anti-DNA
antibodies may have escaped detection by anti-4.6.3 ID be-
cause of their association with antigen as immune complexes
(22) or because such antibodies may be deposited in different
tissue sites. These possibilities can be supported by recent re-
ports describing the presence of an SLE major anti-DNA anti-
body cross-reactive idiotype designated 16/6 in renal glomer-
ulus and skin tissue lesions (23, 24) and by the inability to
detect anti-DNA antibody reactivity on antibodies bearing
cross-reactive idiotype by conventional assays (25). It is also
possible that the 4.6.3 ID family may be expressed in SLE sera
on other antibodies to different antigens such as Ro (SS-A); La
(SS-B), or Sm/nRNP. This question is presently being actively
pursued in our laboratory. Further, as noted above the 4.6.3
ID was frequently found in the serum of patients with mono-
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clonal IgM lambda macroglobulinaemia with cold agglutinin
activity.

The commonexpression of 4.6.3 ID strongly suggests that
this idiotype is encoded by a germ line Ig variable light and/or
variable heavy gene (VL and/or JL; VH and/or D and/or JH).
The same suggestion was put forward by other investigators
(1 1, 15, 26-29) who studied genetic elements encoding SLE
anti-DNA antibodies using antiidiotype probes raised against
idiotypes on nucleic acid reactive lupus-derived antibodies.
Our experimental reciprocal approach examining the abnor-
mal expression of a normal-derived ID complements theirs
and the findings among these groups are thus similar. For
example the cross-reactive idiotype H- 130 expressed by anti-
DNAantibody from MRL/lpr/lpr autoimmune strain of mice
was described by Andrzejewski et al. (27). In this strain of mice
H-130 was represented in about 50% of the serum immuno-
globulins and less than half of the H- 130 positive Ig had anti-
nucleic acid reactivity. Different strains of autoimmune mice
shared H- 130 ID (28). A correlation of this ID expression and
the severity of the disease in MRL/lpr/lpr mice was noted.
Furthermore, lipopolysaccharide (LPS) stimulated the produc-
tion of anti-DNA antibodies bearing H- 130 in normal spleen
lymphocyte cultures (15).

In man, a public idiotypic marker termed 16/6 derived
from an SLE monoclonal anti-DNA antibody was shared with
monoclonal anti-DNA antibodies from different SLE patients
(29) with serum immunoglobulins from more than half of the
SLE patients with active disease, and with 4% of normal
human sera (30). Some pathogenic relevance was assigned to
16/6 ID since its presence could be demonstrated in skin and
the renal glomerulus from SLE patients (23, 24). Peripheral
blood lymphocytes from normal individuals produced Ig,
which expressed the 16/6 ID in vitro after stimulation with
pokeweed mitogen (31), with bacteria (32), or with a-inter-
feron (33). Some of the 16/6 ID-positive antibodies in the
cultures with a-interferon were DNAreactive. Wehave also
shown that the immunoglobulins from normal peripheral
blood lymphocytes in short-term pokeweed mitogen stimu-
lated cultures expressed ID 4.6.3 but did not bind DNA(21).
Another public idiotype, 3I, was described for human anti-
DNAantibodies (1 1). It was identified by a mouse monoclonal
antibody obtained from spleen cells of a mouse immunized
with affinity-purified human IgG SLE serum anti-DNA anti-
bodies. This 31 idiotypic marker was expressed at high levels in
85% of the sera from SLE patients. The sera from unaffected
SLE relatives also contained antibodies with 3I ID but without
DNAbinding properties. The relationship among these differ-
ent idiotypes is under study.

A uniform picture emerges from these findings. The anti-
DNAantibodies of SLE and normal individuals are idiotypi-
cally related to one another and are also idiotypically related to
non-DNA binding antibodies. The molecular analyses which
have already been initiated support the idea that these antinu-
cleic acid autoantibodies are encoded by germ line genes (34,
35). In our laboratory, we have recently completed cloning and
nucleotide sequence analyses of VH and VL genes encoding
KIM 4.6.3 anti-DNA antibody and found that 4.6.3 ID is also
of germ line gene origin (manuscript in preparation). Experi-
ments are underway to precisely determine whether the vari-
able light or heavy chain genes (or their segments) correlate
with 4.6.3 ID expression amongst the various DNAand non-
DNAantibodies studied here.
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