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Shared idiotypes are expressed on mouse and human anti-DNA autoantibodies
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Summary. The expression of common idiotypes on
human and mouse anti-DNA monoclonal autoanti-
bodies made by hybridomas was examined by their
competitive binding to anti-idiotype antibodies. Some
murine autoantibodies inhibited the binding of a
human anti-DNA autoantibody 16/6 to monoclonal
or polyclonal anti-idiotypic antibodies. Another
human antibody (134) was not inhibited in its binding
to homologous anti-idiotypic antibodies.
The expression of the human 16/6 idiotype on

mouse antibodies was restricted to those that had a
specificity similar to the 16/6 antibody itself, their
major properties being that they reacted more strongly
with single stranded DNA (ssDNA) than double
stranded DNA (dsDNA). One mouse antibody
expressing the 16/6 idiotype also bound weakly to
RNA. The results imply structural similarities between
the binding sites of the antibodies in the two species,
and are consistent with evolutionary conservation of
V genes coding for primitive ancestral antibodies that
react with DNA and become diversified through
somatic mutation.

Abbreviations: CII, collagen type II; DNA, deoxyribonuc-
leic acid; ELISA, enzyme-linked immunosorbent assay;
HPGM, human proteoglycan monomer; MRL/lpr, MRL/
Mp-lpr/lpr; PBS, phosphate-buffered saline; RNA, ribo-
nucleic acid; SLE, systemic lupus erythematosus.
Correspondence: Dr N. A. Staines, Immunology Depart-

ment, Chelsea College, University of London, Manresa
Road, London SW3 6LX, U.K.

INTRODUCTION

The syndromes of human systemic lupus erythemato-
sus (SLE) and murine lupus are characterized by the
spontaneous development of autoantibodies which
react with polynucleotides, phospholipids and many
other intracellular components (Tan, 1982). In order
to analyse more closely the precise ligand binding
specificity of antibodies normally found only as
mixtures in the serum, a number of groups have
prepared sets of monoclonal antibodies from mice
with lupus-like disease (Andrzejewski et al., 1980;
Hahn et al., 1980; Morgan, Buchanan & Staines, 1982;
Marion et al., 1982; Koike et al., 1982; Morgan et al.,
1985) and from human patients with SLE (Shoenfeld
et al., 1983b; Rauch, Massicotte & Tannenbaum,
1985). Three main populations of DNA-binding
autoantibodies have been described: those that are
specific for double stranded DNA (dsDNA) and single
stranded DNA (ssDNA) respectively, and those that
react with both forms of DNA. We have reported
previously that antibodies in the last population can be
further subdivided into three groups on the basis ofthe
extent of their relative reactions with the two physical
forms of the DNA (Morgan et al., 1982, 1985).
Many monoclonal anti-DNA autoantibodies are

clearly bispecific or multispecific, in that they also
react with a number of seemingly unrelated antigens
such as phospholipids (Shoenfeld et al., 1983b; Rauch
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et al., 1984, 1985; Staines, Thompson & Morgan,
1985), vimentin (Haskard et al., 1985; Andre-
Schwartz et al., 1984), rheumatoid factor (Rubin et al.,
1984), proteoglycan (Faaber et al., 1984), cell surface
proteins (Jacob et al., 1984) and Klebsiella antigens
(Naparstek et al., 1985). These cross-reactions are

likely to be due, in some cases, to the sharing of
common epitopes such as the phosphodiester links
separated by three carbon atoms on both DNA and
cardiolipin (Lafer et al., 1981).

Idiotype analyses ofmonoclonal anti-DNA autoan-
tibodies derived from either humans or mice have
shown that many share common or cross-reacting
idiotypes (Tron et al., 1982; Marion et al., 1982;
Shoenfeld et al., 1983a; Solomon et al., 1983),
although not all antibodies of even very similar
specificity necessarily share idiotypes (Tron, Jacob &
Bach, 1983; A. Morgan and N. A. Staines, manuscript
in preparation).

In order to extend further our knowledge of idioty-
pic sharing by DNA reactive antibodies, we have
conducted an idiotypic analysis of two monoclonal
human hybridoma anti-DNA autoantibodies (16/6
and 134) (Shoenfeld et al., 1983b) and a library of
monoclonal hybridoma anti-DNA autoantibodies de-
rived from mice with lupus-like disease (Morgan et al.,
1985), and report here that anti-DNA antibodies of
similar specificity from humans and mice can share the
same idiotypes.

MATERIALS AND METHODS

Human and mouse monoclonal anti-DNA antibodies
The preparation, affinity purification and properties of

the human hybridoma anti-DNA autoantibodies (16/
6 and 134, both IgM-k) have been described by
Shoenfeld et al. (1983b). Both antibodies bind ssDNA
but also react with other polynucleotides, including
poly dT, poly I and dsDNA. Antibody 16/6 reacts
preferentially with ssDNA and antibody 134 with
dsDNA.
The derivation and properties of the library of

mouse monoclonal anti-DNA autoantibodies from
MRL/Mp-lpr/lpr (MRL/lpr) and (NZB x NZW)F,
mice with lupus-like disease have been described by
Morgan et al. (1985). The autoantibodies have been
classified into Groups I-V on the basis of their ligand-
binding reactions which are summarized in Table 1.
Antibodies representative of all specificity groups,

heavy chain isotypes M, GI, G2a and G2b and both
mouse strains were used in these experiments.

All mouse monoclonal antibodies used here were

purified from ascites fluids or culture supernatant
(mouse antibody 88 only) by affinity chromatography
on protein-A sepharose (Sigma Chemical Company,
Poole, Dorset). This was used according to the
supplier's general instructions: antibody-containing
fluids were diluted in 100 mm phosphate buffer, pH
8 0, for adsorption, and antibody was eluted with 115
mm citrate-phosphate buffer, pH 2 8.
Mouse Ig concentrations were determined by radial

immunodiffusion using commercially prepared plates
(Serotec, Blackthorn, Oxon) and by inhibition
enzyme-liked immunosorbent assay (ELISA) (A.
Morgan & N. A. Staines, manuscript in preparation).
In the latter, the unknown samples were quantified
against a standard by titrating their ability to inhibit
the binding of (a limiting amount of) an enzyme-

Table 1. Taxonomy of DNA-reactive monoclonal murine antibodies

Group Antibodies Antigenic determinant recognized

I 33 Conformational determinants expressed
on dsDNA only

II 28,112,402, Conformational determinants expressed on
405,410 both ssDNA and dsDNA

III 152 Determinants on ssDNA expressed weakly
on dsDNA

IV 127,207,223, Base-dependent determinants on ssDNA
228,406

V 32,88, Determinants on ssDNA expressed weakly on
dsDNA and RNA

Further information on the properties of the antibodies is given by
Morgan et al. (1985).
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labelled rabbit anti-mouse Ig reagent to immobilized
mouse Ig.

Anti-idiotype antibodies and antisera
Details of the preparation and properties of the anti-
idiotypic reagents have been published. The rabbit
anti-human idiotype antisera, anti-16/6-R and anti-
134-R, have been described by Shoenfeld et al.
(1983a). The mouse monoclonal anti-idiotype anti-
body (anti-16/6 M) specific in its reaction with anti-
body 16/6 was also prepared as described by Andrze-
jewski et al. (1980). The anti-idiotype reagents have all
been shown to inhibit the binding of idiotype to
antigen (Shoenfeld et al., 1983a). Anti-16/6-M was

inhibited in its binding to human autoantibody 16/6
by antibody 16/6 itself and human monoclonal anti-

bodies 21/28, 32/9, 18/2 and 15/14 which have a

specificity similar to 16/6 but not by other human
monoclonal antibodies tested (see Fig. 3 in Shoenfeld
et al., 1983b).

Competitive inhibition ELISA for estimation of idio-
typic sharing between human and mouse antibodies
Flat-bottomed 96-well (Immulon II) ELISA plates
(Dynatech, Billingshurst, Sussex) were coated over-

night at 40 with human anti-DNA antibodies 16/6 or

134 (0-25 yg/ml) in 0 05 M borate buffer, pH 8 6. Wells
were washed three times with 1% Tween 20 (Sigma
Chemical Co.) in phosphate-buffered saline (PBS) and
then PBS alone. Limiting amounts of anti-idiotype
antibodies (working dilutions of all reagents were

greater than 1/10,000) were incubated with sequential

Table 2. Idiotypic sharing between human and mouse anti-DNA
autoantibodies

Competing monoclonal antibody

Concentration giving
50% inhibition (pg/ml)

Human monclonal

16/6 134

Anti-idiotypic antibody

H chain anti- anti- anti-
Group No. Strain type 16/6-R 16/6-M 134-R

I 33 BWF1 2a -* - -

II 402 MRL/Ipr 2a 26 38 -

410 MRL/lpr 2a - 0 41 -

28 BWF1 2a 7 5 10 -

112 BWFI 2b 16 - -
405 MRL/lpr 2a - - -

III 152 MRL/lpr 2a - - -
IV 127 MRL/lpr 2a - - -

207 MRL/lpr 2a - - -

223 MRL/lpr 1 - - -

228 MRL/lpr 2a - - -

406 MRL//pr 2a - -

V 32 BWFI 1 - - -
88 BWF 1 - 005 -

16/6 Human SLE M 0027 0 12 -
134 Human SLE M - - 0-18

HPGMt 419 MRL//pr M -

CIIt 16 DBA/1 1 - - -

*-, No inhibition seen at 1500 pg/ml.
t HPGM, human proteoglycan monomer.
t CII, Type II Collagen.
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dilutions of mouse monoclonal anti-DNA antibodies
for I hr at room temperature, then applied to the
idiotype-coated wells for 2 hr. After washing, 150 ,ul of
an appropriate goat anti-rabbit or a rabbit anti-mouse
immunoglobulin reagent conjugated to alkaline phos-
phatase (Miles Laboratories, Slough, Berks) were

added and the plates were incubated overnight at 4°.
The assay was concluded as described by Shoenfeld et

al. (1983a).

RESULTS

Expression ofhuman idiotypes on mouse immunoglobu-
lins

Five out of the 14 mouse monoclonal antibodies tested
reacted with the anti-16/6 idiotype reagents. None of
the mouse antibodies appeared to react with the anti-
134 idiotype reagent (Table 2). The reaction of the 16/6
idiotype-bearing antibody with both anti- 16/6R and
anti-16/6M appeared to be specific, in that other
mouse monoclonal antibodies such as those directed
against Type II Collagen (antibody 1083-16) or human
proteoglycan monomer (antibody 1094-419) (gifts of
S. Omar and R. A. Lake, respectively) and normal
mouse serum immunoglobulin were not inhibitory.
There was no association of inhibitory activity, or the
lack of it, with heavy chain isotype or strain of origin
of the antibodies.

100

c
0

c

0

Reaction of murine anti-DNA antibodies with rabbit
polyclonal anti-human anti-idiotypic antisera
Murine autoantibodies 402, 112 and 28 inhibited the
binding of rabbit anti-16/6-R to 16/6 by 50% at
concentrations of 26, 16 and 7-5 pug/ml, respectively.
These concentrations of inhibitions were at least
1000 x greater than the amount of the homologous
human antibody (16/6) required for comparable inhi-
bition (Fig. 1). The I I other anti-DNA autoantibodies
did not affect the interactions of the rabbit anti-
idiotypic reagent and the human antibody, even at
concentrations of 1500 jg/ml. The inhibitory mouse

antibodies are all members of specificity Group II

(Table 1).

Reaction of murine anti-DNA monoclonal antibodies
with murine monoclonal anti-human anti-idiotypic anti-
body
The binding of the mouse monoclonal antibody anti-
16/6-M to the human 16/6 antibody was inhibited by
the mouse antibodies 402, 28, 410 and 88 at concentra-
tions of 3 8, 1 0, 0 41 and 0 05 Mug/ml, respectively (for
50% inhibition). However, in contrast to the results
obtained with the polyspecific anti-16/6-R antiserum,
the amounts required for this inhibition were much
closer to the amount (012 pg/ml) of homologous
human 16/6 antibody required for the same degree of
inhibition (Fig. 2).

,0

50k

01

0I01 0-1 1b 0

Inhibitor (,ug/ml )
100I0

Figure 1. Competition between mouse and human DNA-reactive monoclonal antibodies for binding to rabbit anti-16/6-R anti-
idiotype antibodies. Competing monoclonal antibodies: (0) 16/6; (-) 28; (v) 402; (0) 112; (o) non-inhibitory antibodies. See
Table I for details of all antibodies.
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Figure 2. Competition between mouse and human DNA-reactive monoclonal antibodies for binding to mouse monoclonal anti-
16/6-M anti-idiotype antibody. Competing monoclonal antibodies: (0) 16/6; (-) 28; (v) 402; (0) 88; (0) 410; (0) non-inhibitory
antibodies. See Table 1 for details of all antibodies.

Antibodies 28, 402 and 410 are members of speci-
ficity Group II and have similar ligand binding
characteristics to human autoantibody 16/6. Anti-
body 88 is, however, a member of Group V and was

the most potent inhibitor in these experiments, having
the same order of activity as the homologous human
antibody. The specificity of this antibody was closer to
autoantibody 16/6 than the group II autoantibodies,
reacting strongly and preferentially with ssDNA and
also reacting with other polynucleotides. The 10 other
mouse anti-DNA antibodies examined were not in-
hibitory at concentrations up to 1500 pg/ml.

DISCUSSION

The lupus-like diseases of (NZB x NZW)F, and
MRL/lpr mice resemble human SLE in their clinical
and pathological features (Andrews et al., 1978;
Theofilopoulos & Dixon, 1982). We have demon-
strated here that the similarities extend further to
include idiotype sharing in antibodies that characteris-
tically react with both ssDNA and dsDNA. Shared
idiotypy correlated with ligand binding specificity,
suggesting that the common idiotypes included the
antigen-binding site.
We show elsewhere that, within the library of

mouse monoclonals derived from MRL/lpr and
(NZB x NZW)Fj mice, idiotypes are shared between
DNA-reactive antibodies of different specificity and
that antibodies of similar specificity may have differ-

ent idiotypes (A. Morgan and N. A. Staines, manu-
script in preparation). Hahn & Ebling (1984) have
shown that a public idiotypic determinant is present
on cationic IgG anti-DNA antibodies from
(NZB x NZW)FI, MRL/lpr and BXSB mice. They
noted that antibodies carrying the same idiotype
bound to different epitopes on the DNA molecule.
This report extends these findings to show that
antibodies within a specificity group share idiotypes
not found on antibodies of other specificities, and that
this sharing extends to two different species.
The 16/6 idiotype was found on mouse anti-DNA

autoantibodies that had an antigen-binding profile
similar to that of the human autoantibody. On the
basis of the results from the competitive inhibition
assay, the mouse antibody 88 showed the greatest
expression of the idiotype, and this antibody was the
closest of the antibodies examined to the human
antibody in its ligand-binding profile, being reactive
with ssDNA, dsDNA, RNA (similar to poly I with
which 16/6 reacts) but not with cardiolipin (Staines et
al., 1985).
There were quantititive differences in the extent of

inhibition seen with the murine antibodies. These are
interpreted to indicate that the 16/6 idiotype, as
defined by the rabbit anti-idiotype antiserum, is
polymorphic, and that different combinations of idio-
typic components of it are expressed in the individual
mouse antibodies.
The mouse antibodies that express the 16/6 idiotype

have similar epitope-binding specificity. It has been
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shown elsewhere that 30 other human DNA-reactive
monoclonal antibodies also express the 16/6 idiotype.
The present results might indicate that the anti-16/6-
M monoclonal antibody and the polyclonal anti- 16/6-
R serum antibodies express or include an internal
image of the autoantigen. In the absence ofdata on the
ability of the anti-idiotype reagents to inhibit the
binding of the 16/6 idiotype-bearing antibodies to
DNA, no definite conclusion can be made about this
possibility. The identity of the epitope on the DNA
with which the antibodies react is not known, but it is
probably a conformational determinant expressed on
ssDNA more than on dsDNA because of the ligand-
binding characteristics of the antibodies (Morgan et
al., 1985). We know from other studies that SLE sera
contain antibodies that compete with the mouse
monoclonal antibodies for the same sites on DNA,
reinforcing further the similarities between human and
murine DNA-binding antibodies (N. A. Staines, H. S.
G. Thompson, A. Morgan, P. Mumford and R. N.
Maini, manuscript in preparation). The present results
also indicate that there may be structural similarities
between human and mouse anti-DNA antibodies at or
near to the antigen-combining site. Whether this
structural similarity extends to the primary gene
sequence has yet to be established. Our observations
are supported by a recent study (Eilat, Fischel &
Zlotnik, 1985) which identified a shared idiotype,
designated A52, on purified IgG fractions from human
lupus serum and serum from (NZB x NZW)F1 mice.
As discussed elsewhere (Lake et al., 1985), the

relationship of antibody specificity to pathogenicity is
a matter of debate, but antibodies reactive with
dsDNA may be especially important in the develop-
ment of glomerulonephritis. Idiotypic sharing
between such supposedly important antibodies in man
and mouse supports the common aetiopathogenesis of
the diseases in the two species. The human and mouse
antibodies that share the 16/6 idiotypes tend to be
those that are multispecific; the murine anti-DNA
monoclohal autoantibodies that are unispecific for
dsDNA or ssDNA did not, in these experiments, share
idiotypes with human anti-DNA autoantibodies 16/6
or 134. The possibility exists that the multispecific
antibodies are closely related to 'ancestral antibodies'
which may be primarily reactive with antigens other
than DNA and which may be highly conserved for
protection against infection. Analysis of the N-termi-
nal amino acid sequences of the human monoclonal
autoantibody 16/6 has shown 95% light chain and 85%
heavy chain homology with a macroglobulinaemia

monoclonal IgM (WEA) that binds to Klebsiella
polysaccharide K.30. (Naparstek et al., 1985).
DNA-reactive autoantibodies may be derived from

an ancestral antibody by a process of somatic
mutation or variation as illustrated by Griffiths et al.
(1984) in their studies on V gene stability. Diamond &
Scharff (1984) have reported that a single amino-acid
substitution in the heavy chain V region of a mono-
clonal T15+ anti-phosphocholine monoclonal anti-
body resulted in the loss of its phosphocholine-binding
activity. The mutated antibody, however, acquired the
ability to bind to phosphorylated macromolecules,
including dsDNA. The expression of shared idiotypes
on antibodies with similar multispecific binding pro-
files suggests a common aetiology for lupus diseases in
the aberrant or uncontrolled expression of an ances-
tral antibody and its somatic variants.
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