Activation of Clones Producing Self-reactive Antibodies by Foreign Antigen
and Antiidiotype Antibody Carrying the Internal Image of the Antigen

N. C. Bailey, V. Fidanza, R. Mayer, G. Mazza, M. Fougereau, and C. Bona
Department of Microbiology, Mount Sinai School of Medicine, New York 10029; Centre d'Immunologie, Marseille-Luminy, France

Abstract

Because we found in previous work that a high fraction of
antibodies exhibiting various specificities bound to glutamic
acid 5°-tyrosine®® homopolymer (GT) and expressed pGAT
cross-reactive idiotype (IdX), we studied the activation of
clones producing multireactive antibodies in 1-mo-old MRL/
Ipr and C;H/HeJ mice bearing VH’ haplotype. The activation
of such clones was studied after mice were immunized with GT
in CFA, HP20 (an anti-Id MAD carrying the internal image of
GT in the D region), and a synthetic peptide corresponding to
the D segment of HP20.

Our results indicate that immunized mice produced both
GT- and self-reactive antibodies. Study of the immunochemi-
cal propertiés of MADb showed that they exhibit multispecific
properties and bind with similar-affinity constants to GT or
self-antigens such as DNA, Smith antigen (Sm), and IgG,a. An
important fraction of antibodies obtained from MRL/Ipr mice
immunized with HP20 expressed pGAT IdX and some of these
antibodies share IdX expressed on anti-DNA, Sm, and rheu-
matoid factor (RFs) antibodies. The hybridomas producing
multispecific autoantibodies use heavy-chain- (VH) and light-
chain-variable region (VK) genes from various V gene fami-
lies, suggesting that they do not derive from the pool of GAT
precursors. Sequencing of VH and VK genes of two antibodies
show that they can use closely related VHJSS8, unmutated
VK1, or different VK genes than those used by anti-GT anti-
bodies.

Our data demonstrate that clones producing antibodies
binding to GT and self-antigens with similar-affinity constants
can be activated by foreign or anti-Id antibodies carrying the
internal image of the antigen or even by a synthetic peptide
corresponding to the D segment of anti-Id antibodies.

Introduction

There are numerous reports demonstrating that antibodies
specific for foreign antigens exhibit binding to self-antigens (1,
2). The interaction of foreign antigens with clones producing
autoantibodies may play a significant role in the breaking of
self-tolerance, a process that could contribute to the occur-
rence of autoimmune phenomena.
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For a long time it has been known that antibodies reacting
with heart tissue (3), brain (4), and skeletal muscles (5) are
detected in patients with acute rheumatic fever. It was recently
demonstrated that MAbs specific for Staphylococcus pyogenes
M type 5 obtained from BALB/c mice also bind muscle pro-
teins (6).

In a previous study we demonstrated that 8 of 20 heavy-
chain-variable region (VH)' J558* monoclonal autoantibod-
ies with various specificities also interacted with foreign anti-
gens known to bind to antibodies encoded by genes derived
from the VH J558 family. Such antibodies bound to glutamic
acid-tyrosine (GT), glutamic acid-phenylalanine homopoly-
mers, phenylarsonate, lysozyme, and polysaccharides of Esch-
erichia coli and S. providenciae. We also found that an impor-
tant fraction of such autoantibodies share the cross-reactive
idiotypes of VHJ558* antibodies specific for foreign antigens
such as a1-3 dextran (J558), arsonate (CRI), influenza virus
(PY206), and GAT (pGAT) (7).

Based on these data, we began to investigate the activation
of autoreactive clones by GT as well as by an anti-Id antibody
carrying the internal image of the antigen.

The choice of GT versus a more physiological antigen was
based on the following: (a) the fundamental question of
whether a self-reactive clone can be activated by a foreign
antigen; (b) that GT is a chemically well-defined antigen elicit-
ing an immune response under Ir gene control (8); and (c) in
the GT system, we possess an anti-Id MAb that carries the
internal image of the antigen defined by a structural correlate
(9) the best criterion to define Ab23. Only two anti-Id antibod-
ies, one in the GT system and the other in the reovirus system
(10), were defined by both structural and physiological criteria
as being of the Ab28 type.

Because we previously found that MRL monoclonal RFs,
anti-DNA, or Smith antigen (Sm) antibodies bind to GT and
share ¢cGAT-IdX, we chose MRL/lpr mice to conduct these
experiments because it is known that the precursors of clones
producing autoantibodies specific for these self-antigens are
activated during the florid phase of the autoimmune disease
developed in MRL/lpr.

Our data show that immunization with GT or anti-Id anti-
bodies carrying the internal image of GT activates clones pro-
ducing antibodies that bind to GT and to self-antigens. Some
of these antibodies share the idiotopes of both anti-GT anti-
bodies and RFs, anti-DNA, and Sm antibodies. Although
some of these antibodies use genes derived from the same
variable region (V) germline as anti-GT antibodies, others use
completely different V genes.

1. Abbreviations used in this paper: Ab28, anti-idiotype antibody car-
rying the internal image of the antigen; CDR, complementary“deter-
mining region; GT, glutamic acid *-tyrosine*® homopolymer; IdX,
cross-reactive idiotype; Sm, Smith antigen; VH, heavy-chain variable
region; VK, light-chain variable region; V, variable region.



Methods

Animals

2-wk-old MRL/lpr and C3H/HeJ mice were purchased from Jackson
Laboratory, Bar Harbor, ME.

Antigens

Glutamic aéid *’tyrosine®® homopolymer (GT) was a gift from Dr. P.
Maurer (Jefferson University, Philadelphia, PA) and Sm antigen was a
gift from Dr. H. Dang (University of Texas, San Antonio, TX). Saimon
sperm DNA was acquired from Sigma Chemical Co. (St. Louis, MO).
HOPC1 (G2a)) was purified from ascitic fluid on protein A-Sepharose
(Pharmacia Fine Chemicals, Piscataway, NJ) column.

Antiidiotype antibodies

HP20 is a MAb specific for cGAT-IdX borne by G5 Bb2.2 (G5) an
anti-GT antibody. Chromatographically purified rabbit anti-Id idio-
type antibodies specific for LPS, 10-1, a BALB/c monoclonal RF; Y-2,
a MRL anti-Sm; and H130, a MRL anti-DNA MAb, were used in
these experiments. 63-4 is a syngeneic MAb specific for PY203, a
BALB/c anti-HP of PR8 (HINI) influenza virus. The specificity of
these anti-Id antibodies was previously described (7, 11).

Preparation of hybridomas and purification of MAbs

Hybridomas were prepared by fusion of splenic lymphocytes with
Sp2/0 according to a previously described technique (12). Positive
hybridomas cloned under stringent limiting dilution conditions (0.5
cell/well) were expanded in culture.

Antibodies from culture supernatant were purified on a rat anti-
murine K-Sepharose 4B column.

Measurement of concentration of antibodies

The concentration of antibodies in the sera of mice immunized with
CFA, GT or anti-Id antibodies was measured by RIA. Microtiter
plates were coated overnight at 4°C with antigen: 10 ug/ml, GT, 10
ug/ml HOPC1 (IgG2a, \) heated for 15 minutes at 56°C; 1 ug/ml Sm,
or polyarginine and DNA as previously described (7).

After being washed and postcoated with PBS-BSA, the plates were
incubated for 2 h with various dilution of sera (1:10-3,000) in BSA-
PBS-Tween. After being washed extensively, plates were incubated for
2 h at room temperature with '25I-labeled rat anti-mouse K antibody
(50,000 cpm/well). The concentration of antibody was determined by
using an interpolating computer program and standard curves con-
structed with MAbs specific for GT(G5), DNA(HB2), Sm (Y-2), and
RF (MRL55-18).

Binding of MAbs to Ags

The binding of MAbs to GT, DNA, Sm, and IgG2a was determined
using the same type of RIA as described above for the measurements of
antibody concentrations. Specificity of the binding was determined by
using a competitive inhibition RIA. This technique was carried out in
two steps: (@) in liquid phase, 0.5 ug of antibodies were incubated with
various amounts of antigen (0.1-10 ug) for 2 h at room temperature in
microtubes coated previously with BSA; and () 50 ul of this mixture
was transferred to microplates previously coated with antigens as de-
scribed above.

Affinity measurement

This was done according to Friguet et al. (13). Briefly, in a preliminary
experiment, each antibody, at various concentrations, was incubated
for different lengths of time in microtiter plates coated with antigens.
The content of each well was transferred into another coated well and
incubated at the same time. In the two series of wells, the bound
antibody was revealed using '*’I-labeled anti-K as described before.
This pilot experiment was performed to establish that no readjustment
of the equilibrium in the liquid phase would occur during the affinity
measurement. We considered a time period to be satisfactory when the

binding in the second set of wells was not < 85% of the binding ob-
served with the first set. The affinity was measured using an RIA
similar to the one described previously. Ab at a known concentration
was incubated overnight with various amounts of Ags in PBS-BSA.
The Ab-Ag mixture was then transferred into antigen-coated wells
incubated for the time determined in the preliminary experiment. The
binding was determined by '*’I-anti-K MAb. The calculation of the
affinity was performed according to Friquet et al. (13) and the K, is
expressed in grams/liter instead of molar/c because of the nature of the
source of the antigens used (varying molecular weight and heterogene-
ity of polymers) (14).

Study of idiotypy

Four idiotypic systems were used in this study defining cross-reactive
idiotypes on GT-specific antibodies and of autoantibodies specific for
DNA, Sm, and RFs. (@) IdX of GT antibodies. HP20 is an anti-Id MAb
recognizing an IdX expressed on G5, an MAD specific for the GAT
terpolymer. (b) IdX of anti-DNA antibodies. H130 is an anti-DNA
MAD obtained from MRL/Ipr mice and 108 is an anti-Id MAD against
H130. (¢) IdX of anti-Sm antibodies. Anti-Y-2 is a rabbit anti-Id anti-
body raised against Y2, an anti-Sm MADb obtained from an MRL/lpr
mouse. (d) IdX of RF. Y19-10 anti-LPS 10-1 defines a cross-reactive
idiotype recognized by polyclonal rabbit antibodies produced by im-
munization with LPS 10-1, which is a BALB/c MAb exhibiting RF
activity. Rabbit antibodies recognize an IdX on Y 19-10, a monoclonal
RF obtained from BALB/c mouse immunized with Yersinia enteroco-
litica. These idiotypic systems have been described in detail previously
(7). Presence of cross-reactive idiotypes was determined by a competi-
tive inhibition RIA as previously described (7). G51dX was determined
by a sensitive sandwich assay as previously described (15).

Molecular techniques

Extraction of RNA and Northern blotting. RNA was extracted from
3-5 X 107 cells using the guanidinium-thiocyanate method according
to a method previously described (16). Northern blotting was per-
formed by electrophoretically fractionating the RNA on a 1.2% aga-
rose gel (6% formaldehyde) in 40 mM 4-morpholino propane sulfonic
acid, 20 mM NaOAc and 2 mM EDTA. The gel was blotted overnight
onto nitrocellulose using 20X SSC. Blots were baked in a vacuum oven
for 2 h at 80°C.

Prehybridization was carried out at 42°C in 50% formamide, 5X
SSPE (20X = 2.4 M Nacl, 0.3 M sodium citrate, 0.2 M KH,PO,, 0.02
M EDTA), 5X Denhardt’s, 50 ug/ml sheared denatured salmon sperm
DNA. Probe was added at 2 X 10° cpm/ml in hybridization solution
(50% formamide, 5X SSPE, 1X Denhardt’s, 100 ug/ml salmon sperm
DNA, and 10% dextran sulfate). Blots were hybridized overnight at
42°C, then washed two times for 15 min in 2X SSC, 0.1% SDS at 68°C,
then two times in 0.1X SSC and 0.1% SDS for 15 min at 68°C, and
autoradiographed on Kodak XAR film and intensifying screens at
—70°C for a few days. The background was reduced by rewashing the
blots with proteinase K in buffer (16).

V gene probes. The VH gene family probes (VHX24, VH36-60,
VH36-09, VHI606, VHI558, VHS107, VHQPCS52, and VH7183) and
VK gene family probes (VK 1, VK2, VK4, VK8, VK9, VK10, VK19,
VK21, VK29, and VK24) were prepared as described elsewhere (17).
Probes were prepared according to standard technique (16). The prepa-
ration of the Lyl probe was carried out as previously described (18).

Nucleotide sequence. RNA from GP138-10 and H45-5 hybridomas
was prepared as above and cDNA was synthesized using a kit manu-
factured by Amersham Corp. (Arlington Heights, IL). Tailing of cDNA
3’ ends with dCTP, annealing with d6-tailed pUCB (Pharmacia Fine
Chemicals) and transfection of dH5d bacteria were done according to
Sikder et al. (19). Screening and selection of transformants and prepa-
ration was according to standard techniques (16) sequencing of double
standard plasmid DNA with sequenase was performed using the
Sanger method (20). Searching of Nucleotide Sequence Data Base |
and sequence comparison and analysis was assisted by computer soft-
ware described in reference 21.
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Results

(a) Synthesis of autoantibodies by animals immunized with
GT or HP20. As we demonstrated in previous experiments,
autoantibodies from MRL/Ipr mice bound to GT and shared
the idiotopes of G5, an anti-GAT antibody. Based on this
observation, we studied the in vivo significance of this particu-
lar binding specificity, namely, the effect of GT immunization
on the production of autoantibodies. In the same experiments,
we studied the effect of the immunization with HP20, an anti-
Id antibody that carries the internal image of GT, and of 63-4
monoclonal anti-Id specific for HA of influenza virus-specific
antibodies.

These experiments were carried out on 1-mo-old MRL/lpr
and C;H/HeJ mice bearing the same VH’ haplotype. We chose
MRL/Ipr mice, because it is known that they have the precur-
sors of clones producing autoantibodies specific for DNA, Sm
and RFs that are expanded in 3-mo-old mice.

The data depicted in Fig. 1 show that 1-mo-old MRL/lpr
mice injected with saline do not produce significant amounts
of autoantibodies during a 3-wk period.

A slight increase of autoantibody production was observed
in mice injected with CFA, which probably is related to poly-
clonal activators contained in mycobacteria cell wall. Both
MRL/Ipr and C;H/HeJ mouse strains injected with 50 ug GT
in CFA produced anti-GT antibodies. GT immunized mice
produced RF, which is not surprising based on data that dem-
onstrated that the immunization with T-dependent antigens is
associated with RF production in normal strains (22) as well as
those prone to autoimmune disease (23). Interestingly, a signif-
icant increased concentration of anti-DNA and Sm antibodies
was detected in GT-immunized MRL/lpr mice.

Immunization of mice three times during a 2-wk period
with 50 ug HP20 in saline caused a significant increase of
anti-GT antibodies in both mouse strains. This confirms that
HP20 is a true Ab2g3 bearing GT sequence in D region, func-
tion as an antigen. The immunization with HP20 elicited not
only the production of anti-GT antibodies but also autoanti-
bodies (Fig. 1). No increased concentration of anti-GT anti-
bodies or autoantibodies were observed in the animals injected
with saline or 63-4 anti-Id MADb.

These data clearly show that immunization with GT or
Ab28 activates clones that produce self-reactive antibodies.
This effect can be related to either activation of autoreactive
clones through an idiotypic cross-regulation mechanism of
parallel sets (15) or alternatively by activation of clones pro-
ducing multispecific antibodies.

(b) Frequency of hybridomas producing multireactive anti-
bodies prepared from animals immunized with GT or HP20.
Due to the quantitative limitations of serum samples used to
carry out absorption experiments on four antigen immunoad-
sorbants, and to study possible multibinding properties of anti-
bodies produced subsequent to immunization with GT or
HP20, we have prepared hybridomas from these mice.

Hybridomas have been prepared from 1-mo-old MRL/lpr
or C;H/HeJ mice after completion of immunization with GT
or anti-Id MAbs HP20 and 63-4. The hybridomas from ani-
mals immunized with GT were initially screened by using an
RIA technique for GT binding and the positive ones were
further selected for binding to self-antigens. The hybridomas
obtained from animals immunized with anti-Id antibodies
were screened for binding to GT and self antigens.
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Figure 1. Kinetics of occurrence of anti-GAT, DNA, Sm, and RF
antibodies in 1-mo-old MRL/Ipr and C;H/HeJ mice injected with
0.2-ml saline or CFA or immunized with GT in CFA or HP20 or
63-4 anti-Id MADbs in saline. The results represent average of concen-
tration of antibodies (in micrograms/milliliter)+SD of a group of five
mice.

After selection, the hybridomas were cloned and retested
for antigen binding activity. Positive clones were expanded in
culture and antibodies were purified from suppernatant on
antimurine K antibody-Sepharose 4B column.

From 1-mo-old MRL/Ipr mice immunized 2 wk before
fusion with CFA (0.2 ml), 146 hybridomas were obtained (des-
ignated FM series) and only one exhibited self reactivity.

From 1-mo-old MRL/lpr mice immunized 6 d before fu-
sion with GT in CFA (primary response), 694 hybridomas
were obtained (designated GP series). Four hybridomas exhib-
ited binding activity to GT and self-antigen and one only to
self-antigens.

From 1-mo-old mice immunized 14 d previoisly with GT
in CFA and 6 d before fusion with GT in saline (secondary
response) (designated GS series for MRL/Ipr and CGS series
for C;H/HeJ mice) 436 hybridomas were obtained from MRL
and 192 from C;H/HeJ. Four hybridomas from these mice
exhibited self reactivity.

From 1-mo-old mice immunized three times with antiid-
iotype antibodies in saline hybridomas were obtained.

From MRL/lpr mice immunized with HP20 antibodies
370 hybridomas (designated H series) were obtained, six exhib-
ited multispecific binding activity and three exhibited self-re-



activity. From 120 hybridomas obtained from MRL/lpr mice
immunized with 63-4 antibody (designated 63 series), only two
antibodies exhibited self-reactivity.

From 210 hybridomas obtained from C;H/HeJ mice im-
munized with HP20 (designated CH series) two bound to GT
and self-antigens and four to only self-antigens (see Table I).

From these data it appears that a high frequency of hybrid-
omas producing GT and self-reactive antibodies were observed
in animals prone to autoimmune disease and normal animals
immunized with HP20 and from GT primed MRL/lpr mice. It
should be mentioned that the majority of hybridomas produc-
ing GT antibodies from secondary GT response are devoid of
self-binding activity.

(¢) Antigen binding properties of multireactive MAbs. An-
tigen binding specificity of MAbs was studied by RIA in which
microtiter plates coated with antigen were incubated with var-
ious amounts of antibodies (1-30 ug) and then with '?’I-anti-
murine K MAb.

The data depicted in Fig. 2 show the binding activities
obtained from MRL/Ipr mice. One antibody obtained from
animals immunized with CFA (FM35-4) showed a significant
binding to dsDNA. Five antibodies obtained from GT primary
response exhibit the following binding properties: three bound
to GT and to autoantigens (GP88, GP99-5, and GP133), one
to GT, Sm, and DNA (GP138-10) and one displayed a weak
binding to GT, but significant binding to DNA (GP75-9).
From GT secondary response, two antibodies (GS4-1 and
GS11-1) bound to all four antigens tested, whereas GS13-1 was
a “sticky” antibody. Among antibodies obtained from animals
immunized with HP20 antiidiotype antibody, five exhibited
binding activity to GT and to one or several self-antigens
(H45-5,H16-5 H127-1, H4-2, and H8-1) and three only exhib-
ited binding to self-antigens (H17-1, H113-1, and H91-16).

Two antibodies from MRL/Ipr mice immunized with 63-4
MADbs exhibited significant binding to ds DNA only. A single
MAD from GT secondary response of C;H/HeJ mice (CGS21-

17) exhibited binding to Sm and DNA. Six antibodies were
obtained from C;H/HeJ immunized with HP20. Two antibod-
ies (CH154-1 and CH46-1) exhibited binding to GT, DNA,
Sm, and G2a, whereas four (CH113-1, CH24,10 CH55-8, and
CH154-1) showed a strong binding to DNA (Fig. 3).

We also studied the binding activity to self-antigens of
1B5-D7-F10, a GAT-specific MAD elicited by the immuniza-
tion of BALB/c mice with a synthetic peptide corresponding to
D region of Ab28 (Lys-Lys-Ala-Arg-Pro-Leu-Tyr-Phe-Arg-
His-Asp-Glu-Glu-Tyr-Tyr) coupled with BSA (24). The data
illustrated in Fig. 4 show that this MADb exhibited significant
binding activity to DNA, Sm, and G2a. The binding of MAbs
to antigens was inhibited in various degree by GT as well as by
self-antigens (data not shown). To obtain more precise infor-
mation on the interaction of the antibodies with the antigens
we measured the K, for GT and self-antigens of GP and H
series of multireactive antibodies obtained from MRL/lpr
mice. The data presented in Table II show that all these anti-
bodies have a moderate K, for both foreign and self antigens.
Whereas GP138-10, GP99-5, H8-1, H4-2, and H45-5 showed
one log higher affinity for GT than self-antigens, GP133,
GP88, and H16-5 showed a higher affinity for self antigens
compared with GT.

These results suggest that the clones producing multispeci-
fic antibodies subsequent to immunization with GT or Ab28
belong to primary GT repertoire characterized by Ig receptors
with moderate affinity for the antigen.

These data strongly suggest that autoreactive clones can be
activated in normal or animals prone to autoimmune diseases
by a foreign antigen or an Ab28. This observation implies that
the Ig receptor of such clones should have reasonably high
affinity for GT to bind the antigen and to deliver an activation
signal.

(d) Study of the expression of cross-reactive idiotype on
multispecific antibodies. Previous studies showed that GSIdX
is expressed on the majority of anti-GAT antibodies that bind

Table I. Frequency of Self-reactive Hybridoma MAbs Obtained from MRL/1pr and C;H/HeJ Mice

Binding specificity
No. of hybridomas
Origin of hybridomas obtained GT GT + self-antigen Self-antigen
MRL injected with CFA 146 (1) 0 0 1
(FM35-4)
MRL immunized with 1 X GT (primary) 694 (2) ) 4 1
(GP138-10, GP99-5, GP88, GP133) (GP75-9)
MRL immunized with 2 X GT (secondary) 436 (2) 7 2 1
(GS11-1, GS4-1) (GS13-1)
MRL immunized with 3 X HP20 370 3) 2 7 2
(H8-1, H16-5, H4-2, H45-5, H113-1, 1
H164-4, H127-1) (H17-1, H81-16)
MRL immunized 120 (1) 0 0 2
3 X634 (63-86-7, 63-99-7)
C;H/HeJ immunized 192 (1) 9 0 1
2XGT (CG21-17)
C;H/HeJ immunized 210(2) 3 2 4
3 X HP20 (CH154-1, CH113-1) (CH24-10, CH46-1, CH44-7,
CHS5-8)

All antibodies are IgM/k except H17-1 (IgG;/k) and CH24-10 (IgG, /k).

were obtained.

In parentheses, the number of fusions from which the hybridomas
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Figure 2. Dose-effect binding of various concentrations of MRL/lpr MADbs in solid phase RIA.
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to GT (25). Similarly, it was demonstrated that Y2IdX is
shared by anti-Sm antibodies (26), H130 IdX is a dominant
idiotype of anti-DNA antibodies (27) and LPS10-1 is a cross-
reactive idiotype shared by RF MAbs and autoantibodies with
other specificities (28). Therefore, it was important to deter-
mine whether or not these idiotypes were expressed on multi-

Table I1. K, of Autoantibodies Exhibiting Binding Specificity

Jfor GT and Self-Antigens
Antibody Antigens K,
GP138-10 GT 3.68 X 107
DNA 2.42 X 10°
Sm 2.56 X 10°
G2a 3.84 X 10°
GP99-5 GT 1.66 X 107
DNA 2.61 X 10°
Sm 3.0 X 107
G2a 2.15 X 10¢
GP88 GT 3.0 X 10¢
DNA 1.0 X 10¢
Sm 2.70 X 107
G2a 8.95 X 10°¢
GP133 GT 6.80 X 10°
DNA 1.0 X 107
Sm 1.50 X 107
G2a 2.93 X 107
HS-1 GT 4.46 X 107
DNA 5.90 X 10°
H17-1 DNA 2.86 x 10°
H16-5 GT 1.13 X 10¢
DNA 2.47 X 107
G2a 1.41 x 107
H4-2 GT 9.75 X 107
DNA 1.06 X 10’
Sm 1.52 X 10°
G2a 2.08 X 10®
H45-5 GT 1.27 X 107
DNA 4.67 X 10°
Sm 1.33 X 10°
G2a 1.68 X 10¢
H113-1 GT 9.50 X 10°
DNA 7.01 X 10®
G2a 1.13 X 10°

Activation of Self-reactive Clones
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Table III. Expression of G5IDX on MAbs Produced by MRL/Ipr
and C;H/HeJ Hybridomas

BSA 369+(100)*
GS 15,784(1,558)
FM35-4 459+(101)
GP75-9 309:(15)
GP138-10 321+(25)
GP99-5 149+(15)
GPs8 1,921+(50)
GP133 269+(53)
GS13-1 164+(94)
GS11-1 2774(102)
GS4-1 170£(26)
H16-5 4,070+(448)
H4-2 471+(21)
H17-1 240+(18)
H45-5 1,694+(136)
H129-1 2,615+(409)
H113-11 3,452+(226)
H164-4 2,530+(145)
63-99-7 1974(16)
63-86-7 163+(9)
CH24-10 311+(188)
CH154-1 248+(8)
CHI113-1 188+(11)
CH558 1811(44)
CH46-1 234+(71)
CH44-7 158+(11)

* Counts per minute average of triplicate (+SD).

specific antibodies obtained from MRL and C;H/HeJ mice.
The expression of IdX was determined by competitive inhibi-
tion RIA as described in material and methods. Data depicted
in Table III show the expression of G5IdX determined by a
sensitive sandwich assay. One antibody from the GP series and
five antibodies from the H series prepared from MRL/Ipr mice
expressed GSIdX. Because it is known that this IdX is ex-
pressed on a majority of anti-GAT antibodies (interstrain IdX)
(25), our results indicate that the clones producing multispeci-
fic antibodies activated by GT or Ab2p represent a subset of
the available GT repertoire.

Furthermore, the data presented in Table IV show that
among 24 antibodies obtained from MRL/Ipr and C;H/HeJ
mice immunized with GT or HP20, two share Y2IdX, three
share the H130 IdX, and eight share the LPS10IdX.

(e) Study of the expression of Lyl gene. There is plentiful
evidence suggesting that the Ly1B subset is involved in the
production of autoantibodies (16). Because it is difficult to
visualize by immunofluorescence the presence of Lyl antigens
on hybridomas, we used molecular techniques to identify the
expression of Lyl gene in our panel of hybridomas producing
autoantibodies.

In a previous study, we demonstrated that although hybrid-
omas producing autoantibodies obtained from strains prone to
autoimmunity (NZB, me", and MRL/lpr) failed to stain with
anti-Lyl MAbs, Lyl genes are expressed showing two tran-
scripts of 2.9 and 1.6 kb. Thymocytes and two CH lymphoma
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Table IV. Expression of Cross-Reactive Idiotypes of Anti-DNA
(H130), Anti-Sm (Y2), and RF (LPS10) on Autoantibodies
Obtained from MRL/Ipr and C; H/HeJ Mice

Cross-reactive idiotypes

Designation

of antibodies H130 LPS10 Y2

ng

FM35-4 *

GP88

GP138-10 500
GP99-5 150* 500
GP75-9

GP133 50
GS4-1

GP11-1

GS13-1 50

H45-5 150 50

H16-5 50

H127-1

H164-4 150 250
H17-1

H113-1

H4-2 500

H8-1

H81-16

63-88-77

63-99-7

CGS21-17 250

CH154-1

CH46-1

CHS55-8

CH24-10

CH44-7

CHI113-1 50

H130

LPS10 50

Y2 25
GS

* Less than 25% in inhibition with 500 ng.
# Amount of antibody giving 50% inhibition.

lines that were stained with anti-Ly1 expressed two species of
Lyl. mRNA (2.9 and 2.1 kb). Although the 2.9-kb transcript
thus appears to be a precursor message, the 2.1-kb transcript
found in thymocytes represents the mature transcript encod-
ing the 70-kD Ly antigen. An S1 nuclease protection assay in
a preliminary experiment carried out with the complete DNA
probe and RNA from thymus, CH lymphoma, and two hy-
bridomas producing 1.6 kb. Lyl message suggest that the 1.6-
kb band represents a truncated transcript (Mayer, R., V. Fi-
danza, Ch. Sidman, G. Haughton, L. Herzenberg, and C.
Bona, manuscript in preparation).

20 hybridomas from MRL and C;H mice were studied in
Northern blotting for the expression of Lyl gene. Only five
hybridomas obtained from MRL/Ipr mice (FM35-6, GP99-5,
GP133, GS11-1, and H91-12) and one from C;H/HeJ mice
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Figure 5. Northern blot

(CH113-1) have a 1.6-kb .Ly1 transcript (Fig. 5). The results
show that only a small fraction of multispecific antibodies
described in this study probably belong to Ly1.B subset.

(f) Characteristics of V gene families used by multispecific
antibodies. Expression of four IdXs on only a fraction of mul-
tispecific antibodies indicated that they are produced by a het-
erogenous population of clones activated subsequent to immu-
nization with GT or HP20. To strengthen this conclusion, we
proceeded to analyze Vy and Vi gene families from which the
rearranged V genes encoding multispecific antibodies are de-
rived. Fig. 6 illustrates an example of Northern blotting analy-
sis in which the RNA was probed with Vy probes. The data
presented show that with the exception of two antibodies that
used Vy J606 genes, all other antibodies used J558 and 3’ Vy

s :’; RNA ;’Zg“ed ﬁ'°': gene families.
Csyl_t;;;séj hybrﬁgr’x;[; 6 out of 27 hybridoma RNA did not hybridize with our
Blot was hybridized ) panel of Vi probes, each a prototype of 11 Vi families.
with Lyl1-cDNA probe A random usage of 11 Vi families was noted in the re-
(7-d exposure). maining 21 hybridomas. Note also that five hybridomas used
w0 ) 2
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Figure 6. Northern blot analysis of RNA ex-
tracted from MRL and C;H/HeJ hybridomas, hy-
bridized with VH7183, QPC52, J606, J558, and
S107 probes. RNA extracted from the following
cell lines were used as controls: 129-48 for
V7183, ID10 for V4QPC52, J606 for V4J606,
H130 for VyJ558, and HOPCS for V;;S107.
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Figure 7. Nucleotide sequence of VH genes expressed in GP138-10 and H45-5 hybridomas. Comparison with GAT-VH germline genes.

V22 and VK24 genes, which are rarely used in multispecific
antibodies (30).

To study the relatedness of V genes coding for multispecific
antibodies to those coding for GT specificities, we sequenced
the Vy and Vi genes of two multispecific antibodies using Vg
J558 genes.

It was reported that anti-GT antibodies are encoded by Vy
genes derived from the Vy J558 family (31) and Vi genes
derived from the Vg1 family (32).
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The VH rearranged into two hybridomas belong to the
largest murine VH family, VH J558. Schiff et al. (4) isolated 19
germline genes from a BALB/c genomic library using a cDNA
probe of a VH gene used by GAT antibodies. Based on the
sequence homology, Schiff et al. (31) classified VH GAT
germline genes in subdiscrete families.

Comparison of the sequences of two antibodies with germ-
line gene sequences show that they differ substantially from
H10, the prototype GT germline gene. The VH gene of
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Figure 8. Nucleotide sequence of VK gene expressed in GP138-10 hybridomas comparison with K5.1 GAT-VK1 germline gene.
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Figure 9. Nucleotide and amino acid translated sequence of H45-5 hybridomas. Comparison with amino acid sequence of HyGAL-1.

GP138-10 shows highest homology with H13-1 (an anti-GAT
germline gene). Two replacement mutations were observed in
CDRI, four in CDR2 and six in framework segments. The VH
gene is associated with a D segment corresponding to SP2.3
gene and unmutated JH2. H45-5 shows the highest homology
with H18 (anti-GAT germline gene): one replacement muta-
tion was noted in CDR 1, four were noted in CDR2, and nine
were noted in the framework segments. The VH gene of this
antibody is associated with a D segment corresponding to
FL16.1 gene and JH3 (Fig. 7).

These data show that VH genes of these two multispecific
antibodies are derived from different GAT VH germline gene
subfamilies and are associated with different D and JH gene
segments.

The majority of VK genes used by anti-GAT antibodies are
derived from VK1 subfamily (32). The data depicted in Fig. 8
show that GP138-10 expresses an identical sequence with
K5-1, one of the VK germline gene cloned from a BALB/c
genomic library by using a VK GAT-specific probe. By con-
trast, H45-5 uses a VK gene showing highest homology with
HyGAL-1 (VK4). Because VK HyGAL-1 is an amino acid
sequence (23), we used the translated protein sequence of
H45-5 for comparison. VK H45-5 shows one replacement
mutation in CDR1 and two in CDR2 and four in CDR3 com-
pared with HyGAL-1. Three replacement mutations around
15 and 40 were residues in frameworks 1 and 2. VK sequence
of this antibody is associated with JK2 like HyGAL-1 (Fig. 9).
These data clearly show that the clones producing multispeci-
fic antibodies expanded subsequent to immunization with GT
or HP20 anti-Id antibodies, use the same V genes related to
GAT antibodies as well as completely unrelated genes like VK
gene used by H45-5 MAb.

Discussion

There is increased evidence demonstrating that the immune
repertoire of normal animals and of animals prone to autoim-

mune disease contains clones bearing Ig receptors able to bind
both self- and foreign antigens (1, 2, 7). This degeneracy of the
receptor can have important implications on understanding
the onset of autoimmune disease because there are only a few
examples demonstrating the expansion of autoreactive clones
by autoantigens.

If the affinity of binding of self- and foreign antigens to Ig
receptor of such clones is similar, it may be envisioned that the
proliferation of autoreactive clones can be triggered by foreign
antigens. Alternatively, we hypothesized that the autoreactive
clones can be also activated by anti-Id antibodies mimicking
the self or foreign antigens (34).

In this communication, we present results demonstrating
that immunization with GT in CFA or with an anti-Id MAb
carrying the internal image of GT expanded clones producing
antibodies specific for GT and three self-antigens tested. The
synthesis of RF is not surprising because it was previously
shown that the conventional responses elicited by TI or TD
antigens is associated with the synthesis of RFs in both normal
animals (22, 23) and in healthy human subjects (35). However,
the appearance of anti-DNA and Sm antibodies in 1-mo-old
MRL/lpr and of anti-Sm antibodies in C;H/HeJ immunized
with GT or Ab2B is quite surprising because no increased
levels of anti-DNA or Sm antibodies were observed when the
mice were injected with saline, or with an irrelevant Ab28 or
CFA. Because of the polyclonal nature of serum antibodies,
which does not permit us to determine whether the anti-self
antibodies are produced by clones activated by GT and Ab28
or are produced by other clones, we prepared hybridomas
from MRL/Ipr and C;H/HeJ mice immunized with various
antigens.

Hybridomas producing antibodies specific for GT were
obtained from both MRL/Ipr and C;H/HelJ, whereas those
producing multispecific antibodies were obtained only from
MRL/lpr.

It should be mentioned that only two antibodies obtained
from the secondary GT response exhibited multispecific bind-
ing properties suggesting that the clones expanded by foreign
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Table V. Summary Results: Origin of Antibodies, Antigen Binding, Idiotype Expression, and V Gene Usage

Idiotype expression V Gene expression

Origin of hybridomas Designation Antigen binding G5 H-130 LPS10 Y2 Vi Vk

MRL Inj. CFA FM35-4 DNA J558 4

MRL immunized GP75-9 DNA, G2a J558 8

1 XGT GP138-10 GT, DNA, Sm, G2a + J558 1

(Primary) GP99-5 GT, DNA, Sm, G2a + + 7183 1

GP88 GT, DNA, Sm, G2a + QPCS52 9

GP133 GT, DNA, Sm, G2a + J606 1

MRL immunized GS 13-1 Sticky 107 1

2 XGT GS 11-1 GT, DNA, Sm, G2a J606 10

Secondary GS 4-1 GT, DNA, Sm, G2a J558 1

MRL immunized H16-5 GT, DNA, Sm, G2a + + J558 NI

3 X HP20 H4-2 GT, DNA, Sm, G2a + J558 9

H17-1 DNA QPC52 22

H45-5 GT, DNA, Sm, G2a + + + J558 4

H127-1 GT, DNA, Sm, G2a + QPC52 4

H8-1 GT, DNA ND NI NI

H113-11 GT, DNA, Sm, G2a + QPCs2 24

H164-4 GT, DNA + + + QPC52 NI

H91-16 GT, G2a ND QPC52 8

MRL immunized 63-99-7 DNA, G2a J558 10

3X 634 63-86-7 DNA J558 4

C;H immunized CGS21-17 DNA, G2a ND + 7183 NI
2XGT

C;H immunized CH24-10 DNA, Sm, G2a J558 22

3 X HP20 CH154-1 GT, DNA, Sm, G2a 7183 10

CH113-1 GT, DNA, Sm, G2a + 7183 NI

CHS55-8 DNA, Sm, G2a J558 NI

CH46-1 DNA, G2a J558 22

CH44-7 DNA QPC52 19

NI, not identified.

antigen from the memory pool are devoid of self-reactivity.
These data are in agreement with those reported by Naparstek
et al. (2), who showed that only primary anti-arsonate antibod-
ies exhibit self-binding properties. The immunization with
Ab2g carrying the internal image of the GT elicited the ex-
pansion of multispecific antibodies producing clones in both
strains with a higher frequency in MRL/lpr. This is not sur-
prising because the proportion of precursors of self-reactive
clones is an important component of the preimmune reper-
toire and is probably higher in the strains prone to autoimmu-
nity even before the onset of the disease. Actually, it is known
that the strains prone to autoimmune disease exhibit an accel-
erated maturation of the immune system compared to normal
strains.

Our observations strongly support the idea that the clones
immortalized as hybridomas from animals immunized with
HP20 have been expanded by virtue of GT molecular mimicry
by Ab28 HP20. First, no GT-specific or multireactive antibod-
ies have been obtained from MRL/Ipr mice immunized three
times in saline with 63-4 an anti-Id MAD specific for the IdI of
an antibody reactive with PR8 influenza virus hemagglutinin.
Second, an MAb obtained from BALB/c mice immunized
with a synthetic peptide corresponding to the D segment of
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HP20 that carries the internal image of the antigen exhibits
multispecific binding properties.

It should be mentioned that affinity measurements of anti-
bodies obtained from hybridomas prepared from MRL/lpr
mice immunized with GT or HP20 indicate that they are
roughly similar to self- and foreign antigens. Together, these
results suggest that GT or Ab28 carrying the internal image of
GT can activate clones that produce antibodies with a similar
affinity for self-antigens. Analysis of the expression of G5Id of
anti-GAT antibodies showed that one of five GT primary
MAD and five of eight from HP20 immunized animals ex-
pressed this idiotype. This frequency is expected from our
early prediction that, whereas Ab2a specific for regulatory
idiotopes expand mainly Ag* Id* clones, the Ab2« by virtue of
mimicry of the antigens stimulate the expansion of both Ag*
Id* and Ag* Id™ clones (36). This is also strongly supported by
previous data demonstrating that the injection of HP20 in-
duces Id+Ag— antibodies and that the D region of these anti-
bodies plays an important role in antigen recognition (38).

The analysis of the expression of IdX of autoantibodies
clearly indicate that the set of clones producing multispecific
antibodies is made up of a heterogenous population. Three
MAD share H130IdX of anti-DNA antibodies, two share



Y2IdX of anti-Sm antibodies, and eight share the LPS-10 IdX
of a monoclonal RF widely expressed in autoantibodies with
various specificities (37). Because it was shown that GAT anti-
bodies, exhibiting high affinity for GT determinants, are en-
coded by V genes deriving from a few germline genes of Vy
J558 family (Vy) and two germline genes from VI family we
have studied V genes usage in our set of multispecific anti-
bodies.

This study clearly shows that multispecific antibodies are
encoded by various Vy and Vi families, data in agreement
with idiotypic analysis indicating a clonal heterogeneity.

It should be mentioned that an overrepresentation of Vy
J558 and 3 and Vy families was observed in our panel of
multispecific antibodies, similar to those observed by us and
others in the case of autoantibodies with other specificities
(37-40). In contrast, in the case of Vi families we did not
observe a biased usage of Vg1, Vg4, Vk10, and V19 charac-
teristics of autoantibodies (30). Some Vi families such as V22
and V24 rarely used by other autoantibodies, were used by
five multispecific antibodies that also bound to DNA. The
ability to form similar combining sites by V genes from various
families is also supported by data reported by Akoklar et al.
(42) who showed that several antibodies specific for a(1-6)
dextran derive their V genes from various families.

These results summarized in Table V strongly suggest that
the clones producing multispecific antibodies that have been
expanded by GT, Ab28 carrying the internal image of GT or
synthetic peptide corresponding to D segment of Ab28, do not
belong to conventional subset of GT precursors.

To substantiate this conclusion we sequenced the V genes
of two hybridomas producing multispecific antibodies and
that, like GT antibodies, are encoded by Vy genes from Vy
J558 family. A few amino acid substitutions were observed in
CDRs and framework segments when their sequences were
compared with H13-1 and H-18 germline genes used by anti-
GAT antibodies. One antibody GP138-10 uses a VK gene
identical to K5-1 germline gene used by anti-GAT antibodies.
This would suggest that the six mutations observed in two
CDRs of VH and/or D segment are responsible for the binding
of GP138-10 to self-antigens in addition to GT. The VH of
H45-5 gene derived from H-18 germline gene is associated
with a VK4 light chain gene used by clones producing
anti-81-6 galactan antibodies (33), strongly supporting the idea
that clones producing antibodies binding to GT and self-anti-
gens could originate from a subset different from GT-antibody
cell precursors.

In conclusion, our data demonstrate that B cell clones pro-
ducing antibodies able to interact with a similar affinity con-
stant with a foreign and self-antigens may be expanded by the
foreign antigen or an anti-Id antibody carrying the internal
image of the foreign antigens. It appears therefore, that auto-
reactive clones can be activated by foreign antigens or anti-Id
antibodies produced in the response to immunizations or in-
fections and that such autoantibodies could be involved in the
pathogenesis of autoimmune diseases.
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