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Abstract

Experimental systemic lupus erythematosus (SLE) in mice can be induced by Immunization either
with a human monoclonal antl-DNA antibody bearing the 16/6 idiotype (16/6 Id) or with a mouse
monoclonal anti-idlotypic antibody specific for the 16/6 Id. In the present report we Investigated
the pathogenic role of a monoclonal anti-La autoantibody In the induction and mediation of
experimental SLE in mice. The monoclonal anti-La antibody was derived from a mouse in which
experimental SLE was Induced by immunization with the monoclonal anti-16/6 Id antibody.
Following Immunization with the anti-La antibody the mice produced antibodies to
double-stranded DNA, single-stranded DNA, Sm, SS-A/Ro, SS-B/La, and ribonucleoprotein.
Furthermore, even though the anti-La antibody does not express nor react with the 16/6 Id, the
Immunized mice produced high titers of anti-16/6 Id antibodies as well as 16/6 Id bearing
antibodies. Four months following immunization the mice exhibited significant proteinurla, and
kidney sections revealed immune complex deposits on the basement membrane of the glomeruli.
These results suggest that anti-La autoantibodies are Involved in the induction and mediation of
SLE in mice.

Introduction

Systemic lupus erythematosus (SLE) is regarded as the prototype
of systemic autoimmune disease. Among a large number of
different autoantibodies occurring in lupus, antibodies against
native double-stranded DNA (dsDNA) and the Sm nuclear
antigen are highly specific for the disease (1) Other auto-
antibodies to intracellular antigens also detectable in SLE are
directed against ribonucleoprota'n (RNP), SS-A/Ro, and SS-B/La
(1). The La protein with which anti-La autoantibodies react was
found to be associated with precursor forms of RNA polymerase
III transcripts (2) and appears to be a regulator of RNA
polymerase III transcription (3). Some small viral transcripts were
also shown to be complexed with the La protein (4); however,
the exact function in RNA metabolism remains uncertain. As
mentioned above, the La protein is one of the target antigens
of autoantibodies in the sera of patients with SLE and primary
Sjogren syndrome. Approximately 10% of patients with SLE and
40 - 60% with Sjogren syndrome have this antibody (1). Except

for an association between a congenital complete heart block
and autoantibodies to ribonucleoproteins in maternal connective
tissue disease (5), and anti-Ro antibodies and cutaneous lupus
erythematosus (6), the pathogenic relevance of these antibodies
is not clear. Moreover, attempts to induce a lupus like disease
by immunizing mice with DNA or preparations of purified nuclear
proteins have failed.

We have recently reported the induction of experimental SLE
in mice (7) by immunization with a human monoclonal anti-DNA
antibody. This antibody bears a common idiotype (16/6 Id) (8)
which was found to have clinical relevance in SLE patients (9).
Following immunization and boost with the 16/6 Id the mice
developed high titers of anti-16/6 Id and anti-anti-16/6 Id
antibodies (murine 16/6 Id bearing antibodies with anti-DNA
activity). ConcomitantJy with the anti-anti-16/6 Id antibodies,
autoantibodies directed against various nuclear antigens (Sm,
RNP, SS-A/Ro, SS-B/La) could be demonstrated. The induction
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226 Anti-La antibodies in systemic lupus erythematosus

of the disease was found to be strain dependent and to correlate
to the production of anti-16/6 Id antibodies (10). Experimental
SLE in mice could be induced even more efficiently by
immunizing the mice with a murine monoclonal anti-16/6 Id
antibody mAb 1A3-2 (11). We have recently established a
monoclonal autoantibody (mAb 2D12) specific to the La protein
derived from a mouse in which the disease was induced by
immunization with the anti-16/6 Id antibody (11). The anti-La
antibody was found to react similarly to anti-La antibodies from
sera of SLE patients in all parameters tested. In order to evaluate
the pathogenic role of this anti-La autoantibody in the induction
and mediation of experimental SLE, the antibody was injected
into female C3H.SW mice and was found to induce experimental
SLE similar to the disease obtained by using the 16/6 Id or the
monoclonal anti-16/6 Id antibody as the immunizing agent.

Methods

Mice

C3H SW mice were obtained from the Jackson Laboratory, Bar
Harbor (USA) and used for experiments at the age of
8 - 1 2 weeks.

Human mAbs

The human mAb 16/6 in an anti-DNA antibody that was derived
from an SLE patient (8). The hybridoma secreting the antibody
is grown in culture. The antibodies were precipitated from the
culture with 50% ammonium sulfate, and the affinity purified
material eluted from a goat-anti-human IgM-Sepharose 4B
column was used

Murine mAb

The monoclonal anti-La autoantibody mAb 2D12 was produced
from the fusion of X63.853 plasmacytoma cells with splenocytes
of a female C3H.SW mouse, in which experimental SLE was
induced by immunization with the monoclonal anti-idiotypic
antibody mAb 1A3-2 (11) directed against the 16/6ld. The mAb
2D12 was found to be of IgM isotype, with a x light chain. It does
not bear nor react with the 16/6 Id. In immunoblotting experiments
using gel separated nuclear proteins of HeLa cells the mAb 2D12
was shown to bind to the 48 kd La peptide. Using protease
digested nuclear extracts we could demonstrate the recognition
of identical epitopes on the 48 kd La protein by mAb 2D12 and
human anti-La sera from SLE patients. Furthermore, the binding
of McAb 2D12 to the 48 kd La protein could be inhibited by
human anti-La sera (D.Offen etal., unpublished results).

The mAb A-6 is an IgM anti-idiotypic antibody against mono-
clonal antibodies specific to the synthetic polypeptide (T.G)-A-L
(12) and was used as the control antibody for mAb 2D12. The
three hybridomas mAb 2D12, mAb 1A3-2, and mAb A-6 were
injected intrapentoneally into (C57BL/6xBALB/c)F, previously
injected with 2,6,10,14-tetramethylpentadecane (pnstane). Ascitic
fluids were harvested usually 20 days after inoculation of the
hybridoma cells. The mouse anti-La antibody mAb SW-5 (13) was
kindly provided by D.Williams (Kennedy Institute, London, UK).

Purification of murine mAbs

The different ascitic fluids containing the antibodies were affinity
purified on a goat anti-mouse Ig Sepharose 4B column. The
eluted Ig fraction was used after extensive dialysis against PBS.

Immunizations

Several groups of 5 - 10 mice were immunized with 12.5 /ig of
the mAb 2D12, mAb SW-5, or mAb A-6 in complete Freund's
adjuvant (Difco Laboratories Inc., Detroit, Ml) mtradermally into
the hind footpads. Three weeks later the mice were boosted with
the same amount of antibodies in PBS injected into the same sites.

Radioimmunoassay

For the detection of 16/6 ld+ antibodies flexible plastic microtiter
plates were coated with mAb 1A3-2; for anti-anti-La antibodies
mAb 2D12 and for anti-mouse IgM antibodies mAb A-6 were
used The different ascitic fluids containing the antibodies were
used at a dilution of 1:150 and 50 y\ of the latter were added
to each well. After 2 h incubation the plates were washed with
PBS containing 0.5% bovine serum albumin. The sera of the mice
(diluted 1:10 to 1 1000) were then added for 4 h. Thereafter,
plates were washed and incubated for 18 h with 125l-labeled
Protein A (1 xiOScpm/well). The plates were washed, wells
were cut out, and counted for bound radioactivity. For the
detection of anti-16/6 Id antibodies, wells were coated with the
human monoclonal 16/6 Id (50 /it of 10 jtg/ml) and 125l-labeled
goat anti-mouse Ig (1 x 10s cpm/well) was added.

Enzyme linked immunosorbent assay (ELISA)

Single-stranded DNA (ssDNA) and dsDNA were prepared as
previously described (14) Antibodies against Sm and RNP, and
against SS-A/Ro and SS-B/La were determined according to
Konikoff et al. (15) and Yamagata et al. (16), respectively Briefly,
polystyrene plates with 96 flat-bottom wells were coated first with
pdy-L-lysine (50 /tl of 50 /ig/ml), then with the antigen (2.5 /ig/ml).
Polystyrene coated plates with SS-A/Ro and SS-B/La were
purchased from BioHytech Ltd, Ramat-Gan, Israel. Ahquots of
150 jd of mouse serum (diluted 1 200 in PBS) were added to each
well, and the plates were incubated for 1 h at room temperature.
After washing with PBS-0.1% Tween 20, 150 /xl alkaline-
phosphatase-conjugated goat anti-mouse Ig were added. Plates
were then incubated for 18 h and washed again. Phosphatase
conjugate was detected by addition of 150 ^l p-nitrophenyt
phosphate (1 mg/ml in 50 mM NaHCO3, 2 mM MgCI2, pH 9.5)
at 23°C. Optical densities were read at 405 nm in a Dynatech
model MR 580 Micro ELISA reader (Dynatech, Denkendorf,
FRG).

Production of an extract of nuclear proteins from HeLa cells

Nuclear extracts of HeLa cells were prepared as described by
Dignam ef al (17), and stored frozen at - 20°C in the presence
of 0 01 mM phenylmethytsulfonyl fluoride (PMSF). The protein
concentration of these nuclear extracts was 5 mg/ml, as
determined by the method of Bradford (18).

Immunoblotting

Immunological detection of gel-separated nuclear proteins was
done according to Towbin et al. (19). Proteins were displayed
on 12% polyacrylamide gels in the presence of SDS. The gel-
separated proteins were transferred to nitrocellulose sheets by
electrophoresis at 250 mA for 8 h at 4°C, in a buffer containing
15 mMTris-base, 115 mM glycme, and 20% methanol. All
subsequent steps were carried out at room temperature. The
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blots were incubated for 1 h in a blocking solution consisting of
10% low fat milk, 0.02% Triton X-100, and 0.01% NaN3 in PBS.
Hybridoma supernatants, and human and mouse sera were
incubated with the blots for 1 - 4 h in heat-sealed plastic bags
with gentle shaking The filters were washed three times for
10min with blocking solution, and probed with 125 l-labeled
Protein A or goat anti-mouse Ig (106 cpm/lane) in PBS contain-
ing 0.01% Triton X-100 and 0.01% NaN3, for 1 h. The filters
were washed 3 times for 10 mm with blocking solution, blot-dned,
and autoradiographed.

Detection of protemuna

Proteinuna was measured semi-quantitatively using Combistix
kit (Ames-Miles, Slough, UK).

Immunohistology

Kidneys were removed from the mice and frozen immediately
in liquid nitrogen. Cryostat sections (5 ^m) were air dried for 2 h
and fixed in acetone for 10 mm. For the detection of Ig deposits,
the sections were covered for 30 mm with FITC-labeled rabbit
anti-mouse Ig (Nordic, Tilburg, The Netherlands). After washing
in PBS, the specific staining was analyzed by a fluorescent
microscope.

Results

Serological and clinical manifestations in mice immunized with
mAb 2D12

Three groups of 5 -10 female C3H.SW mice were immunized
and boosted with 12.5 ^g of the mAb 2D12 purified either from
culture supernatant or from ascitic fluid. Additional groups were
immunized with identical amounts of the control antibodies. The
mice were bled in 3-week intervals and their sera were tested
for antibody activity. No significant differences in the antibody
profile were observed in the sera of mice immunized with the
mAb 2D12 purified either from the culture supernatant or from
the ascitic fluid Antibody levels determined 3 months after the
booster injection are presented in Fig. 1. As can be seen in Fig. 1,
the mAb 2D12 immunized mice reacted to mAb 2D12 by
producing anti-anti-La antibodies (Fig. 1C). These antibodies are
specific since the titer of antibodies against mouse IgM is
significantly lower (Fig. 1D). Additionally, the mice exhibited high
titers of anti-16/6 Id antibodies (Fig. 1A) as well as antibodies
expressing the 16/6 Id (Fig. 1B). No such antibodies could be
detected in mice that were injected with the anti-La antibody mAb
SW-5 or with mAb A-6.

Since the presence of antibodies against a variety of nuclear
antigens and oligonucleotides is typical in SLE, the sera of all
groups of mice were tested for antibodies against dsDNA,
ssDNA, Ro, La, Sm, RNP, cardiohpin, histone, poly(G), and
poly(l). As shown in Table 1, the mice immunized with mAb2D12
produced high antibody titers against all the above-mentioned
antigens. The data were confirmed by immunoblotting experi-
ments using gel separated nuclear proteins of HeLa cells. As
shown in Fig. 2, antibodies binding to the 68, 48, 34, and 28 kd
bands, representing U1RNP, La, RNP, and SM, respectively,
were present in the sera of mice immunized with mAb 2D12. No
such antibodies were detectable in the sera of mice immunized
with mAb SW-5 and mAb A-6.

Anti-anti-La antibodies do not react with a polyclonal rabbit
anti-16/6 Id antiserum

The presence of antibodies expressing the 16/6 Id in the sera
of mAb 2D12 injected mice prompted us to investigate whether
anti-anti-La antibodies share idiotypic determinants that can be
recognized by a polyclonal rabbit antiserum specific to the 16/6
Id. However, as shown in Table 2, we could not demonstrate
any binding of the rabbit anti-16/6 serum to the anti-anti-La
antibodies. As also shown in Table 2, the mAb 2D12 does not
bind or express the 16/6ld. It should be mentioned that, as shown
in Fig. 1, the sera used in this experiment exhibited high levels
of 16/6 ld+ antibodies as well as anti-anti-La antibodies.

30

ICT2 I0"3

Serum Dilution

Fig. 1. Antibody responses of C3H.SW mice immunized with mAb
2D12 Groups of C3H SW mice immunized with mAb 2D12 ( • ) , mAb
SW-5 ( • ) , and mAb A-6 ( • ) were bled 3 months after immunization The
pooled sera of mice including preimmune mouse serum (o) were tested
for antibody activity. Flexible microtiter plates were coated with 16/6 Id
(A), munne anth16/6 Id (mAb 1 A3-2)(B), ant-La (mAb 2D12) (C), or munne
IgM (mAb A-6) (D) Following incubation with the diluted sera either
[125l]Protein A (B, C and D) or [125l]goat anti-mouse Ig (A) were added

Table 1 . Immune response to nuclear antigens in C3H SW mice
immunized with mAb 2D12

Antibodies

dsDNA
ssDNA
SS-A/Ro
SS-B/La
Sm
Cardiolipm
Histones
P°MG)
polyO)

Mice immunized with'

2D12

636
513

1360
1341
768
700
562
250
667

SW-5

422
398
370
431

90
nd.
nd.
160
n d

A-6

379
343
417
364
158
498
287
179
235

NMSa

258
180
360
318

98
374
204
174
330

Three months following immunization with either mAb 2D12 or control
antibodies mAb SW-5 and mAb A-6 mice were bled and their pooled
sera were tested for the presence of different antt-nuclear antibodies by
ELISA at a dilution of 1.200. Results are expressed as optical denisty
at 405nmx103.

aPreimmune mouse serum
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A B C D E F G H I

RNP 68K

La 48 K

RNP34K •—*

Sm 28/29K

Fig. 2. Nuclear antigens recognized by human and murine immune
sera and mAb. Gel separated and electroblotted proteins of HeLa cells
nuclear extract were probed with sera from different SLE patients (A, B,
and D) specific for RNP, SS-B/La, and Sm, (C) shows the blotting of an
anti-La serum from a patient with primary Sjogren Syndrome, sera from
mice immunized with mAb 2D12, mAb SW-5, and mAb A-6 are shown
in (E), (F), and (G), respectively; (H) represents the blot of preimmune
mouse serum; (I) shows the binding of mAb 2D12 to the 48 kd La protein
(A)-(D) were probed with [125l]Protem A (E)-(l) were probed with
[125l]goat anti-mouse Ig.

Table 2. Lack of expression of the 16/6 Id on anti-anti-La
antibodies

cpm

Experiment 1 a

Non-specific binding of 125l-goat anti rabbit
immunoglobulm to mAb 2D12 coated plates

Sera of mice immunized with mAb 2D12

Preimmune serum

Experiment 2b

Binding of mAb 2D12 to human 16/6 Id

Binding of mAb 2D12 to rabbit anti-16/6 Id

4466

5473

4847

1270
(860)=

1628
(1013^

BPlastic microtiter plates were coated with mAb 2D12 and incubated
with sera from mice immunized with mAb 2D12 (serum dilution 1:100).
The specific binding of a polyclonal rabbit anti-16/6 Id antibody to anti-
anti-La antibodies was detected by the addition of [125l]goat anti-rabbit
serum. The values of antibodies expressing the 16/6 Id in the sera used
in this RIA gave 17,258 cpm for mice immunized with mAb 2D12 versus
3542 cpm for preimmune serum

bTo examine the binding of mAb 2D12 to the 16/6 Id, the plates were
coated with the human 16/6 Id or the potyclonal rabbit anti 16/6 Id
antibody. Specific binding of mAb 2D12 (dilution 1 100) was detected
by [125l]goat anti-mouse Ig.

cThe values of the non-specific binding of [12S]goat anti-mouse Ig to
human 16/6 Id and rabbit anti-16/6 Id are given in brackets.

Kidney disease in the mAb 2D12 injected mice

Four months after the booster injection all the mice immunized
with mAb 2D12 developed moderate proteinurea of 0.3-3 g/l
(as compared to <0.3 g/l in the control groups). As shown in
Fig. 3, immunohistology of the kidneys demonstrated a granular
pattern of immunecomplex deposits on the basement mem-
branes in the glomeruli of the mouse injected with mAb 2D12
(Fig. 3A). No such deposits could be detected in preimmune mice
(Fig. 3D) or in mice immunized with the anti-La antibody mAb
SW-5 (Fig. 3B) or the control antibody mAb A-6 (Fig. 3C).

Discussion

In the present study we report the induction of experimental SLE
in mice by immunization with a mouse monoclonal anti-La auto-
antibody (mAb 2D12). Immunization of female C3H.SW mice with
mAb 2D12 led to the production of high titers of antibodies
against a variety of nuclear antigens (dsDNA, ssDNA, La, Ro,
Sm/RNP, cardiohpin, and histones). Additionally high titers of
antibodies bearing the 16/6 Id and anti-16/6 Id antibodies were
detectable. Four months after the boost, immune deposits in the
kidneys, typical to SLE, could be demonstrated in the immunized
mice (Fig. 3).

The presence of autoantibodies is a prominent feature in auto-
immune diseases and there is no doubt that in the case of auto-
antibodies to hormone receptors and some other cell surface
antigens the causal relationship between the antibody and the
disease is clearcut (20). However, for numerous autoantibodies
against intracellular antigens there is still a question as to their
pathogenic role in mediating disease. Some of the nuclear auto-
antigens in SLE have functions that are of essential biological
importance to eukaryotic cell survival (21,22). Reports have
addressed the question as to whether autoantibodies to nuclear
antigens are inducible in mice by immunization with purified
preparations of the corresponding antigen. These attempts
resulted in the production of antibodies reactive with heterologous
(23) and autdogous (13) protein, whereas it has not been possible
to induce SLE-like disease in the immunized animals. In the
present study we have shown that experimental SLE is inducible
in naive non-autoimmune mice by immunization with the
monoclonal anti-La autoantibody mAb 2D12 However, just the
antibody specificity for an autoantigen as the La peptide is not
sufficient to induce experimental SLE since immunization of mice
with mAb SW-5, which is a monoclonal anti-La antibody produced
by immunizing mice with purified La protein (13), did not cause
any autoimmune disorder (Figs 1 -3). In experiments earned out
for the characterization of mAb 2D12 we could demonstrate that
it is a true autoantibody and that identical epitopes on the 48 kd
La protein are recognized by human anti-La sera from SLE
patients and mAb 2D12 (D.Often etal., unpublished data). Yet,
the additional signals that direct the immune system of mice
immunized with mAb 2D12 towards an autoimmune response
are not known. We have demonstrated previously that experi-
mental SLE in mice can be induced by immunization with a
human monoclonal anti-DNA antibody expressing the 16/6
idiotype (7) or with a murine monoclonal anti-1676 Id antibody (11).

Additional studies showed clear evidence for the important role
of the 16/6 Id in the pathogenesis of SLE in that the suscepti-
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Fig. 3. Immunohistology of kidneys four months following immunization with mAb 2D12. Immunofluorescent staining of 5 iim frozen cryostat sections
of kidneys from mice immunized with mAb 2D12 (A), mAb SW-5 (B), and mAb A-6 (C); (D) shows a kidney section of a non-immunized mouse.
Ig deposits were detected in (A). The control sections (B)-(D) are negative.

bility to the induction of experimental SLE in mice correlated to
their ability to respond to the 16/6 Id by production of anti-16/6
Id antibodies (10). However, the mechanism that causes the
production of anti-16/6 Id and 16/6 Id bearing antibodies following
immunization with the mAb 2D12 is not clear. As shown in
Table 2, antibodies specific to the mAb 2D12 do not carry the
16/6 Id and also the mAb 2D12 neither binds to nor bears the
16/6 Id. However, even though there is no 'cross-reactivity'
between mAb 2D12 and anti-16/6 Id or 16/6 Id bearing antibodies
on the 'antibody level1, these antibodies may share V region
sequence homologies encoding related T cell epitopes that can
give rise to idiotypically interacting T cell clones and thus establish
a connection to the 16/6-idiotypic network.

The mAb 2D12 was established from a fusion carried out for
the preparation of murine 16/6 Id bearing anti-DNA antibodies.
From this fusion we could establish a complete parallel set of
antibodies (16/6 l d + - , anti-DNA*'-) (S. Mendlovic etal.,
unpublished results), suggesting a possible mode of interaction
of the 'double-negative' (16/6 Id-, anti-DNA-) mAb 2D12 with
the 16/6 idiotypic network via functionally related parallel sets
of autoantibodies. A similar mechanism was shown for anti-DNA

and anti-RNP antibodies in MRL-lpr/lpr mice (24).
The diversity of antinuclear antibodies detectable in SLE is

explained by being either the result of a non-specific polyclonal
B cell activation (25-27) or an antigen driven autoimmune
response to nuclear proteins (28). The question of whether lupus
autoantibodies are encoded in the germ line or are generated
and expanded in a response originally directed against
exogenous antigens is important, since it identifies the develop-
mental stage at which a given B cell clone acquires self specificity
and escapes the control of tolerance towards self. It is likely that
mAb 2D12—and probably other autoantibodies reactive with
nuclear antigens—can arise by mutation of a V gene segment
that originally encoded anti-DNA autoantibodies. Nucleotide
sequencing of the above-mentioned antibodies, as well as the
establishment of other monoclonal autoantibodies reactive with
nuclear antigens—now in progess—should reveal the basis of
their structural relationship.

The experiments described in the present study provide, to
the best of our knowledge for the first time, clearcut evidence
for a direct involvement of anti-La autoantibodies in the induction
and mediation of SLE.
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