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OBJECTIVE Description of the various autoantibodies that can be detected in patients with
systemic lupus erythematosus (SLE).

METHODS A literature review, using the terms “autoantibody” and “systemic lupus erythem-
atosus”, was conducted to search for articles on autoantibodies in SLE, their target
antigens, association with disease activity, or other clinical associations.

RESULTS One hundred sixteen autoantibodies were described in SLE patients. These include
autoantibodies that target nuclear antigens, cytoplasmic antigens, cell membrane antigens,
phospholipid-associated antigens, blood cells, endothelial cells, and nervous system an-
tigens, plasma proteins, matrix proteins, and miscellaneous antigens. The target of auto-
antibody, the autoantigen properties, autoantibody frequencies in SLE, as well as clinical
associations, and correlation with disease activity are described for all 116 autoantibodies.
CONCLUSIONS SLE is the autoimmune disease with the largest number of detectable autoan-
tibodies. Their production could be antigen-driven, the result of polyclonal B cell activation,

impaired apoptotic pathways, or the outcome of idiotypic network dysregulation.
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ystemic lupus erythematosus (SLE) is a multi-systemic

autoimmune disease that involves almost all the organs in
the human body. The great diversity of clinical manifesta-
tions in SLE (ranging, for example, from mild arthritis
through pericarditis and nephritis to life-threatening neuro-
psychiatric manifestations) is accompanied by a huge num-
ber of autoantibodies. Nonetheless, in contrast to other clas-
sical autoimmune diseases, the autoantigen in SLE is still
unknown. It has also not been determined whether all the
characteristic autoantibodies are pathogenic in SLE. While
many antibodies are detected in patients with rheumatoid
arthritis or polymyositis, there is no other autoimmune dis-
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ease similar to SLE with regard to the number of autoanti-
bodies found.

The aim of the present study was to conduct a literature
search for autoantibodies in SLE to uncover the many differ-
ent antibodies present in SLE patients. We summarize these
autoantibodies, describe their autoantigen properties and
prevalence in SLE, discuss whether or not their presence and
titers correlate with disease activity or have other clinical
correlations, as well as their significance in SLE manifesta-
tions and pathogenesis, and allude to theories on their di-
verse induction.

Methods

The English-language medical literature was searched for
original articles describing autoantibodies in SLE. Using
Medline, the search words used were “autoantibody” and
“systemic lupus erythematosus” and the years searched were
1960 to 2001. The aim was to describe the various autoanti-
bodies with respect to their target, the properties of the au-
toantigens targeted by these autoantibodies, and the preva-
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Autoantibody explosion in systemic lupus erythematosus

supported by animal models. Other autoantibodies also may
be pathogenic, but this requires further confirmation.

It is not clinically useful to follow most autoantibodies
serially, but some evidence suggests that follow-up is recom-
mended for certain antibodies. These include anti-DNA an-
tibodies (whose levels increase before disease exacerbation),
and antinucleosomes (which may be associated with lupus
nephritis and SLE flare). Two other autoantibodies that may
be useful to follow are lupus anticoagulant and anticardio-
lipin antibodies. Their presence is strongly associated with
thrombosis, and some reports note a decrease in their levels
following immunomodulation (ie, using IVIg). From the long
list of autoantibodies detected in SLE, we believe that those
that are clinically relevant and should be part of a rheuma-
tologists’ evaluation are ANA and antibodies against DNA,
nucleosomes, histones, Ro, La, snRNP, lupus anticoagulant,
cardiolipin, and B2GPI.

Discussion

In this article we summarized the diversity of autoantibodies
in SLE. It is obvious that some autoantibodies are directed to
nuclear and cytoplasmic macromolecules and to cell mem-
branes, while others react with lipid components or attach to
the cardiac conduction system. The antibodies differ in their
binding characteristics and in their prevalence. Some are fre-
quent such as anti-dsDNA, which nearly always appears in
one stage or another of the disease (13-14), while others have
been described in only a few patients.

Another feature that differs among antibodies is their
pathogenicity. The pathogenic potential is expressed as a
correlation between autoantibody titer and disease activity
(remissions and exacerbations) such as anti-dsDNA, in
pathogenic mechanisms that explain the clinical findings
(such as anti-Ro, anticardiolipin), and in identification of the
autoantibody at the “scene of the crime” (anti-dsDNA in the
kidneys, anti-Ro in the cardiac conduction system). Some
autoantibodies tend to appear simultaneously (anticardio-
lipin and anti-dsDNA, or anti-Ro and anti-La); the reason for
the simultaneous appearance of autoantibodies is usually un-
known. Along with the impressive tendency for autoanti-
body multiplicity, some are not specific for SLE (ie, rheuma-
toid factor in rheumatoid arthritis, anti-Ro in Sjogren’s
syndrome, anti-RNP in mixed connective tissue disease) and
are even more characteristic of other diseases. Nevertheless,
some autoantibodies are more specific for SLE, such as anti-
Sm, and appear almost exclusively in SLE.

The etiology of autoantibodies in SLE, their huge number,
and especially the etiology of SLE are subject to different
theories. One is the induction of autoantibodies and SLE by
an environmental antigen based on the fact that many amino
acid sequences of autoantibodies (mainly anti-dsDNA) have
somatic mutations in CDR3, the antigen-binding site of the
autoantibodies. These mutations occur to increase the spec-
ificity and avidity of the autoantibody to its antigen and are
usually the result of stimulation by the antigen/autoantigen.
Many antigens have been demonstrated as inducers of so-
matic mutations, including the nonimmunogenic DNA (with

bacterial DNA, DNA dimers, etc.) and several environmental
factors.

There is some evidence that anti-dsDNA production is
antigen-driven. For example, all 4 monoclonal anti-DNA an-
tibodies generated in MRL/lpr mice were clonally related, and
the nucleotide sequences showed numerous somatic muta-
tions, which suggested positive selection by antigen (356). In
addition, using hybridomas from BALB/c mice immunized
with a minitope peptide of DNA, Putterman and coworkers
(357) generated 3 groups of antibodies: those reactive with
the peptide alone, those that were cross-reactive with other
autoantigens typically found in SLE, and autoantibodies that
did not bind to the peptide. Many of the heavy and light
chains displayed evidence of somatic mutations, suggesting
that they were induced by antigen-activated B cells (357).
The same peptide used for immunization of BALB/c mice
caused the production of anti-dsDNA antibodies and immu-
noglobulin deposition in renal glomeruli (358). As summa-
rized by Radic and coworkers (359), the molecular charac-
terization of anti-dsDNA antibodies suggests that they are
actively selected for binding to antigens. Evidence for antigen
selection includes the use of suitable rearrangement prod-
ucts, switching of IgM isotype to IgG, and acquisition of
somatic mutations that raise the affinity for dsSDNA. The data
indicating that anti-dsDNA antibodies bind with DNA se-
quence preference suggest that these antibodies might be
induced by infectious agents that, in turn, extend the re-
sponse to endogenous nuclear antigens (359).

There is no single antigenic factor that can account for
autoantibody induction, and certainly not for the diversity of
antigenic targets presented in Tables 1 to 10, unless this
“inductive agent” leads to dysregulation and/or polyclonal ac-
tivation of B cells. Therefore, an alternative explanation is that
SLE results from a multi-genetic defect that results in over-
activation of B cells. The great diversity of autoantibodies
found in SLE supports polyclonal B cell activation as a mech-
anism of autoantibody production. Klinman and Steinberg
(360) compared the number of B cells reactive with any of 7
autoantigens to the total number of immunoglobulin-secret-
ing B cells in the spleens of autoimmune mice. The propor-
tion of B cells producing autoantibodies out of the total B cell
repertoire was identical in autoimmune and nonautoimmune
animals, suggesting that systemic autoimmunity may arise
from polyclonal B cell activation (360). It appears that B cells
have a crucial role in SLE, and indeed the removal of B cells
from MRL/Ipr mice prevented the disease.

SLE is characterized by alterations in T cells as well. Filaci
and coworkers (361) have recently shown that CD8+ T sup-
pressor lymphocytes from SLE patients had a peculiar cyto-
kine pattern characterized by impaired secretion of interleu-
kin (IL)-6 and increased secretion of IL-12. IL-6 and
interferon-gamma (INF-vy) were responsible for the suppres-
sor activity of these cells, and blocking these cytokines’ ac-
tions resulted in counteraction of CD8+ suppressor activity
(361). Blanco and coworkers (362) reported the induction of
normal monocytes into dendritic cells in the serum of SLE
patients. This capacity correlated with disease activity and
depended on the actions of INF-a (362). These dendritic
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cells captured antigens from dying cells and presented them
to CD4+ T cells.

Another theory for the pathogenesis of SLE and autoanti-
body production relates to apoptosis. Apoptosis might be in-
volved in SLE pathogenesis in 3 different ways. First, apopto-
tic material drives autoimmune responses in SLE. This
assumption could help resolve certain enigmas regarding
SLE. The diversity of autoantibodies found in SLE might be
explained by the various antigens presented on the surface of
cells during apoptosis. However, not all autoantigens are pro-
cessed in the same way during apoptosis and some are not
externalized in blebs. Apoptosis results in disruption of in-
tracellular boundaries (thus exposing cytoplasmic and nu-
clear antigens), and in clustering and structural modification
of nuclear, cytoplasmic, and membrane autoantigens—the
main autoantibodies in SLE (363,364). Another finding sup-
porting the hypothesis of apoptotic material as an autoim-
mune “inducer” in SLE is the association between comple-
ment deficiency states and SLE. As complement proteins
facilitate the clearance of apoptotic material, it is not surpris-
ing that in complement deficiency states (ie, C1q deficiency)
the exposure to apoptotic material is more persistent. Thus,
development of glomerulonephritis in complement-deficient
animals is associated with failure of clearance of apoptotic
material in the kidney (365).

Another way that apoptosis might cause SLE is impairment
of apoptosis during lymphocyte development and matura-
tion, leading to the presence of autoreactive cells. Impaired
apoptosis could result from various factors, including defi-
ciencies in pro-apoptotic mediators, over-expression of anti-
apoptotic mediators, or acquired factors (366). One of the
most investigated pathways is the signaling through the Fas
receptor. MRL mice with defective Fas receptors or defective
Fas ligands develop a lupus-like syndrome, while humans
with impaired Fas activity might develop the autoimmune
lymphoproliferative syndrome (367). Finally, apoptosis may
also participate in SLE target organ injury. Some autoanti-
bodies in SLE directly induce apoptosis, such as antiannexin
V antibodies, which have a direct apoptotic effect on endo-
thelial cells (368). More generally however, autoantibodies
can induce apoptosis by antibody-dependent cell-mediated
cytotoxicity (369), as might some SLE-antibodies.

Idiotypic network dysregulation is another possible explana-
tion for the pathogenesis and multiple autoantibodies found
in SLE. The idiotypic network is composed of interacting
antibodies where the idiotypic determinants of each antibody
are complemented by those of another (370). While there
may be some understanding regarding the way autoantigens
are exposed to the immune system in SLE, and how the
produced autoantibodies interact with intracellular autoan-
tigens, how this interaction leads to the diverse clinical man-
ifestations in SLE is unknown. Idiotypic network dysregula-
tion might provide an answer to this enigma.

Immunoglobulins bearing certain public idiotypes (such
as IdGN2) contain nephritogenic autoantibody subsets. In a
comparison of renal biopsy specimens from SLE patients and
patients with non-SLE immune glomerulonephritis, IdGN2
was present in 75% of the biopsy specimens in the former,
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example, enhanced production of cytokines, enhanced mu-
tational activity, abnormalities in positive and negative selec-
tion of B cells, and abnormalities in B cell activation, migra-
tion, or signaling could all contribute to SLE development.
These abnormalities may be due to different genetic defects
leading to the same result. Some of these abnormalities also
may account for what seems to be an antigen-driven response
in SLE. The tendency to produce extensively mutated, high-
avidity IgG anti-DNA antibodies suggests that these autoan-
tibodies are antigen-driven. Nonetheless, back-mutation of
immunoglobulin genes results in loss of anti-DNA binding
capacity, which suggests that somatic hypermutational activ-
ity causes production of these antibodies (379). This activity
can result from other antigens and from polyclonal activation
of B cells. Such induced over-activity is expected in the pres-
ence of a priori intrinsic generalized B cell over-activity, and
it can result in the production of autoantibodies. It is reason-
able to speculate that a combination of repeated environmen-
tal antigenic stimuli can drive individuals with genetic abnor-
malities into actual autoimmunity.

(355)

Associated with severe disease

References

1. Hollingsworth PN, Pummer SC, Dawkins RL. Antinuclear antibodies.
In: Peter JB, Shoenfeld Y, editors. Autoantibodies. Amsterdam:
Elsevier Science B.V., 1996:74-90.

2. Tan EM, Cohen AS, Fries JF, Masi AT, McShane DJ, Rothfield N, et al.
The 1982 revised criteria for the classification of systemic lupus ery-
thematosus. Arthritis Rheum 1982:25:1271-7.

3. Amoura Z, Koutouzov S, Chabre H, et al. Presence of antinucleosome
antibodies in a restricted set of connective tissue diseases: antinucleo-
some antibodies of the IgG3 subclass are markers of renal pathogenic-
ity in systemic lupus erythematosus. Arthritis Rheum 2000;43:76-84.

4. Amoura Z, Chabre H, Koutouzov S, et al. Nucleosome-restricted an-
tibodies are detected before anti-dsDNA and/or antihistone antibodies
in serum of MRL/Mp Ipr/lpr and +/+ mice, and are present in kidney
eluates of lupus mice with proteinuria. Arthritis Rheum 1994;37:
1684-8.

5. Tax WJ, Kramers C, van Bruggen MC, Berden JH. Apoptosis, nucleo-
somes and nephritis in systemic lupus erythematosus. Kidney Int
1995;48:660-73.

6. Chabre H, Amoura Z, Piette JC, Godeau P, Bach JF, Koutouzov S.
Presence of nucleosome-restricted antibodies in patients with sys-
temic lupus erythematosus. Arthritis Rheum 1995;38:1485-91.

7. Burlingame RW, Boey ML, Starkebaum G, Rubin RL. The central role
of chromatin in autoimmune responses to histones and DNA in sys-
temic lupus erythematosus. J Clin Invest 1994;94:184-92.

8. Koffer D, Schur PH, Kunkel HG. Immunological studies concerning
the nephritis of systemic lupus erythematosus. J Exp Med 1967;126:
607-23.

9. Leon SA, Green A, Ehrlich GE, Roland M, Shapiro B. Avidity of anti-
bodies in SLE: relation to severity of renal involvement. Arthritis
Rheum 1977;0:23-9.

10. ter Borg EJ, Horst G, Hummel EJ, Limburg PC, Kallenberg CG. Pre-
dictive value of rises in anti-double-stranded DNA antibody levels for
disease exacerbations in systemic lupus exacerbations: a long-term
prospective study. Arthritis Rheum 1990;33:634-43.

11. Lafer EM, Valle RP, Moller A, Nordheim A, Schur PH, Rich A, Stollar
BD. Z-DNA-specific antibodies in human systemic lupus erythemato-
sus. J Clin Invest 1983;71:314-21.

12. Thomas TJ, Meryhew NL, Messner RP. DNA sequence and conforma-
tion specificity of lupus autoantibodies. Preferential binding to the
left-handed Z-DNA form of synthetic polynucleotides. Arthritis
Rheum 1988;31:367-77.

13. Pincus T, Schur PH, Rosa JA, Decker JL, Talal N. Measurement of
serum DNA-binding activity in SLE. N Eng J Med 1969;281:701-5.

No

39%

glycoprotein that
binds to laminin

and type IV

membrane
collagen

Basement

Entactin (nidofen)
connective tissue disease; ND, not determined; PM, polymyositis; PMR, polymyalgia rheumatica; RA, rheumatoid arthritis; SLE, systemic lupus erythematosus; SS, Sjogren’s syndrome; SSc,

systemic sclerosis; UCTD, undifferentiated connective tissue disease.
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Abbreviations: aCL, anticardiolipin; ANA, antinuclear antibodies; APS, antiphospholipid syndrome; CNS, central nervous system; CSF, cerebrospinal fluid; LAC, lupus anticoagulant; MCTD, mixed
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