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utoantibody Explosion in Systemic Lupus
rythematosus: More than 100 Different
ntibodies Found in SLE Patients

aniv Sherer MD,* Alexander Gorstein MD,* Marvin J. Fritzler MD, PhD,† and
ehuda Shoenfeld MD*

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.
Semin Arthritis Rheum 34:501-537 © 2004 Elsevier Inc. All rights reserved.

KEYWORDS apoptosis, autoantibody, idiotype, epitope spreading, systemic lupus erythema-
tosus
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ystemic lupus erythematosus (SLE) is a multi-systemic
autoimmune disease that involves almost all the organs in

he human body. The great diversity of clinical manifesta-
ions in SLE (ranging, for example, from mild arthritis
hrough pericarditis and nephritis to life-threatening neuro-
sychiatric manifestations) is accompanied by a huge num-
er of autoantibodies. Nonetheless, in contrast to other clas-
ical autoimmune diseases, the autoantigen in SLE is still
nknown. It has also not been determined whether all the
haracteristic autoantibodies are pathogenic in SLE. While
any antibodies are detected in patients with rheumatoid

rthritis or polymyositis, there is no other autoimmune dis-
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ase similar to SLE with regard to the number of autoanti-
odies found.
The aim of the present study was to conduct a literature

earch for autoantibodies in SLE to uncover the many differ-
nt antibodies present in SLE patients. We summarize these
utoantibodies, describe their autoantigen properties and
revalence in SLE, discuss whether or not their presence and
iters correlate with disease activity or have other clinical
orrelations, as well as their significance in SLE manifesta-
ions and pathogenesis, and allude to theories on their di-
erse induction.

ethods
he English-language medical literature was searched for
riginal articles describing autoantibodies in SLE. Using
edline, the search words used were “autoantibody” and

systemic lupus erythematosus” and the years searched were
960 to 2001. The aim was to describe the various autoanti-
odies with respect to their target, the properties of the au-

oantigens targeted by these autoantibodies, and the preva-
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508 Y. Sherer et al.
ence of each of the autoantibodies in SLE, to determine if
heir presence or titers correlate with disease activity and to
eveal additional clinical associations. All the articles dealing
ith these autoantibodies were reviewed but not all were
sed. Of the many reports on the most characterizing auto-
ntibodies of SLE, such as antinuclear antibodies (ANA) and
nti-dsDNA, we chose only a few, the most important ones.
n the other hand, we discuss some autoantibodies that were

ited only rarely (some were described in only one or a few
apers).

esults
he literature search disclosed 116 different autoantibodies
eported in SLE. Tables 1 to 10 (1-355) describe the proper-
ies of the autoantigen targeted by each of the autoantibodies,
he prevalence of autoantibodies, whether they correlate with
isease activity, and which clinical findings are associated
ith the autoantibodies in SLE.
Although any SLE patient might simultaneously have a

elatively large number of autoantibodies, most of the auto-
ntibodies described in Tables 1 to 10 are not found in most
LE patients. Whereas ANA are found in nearly all SLE pa-
ients (1-2), and others (such as anti-DNA) are detected in the
ast majority of cases, most autoantibodies are found in only
minority of patients. In addition to the different autoanti-
ody frequency, there is also a great variability regarding the
orrelation with disease activity and clinical associations.
ome autoantibodies correlate with disease activity and clin-
cal manifestations: for example, increased anti-dsDNA anti-
ody levels preceding disease exacerbations, anti-Ro anti-
odies associated with congenital heart block, and
ntiribosomal P proteins antibodies associated with nephritis
nd central nervous system (CNS) involvement. In contrast,
any other autoantibodies have no correlation with disease

ctivity or any clinical manifestation of SLE.
Another important issue is the specificity of the different

utoantibodies. While antiribosomal P protein antibodies are
ighly specific for SLE, other autoantibodies (such as an-
iphospholipid, anticalpastatin, etc.) also are found in other
utoimmune diseases, and in some cases, are a better marker
or another autoimmune disease rather than for SLE (eg, anti-
cl-70). The mystery, however, is how these autoantibodies
ontribute, if at all, to the pathogenesis of SLE.

Tables 1 to 10 illustrate that as many as 62 of these auto-
ntibodies are found in more than 20% of patients with SLE.
owever, among these 62 autoantibodies, 43 can be detected

n the presence of other autoantibodies mentioned in Tables
to 10. With regard to a possible pathogenic role of these

utoantibodies, there is no general agreement in the litera-
ure, with some authors claiming that almost none are patho-
enic and are merely an epiphenomenon. We believe that the
utoantibodies most likely to exert a pathogenic role are
hose directed toward nucleosomes, DNA, PARP, Ro, gan-
liosides, phospholipids, beta-2-glycoprotein-I (�2GPI),
latelet glycoproteins, endothelial cells, red blood cells, and
ertain idiotypes. The strength of the evidence correlating
pathogenicity differs among autoantibodies, occasionallyTa
b
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Autoantibody explosion in systemic lupus erythematosus 509
upported by animal models. Other autoantibodies also may
e pathogenic, but this requires further confirmation.
It is not clinically useful to follow most autoantibodies

erially, but some evidence suggests that follow-up is recom-
ended for certain antibodies. These include anti-DNA an-

ibodies (whose levels increase before disease exacerbation),
nd antinucleosomes (which may be associated with lupus
ephritis and SLE flare). Two other autoantibodies that may
e useful to follow are lupus anticoagulant and anticardio-

ipin antibodies. Their presence is strongly associated with
hrombosis, and some reports note a decrease in their levels
ollowing immunomodulation (ie, using IVIg). From the long
ist of autoantibodies detected in SLE, we believe that those
hat are clinically relevant and should be part of a rheuma-
ologists’ evaluation are ANA and antibodies against DNA,
ucleosomes, histones, Ro, La, snRNP, lupus anticoagulant,
ardiolipin, and �2GPI.

iscussion
n this article we summarized the diversity of autoantibodies
n SLE. It is obvious that some autoantibodies are directed to
uclear and cytoplasmic macromolecules and to cell mem-
ranes, while others react with lipid components or attach to
he cardiac conduction system. The antibodies differ in their
inding characteristics and in their prevalence. Some are fre-
uent such as anti-dsDNA, which nearly always appears in
ne stage or another of the disease (13-14), while others have
een described in only a few patients.
Another feature that differs among antibodies is their

athogenicity. The pathogenic potential is expressed as a
orrelation between autoantibody titer and disease activity
remissions and exacerbations) such as anti-dsDNA, in
athogenic mechanisms that explain the clinical findings
such as anti-Ro, anticardiolipin), and in identification of the
utoantibody at the “scene of the crime” (anti-dsDNA in the
idneys, anti-Ro in the cardiac conduction system). Some
utoantibodies tend to appear simultaneously (anticardio-
ipin and anti-dsDNA, or anti-Ro and anti-La); the reason for
he simultaneous appearance of autoantibodies is usually un-
nown. Along with the impressive tendency for autoanti-
ody multiplicity, some are not specific for SLE (ie, rheuma-
oid factor in rheumatoid arthritis, anti-Ro in Sjogren’s
yndrome, anti-RNP in mixed connective tissue disease) and
re even more characteristic of other diseases. Nevertheless,
ome autoantibodies are more specific for SLE, such as anti-
m, and appear almost exclusively in SLE.

The etiology of autoantibodies in SLE, their huge number,
nd especially the etiology of SLE are subject to different
heories. One is the induction of autoantibodies and SLE by
n environmental antigen based on the fact that many amino
cid sequences of autoantibodies (mainly anti-dsDNA) have
omatic mutations in CDR3, the antigen-binding site of the
utoantibodies. These mutations occur to increase the spec-
ficity and avidity of the autoantibody to its antigen and are
sually the result of stimulation by the antigen/autoantigen.
any antigens have been demonstrated as inducers of so-

atic mutations, including the nonimmunogenic DNA (with d
acterial DNA, DNA dimers, etc.) and several environmental
actors.

There is some evidence that anti-dsDNA production is
ntigen-driven. For example, all 4 monoclonal anti-DNA an-
ibodies generated in MRL/lpr mice were clonally related, and
he nucleotide sequences showed numerous somatic muta-
ions, which suggested positive selection by antigen (356). In
ddition, using hybridomas from BALB/c mice immunized
ith a minitope peptide of DNA, Putterman and coworkers

357) generated 3 groups of antibodies: those reactive with
he peptide alone, those that were cross-reactive with other
utoantigens typically found in SLE, and autoantibodies that
id not bind to the peptide. Many of the heavy and light
hains displayed evidence of somatic mutations, suggesting
hat they were induced by antigen-activated B cells (357).
he same peptide used for immunization of BALB/c mice
aused the production of anti-dsDNA antibodies and immu-
oglobulin deposition in renal glomeruli (358). As summa-
ized by Radic and coworkers (359), the molecular charac-
erization of anti-dsDNA antibodies suggests that they are
ctively selected for binding to antigens. Evidence for antigen
election includes the use of suitable rearrangement prod-
cts, switching of IgM isotype to IgG, and acquisition of
omatic mutations that raise the affinity for dsDNA. The data
ndicating that anti-dsDNA antibodies bind with DNA se-
uence preference suggest that these antibodies might be

nduced by infectious agents that, in turn, extend the re-
ponse to endogenous nuclear antigens (359).

There is no single antigenic factor that can account for
utoantibody induction, and certainly not for the diversity of
ntigenic targets presented in Tables 1 to 10, unless this
inductive agent” leads to dysregulation and/or polyclonal ac-
ivation of B cells. Therefore, an alternative explanation is that
LE results from a multi-genetic defect that results in over-
ctivation of B cells. The great diversity of autoantibodies
ound in SLE supports polyclonal B cell activation as a mech-
nism of autoantibody production. Klinman and Steinberg
360) compared the number of B cells reactive with any of 7
utoantigens to the total number of immunoglobulin-secret-
ng B cells in the spleens of autoimmune mice. The propor-
ion of B cells producing autoantibodies out of the total B cell
epertoire was identical in autoimmune and nonautoimmune
nimals, suggesting that systemic autoimmunity may arise
rom polyclonal B cell activation (360). It appears that B cells
ave a crucial role in SLE, and indeed the removal of B cells
rom MRL/lpr mice prevented the disease.

SLE is characterized by alterations in T cells as well. Filaci
nd coworkers (361) have recently shown that CD8� T sup-
ressor lymphocytes from SLE patients had a peculiar cyto-
ine pattern characterized by impaired secretion of interleu-
in (IL)-6 and increased secretion of IL-12. IL-6 and

nterferon-gamma (INF-�) were responsible for the suppres-
or activity of these cells, and blocking these cytokines’ ac-
ions resulted in counteraction of CD8� suppressor activity
361). Blanco and coworkers (362) reported the induction of
ormal monocytes into dendritic cells in the serum of SLE
atients. This capacity correlated with disease activity and

epended on the actions of INF-� (362). These dendritic
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516 Y. Sherer et al.
ells captured antigens from dying cells and presented them
o CD4� T cells.

Another theory for the pathogenesis of SLE and autoanti-
ody production relates to apoptosis. Apoptosis might be in-
olved in SLE pathogenesis in 3 different ways. First, apopto-
ic material drives autoimmune responses in SLE. This
ssumption could help resolve certain enigmas regarding
LE. The diversity of autoantibodies found in SLE might be
xplained by the various antigens presented on the surface of
ells during apoptosis. However, not all autoantigens are pro-
essed in the same way during apoptosis and some are not
xternalized in blebs. Apoptosis results in disruption of in-
racellular boundaries (thus exposing cytoplasmic and nu-
lear antigens), and in clustering and structural modification
f nuclear, cytoplasmic, and membrane autoantigens—the
ain autoantibodies in SLE (363,364). Another finding sup-
orting the hypothesis of apoptotic material as an autoim-
une “inducer” in SLE is the association between comple-
ent deficiency states and SLE. As complement proteins

acilitate the clearance of apoptotic material, it is not surpris-
ng that in complement deficiency states (ie, C1q deficiency)
he exposure to apoptotic material is more persistent. Thus,
evelopment of glomerulonephritis in complement-deficient
nimals is associated with failure of clearance of apoptotic
aterial in the kidney (365).
Another way that apoptosis might cause SLE is impairment

f apoptosis during lymphocyte development and matura-
ion, leading to the presence of autoreactive cells. Impaired
poptosis could result from various factors, including defi-
iencies in pro-apoptotic mediators, over-expression of anti-
poptotic mediators, or acquired factors (366). One of the
ost investigated pathways is the signaling through the Fas

eceptor. MRL mice with defective Fas receptors or defective
as ligands develop a lupus-like syndrome, while humans
ith impaired Fas activity might develop the autoimmune

ymphoproliferative syndrome (367). Finally, apoptosis may
lso participate in SLE target organ injury. Some autoanti-
odies in SLE directly induce apoptosis, such as antiannexin
antibodies, which have a direct apoptotic effect on endo-

helial cells (368). More generally however, autoantibodies
an induce apoptosis by antibody-dependent cell-mediated
ytotoxicity (369), as might some SLE-antibodies.

Idiotypic network dysregulation is another possible explana-
ion for the pathogenesis and multiple autoantibodies found
n SLE. The idiotypic network is composed of interacting
ntibodies where the idiotypic determinants of each antibody
re complemented by those of another (370). While there
ay be some understanding regarding the way autoantigens

re exposed to the immune system in SLE, and how the
roduced autoantibodies interact with intracellular autoan-
igens, how this interaction leads to the diverse clinical man-
festations in SLE is unknown. Idiotypic network dysregula-
ion might provide an answer to this enigma.

Immunoglobulins bearing certain public idiotypes (such
s IdGN2) contain nephritogenic autoantibody subsets. In a
omparison of renal biopsy specimens from SLE patients and
atients with non-SLE immune glomerulonephritis, IdGN2
was present in 75% of the biopsy specimens in the former,Ta
b
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ompared with only 6% in the latter (371). Deposition of this
diotype was associated with proliferative changes in the glo-

eruli. Hahn and coworkers (372) suggested that a mecha-
ism for sustained production of pathogenic autoantibody
ubsets in patients and mice with SLE might be centered on
elective up-regulation of B cells bearing certain idiotypes. T
ells cloned from SLE mice were dominated by autoreactive
ells that produced B cell growth factors (372). The sustained
elease of these B cell growth factors combined with selection
y T helper cells for B cells bearing a pathogenic idiotype,
uch as IdGN2, might be a mechanism for the sustained
p-regulation of pathogenic autoantibodies in SLE (372).
The idiotypic network dysregulation theory as the basis of

LE involves a combination of subjects prone to autoimmu-
ity (females, specific HLA) and environmental stimuli such
s common infections. In this setting, antibacterial antibodies
arrying pathogenic idiotypes stimulate the cascade of idio-
ypic dysregulation and lead to the production of various
utoantibodies, in parallel to the various clinical manifesta-
ions that are induced either by the antibodies or by simulta-
eous idiotypic-induced T cell activation (373,374). Re-
ently, a unique set of autoantibodies was identified in SLE.
ollowing immunization of mice with synthetic peptides rep-
esenting sequences of the variable region of anti-DNA
onoclonal antibody, the mice produced antibodies reactive
ith those peptides, with the native anti-DNA antibody, and

lso with dsDNA (375). Hence, these antibodies have dual
pecificity for 2 autoantigens. It was previously demon-
trated, using human-human hybridomas, that the idiotypic
ross-reactions of immunoglobulins from unrelated SLE pa-
ients support the notion that autoantibodies are derived
rom related families of germ-line genes expressed by patients
ith SLE (376).
Various theories have been offered to explain the patho-

enesis of SLE and the large number of autoantibodies which
re present. These autoantibodies may help to explain some
f the clinical aspects of SLE. This is emphasized for example
n a recent finding of anti-P53 antibodies in SLE involving
oth the idiotypic network and apoptosis (377). The re-
orted patients expressed anti-P53 antibodies that could
imic damaged DNA immunologically. There was a similar-

ty between antiidiotypic antibodies to anti-P53 antibodies
nd anti-DNA antibodies, since both were found in SLE sera,
oth recognized anti-P53, and the anti-DNA antibodies
ould also block P53 activation (377).

There also may be a combination of intrinsic B cell defects
nd environmental stimuli. SLE is a heterogeneous systemic
utoimmune disease. Whereas organ-specific autoimmune
iseases develop as a result of immune responses to a limited
umber of autoantigens, systemic autoimmune diseases can
esult from a general defect in immunoregulation (378). In
his respect, an intrinsic tendency of B cells to respond ex-
essively to immune stimulation may be an essential feature
f SLE. Such a tendency does not necessarily reflect itself only
ia autoantibodies, since MRL lpr/lpr mice develop glomer-
lonephritis and vasculitis despite being unable to secrete
utoantibodies. B cells have many roles, and interference in
any of these might have pathogenic implications. Thus, forTa
b
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Autoantibody explosion in systemic lupus erythematosus 527
xample, enhanced production of cytokines, enhanced mu-
ational activity, abnormalities in positive and negative selec-
ion of B cells, and abnormalities in B cell activation, migra-
ion, or signaling could all contribute to SLE development.
hese abnormalities may be due to different genetic defects

eading to the same result. Some of these abnormalities also
ay account for what seems to be an antigen-driven response

n SLE. The tendency to produce extensively mutated, high-
vidity IgG anti-DNA antibodies suggests that these autoan-
ibodies are antigen-driven. Nonetheless, back-mutation of
mmunoglobulin genes results in loss of anti-DNA binding
apacity, which suggests that somatic hypermutational activ-
ty causes production of these antibodies (379). This activity
an result from other antigens and from polyclonal activation
f B cells. Such induced over-activity is expected in the pres-
nce of a priori intrinsic generalized B cell over-activity, and
t can result in the production of autoantibodies. It is reason-
ble to speculate that a combination of repeated environmen-
al antigenic stimuli can drive individuals with genetic abnor-
alities into actual autoimmunity.
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