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o the clinician, systemic lupus erythematosus is important because it is a potentially fatal disease that is easily confused with many other
disorders. To the immunologist, lupus is intriguing because all the key components of the immune system are involved in the underlying mechanisms of the
disease. This review describes these mechanisms and shows how knowledge of the
pathogenesis of lupus facilitates its treatment.
The prevalence of lupus ranges from approximately 40 cases per 100,000 persons
among Northern Europeans to more than 200 per 100,000 persons among blacks.1
In the United States, the number of patients with lupus exceeds 250,000. The life expectancy of such patients has improved from an approximate 4-year survival rate of
50% in the 1950s2 to a 15-year survival rate of 80% today.3 Even so, a patient in whom
lupus is diagnosed at 20 years of age still has a 1 in 6 chance of dying by 35 years of
age, most often from lupus or infection.4 Later, myocardial infarction and stroke become important causes of death.4 This bimodal pattern of mortality in lupus was
recognized more than 30 years ago.5
The diverse presentations of lupus range from rash and arthritis through anemia
and thrombocytopenia to serositis, nephritis, seizures, and psychosis. Lupus should
be part of the differential diagnosis in virtually any patient presenting with one of
these clinical problems, especially in female patients between 15 and 50 years
of age.
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Gene t ic a nd Epide miol o gic Fac t or s
Since 90% of patients with lupus are female, an important role for female hormones6
seems likely, but a protective role for male hormones or an effect of genes on the
X chromosome is also possible. In a blinded, randomized, controlled trial, menopausal
women with lupus who received hormone-replacement therapy containing conjugated
estrogens and progesterone had a risk of a mild-to-moderate disease flare that was
1.34 times the risk among women who received placebo (P = 0.01).7 However, trials
of hormonal treatments for lupus, such as dehydroepiandrosterone, have been disappointing.8 It is unclear how sex hormones could promote lupus.
Many drugs cause a variant of lupus called drug-induced lupus. The best known
of these drugs are procainamide, hydralazine, and quinidine. Patients with druginduced lupus usually present with skin and joint manifestations; renal and neurologic features are very rare.9 An antecedent viral-like illness may occur at the onset
of lupus or immediately before a flare. Identifying a particular causative virus has
proved challenging. Epstein–Barr virus (EBV) may be important, since a temporal association between the onset of lupus and the occurrence of EBV infection has been
reported. A case–control study involving children and young adults showed that antiEBV antibodies were present in 99% and EBV DNA was present in 100% of patients
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genotype determines which MHC molecules are
available to the antigens that are present and thus
how well the antigens can be recognized by T cells.
Cytogenetic
Candidate Genes
Immune
For this reason, particular MHC genes are associLocation
with the Loci
Response
ated with a risk of an immune response to self1q23
Innate
CRP
antigens and hence a risk of diseases such as
Innate
FCGR2A
lupus.
Adaptive
FCGR2B
Adaptive
FCGR3A
Null alleles that cause a deficiency of one of the
Adaptive
FCGR3B
early complement components — C1q, C2, or C4
1q25–31
— are a strong risk factor for lupus.17 Family stud1q41–42
Apoptosis
PARP
ies have identified genes that are more likely to
Innate
TLR5
occur in patients with lupus than in their healthy
2q35–37
Adaptive
PDCD1
relatives.14 Many of these genes encode components of the immune system. For example, a Scan4p16–15.2
dinavian study identified strong linkage between
6p11–21
Adaptive
MHC class II: DRB1
MHC class III: TNF-α Adaptive
lupus and single-nucleotide polymorphisms in two
Innate
C2, C4
interferon-related genes (those encoding tyrosine
12q24
kinase 2 and interferon regulatory factor 5).18
16q12–13
Adaptive
OAZ
Wakeland and colleagues14 have identified genetic loci that promote lupus in mice.19 These loci,
* CRP denotes C-reactive protein, FCGR IgG Fc receptor,
designated Sle 1, Sle 2, and Sle 3, contain genes that
MHC major histocompatibility complex, OAZ OLF1/EBFmediate the loss of immunologic tolerance to nuassociated zinc finger protein, PARP poly–ADP–ribose
polymerase, PDCD1 programmed cell death 1, TLR5 toll- clear autoantigens, B-cell hyperactivity, and T-cell
like receptor 5, and TNF-α tumor necrosis factor α.
dysregulation, respectively.14 The Sle 1 cluster contains genes similar to those in regions 1q21–23
with lupus — much higher proportions than and 1q41 of human chromosome 1 that have been
those in the control group.10 Ultraviolet radiation linked to lupus in humans.14
is the most obvious environmental factor linked
to lupus. A photosensitive rash is a criterion of
Au t oa n t ibodie s in Lupus
the American College of Rheumatology for the
classification of the disease.11,12
The affected organs in lupus that have been studThe concordance rate for lupus is 25% among ied most intensively are the kidneys and the skin.
monozygotic twins and approximately 2% among In both cases, there is inflammation and the dedizygotic twins13; these rates indicate that a ge- position of antibodies and complement. In 1967,
netic contribution is important, but it is not suf- kidneys from patients with lupus nephritis were
ficient to cause the disease. Many genes that prob- shown to contain antibodies that bound native,
ably contribute to lupus have been identified by double-stranded DNA.20 These antibodies are aumeans of whole-genome scans from families in toantibodies; that is, they bind a normal constitwhich multiple members have lupus.14,15 Eight uent — in this case, double-stranded DNA — of
susceptibility loci that have been identified in these the patient’s cells and tissues. The importance
studies are listed in Table 1.
of anti–double-stranded DNA antibodies in the
Genes of the major histocompatibility complex pathogenesis of lupus has been confirmed.21 Anti–
(MHC), particularly HLA-A1, B8, and DR3, have been double-stranded DNA antibodies are highly spelinked to lupus.16 The response of a T lymphocyte cific for lupus; they are present in 70% of patients
to an antigen is triggered when a receptor mole- with lupus but in less than 0.5% of healthy peocule on the surface of the T cell recognizes a com- ple or patients with other autoimmune diseases
plex formed by the antigen and an MHC peptide such as rheumatoid arthritis.22 Levels of anti–douon the surface of an antigen-presenting cell. Dif- ble-stranded DNA antibodies in serum tend to
ferent types of cells within the immune system, reflect disease activity,23 but not in all patients.
such as B cells, macrophages, and dendritic cells, Among patients who have both elevated levels of
can function as antigen-presenting cells. The MHC anti–double-stranded DNA autoantibodies and
Table 1. Susceptibility Loci with Confirmed Linkage
to Systemic Lupus Erythematosus.*
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clinically quiescent disease, 80% have disease that
becomes clinically active within 5 years after the
detection of elevated levels of these antibodies.24
In a study of renal-biopsy specimens obtained
from patients with lupus at autopsy,25 Mannik
et al. detected IgG that bound to a number of nonDNA antigens, including Ro (a ribonucleoprotein complex), La (an RNA-binding protein), C1q
(a subunit of the C1 complement component), and
Sm (nuclear particles consisting of several different polypeptides). The detection of antibodies to
these antigens in autopsy specimens does not
prove that they play a role in the development of
lupus nephritis. Rather than cause the inflammation, these autoantibodies may establish themselves in tissue only after the apoptosis of cells in
inflamed kidney tissue exposes nuclear antigens.
The strongest evidence concerning the mechanism
of lupus nephritis relates to anti–double-stranded
DNA, anti-nucleosome, and anti–α-actinin antibodies (see below).
Although anti–double-stranded DNA antibodies are the most extensively studied autoantibodies
in lupus, others play a role in clinical manifesta-

tions, particularly in autoimmune hemolytic anemia, thrombocytopenia, skin disease, and neonatal lupus. Table 2 lists common autoantibodies in
lupus and the evidence that they are pathogenic;
some are described in more detail below.
The presence of anti-Ro antibodies, anti-La antibodies, or both in pregnancy confers a 1 to 2%
risk of fetal heart block. Ro antigens are exposed
on the surface of fetal (but not maternal) cardiac
myocytes as the heart undergoes remodeling by
apoptosis, and maternal anti-Ro antibodies that
cross the placenta interact with these antigens.
The maternal autoantibodies damage the conducting tissues of the fetal heart.41,43 The absence of
an effect on the mother’s heart shows the importance of both the autoantibody and exposure of
the antigen on cardiac tissue.
Antibodies against the N-methyl-d-aspartate
(NMDA) receptor may be important in central nervous system lupus.27 NMDA is an excitatory amino
acid released by neurons. Kawal and colleagues
showed that in patients with lupus, the serum with
antibodies against DNA and NMDA receptors
caused cognitive impairment and hippocampal

Table 2. Pathogenic Autoantibodies in Systemic Lupus Erythematosus.*
Antigen Specificity

Prevalence†

Main Clinical Effects

Source of Evidence
Clinical Studies

Studies of Tissues
from Patients with Lupus

Animal Models

%
Anti–double-stranded
DNA

70–80

Kidney disease, skin
disease

ter Borg et al.,23
Bootsma et al.,31
Tseng et al.32

Koffler et al.20

Ravirajan et al.,33
Ehrenstein et al.,34
Madaio et al.35

Nucleosomes

60–90

Kidney disease, skin
disease

Amoura et al.26

Grootscholten et al.,36
Kalaaji et al.,37
Kalaaji et al.38

Kramers et al.,39 van
Bruggen et al.40

Ro

30–40

Skin disease, kidney
disease, fetal heart
problems

Buyon and Clancy,41
Mannik et al.,25 Clancy
Sontheimer et al.42
et al.,43 Maddison
and Reichlin44

La

15–20

Fetal heart problems

Buyon and Clancy41

Mannik et al.25

Sm

10–30

Kidney disease

McCarty et al.45

Mannik et al.25

al.,46

NMDA receptor

33–50

Brain disease

Yoshio et
Lapteva et al.47

Phospholipids

20–30

Thrombosis, pregnancy Alarcón-Segovia et al.48
loss

α-Actinin

20

Kidney disease

Mason et al.,51 BeckerMerok et al.28

C1q

40–50

Kidney disease

Siegert et al.29

Kowal et al.27

Kowal et al.27
Girardi et al.,49
Pierangeli et al.50
Mostoslavsky et al.,52
Deocharan et al.53

Mannik et al.25

* NMDA denotes N-methyl-D–aspartate.
† Prevalence data were obtained from a number of sources, including Amoura et al.,26 Kowal et al.,27 Becker-Merok et al.,28 Siegert et al.,29
and Ehrenstein and Isenberg.30
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damage when given intravenously to mice. They
also showed that anti–NMDA-receptor antibodies
are present in the brain tissue of patients with cerebral lupus.27
Both anti-Ro and anti-nucleosome antibodies
may play a role in cutaneous lupus. Anti-Ro antibodies are associated with an increased risk of
the development of a photosensitive rash.42 Antinucleosome antibodies have been detected in skinbiopsy specimens obtained from a minority of
patients with active renal lupus, and these patients had no rash.36
Autoantibody-mediated destruction of red cells
and platelets is important in the hemolytic anemia
and thrombocytopenia that can occur in patients
with lupus.54 Pujol et al.55 detected antiplatelet
antibodies in the serum of 56 of 90 patients with
lupus. A total of 29 of 90 patients had thrombocytopenia, and in these patients there was a strong
correlation between thrombocytopenia and the
presence of antiplatelet antibodies.55

both cross-react with proteins in the kidney; thus,
they have a direct pathogenic effect on renal cells.
This is an example of polyreactivity, whereby the
same antibody can bind to antigens with different
structures because they have similar surface shapes
(so-called shared epitopes) or areas of similar
charge. Among possible target antigens in the
kidney, attention is currently focused on α-actinin.
This protein is critical for maintaining the function of renal podocytes, which are constituents of
the glomerular filtration barrier.57 Two studies
have shown that mouse monoclonal anti-DNA antibodies that cross-reacted with α-actinin (a protein that cross-links actin, a component of the
cytoskeleton) were pathogenic, whereas monoclonal anti-DNA antibodies that did not cross-react
with α-actinin were nonpathogenic.52,53 Pathogenicity was judged according to whether the antibodies caused proteinuria and histologic changes
of glomerulonephritis after passive transfer into
recipient mice.52,58 Although anti–α-actinin antibodies are not specific for lupus, these antibodies,
when present in the serum of patients with lupus,
T is sue Da m age
can serve as a marker of renal involvement.28,51
by Au t oa n t ibodie s in Lupus
The detection of anti-α-actinin antibodies has not
Most studies of autoantibody-mediated tissue dam- been reported in specimens obtained from renal
age in patients with lupus have focused on the role biopsies in patients with lupus.
of anti–double-stranded DNA antibodies in patients with lupus nephritis. There are two main
The Rol e of T Cel l s
theories; both stress that the binding of antibodies to double-stranded DNA itself is probably not Autoantibodies can occur in healthy people withthe most critical determinant of tissue damage. out causing harm, and they may play a protective
Extracellular double-stranded DNA occurs mainly role.59 Pathogenic autoantibodies in patients with
in the form of nucleosomes, which are fragments lupus have particular properties that enable them
of chromatin that cells release when they under- to cause disease. Clinical investigations and studgo apoptosis. Berden and colleagues have proposed ies in laboratory mice have shown that IgG antithat pathogenic anti–double-stranded DNA auto- bodies with high-affinity binding to double-strandantibodies in patients with lupus bind to nucleo- ed DNA tend to be more strongly associated with
somes that have entered the bloodstream; in turn, tissue damage than IgM or lower-affinity IgG
these antibody–nucleosome complexes settle in the antibodies.33,34,60 Production of these high-affinrenal glomerular basement membrane.56 These im- ity IgG antibodies is “driven” by antigen. The term
mune complexes activate complement, which initi- “antigen-driven” refers to a process in which anates the glomerulonephritis. This series of events tigen binds immunoglobulin on the surface of
has been demonstrated in animal models.39,40 Fur- B lymphocytes, thereby stimulating the cells to prothermore, IgG antibodies have been shown, by liferate. The higher the affinity of the surface immeans of electron microscopy, to colocalize with munoglobulin for the antigen, the more strongly
extracellular chromatin in lupus nephritis in hu- the cells are stimulated and the more they prolifmans and mice.37,38 Also relevant is the detection erate. In the presence of the stimulating antigen,
of anti-nucleosome antibodies in the blood and there is a continuous selective pressure favoring
inflamed tissues of patients with lupus.26,36
B cells that display on their surface and secrete
The second model proposes that anti–double- immunoglobulins with high affinity for that anstranded DNA, anti-nucleosome antibodies, or tigen. In general, this antigen-driven process can
932
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Figure 1. Interaction between a T Cell and an Antigen-Presenting Cell (APC).
The antigen-presenting cell binds antigen in a complex with a molecule from the major histocompatibility complex
(MHC) on its surface. This complex interacts with the T-cell receptor (TCR). The effect on the T cell depends on the
interaction between other molecules on the surfaces of the two cells. Two alternative interactions are shown: B7
with CD28, which is stimulatory, and B7 with cytotoxic T-lymphocyte–associated protein 4 (CTLA-4), which is inhibiCOLOR FIGURE
tory. If the positive signal caused by the CD28–B7 interaction
dominates, the T cell is activated, leading to cytokine
release, B-cell help, and inflammation. If the Draft
negative
by the CTLA-4–B7 interaction dominates, acti3 signal caused
01/31/08
vation is suppressed.
Isenberg
Author
Fig #
1
Title
ME being stimare

occur only in B lymphocytes that
that blocks the CD28–B7 interaction, are potenDE
ulated by T lymphocytes as well as by
antigen.
This
tial treatments for lupus. The prospects for these
SBL
Artist
process is known as T-lymphocyte help. AUTHOR PLEASEtreatments
are reviewed elsewhere.63
NOTE:
Figure has been redrawn and type has been reset
The concept of T-lymphocyte help is critical
Pleasein
check carefullyFigure 2 shows a B cell and a T cell interactIssuelupus.
date
understanding the pathogenesis of
Each ing and stimulating each other. T-cell cytokines
T cell carries a surface-receptor molecule with the affect B cells by stimulating cell division, switchability to interact best with one particular antigen ing antibody production from IgM to IgG,64 and
when it is presented to the T-cell receptor in a promoting a change in the molecular sequence
complex with an MHC molecule on the surface of the secreted antibody so that it binds more
of an antigen-presenting cell. Presentation of the strongly to the driving antigen.65 Thus, T-cell help
antigen–MHC complex alone is not enough to makes possible the production of high-affinity IgG
stimulate the T cell. As shown in Figure 1, the autoantibodies. These kinds of antibodies are
antigen-presenting cell must also make a sec- closely linked to tissue damage in lupus.33,34,60,66
ond molecular interaction with the T lymphocyte The autoantigen-specific B cells and T cells that
through costimulation. There are several differ- interact to produce injurious autoantibodies are
ent costimulatory molecular pairs, including the absent in healthy people. Several mechanisms
CD40–CD40 ligand and CD28–B7, which can gen- could account for the absence of such cells. These
erate the second signal required for T-cell activa- mechanisms include removal (deletion) of the aution. Agents that block costimulation can inhibit toreactive B cells, inactivation of the cells so that
any immune response that depends on T-cell help. they remain in the body but are anergic, or a
Since T-cell help is critical in lupus, both the anti- change in the light chain of the antibody expressed
CD40 ligand61 and cytotoxic T-lymphocyte–asso- by an autoreactive B lymphocyte (so-called reciated protein 4 IgG1 (CTLA-4–Ig),62 a molecule ceptor editing) such that the antibody loses the
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Figure 2. T Cell–B Cell Interaction.
The B cell acts as an antigen-presenting cell, with costimulation being obtained through the interaction between
CD40 and the CD40 ligand. This interaction stimulates the T cell to produce a number of cytokines, some of which
act on the B cell to promote antibody formation. MHC denotes major histocompatability complex, TCR T-cell receptor, and TNF tumor necrosis factor.
COLOR

FIGURE

4
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ability to bind autoantigen. The use ofDraft
certain
press
the activation of helper T cells and B cells.
light-chain genes by populations ofAuthor
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from Some investigators have reported a reduction in
Fig #
2
patients with lupus indeed differs from
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ME difference tory T cells in patients with lupus and in lupus67
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colleagues68 showed that the histone-derived
pared
with regulatory T cells from patients with
Issue date
peptides H2B10-33, H416-39, H471-94, H391-105, inactive lupus or healthy controls.70 Kang et al.
H2A34‑48, and H449-63 stimulated T cells from pa- found that some of the immunogenic histone
tients with lupus (but not from healthy people) to peptides they had previously identified promoted
produce cytokines, and very similar peptides also the development of regulatory T cells and destimulated T cells from lupus-prone mice. The layed the development of nephritis in lupus-prone
authors suggested that stimulation of these pep- mice. The most potent effect was seen with peptide-specific helper T cells would allow them to tide H471-94.71
help B cells that also respond to antigenic epitopes
derived from nucleosomes. Thus, the interaction
S ource of the Au t oa n t igens
between these B lymphocytes and T lymphocytes
in Lupus
could lead to the production of high-affinity
pathogenic autoantibodies. Nucleosomes carry The obvious source of nucleosomes is the celluboth T-cell and B-cell epitopes, and anti-nucleo- lar debris released as a result of apoptosis. Dursome antibodies are present and play a patho- ing apoptosis, blebs of cellular material form on
genic role in patients with lupus.26,39,40,56
the surface of the dying cell. Antigens that are
Regulatory T cells in humans and mice sup- normally buried within the cells are exposed on
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Figure 3. Induction of Surface Blebs during Apoptosis.
Apoptosis of keratinocytes exposed to ultraviolet light is illustrated. The different constituents of developing small
and large surface blebs during apoptosis are shown. PARP denotes poly–ADP–ribose polymerase.

the surface of these blebs (Fig. 3), and they may
C y t ok ine s in Lupus
trigger an immune response. These exposed antigens include nucleosomes, Ro 62, Ro 50, La, and The role of tumor necrosis factor α (TNF-α) in luC OanL O R Fpus
IGUR
isE controversial. This cytokine may be protecanionic phospholipids.72 Antibodies to these
tive
in
patients with lupus, since giving TNF-α to
tigens occur commonly in patients with Draft
lupus.
2
01/31/08
The removal of apoptotic debris isAuthor
abnormal
in lupus-prone NZB/W F1 mice delayed the developIsenberg
Fig #
3from ment of lupus.77 The protective effect is specific
patients with lupus.73 In vitro, phagocytes
Title
patients with lupus were shown to engulf
far less to that mouse strain, and the mechanism is unME
apoptotic material than phagocytesDE
from healthy known. In some patients with rheumatoid arthri74 C1q SBL
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people during a 7-day culture period.
plays tis who were treated with anti–TNF-α antibodies,
AUTHOR PLEASE NOTE:
anti–double-stranded DNA antibodies developed,78
a role in phagocytosis by binding to cell
debris,
Figure has been redrawn and type has been reset
Please check carefully
which can then be engulfed by macrophages that and lupus developed in a few of these patients.79
Issue date
have surface C1q receptors. Thus, a deficiency of One group has shown that the balance between
complement may be an important reason for the TNF-α and the soluble inhibitors (TNF-soluble repoor “waste disposal” seen in lupus. Homozygous ceptor 75kDa and TNF-soluble receptor 55kDa) is
deficiencies of C1q, C2, and C4 are rare disorders, altered in favor of the inhibitors in active lupus;
but the presence of any of these genetic conditions this provides support for the idea that low TNF-α
is a strong predisposing factor for lupus.17 In C1q activity is associated with increased disease activknockout mice, a lupuslike renal disease develops; ity in lupus.80 By contrast, the level of TNF-α meskidney-biopsy specimens from mice with this con- senger RNA was high in kidney-biopsy specimens
dition reveal multiple apoptotic fragments.75 Da- from patients with lupus nephritis.81 Aringer et
vies and colleagues reported reduced clearance of al. reported that giving the anti–TNF-α antibody
immune complexes through the spleen in a pa- agent infliximab to six patients with lupus led to
tient with C2 deficiency and lupus; this was cor- resolution of joint swelling in three patients with
rected by restoring the C2 levels with the use of arthritis and the reduction of urinary protein loss
by 60% in four patients with renal lupus.82
transfusions of fresh-frozen plasma.76
n engl j med 358;9

www.nejm.org

february 28, 2008

The New England Journal of Medicine
Downloaded from www.nejm.org by JOHN VOGEL on September 26, 2010. For personal use only. No other uses without permission.
Copyright © 2008 Massachusetts Medical Society. All rights reserved.

935

The

n e w e ng l a n d j o u r na l

Anti-BlyS
TACI-Ig

of

m e dic i n e

Anti-interleukin-10
Anti-CD20
Interleukin-10

B stimulating
including BlyS

Apoptotic
material

APC

T cell

CTLA-4–Ig

Peptide

B cell

Peptide

Anti-CD22

Antibodies

B-cell
tolerogan

Figure 4. Targeted Therapeutic Approaches in Systemic Lupus Erythematosus.
This simplified diagram, which is based on our increased understanding of the immunologic events thought to occur in lupus, indicates
the targets of current therapeutic interventions. APC denotes antigen-presenting cell, BLyS B-lymphocyte stimulator, CTLA-4–Ig cytotoxic T-lymphocyte–associated protein 4 IgG1, and TACI-Ig transmembrane activator and CAML interactor immunoglobulin (CAML denotes
COLOR FIGURE
calcium modulator and cyclophilin ligand).
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interleukin-10
are consistently
ME

Serum levels of
in several other conditions, including rheumatoid
high in patients with lupus, and they correlate with arthritis and Sjögren’s syndrome, as well as in luDE
83 Interleukin-10 has a pus. The overexpression of B-lymphocyte stimulathe activity of the disease.Artist
SBL
number of biologic effects, including
stimulation
tor has been detected in both humans with lupus
AUTHOR
PLEASE NOTE:
Figure has been redrawn and type has been reset
of polyclonal populations of B lymphocytes.
Block- and lupus-prone mice. Stohl et al. reported elevatPlease check carefully
Issue datethe production of ed levels of soluble B-lymphocyte stimulator in
ing this cytokine could reduce
pathogenic autoantibodies. In an open trial of serum and on peripheral-blood mononuclear cells
20 mg of a mouse anti–interleukin-10 antibody in up to 50% of patients with active lupus.88 Levadministered daily in six patients for 21 days, skin els of B-lymphocyte stimulators correlated with
and joint symptoms improved in all the patients, levels of anti–double-stranded DNA antibodies in
and this improvement was maintained at the serum and decreased in nine patients who were
6-month follow-up assessment.84
treated with high-dose corticosteroids. Elevated
Serum levels of interferon-α are also elevated levels of B-lymphocyte stimulators may thus be
in patients with active lupus,85 and microarray associated with the increased activity of lupus in
studies showed that 13 genes regulated by inter- some patients, and the use of anti–B-lymphocyte
feron were up-regulated in peripheral-blood mono- stimulator agents may be a useful therapeutic apnuclear cells from patients with lupus, as com- proach.
pared with similar cells from healthy controls.86
In studies of lupus-prone NZB/W F1 mice, nephriImpl ic at ions for T r e atmen t
tis developed 15 to 20 weeks earlier in mice continuously exposed to interferon-α from a young Figure 4 summarizes the pathogenesis of lupus
age than in control mice not subject to this ex- and the targets of some new drugs that are curposure.87 Anti-interferon drugs may be the next rently being evaluated in clinical trials. If autoananticytokine agents to be developed as treatments tibodies are the proximate agents of tissue damfor patients with lupus.
age in patients with lupus, then treatments aimed
The B-lymphocyte stimulator is a member of at reducing autoantibody levels could be effective.
the TNF-ligand superfamily. It promotes the pro- Two trials31,32 have shown that a strategy of inliferation and survival of B lymphocytes. Circulat- creasing doses of corticosteroids in response to a
ing levels of B-lymphocyte stimulator are elevated specified increase in levels of anti–double-stranded
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DNA antibodies leads to lower mean levels of such
antibodies and reduced frequency of severe flares
of disease, but one study indicated that the side
effects of corticosteroids were a problem.31 Rituximab89 and abetimus sodium90 have been used as
specific methods of reducing levels of anti–doublestranded DNA. Rituximab is nonspecific; that is,
it is an antibody against CD20, which is found on
the surface of all mature B cells. Abetimus sodium
is designed to deplete only B lymphocytes that produce anti–double-stranded DNA antibodies because its four surface oligonucleotides can engage
surface anti–double-stranded DNA antibodies on
those cells, but it has no epitopes to allow binding of helper T cells. The B cells therefore undergo
apoptosis rather than proliferation, but it is not
clear whether this depleting mechanism occurs in
patients. Abetimus sodium may also work by forming complexes with anti–double-stranded DNA antibodies, which are then cleared from the circulation.91
Several case series suggest that rituximab is
helpful in treating lupus.89,92 The use of a monoclonal anti-CD22 antibody (which also targets
B cells)93 is being studied in a clinical trial, and
the survival and proliferation of B cells can also
be modulated with the use of anti–B-lymphocyte
stimulator.88,94 A large trial showed that abetimus

sodium was not superior to placebo in an analysis
of the primary outcome measure (time to renal
flare) for the whole study group, but in post hoc
analyses, the drug was superior to placebo in a
subgroup analysis of patients who had serum antibodies with high affinity for the drug.90
Anti-CD40 ligand61 and CTLA-4–Ig62 directly
target the interaction between T cells and antigen-presenting cells by inhibiting costimulation.
Peptides derived from pathogenic anti-DNA antibodies may be useful in generating anti-idiotypic
responses to autoantibodies and thus suppressing their pathogenic effects.95 Trials of anti–TNF-α
antibody82 and anti–interleukin-10 antibody84 are
described above.

Sum m a r y
Pathogenic autoantibodies are the primary cause
of tissue damage in patients with lupus. The production of these antibodies arises by means of
complex mechanisms involving every key facet
of the immune system. Many different elements of
the system are potential targets for therapeutic
drugs in patients with lupus.
No potential conflict of interest relevant to this article was
reported.
We thank Dr. Betty Tsao for her help with defining the genetic aspects of lupus.
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