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Abstract Systemic lupus erythematosus (SLE) is a very
heterogeneous systemic autoimmune disease, in which
autoantibody synthesis against nuclear constituents is the
main immunological characteristic. These autoantibodies
underwent affinity maturation and isotype switching. Addi-
tionally, T-cell tolerance against nuclear autoantigens
should be affected in these autoimmune patients. Nuclear
material derived from apoptotic and/or necrotic cells may
serve as an important source of autoantigens. However,
dead and dying cells as well as cellular debris are rapidly
removed from tissues by phagocytes without eliciting in-
flammation or immune responses under healthy conditions.
During apoptosis nuclear components are strongly modified
through enzymatic reactions. If these cells are not timely
cleared, those autoantigens may be released, taken up, and
presented by dendritic cells in tissues or presented by
follicular dendritic cells in lymph nodes to T and B cells,
respectively. This could be a mechanism for breaking the
peripheral self-tolerance. In this article we focus on the
deficient clearance of apoptotic cells in SLE patients and its
importance in development of this autoimmune disease.
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Introduction

The immune mechanisms of the pathogenesis of systemic
lupus erythematosus (SLE) are still not fully understood.
This disease shows a wide array of clinical manifestations
resulting from inflammatory reactions in multiple organs.
Immunological abnormalities observed in the autoimmune
disease SLE are characterized by autoantibody synthesis
against nuclear constituents, immune complex deposits in
tissues, and complement activation. Antinuclear autoanti-
bodies are not exclusively generated in SLE, but also in
other autoimmune diseases like scleroderma, rheumatoid
arthritis, and Sjogren’s syndrome. Several genetic and envi-
ronmental factors as well as infections have been implicated
as important elements of the disease (reviewed in
Herrmann et al.' and Kuenkele et al.”). How intracellular
proteins become targets of immune responses is important
in understanding the etiology of autoimmune diseases.

Anti-double-stranded DNA antibodies (anti-dsDNA)
are one of the most important criteria for the diagnosis of
the disease. They show high-affinity binding activity in con-
trast to low-affinity naturally occurring anti-dsDNA anti-
bodies from normal healthy donors (NHD), which did not
go through the isotype switch from IgM to IgG or IgA.
Affinity maturation of immunoglobulins for the antigen and
isotype switching are processes dependent on T-cell help.
This takes place in the germinal centers (GCs) of lymphoid
tissues. The role of T cells in the development of chronic
autoimmunity in SLE is supported by the fact that patients
with SLE respond to T-cell specific immunosuppressive
drugs like cyclosporin A.?

Although human DNA is known to be poorly immuno-
genic and does not bear T-cell epitopes, DNA-histone com-
plexes and nucleosomes are released in SLE patients in high
amounts into the circulation.*” The nucleosomes are targets
of anti-dsDNA autoantibodies and of anti-histone autoanti-
bodies, as shown by enzyme-linked immunosorbent assays
with autoimmune sera and monoclonal antibodies.*” Those
autoantibodies are predominantly of the IgG isotype and
molecular analyses revealed a high degree of somatic muta-
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tions in their Vy, regions. These are unique features of an
antigen-driven immune response.*” Nucleosomes can be
recognized and internalized by DNA-specific B cells, which
in turn process and present DNA-associated proteins and
thereby receive T-cell help."’

The presence of histone-specific T cells in SLE pa-
tients'""” reinforces the theory that nuclear material derived
from apoptotic and/or necrotic cells may serve as an impor-
tant source of autoantigens. Therefore, cell death is the
most likely phenomenon to provide these autoantigens.
Apoptosis and necrosis are the two main forms of cell death
in multicellular organisms and they are important for tissue
homeostasis. Whether cells die through apoptosis or necro-
sis is determined by the initial stimulus and the microenvi-
ronment. Regardless of the type of cell death, dying cells
have to be quickly eliminated from tissues in order to pre-
vent further damage. Usually, neither apoptotic nor ne-
crotic cell material is easily found in tissues because of the
quick removal by a highly efficient scavenger system (mac-
rophages, polymorphonuclear cells [PMNs] and immature
dendritic cells [DCs]).""* Apoptotic cells are cleared in
early stages and therefore elicit neither inflammation nor
immune responses." Further more, they can cause immuno-
suppressive effects after they are phagocytosed.' On the
other hand, necrotic cells induce inflammation and favor
the initiation of immune responses.'” In this article we dis-
cuss the cells, receptors, and danger signals involved in the
mechanism of clearance of dying cells, and show how de-
fects in this process may contribute to the etiology and
pathogenesis of SLE and other autoimmune diseases.

Recognition and uptake of apoptotic cells
Phagocytosis and the immune response

Phagocytosis plays a central role in the defense of patho-
gens. Phagocytes ingest infectious agents soon after coloni-
zation and represent the first barrier against microbial
intruders. The initiation of an adaptive immune response
requires specialized cells capable of phagocytosis and pre-
sentation of processed antigens on their surfaces. These
tasks are performed by antigen-presenting cells (APCs),
which are mainly dendritic cells in the skin and tissue-
specific macrophages. After ingesting a pathogen APCs
travel to secondary lymphoid organs and interact with naive
T cells in the T-cell zone of a lymph node. T cells encounter-
ing their specific antigen proliferate and differentiate into
effector cells. Naive B cells entering the T-cell zone from
the circulation need two stimuli for clonal expansion and
differentiation: binding of antigen and interaction with
helper T cells recognizing the same antigen. These activated
B cells migrate into the lymphoid follicles to form GCs
consisting of centroblasts and centrocytes. Follicular den-
dritic cells (FDCs) play an essential role in affinity matura-
tion of B cells by providing survival signals for centrocytes
with the optimal antigen-binding receptors."® The antigen is
opsonized with C3d and fixed to the surface of FDCs via

CR2/CD21."* Positively selected centrocytes migrate into
the mantle zone where they specifically interact with helper
T cells and receive further signals for proliferation and dif-
ferentiate into plasma cells or memory cells. Centrocytes
having low affinity for the antigen are not provided with the
mentioned survival signals and execute apoptosis. Special-
ized phagocytes named tingible body macrophages (TBMs)
engulf apoptotic B cells rapidly, so that virtually no free
apoptotic material can be found in GCs (Fig. 1a).*"*

The study of lymph node histological sections demon-
strated that GCs of some SLE patients contain much
unengulfed nuclear material, indicating an insufficient
disposal of apoptotic cells. The finding that the number of
TBMs containing ingested apoptotic nuclei is significantly
reduced in a subgroup of SLE patients leads to the assump-
tion that a phagocytosis defect is causally involved in the
clearance deficiency. Such deficiency in phagocytosis leads
to accumulation of apoptotic cells that subsequently enter
the stage of secondary necrosis, which is critical because
of the release of nuclear autoantigens and danger signals.
C3d may coat these potential autoantigens and facilitate
the binding on the surface of FDCs, which might supply
autoreactive B cells with survival signals.” This can increase
the probability of an encounter with autoreactive T cells,
resulting in clonal expansion and autoantibody production
(Fig. 1b).

Apoptosis and necrosis

Cell death occurs in two main forms, apoptosis and necrosis,
each having different initial triggers. Apoptosis is defined as
programmed cell death or cellular suicide, whereas necrosis
arises due to a violent external stimulus.” The observation
that already unicellular organisms are able to perform a
kind of programmed suicide, if they are virus infected,
might give a hint to the origins of apoptosis.* Multiple
molecules involved in the death machinery are conserved
during evolution. In multicellular organisms apoptosis ap-
pears during ontogenesis, development, and in the regula-
tion of tissue homeostasis. Potentially dangerous cells like
injured, infected, extraneous, and mutated cells are elimi-
nated quickly and quietly. Specialized macrophages, imma-
ture DCs, or neutrophils are responsible for the efficient
removal of dying cells.”

Apoptosis can be initiated at a certain state of develop-
ment or by extrinsic signals resulting in the activation of a
series of proteolytic reactions. Proteins, enzymes, and chro-
matin are cleaved — “the cell shreds its entrails.” A hallmark
of apoptotic cells, in contrast to necrotic cells, is that they
maintain their membrane integrity over time. Thus, the
release of intracellular components that could damage the
surrounding tissue, induce inflammation, or elicit immune
responses is prevented.” To ensure immediate recognition
and uptake by phagocytes, apoptotic cells undergo very
early membrane modifications. If apoptotic cells are cleared
in time, no inflammation will be induced.'**

The necrotic cell is morphologically characterized by
swelling and finally the disruption of the cell membrane.
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Fig. 1a,b. Events taking place in germinal centers (GCs) of lymph
nodes. The description focuses on the differing fate of autoreactive
cells (A) occurring in systemic lupus erythematosus (SLE) patients as
well as in normal healthy donors (NHD). a In the healthy situation
apoptotic lymphocytes are efficiently removed (/) by tingible body
macrophages (7BM) and therefore no free apoptotic material bearing
autoantigens can be found. During somatic hypermutation of
centroblasts in the dark zone (DZ) an autoreactive B cell can emerge
(2) and enters, together with nonautoreactive B cells, the light zone
(LZ). As there are no autoantigens (3) that could be presented on
follicular dendritic cells (FDC), the autoreactive B cell is not provided

Loss of physical integrity leads to the release of intracellular
fluids, organelles, and proteins bearing proinflammatory
capacity, which attract inflammatory cells. The uptake
and clearance of necrotic cells is usually combined with
inflammation and an immune response.” Those cells
that have lost their membrane integrity by a violent physical
or chemical stimulus still keep an intact nucleus and are
called primary necrotic cells. The DNA content of deter-
gent-lysed cells can be measured by flow cytometry after,
e.g., staining with propidium iodide. Nuclei from primary
necrotic cells, like those from viable ones, show a diploid
DNA content.”

In contrast, apoptotic cells have nuclei with reduced
DNA content. Nuclear condensation and loss of membrane
asymmetry, besides DNA fragmentation, are further char-
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with survival signals and executes apoptosis. b In SLE, clearance defi-
ciency leads to the accumulation of nuclear material (7) in the light
zone of the GC. FDCs bind this nuclear material to their surface.
During somatic hypermutation an autoreactive B cell can emerge (2)
and enters, together with nonautoreactive B cells, the light zone. Here
it recognizes nuclear autoantigens presented by FDCs and receives a
short-term survival signal (3). After migration into the mantle zone
(MZ) it specifically interacts with an autoreactive helper T cell and
obtains further survival signals (4), submitting the differentiation into
plasma cells and memory cells

acteristics of a cell undergoing apoptosis. In the very early
phase, membranes of apoptotic cells become acid labile.”
The exposure of phosphatidylserine (PS) on the outer
leaflet of apoptotic cells is an important primary “eat-me
signal.” During the late phases of apoptotic cell death, there
are several further membrane alterations leading to the
recognition of the apoptotic cells by additional adaptor
molecules (reviewed in Hart et al.’'). Those late apoptotic
cells still preserve their membrane integrity. If the mem-
brane integrity is lost during apoptosis, the dying cells are
then called secondary necrotic cells.”” Due to the disintegra-
tion of the membrane, secondary necrotic cells give access
to potential intracellular autoantigens. However, the term
“late apoptotic cells” is often used instead of “secondary
necrotic cells” in the literature.
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Molecules, receptors, and consequences of apoptotic
cell phagocytosis

During the progression from apoptosis to secondary necro-
sis dying cells expose various “eat-me” signals. The early
apoptotic cell initiates an anti-inflammatory effect while
reaching the stage of secondary necrosis induces an increas-
ingly proinflammatory reaction.”” The recognition by
phagocytes, the correct translation of the signals, and
phagocytosis are mediated by a diversity of adaptor mol-
ecules and receptors. The fine-tuning of the recognition
process is ensured by highly redundant and hierarchically
ordered receptors.

Changes of the phospholipid distribution in the plasma
membrane during apoptosis

The cell membrane of an intact cell shows an asymmetric
distribution of phospholipids due to an adenosine triphos-
phate (ATP) dependent mechanism: the outer leaflet pri-
marily contains sphingomyelin and phosphatidylcholine,
whereas the inner leaflet harbors most of the PS and phos-
phatidylethanolamine (PE). In the early phase of apoptosis
and in the absence of ATP, as in necrosis, PS and PE
are exposed on the outer leaflet of the membrane.**
Phosphatidylserine can be recognized by various receptors
expressed on phagocytes: the vitronectin receptor (o.,f;
integrin),* the p,-glycoprotein-1 receptor,” scavenger
receptors (SR), CD68™ and class A scavenger receptors
(SR-A),” the ATP-binding cassette transporter 1 (ABC1),"
the lectin-like oxidized low-density lipoprotein receptor 1
(LOX-1)," and the lipopolysaccharide receptor CD14.*”
The anti-inflammatory and immunosuppressive effects gen-
erated by PS exposure can be explained by several mecha-
nisms. Inflammatory signals like interferon (IFN)-y, tumor
necrosis factor (TNF)-a, and nitric oxide are suppressed
in PS-mediated phagocytosis of apoptotic cells whereas
the production of TGF-B, an anti-inflammatory cytokine,
is increased.'"” In contrast, necrotic cells often exert
proinflammatory effects although they also expose PS.**
Necrotic cells lose their membrane integrity and released
intracellular PS-binding proteins, such as annexins, that
could interact with PS, resulting in a masking of its immuno-
suppressive effects.”

The role of pentraxins in the uptake of dying cells

The family of pentraxins includes, besides other molecules,
the C-reactive protein (CRP) and serum amyloid P (SAP).
Pentraxins consist of highly conserved glycoproteins com-
posed of 10 identical subunits arranged in two cyclic
pentamers. Their binding to ligands is calcium dependent
and, as acute-phase reactants, they are involved in the regu-
lation of inflammation.*

The freely in human serum circulating secretory phos-
pholipase A2 ITA (sPLA2 IIA) needs the binding to PS to
hydrolyze phospholipids on the outer membrane leaflet.
Therefore, sPLA2 ITA is only able to lyse phospholipids on
the surface of membranes if the cell exposes PS on the outer

leaflet, as in apoptosis and necrosis. The products of sSPLA2
ITA are high amounts of lysophospholipids on cell surfaces
like lysophosphatidylcholine, which bears binding sites for
CRP.* Binding of CRP activates complement via the
classical pathway, permitting opsonization of the dying
cells. Additionally, CRP itself represents an opsonin as
it interacts with Fc receptors of phagocytes, favoring
the phagocytosis process. Furthermore, CRP owns affinity
to membranes and nuclear constituents, like histones and
small nuclear ribonucleoproteins of necrotic cells. As CRP
binds to nuclei of necrotic cells, but is unable to pass the
plasma membrane of apoptotic cells, this selective binding
might be a fine-tuning mechanism in differentiating apop-
tosis and necrosis.”

Serum amyloid P shows binding activity toward a multi-
tude of molecules, reflecting its manifold functions. It binds
to extracellular matrix components, to carbohydrates, to
microbial polysaccharides, to PE, to Clq, and C4 binding
protein. Moreover, SAP specifically binds to DNA, chroma-
tin, and nucleic compounds released during necrosis, and its
interaction with nuclei leads to the solubilization of nuclear
chromatin.”

Phosphatidylethanolamine is found on early as well as on
late apoptotic cells, so SAP should bind to cells in many
phases of cell death. However, relevant binding was ob-
served only to cells in the late stages of apoptosis.” The
exact targets of SAP binding on apoptotic cells still remain
elusive. Serum amyloid P is able to bind to the Fcyreceptors
(CD16, CD32, CD64) on phagocytes and might have an
opsonizing function for bound material.”

High mobility group Bl (HMGBI) protein distinguishes
apoptotic from primary necrotic cells

The high mobility group B1 (HMGBI1) protein is a potent
inflammatory mediator released by primary necrotic cells.
In apoptotic cells, HMGBI1 is “frozen” on the chromatin
and remains immobilized even under conditions of second-
ary necrosis.”*” This is an important distinctive feature be-
tween primary and secondary necrotic cells, representing a
further mechanism of fine-tuning the response against dying
cells.”

Complement opsonizes dying cells

Dying cells activate the complement system through several
mechanisms and Clq, C3, and C4 have been implicated in
the clearance process of dying cells, since the withdrawal
of such components deeply affects the phagocytosis of
apoptotic as well as necrotic cells in vitro and in vivo."””’ We
observed that complement binding is an early event in
necrosis and a rather late event in the case of apoptosis.
Therefore, we think that at least C3 and C4 act as a backup
mechanism to clear apoptotic cells before they enter
the dangerous stage of secondary necrosis.” Recently, it
has been suggested that previous deposition of IgM on
apoptotic cells is required for complement activation
through the classical pathway and for the further
opsonization of these cells by the C3 component.”™ The



hereditary Clq deficiency is the strongest proof of the im-
portance of this complement protein in the pathogenesis of
autoimmunity against nuclear structures, because it illus-
trates many typical characteristics of human SLE disease.
For example, in Clq knockout mice, glomerulonephritis
and accumulation of apoptotic material in renal tissues has
been observed. However, only mild forms of SLE-like syn-
dromes are found in such mice.”* Accumulation of late
apoptotic cells, debris, or chromatin seems to be associated
with antinuclear autoimmunity in mice and humans. How-
ever, the pathways involved seem to differ considerably. We
have also found that Clq is necessary for an efficient uptake
of necrotic cell-derived degraded chromatin by monocytes
and human monocyte-derived macrophages.”

Altered carbohydrates as recognition system

Lectins are carbohydrate-binding proteins considered as
players of the innate immune system, because they are usu-
ally involved in the recognition of characteristic carbohy-
drate patterns.” Lectins facilitate microbial removal and
also play a role in apoptotic cell clearance. For example,
the mannose binding lectin (MBL), the Clq complement
component, and the surfactant proteins A (SPA) and
D (SPD) are collagen-specific lectins (collectins) that
efficiently bind apoptotic and necrotic cells and contribute
to their removal thanks to the recognition of atypical carbo-
hydrate structures.””** We have found that the Narcissus
pseudonarcissus lectin, the Griffonia simplificolia lectin 11,
and Ulex europeaus agglutinin I lectins have an increased
binding activity for apoptotic cells in comparison to viable
cells. This binding activity was specific for mannose, fucose,
and N-acetylgalactosamine and was mainly found in late
phases of the apoptotic process when compared with the
binding of AxV. Interestingly, those lectins were able to
bind with higher intensity to necrotic cells than to apoptotic
ones.” Therefore, we can state that the exposure of those
special sugar structures is a feature of late apoptotic
cells and may serve as an additional removal mechanism
for cells that have escaped earlier clearance mechanisms.
Such changes may suggest a major event before secondary
necrosis.

Clearance deficiency in SLE

Dead cells need to be removed from tissues as soon as
possible. Although every minute thousands of cells are dy-
ing in our organism, apoptotic cells are rarely seen in
healthy tissues and in peripheral blood. Therefore, there
has to exist a very efficient “garbage disposal system” in
order to avoid the accumulation of dead cells. Apoptotic
cell removal is ensured mainly by the respective mono-
nuclear phagocyte system in every tissue, namely, macroph-
ages, dendritic cells, Kupffer cells, microglia, alveolar
macrophages, and many others. Evidence from gene-
targeted mouse models illustrates deficiencies in the clear-
ance of apoptotic cells together with a very heterogeneous
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picture of autoimmunity. For example, the Clg-deficient
mouse shows high numbers of apoptotic bodies in glo-
merular structures and spontaneous autoantibody re-
sponse.” Mice that lack secreted IgM have more immune
complex deposits in the glomeruli and develop more
anti-dsSDNA antibodies in comparison to wild-type mice.”
As stated above, IgM is also required for the recognition
and opsonization through the complement system of
apoptotic cells, and both Clq and IgM are thought to act
synergistically in the removal of apoptotic cells from
tissues.™ It was proved that these molecules mediate the
clearance of apoptotic cells and immune complexes also
in humans.”

Serum amyloid P is the major acute-phase reactant in
mice, while in humans CRP fulfils this duty.* When the
SAP gene is targeted in mice, they spontaneously develop
autoimmunity against nuclear structures.” The interaction
of SAP with nuclei also leads to the solubilization of nuclear
chromatin.” It has long been known that CRP levels are low
in patients with SLE. The low level of CRP may therefore
also contribute to the impaired phagocytosis of dying cells
in SLE. Furthermore, CRP is able to bind to membranes
and several nuclear constituents of necrotic cells like his-
tones and small nuclear ribonucleoproteins.”” However, the
exact role of human CRP in the clearance process remains
to be clarified.

The DNasel-deficient mouse displays glomerulonephri-
tis and antinuclear autoantibodies.® In humans, serum
DNAsel is responsible for the degradation of nuclear
material, which is, e.g., accidentally released by secondary
necrotic cells. Furthermore, DNasel acts together with
Clq in humans to efficiently degrade necrotic cell-derived
chromatin.”

A deficiency in the engulfment of yeast and bacteria in
patients with SLE was found several years ago.””" We dem-
onstrated that macrophages from SLE patients are also
impaired in the phagocytosis of autologous apoptotic mate-
rial in vitro.”” This impaired clearance ability might be one
important reason for the accumulation of dead and dying
cells found in tissues of a subgroup of patients with SLE.
We also observed that the number of TBMs which usually
ingest apoptotic material in the GCs of lymph nodes was
strongly reduced in some SLE patients. In contrast to all
controls, apoptotic material was associated with the sur-
faces of FDCs.” The defects seen in macrophages from SLE
patients seem also to be an intrinsic problem of this cell
type. We have quantitatively measured the adhesion of
these macrophages to plastic, and have found that the adhe-
sion index in SLE patients is significantly lower than that in
NHD after 1 week of in vitro differentiation in the presence
of GM-CSF (our own unpublished data). Focal adhesions
are critical events in the differentiation of monocytes to
macrophages. They are actively formed after a ligand—
receptor interaction and are also important in migration
and perhaps in the engulfment process, since both are actin-
dependent phenomena.”” We also investigated the prolif-
eration and differentiation capabilities of CD34-positive
hematopoietic stem cells obtained from the peripheral
blood of SLE patients and healthy donors. While the pro-
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liferation rates of the stem cells in patients and controls
were similar, the differentiation into macrophages was di-
minished in some SLE stem-cell cultures. Macrophages de-
rived from the blood of SLE patients were different in
morphology, died earlier, showed reduced adherence, and
had in general a lower phagocytic activity.”

Phagocytosis by PMNs was also found to be deeply de-
pressed in SLE patients.”” Furthermore, phagocytosis by
PMNs under inflammatory conditions is impaired in the
autoimmune mouse strain MRL/lpr.” We are currently
investigating the phagocytic function of PMNs from healthy
donors, from RA patients, and from SLE patients under
noninflammatory conditions. We found that the phagocyto-
sis defects in some SLE patients are heterogeneous.”
Phagocytosis by PMNs of yeast and Escherichia coli was
also depressed in our examined blood from patients with
SLE.

We further observed that the phagocytosis of primary
necrotic cells by macrophages is also highly dependent on
complement and other thermolabile serum components.
Additionally, in experimental settings with macrophages
derived from NHD we found that sera from some SLE
patients decreased the phagocytosis activity of those mac-
rophages and other SLE sera highly increased it (our own
unpublished data). This again highlights that intrinsic as
well as extrinsic factors are important for an efficient clear-
ance of apoptotic and necrotic cells.

Immunological outcome of a deficient clearance

The isolation of autoreactive T cells from patients with SLE
and their ability to induce the production of anti-dsDNA
autoantibodies in vitro suggests that somehow the tolerance
mechanisms against self-antigens have been broken in these
patients.""™” The apoptotic process implies a very intense
enzymatic degradation of nuclear proteins and DNA,*
leading to the exposure of novel autoantigens that are rec-
ognized by autoimmune sera.”” These modifications may
also render cryptic epitopes into T-cell-dependent domi-
nant autoantigens.” The presence of high amounts of such
T-cell-dependent autoantigens in tissues, as it occurs in
clearance deficient circumstances, may break the peripheral
tolerance. For example, late apoptotic cells and apoptotic
cell-derived “blebs” can activate complement without the
binding of a specific antibody. They become mainly coated
with the C3d component of complement.””® In lymphoid
tissues, FDCs bind C3d opsonized particles via the CD21
receptor and eventually present modified autoantigens to
autoreactive B cells.*** These positively selected B cells can
now migrate to the mantle zone of the GC where they
receive appropriate signals from T helper cells. They prolif-
erate and differentiate thereafter into memory or plasma
cells. Thereby, in some SLE patients the retention of
autoantigens on the surface of FDCs as well as the presen-
tation of nuclear autoantigens by DCs may override the
highly important mechanism of B- and T-cell tolerance,
respectively. In Fig. 1 we describe the events that take place

in the peripheral lymphoid tissues, and suggest that an
ineffective scavenger system may be responsible for many
of the pathological alterations found in SLE patients
(Fig. 1b).

The evidence favoring a clearance deficiency of
apoptotic cells as the core mechanism in the pathogenesis of
SLE is growing rapidly. New therapeutic interventions
should be considered on the basis of this pathogenic
mechanism.
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