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Systemic lupus erythematosus (SLE) is an autoimmune disease characterized by the loss of
tolerance to nucleic acids and several of their binding proteins. Polymorphisms of key genes
involved in the regulation of immunity and inflammation contribute to this loss of
tolerance.! Lupus patients can have high titers of 1gG anti-nuclear autoantibodies years
before they manifest clinical pathology? that occurs when pathogenic autoantibodies damage
organs by direct targeting of cells or by recruiting and activating inflammatory effector cells.
In a recent issue of Nature Immunology, Doreau et al.3 show that inflammation can
perpetuate autoimmunity through cytokine-driven activation of memory B cells in the
absence of cognate T-cell help.

All individuals have ‘natural’ IgM antinuclear antibodies that enhance the noninflammatory
clearance of circulating nucleic acid-containing material resulting in immune protection. A
pathological response to nuclear antigens in SLE is characterized by class switching to 19G
and, commonly, somatic mutations leading to increased affinity of the autoantibodies.*
Cognate T-cell help and costimulation through B7-CD28 are required to initiate secretion of
pathogenic 1gG autoantibodies in most murine SLE models.

Immune complexes containing IgG antinuclear autoantibodies activate toll-like receptors
(TLRs) within plasmacytoid dendritic cells (pDCs), monocytes and B cells.® In pDCs, TLR
engagement induces transcription of proinflammatory mediators, including type |
interferons. These activate myeloid (m)DCs to costimulate T cells and to release both BAFF,
necessary for B-cell homeostasis, and interleukin (IL)-6, which is required for induction of
Tw17 cells and optimal plasma cell differentiation.®.” BAFF may also enhance DC
maturation, TLR expression and IL-6 release.® TLR engagement in B cells increases BCR-
mediated signaling and upregulates BAFF receptors,? resulting in preferential activation and
survival of B cells that internalize nucleic acid-containing immune complexes. These
amplification loops continue to drive the activation of autoreactive B cells and the
production of autoantibodies that sustains inflammatory cascades. Both the innate and the
adaptive immune response become dysregulated and interconnect through antigen-specific
and nonspecific pathways (Figure 1). The recent failure of several immune-modulating
treatments in SLE highlights the redundancy of the inflammatory cascades that operate
during active disease.

The inflammatory milieu of chronic SLE profoundly alters T- and B-cell function.
Decreased numbers of B cells'® and high levels of BAFF relax the stringency for B-cell-
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negative selection.1? An increased number of autoreactive B cells persist within the naive
repertoire even after treatment.12 Although the functional state of the escaping autoreactive
B cells is unknown, even anergic cells pose a threat as they can still present antigen and
because anergy is potentially reversible. Downregulation of the inhibitory FcyRIIB receptor
on memory B cells,13 accumulation of an abnormal population of CD277/IgD™ memory
cells* and defects in the regulation of germinal center selection®® occur at later stages of B-
cell ontogeny. T cells from SLE patients exhibit signaling defects that confer a lower
threshold for activation and enhanced migratory capabilities. These changes may be
persistent as they are associated with alterations in DNA methylation.1® These alterations in
B- and T-cell selection and activation, and the sustained recruitment of the innate immune
system, result in a trigger-happy immune system that is conducive to disease flares.

The recent paper by Doreau et al.3 identifies a novel mechanism for B-cell activation in SLE
patients. The authors show that the threshold for naive and memory B-cell activation,
proliferation and Ig secretion is lowered by the combination of BAFF and IL-17 and that this
combination can substitute for either TLR9 or CD40 engagement in BCR-stimulated B cells.
IL-17 and BAFF impede apoptosis and induce B-cell differentiation to a plasma cell
phenotype through a novel NF-xB-dependent mechanism, different from the pathways
activated by engagement of CD40 or BAFF-R. Cognate T-cell help is not necessary in this
pathway. They further show that IL-17 and BAFF are B-cell-activating components of SLE
serum.

Although the role of excess BAFF in SLE has been clearly shown in murine models, 1’ the
contribution of IL-17 is less well studied. In human SLE, it is released by both CD4* and
CD3" double-negative T cells and by effector T cells in inflamed organs in which it
enhances release of other proinflammatory mediators, and recruitment of other effector
cells.18 Studies of the effect of 1L-17 on B cells are in their infancy. It has previously been
proposed that IL-17 has a role in germinal center development through a direct effect on B
cells.19:20 The study by Doreau et al.3 shows that under inflammatory circumstances, 1L-17
can also foster the differentiation of memory cells to plasma cells. This article, along with
recent studies showing synergy between IL-21 and BAFF in human memory B-cell
differentiation, 2! shows a unique role for BAFF in T cell-independent, and, in the case of
IL-21, antigen-independent production of high-affinity antibodies. As BAFF, IL-17 and
IL-21 are elaborated in lymphoid and inflamed organs in SLE, these findings establish a link
between systemic inflammation and enhanced production of pathogenic autoantibodies
(Figure 1).

Doreau et al.3 add to the growing body of evidence that the immune dysregulation in SLE is
the consequence of activation of multiple converging and intersecting inflammatory
pathways of both the innate and the adaptive immune system. Both antigen-specific
responses and tissue-specific inflammatory pathways drive an escalating immune response
in which the ability to control cellular activation by normal regulatory mechanisms is lost.
Where does this leave us in terms of therapy for SLE? With so many inflammatory
pathways activated, the clinician is currently forced to choose between excessive immune
suppression and continuing inflammation and progressive organ damage. Studies of mouse
models have taught us that early intervention aimed at preventing expansion of autoreactive
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B cells is much more effective than intense therapy aimed at tissue effector cells. Once
pathogenic 1gG autoantibodies arise and tissue inflammation is initiated, therapies directed
at single cytokines or activation pathways often fail and more aggressive drug combinations
that may be unacceptably immunosuppressive in humans are required to induce remission.
Earlier intervention and a more aggressive approach to remission maintenance may reduce
morbidity from incremental tissue damage and prolonged immunosuppression.
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Figure 1.
A new pathway for memory B-cell activation in systemic lupus erythematosus (SLE).

Multiple amplification pathways (shown in gray) are activated in SLE. Doreau et al.3
describe a novel NF-xB-dependent pathway (shown in blue) by which circulating cytokines
released from inflamed organs induce differentiation of memory B cells to plasma cells thus
perpetuating the autoimmune response. IFN-q, interferon-a; IL, interleukin; mDC, myeloid
dendritic cell; pDCs, plasmacytoid dendritic cells; TLRs, toll-like receptors.
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