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Abstract

Systemic lupus erythematosus is an autoimmune disease in which the effector molecules 

responsible for tissue damage are antibodies directed against a large number of self-antigens, 

among which nucleic acids complexed with proteins play a prominent role. These pathogenic 

autoantibodies are produced by plasma cells differentiated from activated autoreactive B cells, a 

process that requires complex interactions between multiple components of the immune systems. 

A key step in the activation of autoreactive B cells is provided by CD4+ T cells through cytokines 

and cell-to-cell contact. Lupus CD4+ T cells are autoreactive and they present an activated 

inflammatory phenotype that has been shown to contribute to disease. In addition to their role in 

antibody production, B cells have other effector functions, the most important ones being antigen 

presentation to and co-stimulation of CD4+ T cells, as well as the secretion of cytokines. Here we 

review what is known, largely based on mouse models, how these B cell effector functions 

contribute to the CD4+ T cell inflammatory phenotypes in lupus. When possible, we compare 

CD4+ T cell activation by B cells and by dendritic cells, and speculate how these interactions may 

contribute to the disease process.
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Introduction

It is well documented that systemic lupus erythematosus (SLE) is an autoimmune disease 

driven by pathogenic autoantibodies (autoAbs), and consequently SLE has been referred to 

as a disease of B cell hyperactivity [1]. The multiple factors leading to B cell hyperactivity 

in SLE have been recently reviewed [2]. The requirement of autoantibodies for tissue injury 

was formally demonstrated in MRL/lpr mice, a classic model of spontaneous lupus, which 

were protected by a mutation that eliminated the ability of B cells to secrete antibodies [3]. 

Numerous clinical trials targeting B cells have been conducted, either directly for B cell 
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depletion mediated through an anti-CD20 antibody (rituximab), or indirectly through an 

antibody targeting BAFF (belimumab), a major B cell survival factor that is over expressed 

in SLE patients [4]. Belimumab has shown a modest efficacy in reducing disease activity in 

some SLE patients and became the first (and only so far) biologic treatment to be approved 

by the US Food and Drug Administration for the treatment of SLE. B cell depletion therapy 

with rituximab has failed to show end-point efficacy in clinical trials [5], but it is still used 

off-label with success in cases of refractory SLE [6]. One paradoxical effect of B cell 

depletion is to increase BAFF levels, which may exacerbate flares by stimulating and 

amplifying non-deleted autoreactive B cells [7]. Interestingly, rituximab has shown efficacy 

in two other autoimmune diseases, rheumatoid arthritis and multiple sclerosis, but the 

mechanisms by which B cell depletion has therapeutic effects in these diseases appears to be 

either by preventing B cells to produce inflammatory cytokines or to present antigens to 

autoreactive CD4+ T cells, rather than through the production of autoAbs [8].

B cells are indeed more than the precursors of antibody-secreting cells, and they actively 

participate to immune responses with a variety of effector functions, the most important ones 

being antigen (Ag) presentation to and co-stimulation of CD4+ T cells, as well as the 

production of cytokines, which can be either pro-inflammatory (IL-6, TFNα) or anti-

inflammatory (IL-10). It has been suggested that B cells could modulate the autoimmune 

process through these functions [9]. B cells are also distributed in different subsets along 

their differentiation that have overlapping but distinct effector functions [10]. There is 

evidence that for a distorted distribution of these B cell subsets in lupus mice [11] and 

patients [12], and hence a different contribution of these B cells to immune responses. Here, 

we will summarize the evidence showing how B cells contribute to SLE pathogenesis 

through effector functions other than antibody production. Although many immune cell 

subsets have been shown to participate into the disease process in lupus through an 

amplification loop [13], this review will focus on how B cells regulate the effector functions 

of CD4+ T cells, which is the most documented B-cell-to-immune-cell interaction.

B cell vs. DC activation of CD4+ T cells in lupus

The role of conventional B cells as antigen-presenting cells (APC) has been established in 

the 1980s’ (see [14] for an excellent discussion), and their contribution to the immune 

response is non-redundant with that of professional APCs. First, B cells present only specific 

Ag that they internalize through their B cell receptor (BCR), ensuring a linked recognition 

with cognate CD4+ T cells that is crucial for a coordinated immune response. This Ag-

specificity also allows the activation of rare T cells by minute amounts of Ag [15–17], which 

is an obvious key feature of an efficient T-dependent immune response. Second, Ag-

presentation by B cells tends to occur later than Ag-presentation by dendritic cells (DCs), 

and it has been proposed that B cells play a greater role of the reactivation of memory T 

cells [18].

B cells can also activate CD4+ T cells through the production of cytokines in response to 

TLR activation. B cells and DCs express various TLRs at different levels, and accordingly, 

these two cell types respond with a different pattern of cytokine secretion to TLR 

stimulation [19]. During cognate B:T cell interactions, paracrine stimulation of T cells by B 
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cell-secreted cytokines could be critical in T cell polarization. TLR-stimulated B cells 

secrete IFNγ, which may prime Th1 cell induction, and IL-6, which may promote or 

maintain the polarization of Th17 and follicular helper T (Tfh) cells. B cells were shown to 

be less efficient than DCs in inducing Treg cells, but the maximal Treg polarization was 

obtained with a mixture of B cells and DCs [20]. These observations have been made with 

cells from normal mice, and it would be very interesting to investigate to which extent this 

occurs in lupus, a disease in which each of these three T cells subsets (Th1, Th17, Tfh) are 

expanded [21–23]. Indeed, TLR7 stimulation of DCs, which is commonly associated with 

lupus, inhibits Treg polarization through the production of IL-6 [24]. This study did not 

examine the effect of TRL7-stimulated B cells on Treg polarization, but it is likely that it 

would be similar. Various TLRs are also expressed differently among B cells subsets [19], 

which leads to their different cytokine response to the corresponding TRL ligands, adding 

another potential layer of complexity. Innate-like B-1 cells and marginal zone (MZ) B cells 

are the main producers of IL-10, a complex cytokine with both pro- and anti-inflammatory 

functions [25]. IL-10 produced by B cells (Breg) is generally thought as having 

immunosuppressive activity on T cells [26]. The number or function of Breg is defective in 

lupus [27], which may lead to an unrestrained production of type I IFN by pDCs [28] in 

addition to a direct effect on T cells [29].

Depletion of CD11c+ DCs in the MRL/lpr lupus-prone mice resulted in a significant 

reduction of autoimmune pathology in both kidneys and skin, as well as T cell expansion 

[30]. Interestingly, DC-deficient MRL/lpr mice produced reduced levels of autoAbs, but 

similar levels of total IgG than their DC-sufficient controls. This has been interpreted as the 

autoAbs being mostly produced by extra-follicular plasmablasts, while total IgG is produced 

by post-germinal center (GC) plasmablasts that are less affected by DCs depletion. 

Surprisingly, however, the absence of DCs had very little impact on spontaneous T cell 

activation, suggesting that the chronic activation of T cells by autoAg is performed by B 

cells rather than DCs. This suggests a complex and only partially overlapping distribution of 

labor between lupus B cells and DCs in activating pathogenic T cells. Another level of 

complexity was revealed by the analysis of the consequences of B-cell vs. DC-specific 

deletion of MyD88, and therefore their ability to signal in response to TLR activation, in the 

same MRL/lpr model of lupus [31]. The same group had previously shown that TLR7 was 

required for the production of anti-RNA autoAbs as well as clinical disease, and that TLR9 

was required for the production of anti-DNA autoAbs [32]. Deletion of MyD88 in B cells 

greatly decreased the production of total IgG and eliminated autoAbs, while the mice with 

MyD88-deficient DCs had normal levels of IgG and modestly reduced levels of some 

autoAbs. Since these autoAbs are T-dependent, these results demonstrate the critical role 

played by TLR-activated B cells in stimulating autoreactive T cells in the production of 

autoAbs. The differential role of TLR-activated B cells and DCs is not likely to be through 

follicular helper T cells (Tfh), which were both reduced in DC-and B-cell-specific MyD88 

deficiency. However, only CD4+ T cells from B-cell deficient MRL/lpr mice or MRL/lpr 

mice with MyD88-deficient B cells showed a significantly reduced spontaneous CD4+ T cell 

activation and effector memory phenotype. This suggests that B cells activate T cells in a 

qualitatively different manner than DCs, which may be more favorable to autoreactive T 

cells. Surprisingly, given the critical role of DCs in nephritis mentioned above [30], MyD88-
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deficiency in B cells but not in DCs was protective for renal pathology, while the reverse was 

true for dermatitis. In support of their role of in lupus nephritis, B cells have been found in 

close proximity of Tfh-like cells in the kidneys of nephritic patients [33], although 

inflammatory myeloid cells have also be shown to play a prominent role in autoimmune 

renal pathology [34]. These results suggested the existence of tissue-specific differences in 

the relative importance of B cell vs. DC activation of T cells that are more salient in lupus 

than in non-autoimmune mice due to the chronic TLR activation by nucleic acids. Indeed, a 

recent study suggests that autoreactive spontaneous Tfh cells may be activated by B cells 

through a different mechanism than Tfh cells induced by immunization with a foreign Ag 

[35]. Specifically, IFN-γR expression and STAT1 signaling in B cells is required for a full 

induction of spontaneous Tfh cells in autoimmune B6.Sle1b mice through T-bet expression 

and IFN-γ production by B cells. This IFN-γ-dependent activation of Tfh by B cells leads to 

the production of autoAbs.

B-1a cell activation of effector T cells

B-1a cells are generally excluded from classical T-dependent immune responses [36]. This 

innate-like subset of B cells has an enhanced APC capacity as compared to conventional B 

cells (B2) that was recognized over 20 years ago [37]. Syngeneic peritoneal B-1a cells 

expanded IL-10, IFNγ and IL-4 producing CD4+ T cells in an Ag-dependent manner, while 

splenic B-1a cells expanded Th17 cells as compared to conventional B cells in vitro. In vivo, 

the same Ag-pulsed peritoneal B-1a cells induced a greater CD4+ T cell proliferation [38]. 

Allogeneic B-1a cells induced a strong expansion of inflammatory CD4+ T cells secreting 

IFNγ, IL-17 and TNFα in an Ag-dependent manner, while in the same conditions, B2 cells 

expanded Treg cells [39]. In addition to Ag presentation, it was shown that CD44 and CD86 

expression was required for the B-1a cells to expand inflammatory T cells [40]. Conversely, 

IL-17A promoted pulmonary B-1a cells during influenza virus infection by induction of 

Blimp-1 and NF-kB, which are key transcription factors for B-1a cell differentiation [41]. 

This suggests that there a mutual amplification between B1-a cells and Th17 cells that may 

play a protective role against specific pathogens.

B-1a cells are expanded in lupus-prone mice [42] and SLE patients [43]. In lupus-prone 

mice, B-1a cells are found not only in their expected location in the peritoneal and pleural 

cavities, but also in inflamed tissues, such as the kidneys and the thymus [44], in a CXCL13/

CXCR5-dependent manner [45]. Moreover, there is evidence that CD4+ T cells migrate to 

the peritoneal cavity where they encounter B-1a cells [38]. In addition, B-1a cells from the 

lupus-prone NZM2410 mouse express high levels of co-stimulatory molecules and have 

high APC functions [46]. Finally, B-1a cells from lupus mice have a different receptor 

repertoire [47], and they are enriched for a sub-population expressing PDL-2 that is more 

autoreactive [48], but whose function is currently unknown [49]. The effect of B1-a cells on 

T cells in lupus has not yet been directly evaluated. However, given their numbers, location 

in inflamed tissues where CD4+ T cells are also found, their skewed repertoire toward 

autoreactivity and high co-stimulatory activity, it likely that lupus B-1a cells contribute to 

the activation of autoreactive T cells, therefore participating in the multicellular feedforward 

activation loop that has been described to sustain lupus pathogenesis [13]. In support of this 

hypothesis, we have found that the expression of the Sle2c1 locus, which is responsible for 
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the B-1a cell expansion in the NZM2410 model, increases Th17 cell polarization and 

promotes nephritis in Fas-deficient mice [50].

MZB cell activation of effector T cells

MZB cells are innate-like B cells that share many characteristics with B-1a cells, including 

their predominance in T-independent immune responses [51]. The splenic marginal zone is 

relatively devoid of T cells. However, MZB cells rapidly respond to TLR activation by 

moving into the follicles, where they encounter CD4+ T cells. In this context, MZB cells 

have superior APC and priming functions as compared to follicular B cells, resulting into 

Th1-polarization and expansion [52]. MZB cells can also suppress protective CD4+ T cell 

responses, as it was shown with Leishmania, which is presented to T cells by MZB cells, but 

also induce the production of IL-10 by the same MZB cells [53]. We have shown that MZB 

cells spontaneously migrate to the follicles in NZM2410 lupus-prone model [54, 55], 

resulting in increased interactions with CD4+ T cells. Furthermore, MZB cells from lupus-

prone mice showed enhanced responses to TLR activation as compared to MZB cells from 

non-autoimmune mice [56]. Interactions between MZB cells and CD4+ T cells from lupus-

prone mice resulted in a mutually enhanced activation, suggesting an amplification loop that 

contributes to the pathogenic process.

A more specialized function has been described for MZB cell precursors (MZP) that 

accumulate in the spleen of BXD2 mice, another spontaneous model of lupus [57]. In these 

mice, MZPs shuttle Ag to germinal centers (GC) in a type 1 IFN-dependent manner. 

Deficiency for the type 1 IFN receptor (Ifnar) resulted in MZPs being retained in the MZ 

area and in a reduced number of spontaneous GCs. Moreover, Ifnar-deficiency suppressed T-

dependent Ab responses in response to immunization in these mice [58]. This was 

associated with a down-regulation of CD86 expression, which is expressed at the highest 

levels on MZPs. Accordingly, MZPs showed the highest CD4+ T cell co-stimulation activity 

as compared to MZB and follicular B cells that was inhibited by an anti-CD86 blocking Ab. 

Interestingly, the importance of CD86 in T cell activation by B cells was demonstrated 

independently for both B-1a cells (see above) and MZB cells. CD86-deficiency (and not 

CD80-deficiency) restored the retention of MZB cells in the MZ area in lupus-prone 

B6.Sle1.Sle2.Sle3 mice, which was associated with an absence of anti-DNA IgG production 

and a significant reduction in renal pathology [55]. Taken together, these results have 

identified MZB and MZP cells as unique activators of T cells in a manner that is amplified 

by type 1 IFN, a class of cytokines that is center to lupus pathogenesis.

A complex multicellular mechanism supports the involvement of MZB and MZP cells in 

autoimmune pathogenesis. MZB/MZP cells and MZ macrophages (MZM) depend on each 

other for retention in the MZ area, and MZMs are progressively lost in lupus-prone mice 

[55, 59]. In the absence of MZMs, apoptotic debris accumulate and load the MZB/MZPs 

that are translocated to the follicles in response to type 1 IFN produced by DCs in the MZ 

sinus. Apoptotic debris are highly immunogenic through TLR7/9 activation and are central 

to the pathogenic process in lupus. Although not directly demonstrated, it is likely that these 

apoptotic debris contribute directly, or indirectly through TLR activation, to the activation of 

autoreactive CD4+ T cells. The loss of MZMs is due to the disruption of activation signals 
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coming from the MZB/MZPs through the expression of membrane lymphotoxin-α1β2 

(mLT) [60]. More precisely, mLT signaling induces the expression of megakaryoblastic 

leukemia 1 (MKL1), a transcriptional coactivator that regulates the mechanosensing 

pathway, which is required to activate the phagocytosis of apoptotic cells. This complex 

mechanism involving MZB/MZP, type 1 IFN-producing DCs, and MZMs and leading to the 

activation of autoreactive Tfh cells and the production of autoAbs has been validated in two 

genetically different mouse models of lupus, BXD2 and B6.Sle1.Sle2.Sle3, and is therefore 

likely to be an important contributor to autoimmune pathogenesis.

Regulation of T:B cell interaction by SLAM family genes

The SLAM gene family encodes for receptors which, along with their adaptors SAP and 

EAT-2, regulate immune cell to cell interactions, including interactions between CD4+ T 

cells and B cells [61]. Mutations in SAP are responsible for X-linked lymphoproliferative 

disease (XLP), which is characterized by multiple immunological abnormalities, including a 

paucity of GCs and impaired T-dependent humoral responses. T:B interactions regulated by 

SAP and Ly108 (Slamf6) as well as CD84 (Slamf5) are necessary for GC formation [62]. 

Mutations in SLAM family genes [63] as well as in EAT-2 [64] have been associated with 

lupus susceptibility in mice. The SLAM family genes are arranged in a cluster in tight 

linkage disequilibrium, and it has been difficult to delineate the contribution of each gene to 

the autoimmune process [65]. Ly108 has been the best characterized, with evidence that a 

differential distribution of splice isoforms impairs B cell [66, 67] as well as CD4+ T cell [68, 

69] tolerance in a cell-intrinsic manner. It has also been shown that B cells and CD4+ T cells 

specific for a low affinity peptide that express the Sle1-lupus susceptibility alleles of the 

SLAM gene cluster engage in shorter interactions than B and T cells expression the non-

autoimmune alleles [70]. There is evidence that these brief interactions allow for a greater 

sampling of partners for optimal binding, leading to a greater chance for activation of 

autoreactive cells. This is so far the only evidence that polymorphisms in SLAM genes may 

contribute to systemic autoimmunity not only through intrinsic impairments of B cells and T 

cells, but also through their interactions. A deeper investigation in that direction may 

characterize this process in more details.

Concluding remarks

SLE is essentially a B cell disease because autoantibodies are the ultimate effector 

molecules. The participation of CD4+ T cells in the production of these autoantibodies has 

been well documented. T cell targeting therapies have been proposed as an alternative to the 

existing B cell targeting approaches to prevent T cell help to autoreactive B cells [71]. This 

unidirectional B-cell centric driving force in lupus pathogenesis is however over-simplified. 

There are well-documented examples, either in lupus models or extrapolated from other 

systems, that B cells regulate CD4+ T cell functions in a non-redundant manner with 

dendritic cells. This is especially true considering the different B cells subsets that may 

respond differentially to inflammatory signals. Therefore, a better understanding of the 

consequences of either B or T cell depletion or targeting in lupus should include the 

characterization of B:T cell amplification loops that may be critical for pathogenesis.
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