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Abstract

B cells are central pathogenic players in Systemic Lupus Erythematosus and multiple other

autoinmune diseases through antibody production as well as antibody independent functiona. At

the same time, B cells are known to play important regulatory functions that may protect against

autoimmune manifestations. Yet, the functional role of different B cell populations and their

contribution to disease remain to be understood. The advent of agents that specifically target B

cells, in particular anti-CD20 and ant-BLyS antibodies, have demonstrated the efficacy of this

approach for the treatment of human autoimmunity. The analysis of patients treated with these and

other B cell agents provide a unique opportunity to understand the correlates of clinical response

and the significance of different B cell subsets. Here we discuss this information and how it could

be used to better understand SLE and improve the rational design of B cell directed therapies in

this disease.
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Introduction

B cells are critical players in human immune responses including both protective responses

during infections and vaccination and pathogenic responses in transplant rejection, allergic

and autoimmune conditions [1]. The dual nature of B cells also applies to many other

medical areas such as cardiovascular disease where B cells may adversely impact the

outcome of acute myocardial infarction yet their natural products (antibodies), may play

either a protective or a pathogenic cardiovascular role. The opposing roles of B cells in

multiple biological systems and diseases have been reviewed in depth elsewhere [2].

Over the last 15 years, we have witnessed an explosion of interest in the use of B cell

depletion in a growing number of diseases prominently including B cell malignancies,

autoimmune diseases and transplantation. Spurred by the success of B cell depletion in

Rheumatoid Arthritis [3] and ANCA-mediated vasculitis [4] and the relatively low toxicity

of this intervention, multiple other agents that impact B cell survival and/or function have

been introduced in the clinic or are in different stages of development. The most prominent
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example of agents that modulate B cell survival, the anti-BAFF monoclonal antibody

Belimumab, has been recently approved by the FDA for the treatment of SLE thereby

providing a second wind to the field of B cell targeting in this disease [5] after the failure of

two randomized, placebo controlled clinical trials of Rituximab in non-renal lupus and lupus

nephritis (EXPLORER and LUNAR, respectively) [6,7]. Given the very different

mechanism of action of these two agents with dramatically different impact on B cells, the

growing body of clinical and immunological information available provides an interesting

opportunity to think through the rationale and application of different modalities of B cell

targeting. Due to the plethora of excellent clinical reviews of anti-B cell therapies published

over the last few years [1,8–10], here we shall focus on the immunological rationale for the

different modalities. Moreover, we will discuss how to apply this knowledge to improve the

use of current agents and to design new therapeutic strategies.

B cells in SLE. Rationale for B cell directed therapies

B cell diversity and division of labor

B cells are known to play multiple effector and regulatory functions through diverse

mechanisms of action[2]. Such mechanisms include the defining B cell function, namely

antibody production after differentiation into plasmablasts (PB; proliferative, blasting

antibody secreting cells typically of short life-span) and plasma cells (PC; mature, resting

antibody secreting cells some of which may have very long life spans after homing either to

the bone marrow or the spleen) [11]. Spontaneous antibody production may also be a

function of specific B cell subsets, in particular B1 cells. In addition, B cells may produce

both, proinflammatory cytokines (including L-6, TNF and INFγ) [12], and regulatory

cytokines, prominently including IL-10 [13]. Mouse models have demonstrated the ability of

B cells to influence T cell activation and polarization into different effector T helper subsets

including TH1, TH2 and TH17, a function that in autoimmune disease is likely of

pathogenic consequence [12] [14–16]. On the other hand, B cells have also been reported to

either induce or inhibit the generation of regulatory T cells [2,17,18,16]. Importantly, several

B cell subsets are capable of inhibiting pro-inflammatory responses in macrophages and

dendritic cells and the activation of effector T cells, to a large extent through the generation

of IL-10. These regulatory B cell functions have been ascribed to different B cell subsets

which have been variously labeled B regulatory cells (Bregs) and B10 cells, and will be

further discussed below in the context of SLE and other human autoimmune diseases [19–

22].

Finally, B cells are powerful antigen presenting cells with the ability to activate antigen-

specific T cells and influence the development and/or the maintenance of T cell memory

[23]. While some studies have provided experimental evidence for antigen-specific Bregs,

the full extent of this phenomenon and the coordinated participation of the APC and IL-10

production functions remain to be fully elucidated.

Given the multiple functions played by B cells and their opposing effects in autoimmunity, it

remains essential to understand whether there exists strict division of labor among different

B cell subsets or whether instead, there is significant functional plasticity among multiple B

cell subsets which could be induced by extrinsic cues in a disease specific fashion. Under
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the former model, it should be possible to assign a specific, function-linked, surface or

transcriptional phenotype to distinct B cell subsets, analyze their frequency in a given

disease and in individual patients and design therapeutic approaches to target the population

of interest accordingly (whether to eliminate, inhibit or expand such population). Moreover,

this could be done in an individualized, patient-directed fashion. Under the latter model, it

would be more effective to target the extrinsic milieu responsible for pathogenic alteration

of B cell functions. Of course, these two approaches need not be mutually exclusive and

thus, one could envision global or selective elimination of specific pathogenic B cell subsets

combined with strategies to modify the immunological environment in order to promote B

cell protective functions.

Thus, a precise understanding of the phenotype, function and developmental programs of

different human B cell subsets is of the essence for a rational design of B cell targeted

therapies. The current state of knowledge of human B cell diversity will be discussed in the

next section.

Human B cell heterogeneity and function

In a normal immune system, immature bone marrow B cells progressively mature through a

transitional stage that can be broken down into several discreet subsets (transitional T1, T2

and T3) [24]. Of note, murine T3 cells have also been reported to represent hyporesponsive

anergic B cells [25] that may be decreased in murine lupus [26]. Maturation of transitional

cells into either naïve follicular B2 cells can happen either in the bone marrow or in the

spleen. Transitional cells can also differentiate into marginal zone (MZ) B cells but this

process is limited to the spleen and may involve a specific transitional cell precursor (T2-

MZP) [27]. MZ B cells have been well defined in the human spleen with almost universal

expression of high levels of the CD27 memory marker and intermediate levels of surface

IgD and IgM isotypes [28,29]. In addition, a blood population of cells with a similar

phenotype albeit with lower levels of CD27 has been proposed to represent a recirculating

MZ counterpart [30]. While their existence and accordingly their phenotype has long been

disputed in humans, recent work has identified a human B1 cell compartment although some

controversy still exists as to the nature and frequency of these cells [31–33]. B1 cells can be

functionally split as CD11b+ B1 cells spontaneously secrete IL-10 and act as powerful APC

due in part to high expression of CD86. Somewhat counterintuitively, these cells have been

reported to both promote T cell proliferation and inhibit T cell activation and on that basis

have been termed B1 orchestrators (B1orc) [34,35]. In contrast, CD11b- B1 cells

(representing 9o% of all B1 cells), spontaneously produce IgM antibodies (B1 secretors;

B1sec). The role of B1 cells in human autoimmunity in general and SLE in particular

remains to be defined.

Of note, immature and transitional cells are subject to tolerance checkpoints that censor

autoreactivity [36]. Yet, as described by our lab and others, mature naïve B cells still contain

approximately 30% of autoreactive cells that are censored by anergy [37]. Such anergic B

cells are unable to compete for BAFF-mediated signals responsible for follicular survival

and excess BAFF results in autoimmunity [38–40]. Upon encountering antigen in the

follicles, naïve B cells get activated through cognate BCR engagement (signal 1); T cell help
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(signal 2); and co-stimulatory factors (signal 3). The downstream consequences of naïve B

cell activation are incompletely understood in humans. In mouse studies however, activated

naïve B cells, first participate in an early extrafollicular reaction through interaction with

macrophages, dendritic cells and extrafollicular T follicular helper (TFH) cells in an IL-21

independent fashion [41]. This phase generates early plasmablasts (PB), that are short-lived

but may be enriched in high affinity cells and display significant mutation, whereas lower

affinity clones migrate to the germinal centers (GC) for additional somatic hypermutation

(SHM) and affinity maturation under the stimulation of IL-21-producing TFH cells [42,43].

In the GC, aN cells may differentiate into long-lived PC (LLPC) that migrate to the bone

marrow (BM) [11,44], or undergo multiple rounds of division, SHM and antigen selection to

generate memory cells with increased affinity for the offending antigen [43]. It should be

noted however that the GC reaction also generates early IgM memory cells and plasmablasts

(PB) and that memory B cells, including isotype switched memory cells (swM) can also be

generated through GC-independent pathways [45–47]. In at least some mouse models,

lasting IgM memory cells are generated by initial GC reactions formed in response to

immunization which may persist for several months. These IgM memory cells may undergo

additional GC reactions and experience isotype switch, progressive diversification and

selection [45]. Antigen-specific responses can by enhanced by multiple polyclonal

stimulators, including TLR signals, IL-21, IL-6, type I IFN, APRIL and IL-10, that may also

expand non-specific memory cells through a bystander effect [48,49]. Moreover, multiple

cytokines including IL-21, IL-17, IL-6 and IFN can promote dysregulated GC and

autoimmunity [43]. Of interest, all these mediators have been implicated in the pathogenesis

of human SLE and represent therapeutic targets for this disease [50–53].

As previously stated, these processes in general and the extra-follicular pathway in particular

are less clearly understood in humans due to obvious experimental limitations and the lack

of precise and consistent phenotypic definitions. Nevertheless, a substantial body of work,

including our own [54,55], has contributed to the recognition of multiple markers that help

identify human B cell subsets corresponding to the differentiation stages previously

discussed including pro-B, pre-B, immature, transitional, naïve, memory and ASC including

pre-PB, immature PB and mature PC (summarized in Table 1). Moreover, multiple subsets

of human memory cells have been recognized which share the expression of CD27 which is

considered a universal marker of human memory cells [54]. Thus, in addition to the MZ B

cells previously discussed (also referred to as natural memory or unswitched memory),

human CD27+ memory cells also include IgM-only cells lacking IgD (pre-switch memory),

and isotype switched subsets including IgD+ (a small minority), IgG+ and IgA+

populations. Moreover, a population of isotype switched somatically mutated cells lacking

expression of CD27 has been reported by different groups either in normal tonsils (FcRL4+,

tissue-based memory) or chronic infections such as HIV and malaria (FcRL4+, prematurely

exhausted cells) [56,57]. We originally reported large expansion of these cells (defined as

IgD-CD27- double negative, DN, cells) in patients with active SLE [58]. The combination

of our results and others strongly suggest that these cells derive either from extrafollicular

reactions or the early phase of primary GC reactions [59,58].

It is also important to discuss the different phenotypes proposed by regulatory B cells, a

population with protective effects in autoimmune conditions [60] and whose preservation or
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enhancement should presumably be an important consideration in the design of B cell

targeting therapies. While Breg function has been proposed in the mouse for different cell

types including B1 [61], MZ B cells [62], B10 cells with a CD1dhigh CD5+ intermediate

phenotype [19] and transitional cells [63], in humans a Breg function has been proposed for

naïve (IgD+CD27-) [64], transitional (CD24hiCD38hi) [21], B10 cells (CD24hiCD27+)

[20] and B1orc cells (IgDhiCD43-CD27+CD70-CD11b+) [35].

Finally, consideration should be given to the phenotypic differentiation between short-lived

PB and long-lived PC as the latter type is most likely responsible for the generation of

important autoantibodies in SLE (including anti-RNA binding protein antibodies such as

anti-Ro, Smith and U1-RNP that are powerful inducers of type I interferon production) and

other autoimmune diseases. Given that long-lived PC survive current anti-B cell agents, with

the possible exception of atacicept further discussed below, there is a need for the

identification of markers unique to this population that could be specifically targeted by new

agents.

B cells in SLE. Implications for therapy

The pathogenic significance of B cells in SLE is supported by the prominent presence of

multiple autoantibodies that can recognize in excess of 100 different autoantigens [65]. SLE

autoantibodies include disease-specific ones such as anti-dsDNA/chromatin/nucleosomes,

anti-Sm and autoantibodies encoded by VH4-34 (recognized by the 9G4 anti-idiotype and

accordingly referred to as 9G4 antibodies)[66,67]. Of great interest, with the exception of

anti-Sm, SLE-specific autoantibodies tend to fluctuate with disease activity [68–70,66],

thereby suggesting that they are produced by short-lived PB generated by ongoing immune

responses, a feature of significant importance for the design and understanding of outcome

of B cell therapies. The importance of B cell in SLE is also illustrated by multiple B cell

abnormalities [71,67,58,72–75]; the concentration of SLE susceptibility genes on B cell

pathways [76,77]; and the efficacy of B cell therapies [78,79,52,80]. From a cellular

standpoint, SLE has arguably the most dramatic B cell changes of any human autoimmune

disease thus far studied [55]. Naïve lymphopenia and increases in transitional, CD27+

switched memory (swM) cells in general and their activated CD21-CD95+ fraction, DN

cells as well as PB have been reported in active SLE, in general with positive correlation

with active disease. Moreover, multiple abnormalities of relevance to the putative Breg

populations have also been reported including decreased Breg (CD24hiCD38hi) function

despite increased cell numbers [21] and decreased circulating MZ cells (IgD+CD27+

unswitched memory cells). Of great interest, substantial abnormalities have also been

reported for B10 and B1 cells in SLE. Their actual functional significance remains to be

ascertained as both B10 and mostly their precursors (pro-B10 cells) are in SLE patients [20]

as were the level of the IL-10 producing B1orc cells [34].

Overview of current B cell therapies in SLE

The clinical value of B cell targeted therapies in SLE and a growing number of other

autoimmune diseases has been discussed in detail in a large number of publications

including recent general reviews of the topic [81], and a more focused discussion of the

rationale and the potential advantages of anti-CD19 antibodies [82]. Other reviews that
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provide a comprehensive discussion of different approaches to B cell targeting by multiple

mechanisms of action are also available [10,52] and provide a summary of therapeutic

modalities that directly or indirectly may result in strong anti-B cell and/or anti-plasma cell

effects [10,53,52,83,82,8,1,23]. Overall, we find it useful to categorize B cell agents based

on both, their breadth of B cell targeting (including their impact on antibody producing

cells) and their mechanism of action [10]. As for the latter, it is most informative to separate

B cell therapies into those that directly and quickly kill most B cells (best illustrated by anti-

CD20 antibodies) and those that compromise the activation, differentiation and/or survival

of B cells. The latter class of agents tends to target discreet B cell subsets and therefore,

carries greater promise for application to disease subsets characterized by abnormalities in

the corresponding B cell population.

Universal B cell depletion with anti-CD20 antibodies is the best studied modality and has

achieved great success and FDA approval for both Rheumatoid Arthritis and ANCA-

mediated Vasculitis [3,4]. This approach however, has failed to demonstrate added value

over conventional therapy in both non-renal Lupus (EXPLORER) and Lupus Nephritis

(LUNAR), randomized, placebo-controlled trials (RPCT) [7,6]. As discussed in many

publications, these trials suffered from significant limitations including relatively small size

which may have rendered them underpowered to detect significant differences in the context

of highly effective background therapies and relatively short-duration. Moreover, it is

important to note that pre-specified sub-group analysis demonstrated significant benefit in

the Rituximab group in Hispanic and African-American patients in EXLORER and that the

LUNAR study found, also in pre-specified analysis, a larger effect in African-American

patients (75% vs 40%) although this substantail difference did not reach statistical

significance due to the low number of such patients in the study (N=40). Of interest, the

Rituximab group attained higher numbers of partial remission, an outcome that portends

better long-term results in patients with lupus nephritis. Finally, it should also be noted that

all patients that needed rescue therapy with cyclophosphamide belonged to the non-

Rituximab group [84] Combined with multiple open observational studies (many with a high

proportion of patients refractory to conventional therapy) and registries, there remains a

strong possibility that anti-CD20 antibodies may be beneficial in at least some subsets of

lupus patients.

In contrast to Rituximab, much larger studies of the anti-BLyS/BAFF antibody Belimumab

(BLISS-52 and BLISS-76 RPCT) using patients with more limited background therapy and

different outcome measurements, demonstrated a significant benefit of this modality in

patients with moderate degrees of disease activity and exclusion of renal and CNS lupus.

These studies also failed to assess the value of this therapy in African-American patients.

These studies led to the FDA approval of Benlysta for the treatment of non-renal lupus.

While the actual value of this therapy in the clinic continues to be established, subsequent

studies have indicated that it may be of greater benefit in patients with significant clinical

and serological activity [85]. Overall, Belimumab is also helpful to decrease SLE flares and

corticosteroids needs.

Other direct anti-B cell agents that have been substantially tested in human SLE include

antibodies against the inhibitory receptor CD22 (Epratuzumab) and combined BAFF/APRIL
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inhibitors (TACI-Ig or atacicept). Atacicept has been tested in a RPCT in combination with

corticosteroids and mycophenolate mofetil. This treatment demonstrated a quick and

powerful effect in serum antibody levels yet it had to be stopped due to severe infections in

3 out of 4 patients treated [86]. Epratuzumab illustrates the strategy of targeting inhibitory

co-receptors that may dampen B cell activation and improve disease. Epratuzumab has been

in two SLE studies, one of which was prematurely interrupted by lack of drug supply [87].

It should be noted that multiple other strategies can be envisioned to target B cells and

plasma cells. Indeed, a large number of agents have been tested in animal models and in

some human autoimmune diseases (such as Syk inhibitors in Rheumatoid Arthritis). These

approaches have been discussed elsewhere [10,52].

Learning from B cell biology and the use of biological agents in SLE

The field of B cell therapies perfectly illustrate the rational application of immunological

knowledge to the development of targeted therapies. However, as previously discussed in

this review, this promise will only be fulfilled through a better understanding of the

pathogenic and protective roles played by different B cell subsets and the clinical

consequences of imbalances in different B cell populations and functions. Indeed, extant

studies and analysis of the clinical experience gathered over the years with current B cell

agents already provide important clues. In keeping with the diverse different roles

previously discussed for B cells, the clinical impact of B cell therapies would depend on

their effect on specific B cell populations and the contribution of these populations to

antibody-dependent and antibody-independent pathogenic functions and to the promotion of

B cell regulatory functions. Therefore, a significant difference exists between agents that

induce general B cell depletion (such as anti-CD20 agents and anti-CD19 antibodies, the

latter category targeting a larger swath of B cells including pro-B cells and a fraction of

mature plasma cells) and those with more selective B cell targeting (such as anti-BAFF,

anti-CD22 and anti-BCR signaling agents). Thus, the benefit of antibodies designed to

directly kill as many B cells as possible will rest of the actual degree of depletion initially

obtained and the type of repopulation achieved down the line. The depth of initial depletion

is a matter of the greatest consequence and may determine the clinical outcome and the

quality of repopulation. Thus, several studies have shown good correlation between

peripheral depletion at the level of ≤0.01 CD19+ B cells/μl of blood and good responses

[88,89]. Moreover, deep depletion minimizes the level of residual memory cells and plasma

cells and may minimize also the preferential homeostatic proliferation and expansion of

these residual cells in the absence of competing new bone marrow B cell output which can

be suppressed by lingering amounts of anti-B cell antibodies and other poorly understood

mechanisms. Finally, deep depletion of pre-existing activated cells may also promote a

favorable reconstitution of the B cell compartment with a strong predominance with

transitional cells with regulatory function and presumably restored enforcement of tolerance

at the transitional-naïve developmental checkpoint. This ideal outcome could be promoted

by regimens that maximize the initial deep of depletion including synergistic anti-B cell

effects in combination with cyclophosphamide, a common clinical practice for the treatment

of refractory lupus patient. The well-known anti-B cell activity of cyclophosphamide has

been recently highlighted by the profound degree of B cell depletion induced by this agent in
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one of the arms of the RAVE study for ANCA-mediated vasculitis [90]. Moreover,

favorable outcomes could be promoted by the sequential use of agents likely to enforce

tolerance or decrease B cell activation during the reconstitution phase (such as anti-BAFF,

anti-CD22 and anti-BCR and co-stimulatory signaling pathways). Finally, it is worth

considering the possibility of Rituximan titration as it is possible that the depth of initial

depletion might be improved with either higher or additional doses of this drug.

From an antibody standpoint, despite the lack of direct effect Rituximab on plasma cells,

this therapy diminishes the levels of some autoantibodies but not others presumably due to

survival of CD20- long-lived plasma cells [23,91]. While autoantibody decrease should most

certainly contribute substantially to disease amelioration, both the clinical improvement that

ensues before substantial antibody decline and the strong clinical response observed in

patients that maintain their autoantibodies suggest the contribution of other important

mechanisms as well including the restoration of a favorable B cell compartment dominated

by transitional and naïve B cells [79,92,4]. While it remains to be determined whether such

balance result from the lack of pathogenic cells or by the expansion of regulatory B cells

[50], recent studies support a role for the latter possibility. Thus, in SLE Rituximab-induced

B cell depletion induces a population of CD1d+ CD38hiCD24hi transitional B cells that in

turn induce suppressive invariant NKT cells [22]. Of note, SLE CD24hiCD38hi transitional

cells are deficient in IL-10 mediated regulatory function [21] and phenotypically, represent

the main B cell reconstituting population in SLE patients with good response to Rituximab

[93]. The same cells can induce T regulatory cells and suppress Th1 and TH17 development

in RA [16]. However, whether either IL-10 mediated suppression, Treg induction or

suppression of TH1/TH17 cells by CD24hiCD38hi transitional B cells during the

reconstitution phase is a major mechanism of action of Rituximab remains to be formally

addressed. It should be noted however while the actual mechanisms may remain unclear,

rituximab-induced B cell depletion has been shown to result, at least in some studies, in

attenuation of T cell activation [94,95] and decreased TH1 and TH17 development [96].

Similarly, B cell depletion may be followed by expansion of T regulatory cells following B

cell depletion has also been described [97].

Given the above considerations, what to make then of the clinical benefit observed with

agents that fail to deplete large fractions of B cells and may in fact, target the very cells

proposed to exert regulatory functions, in particular transitional B cells? Indeed, Belimumab

decreases total B cells by 50% through 76 weeks of treatment with significant reductions

demonstrated as early as 8 weeks of treatment [98]. B cell reduction is largely accounted for

by a decline in naïve cells by a median of 40% at 8 weeks and by 75% at 76 weeks, without

significant memory cell reductions. In a different study, sustained decreases in transitional

cells were reached after 3 months of treatment [99]. Importantly, only the decrease of

CD20+CD27- cells (which would include both transitional and naïve cells as well as a

population of isotype switched CD27- cells known to correlate with active SLE) correlated

with clinical improvement and lower risk of severe flare.

Similar to belimumab, the anti-CD22 antibody epratuzumab has shown clinical efficacy in

SLE studies [87,100]. In these studies, epratuzumab induced a 40% reduction in total B cells

with preferential elimination of transitional and naïve B cells and attenuated expression of
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surface CD22 on these cells [101,100]. However, epratuzumab did not significantly decrease

memory cells levels nor it induced significant changes in antibody levels [100].

Combined, the experience with both Belimumab and epratuzumab would appear

counterintuitive with current models of SLE pathogenesis in which disease activity would be

mediated by activated memory cells and autoantibody-secreting cells. They should also raise

important questions regarding the importance of Breg mechanisms, the type of B cells that

play regulatory roles and the impact of different B cell therapies on these functions. Indeed,

given the regulatory potential of transitional and naïve cells and the substantial numerical

contraction experienced by these compartments with both Belimumab and Epratuzumab

despite the clinical improvement observed with these agents, it will be critical to examine if

their regulatory function is enhanced by these treatments. Alternatively, it is important to

consider that BAFF levels set the threshold for negative selection of early autoreactive B

cells and that excess BAFF facilitates their selection into the mature compartment [38].

Similarly, Epratuzumab might enhance the CD22 inhibitory function on mature B cells

thereby decreasing B cell activation. Therefore, both agents might play protective roles by

decreasing B cell activation and enforcing tolerance. Moreover, given that CD22 enhances

expression of L-selectin and β7 and β1 integrins and facilitates CXCL12-induced migration

of naive B cells [102], it is likely that epratuzumab could also inhibit B cell migration to

different tissues possibly including germinal centers [103].

It is worth noting however that belimumab has been reported to induce significant and rather

quick reductions of total serum IgG levels and anti-ds DNA antibody titers. Moreover, anti-

Sm antibodies were lost in approximately 30% of patients treated with high-dose

Belimumab [98]. In view of the predominant impact of this agent of pre-germinal center B

cells, these observations would be consistent with the notion that activation of naïve B cells

and their recruitment into the antibody-secreting compartment play an important pathogenic

role in SLE that can be interrupted by available agents. This model is supported by recent

experimental data from our laboratory [37](Tam and Chris ACR abstract) and suggests the

benefit of combination therapies with sequential used of induction therapy with generalized

B cell depletion followed by maintenance therapy with more specific agents such as

belimumab or epratuzumab in order to promote tolerance and decrease the activation of

newly generated naïve B cells during the reconstitution phase. It is likely that a similar

favorable B cell profile could be achieved during reconstitution with other agents capable of

decreasing B cell activation including Syk and Btk inhibitors and other agents that target the

BCR signaling and co-stimulatory pathways [10].

Final considerations. Challenges and opportunities

The next few years will witness a much better definition of the heterogeneity of human B

cell subsets and their participation in SLE pathogenesis with a precise understanding of their

mechanisms of action. This knowledge will be brought about by the confluence of better

subset discrimination by multi-chromatic flow cytometry and an understanding of the

autoreactivity mediated by such populations, facilitated by new technologies that enable the

high-throughput interrogation of antigenic reactivity at the single cell level. When applied to

large, well characterized patient cohorts, this information will greatly enhance the power of
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genetics, epigenetic and molecular studies to segment SLE into different subsets. Combined

with the ability of the pharmaceutical industry to develop a large variety of agents capable of

targeting specific cell subsets and genetic and molecular pathways through biologics, small

molecules, RNA interference and other approaches, it should be finally possible to realize

the thus far elusive dream of precision medicine in SLE. In addition to better and safer

treatments of ongoing disease, patient segmentation based on cellular, genetic and molecular

abnormalities should also provide useful biomarkers to estimate risk of disease progression

and flares and facilitate early treatment to improve long-term disease outcome. Ultimately,

these approaches should also enable to predict disease development in high-risk subjects and

provide safe and effective treatments capable of preventing the progression of pre-clinical

autoimmunity into autoimmune disease.
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