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Abstract 
 

B cells have been implicated in the pathology of multiple sclerosis 

(MS) since the initial observation of increased immunoglobulin 

concentrations in the cerebrospinal fluid (CSF) of MS patients in the 

1940s. CSF oligoclonal IgG bands are detectable in most MS patients, 

and data on the single cell cloning of the immunoglobulin gene from B 

cells obtained from MS lesions suggest antigen-driven clonal expansion 

of B cells within the central nervous system (CNS). Until recently, the 

main pathogenic contribution of B cells to MS has been considered to be 

mediated by the production of autoantibodies specific to CNS antigens. 

However, the recent successful results of B-cell depletion therapies for 

MS without affecting immunoglobulin levels in serum and CSF have 
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shed light on the antibody-independent activity of B cells in MS immune 

pathology. Indeed, studies using animal models and human samples have 

suggested that B cells mediate peripheral immune regulation of MS by 

presenting antigens to T cells and by releasing anti- and/or pro-

inflammatory cytokines. In addition, the recent identification of B cell-

rich follicle-like structures in meninges of patients with secondary 

progressive MS suggests that the pathogenic roles of B cells also exist 

within the CNS and that they contribute to subpial cortical injury, which 

is currently considered an important substrate for disease progression. 

Taken together, B cells can be regarded as a key player in the 

pathogenesis of MS and can consequently serve as an attractive target for 

therapeutic intervention. In this chapter, we review the pathogenic roles 

of B cells in MS, with a focus on recent advances in the field and the 

potential for future B cell-targeted therapies for MS. 

 

 

Introduction 
 

Multiple sclerosis (MS) is an inflammatory demyelinating disease of the 

central nervous system (CNS) [1]. Multiple genetic and environmental factors 

have been implicated in the development of MS, and a central role of 

autoimmune T cell responses against the components of the CNS has been 

suggested, based on the similarity between MS and experimental autoimmune 

encephalomyelitis (EAE), a putative MS animal model that is mediated by 

myelin protein-reactive CD4
+
T cells [1]. On the other hand, the role of B cells 

in MS has not been clearly understood, although intrathecal production of 

immunoglobulin has long been regarded as a hallmark of MS. However, the 

recent successful results of B cell depleting treatment [2-4] and the 

identification of follicle-like structures (FLSs) rich in B cells in the meninges 

of secondary progressive MS patients [5-7] have aided the understanding of 

their involvement in MS. In this chapter, we review the pathogenic roles of B 

cells in MS, with a focus on recent advances in the field and the potential for 

future MS therapies that target B cells. 

 

 

Overview of B Cell Involvement in MS 
 

Involvement of B cells in the pathology of MS has been recognized since 

the initial observation of an increased immunoglobulin concentration in the 

cerebrospinal fluid (CSF) of MS patients in the 1940s [8,9]. The detection of 
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oligoclonal IgG bands in the CSF of the majority of the patients [10], the 

frequent immunoglobulin gene rearrangements in B cells in the CSF, even in 

the early phase of the disease [11-14], and the preferential usage of specific 

VH (heavy chain variable) segments of B cells in MS lesions and CSF [15,16] 

collectively suggest that B cells continue antigen-specific clonal expansion 

within the CNS of MS patients. Furthermore, the correlation between the MS 

disease course and markers related to B cell activities [17] (Table), as well as 

epidemiological studies suggesting the involvement of Epstein-Barr virus 

(EBV) in MS [18], strongly suggest the participation of B cells in MS 

pathogenesis. 

 

Table. B cell related biomarkers correlated with clinical course of MS 

 

Conversion from CIS to CDMS  MS disease activity and progression 

oligoclonal band CSF B cells, plasma cells 

MRZ reaction oligoclonal band 

CSF CXCL13 level CSF CXCL13 level 

VH4/VH2 bias serum CXCL13 level 

serum anti-myelin antibody meningeal FLS 

CIS: clinically isolated syndrome 

 CDMS: clinically definite MS 

 MRZ reaction: measles, rubella, varicella zoster virus antibodies in CSF 

VH4/VH2 bias: preferential usage of specific immunoglobulin heavy chain 

variable region 

FLS: follicle-like structure 

  

The main contribution of B cells to MS has long been ascribed to their 

ability to produce autoantibodies specific to CNS antigens. Histological 

analyses have shown antibody and complement deposition in MS lesions [19-

21], and antibody reactive to myelin can exacerbate demyelination when 

passively transferred to animals with EAE [22-24]. Multiple myelin targets for 

the autoantibodies of MS have been suggested, including myelin basic protein 

(MBP), myelin oligodendrocyte glycoprotein (MOG), proteolipid protein, and 

sulfatide, a glycolipid abundant in myelin [25,26]. 

In addition, antibodies reactive to neurons [27,28] and astrocytes [29] 

have been detected in MS serum. Whether these autoantibodies have 

pathological effects or whether they are detected as an epiphenomenon 

remains to be clarified. Moreover, the corresponding antigens for the 

antibodies produced by clonally expanded B cells in MS CNS have not been 
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determined, because recombinant immunoglobulins generated from B cells in 

MS CSF do not necessarily react with myelin proteins and MS brain tissue 

[30,31]. On the other hand, a favorable response to plasma exchange in MS 

patients with the type II histological pattern proposed by Lucchinetti et al. 

[21,32], which is characterized by antibody deposition associated with 

degenerating myelin within macrophages at the active edge of plaques, 

suggests that autoantibodies do have pathological roles in at least a subset of 

MS patients. In addition, the higher frequency of acute disseminated 

encephalomyelitis (ADEM)-like initial presentation in pediatric MS patients 

harboring a high anti-MBP antibody titer [33] suggests that anti-myelin 

antibody may affect the clinical course of MS. 

Further to these observations, the results of clinical trials of rituximab in 

MS, in which depletion of B cells from the circulation resulted in the 

suppression of new disease activity, indicated the active role of B cells in 

peripheral immune regulation in MS [2,3]. Identification of FLSs in the 

meninges of secondary progressive MS patients [5-7] has also shed light on 

the role of B cells in the neurodegenerative aspect of MS. As discussed below 

in detail, B cells are now regarded not only as sources of autoantibodies, but 

also as important contributors to MS pathology, actively playing roles in 

multiple phases and aspects of the disease. 

 

 

B Cell Depletion BY Anti-CD20 Antibody in 
MS 

 

CD20 is a four membrane-spanning protein specifically expressed on B-

lineage cells, from pre-B cells to naïve and memory B cells, but absent from 

pro-B cells and fully differentiated plasma cells [34,35]. Rituximab is an anti-

human CD20 chimeric monoclonal antibody which, when administered in 

vivo, rapidly depletes B cells in the circulation for up to 12 months [2,3]. It has 

also been shown to remove B cells from the CSF of MS patients and CNS 

perivascular spaces [36-40]. The mechanism of B cell depletion by rituximab 

is considered to involve complement- or cell-mediated cytolysis and/or 

apoptosis induction [35]. Rituximab, which was approved by the FDA for 

treating non-Hodgkin lymphoma and rheumatoid arthritis in 1997 and 2006, 

respectively, has also been shown to be effective in treating several other 

autoimmune diseases, including type-1 diabetes [41], systemic lupus 

erythematosus [42], idiopathic thrombocytopenic purpura [43], IgM antibody-
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associated neuropathy [44], pemphigus vulgaris [45], and idiopathic 

membranous nephropathy [46]. 

Recent clinical trials of rituximab have shown favorable results in 

relapsing-remitting (RR) MS and in a subgroup of primary progressive MS 

patients. In a phase I open-label trial in RRMS patients, which involved 2 

courses of rituximab injection and a 72-week follow-up, no serious adverse 

effects were observed, despite clinical and radiological disease activity being 

suppressed [2]. In a 48-week phase II double-blind multicenter trial in RRMS 

(the HERMES trial), a significant reduction in clinical relapses and 

gadolinium-enhancing lesions on magnetic resonance imaging (MRI) was 

shown by a single course of rituximab injection [3]. In contrast, the results of a 

rituximab trial in primary progressive MS was not satisfactory: the phase II/III 

double-blind multicenter trial in primary progressive MS that lasted 96 weeks 

(the OLYMPUS trial) failed to meet its primary end-point, showing no 

statistically significant benefit of rituximab in slowing disease progression 

[47]. However, subgroup analysis did show benefit in younger patients (<51 

years) and those with gadolinium-enhancing lesions in MRI [47]. 

Although rituximab was initially considered to exhibit its benefit on MS 

by reducing autoantibodies, studies on samples obtained from treated MS 

patients suggested that this was not the main mechanism [3,37,38,40]. This is 

not surprising, since rituximab does not deplete plasma cells that lack CD20 

expression. Alternatively, studies suggested that rituximab suppressed MS 

disease activity through the modulation of T cell activities. T cells in 

peripheral blood after rituximab therapy, or those in peripheral blood 

mononuclear cells depleted of B cells, showed reduced proliferation and 

production of interferon (IFN)-and interleukin (IL)-17 compared with the 

pretreatment baseline [48]. Furthermore, rituximab was shown to reduce the 

number of T cells in the CSF [37,40]. This suppressive effect on T cell 

trafficking to the CNS is believed to be related to the ability of B cells to 

activate follicular dendritic cells that produce T cell-attracting chemokines. 

Piccio et al. [40] found a reduction in the levels of CXC chemokine ligand 

(CXCL) 13 and CC chemokine ligand (CCL) 19 in the CSF after rituximab 

therapy. A suppressive effect of rituximab on T cell activity has also been 

reported in other autoimmune diseases [43,49-52]. Rituximab has also been 

shown to increase the number and enhance the suppressive effect of FoxP3
+
 

regulatory T cells in systemic lupus erythematosus and idiopathic 

thrombocytopenic purpura [53,54]. This effect has not been shown in MS; in 

contrast, the induction of regulatory T cells was shown to be the principal role 

of B cells in EAE [55-57]. These findings suggest that B cells in MS could 
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modulate T cell activity and trafficking through antibody-independent 

activities, and that rituximab could suppress MS by dampening this effect of B 

cells on T cells. 

 

 

Antibody-Independent Activities of B 
Cells in MS 

 

1. Cytokine Production 
 

B cells can produce a variety of cytokines and growth factors, which can 

regulate the differentiation of T cells, the function of myeloid cells, and the 

generation of germinal centers, thereby affecting the outcome of the adaptive 

immune response (Figure 1). B cells from the peripheral blood of MS patients 

produce less IL-10 and more lymphotoxin (LT), tumor necrosis factor 

(TNF), and IL-6 than those of healthy subjects [48,58,59]. This aberrant 

cytokine profile of the B cells is suggested to contribute to the abnormal 

immune responses of MS. Indeed, LT and TNF produced by MS B cells 

augment T helper (Th)1 and Th17 responses in vitro [48]. The role of the B 

cell-derived cytokines in regulating T cell activity in EAE is shown by B cell-

specific deletion of IL-10 or IL-6, which modulate the disease and enhance or 

reduce T cell responses, respectively [60,61].  

The mechanism of B cell cytokine regulation, both in the diseased and the 

healthy state, is not fully understood. Although B cell subsets associated with 

specific cytokines have been reported, plasticity in their cytokine profile 

exists, and it seems that the profile of the cytokines produced depends also on 

the mode of stimulation they receive. Bar-Or and colleagues [58] showed that 

human CD27
-
B cells (mainly naïve and transitional B cells) produce IL-10, 

whereas CD27
+
B cells (mainly memory B cells) produce LT, TNF, and IL-6. 

They also showed that CD40 signaling is important in the induction of IL-10 

from B cells, whereas a combined CD40 and B cell antigen receptor (BCR) 

stimulation induces LT, TNF, and IL-6 [58,62]. They also emphasized that 

the profile of the B cell cytokines is dependent both on the B cell subset and 

the context of stimulation. 

In mice, several B cell subpopulations capable of producing IL-10 and 

regulating inflammation, such as B-1 cells [63], T2-marginal zone precursor B 

cells [64,65], granulocyte macrophage-colony stimulating factor (GM-CSF) 

and interleukin fusion transgene (GIFT)-B cells [66], and CD1d
hi

CD5
+
 B cells 
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[67], have been described. Tedder and colleagues have extensively studied the 

role of CD1d
hi

CD5
+
 B cells in regulating autoimmune animal models. They 

initially found that CD19
-/-

 mice develop severe EAE with reduced levels of 

IL-10 in the CNS [68], and subsequently showed that the disease exacerbation 

in this strain was due to the absence of a B cell population bearing a 

CD1d
hi

CD5
+
 phenotype capable of producing IL-10 [69]. This cell population, 

which is a subset of memory B cells, was shown to suppress autoimmune 

disease models, including EAE [70], dextran sodium sulfate-induced colitis 

[71], and NZB/W mice nephritis [72] in an antigen-dependent manner. Their 

detailed analysis [70,73] showed that this B cell subpopulation regulates EAE 

initiation, but fails to suppress ongoing EAE, and suggested a role for this cell 

population in maintaining immune homeostasis. 

 

 

Figure 1. Role of B cells in secondary lymphoid organs of MS. 

B cells are considered to contribute to peripheral immune modulation of MS, mainly 

by antigen presentation to T cells and by cytokine production. Cytokines secreted from 

B cells can modulate T cell function, either directly or indirectly (through modulation 

of myeloid cell functions). In addition, B cells are reported to induce regulatory T cells 

(Tregs) by IL-10 production and/or in a cell contact-dependent manner. B cells can 

differentiate into plasma cells and secrete autoantibodies. These B cell functions may 

be modulated by the recognition of pathogen-derived molecules. 
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Recently, a potential human equivalent of this IL-10-producing murine B 

cell population has been described [74]. This memory B cell subpopulation in 

the peripheral blood expresses a CD24
hi

CD27
+
 phenotype and produces IL-10 

in response to combined stimulation through CD40 and the Toll-like receptor 

(TLR) [74]. Intriguingly, this IL-10-producing B cell population was expanded 

in the peripheral blood of MS patients. On the other hand, Mauri and 

colleagues [75] showed that CD19
+
CD24

hi
CD38

hi
 B cells, which comprise a 

subpopulation of naïve or transitional B cells, produce IL-10 in response to 

CD40 stimulation, and suppress IFN- and TNF- production from T cells in 

IL-10- and CD80/86-dependent manners. This suppressive effect on T cells 

was shown to be defective in systemic lupus erythematosus patients [75]. 

We have studied B cell populations related to IL-10 production in MS, 

and found that naïve B cells from RRMS patients have a phenotype which is 

distinct from that of healthy subjects [76], and that patients with secondary 

progressive MS have a reduced frequency of CD5
+
B cells [77], which are 

known to produce IL-10 in mice. However, because total B cell depletion, in 

which the IL-10-producing B cells should also be depleted, showed a 

beneficial effect on MS, the importance of these IL-10-producing B cell 

subpopulations in MS is unclear. On the other hand, it is of interest to note that 

most of the B cells repopulating the periphery after rituximab therapy are 

CD27
-
B cells that are capable of producing IL-10 [58], which explains the fact 

that the therapeutic effect of B cell depletion persists even after the B cell 

count has recovered to the pretreatment level. 

In contrast to these B cell subpopulations that produce IL-10, 

information regarding the B cell subpopulations that produce inflammatory 

cytokines is limited. In mice, a B cell subpopulation that produce GM-CSF 

and that is involved in host defense against bacteria has been described [78]. In 

humans, Li et al. 79] have identified a B cell subset capable of producing 

GM-CSF and TNF reporting that this effector B cell subset is expanded in 

the peripheral blood of MS patients. 

 

 

2. Antigen Presentation to T Cells 
 

B cells are capable of internalizing, processing, and presenting antigens to 

T cells through the major histocompatibility complex, like other professional 

antigen-presenting cells (APCs) (Figure 1). However, B cells have, by virtue 

of the BCR, the unique ability to efficiently capture and concentrate even 
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minute amounts of antigen. The efficient antigen-presenting property of B 

cells is considered to be harmful in the context of autoimmune diseases, in 

which the responding T cells have a low-affinity T cell antigen receptor (TCR) 

and the antigen amount is limited. 

Studies suggest that B cells in MS have an enhanced ability to induce 

proinflammatory T cell responses. B cells in the CSF of patients with MS and 

clinically isolated syndrome have a higher CD80 expression than healthy 

controls [80,81]. B cells expressing CD80 are reported to be efficient APCs 

[82]. In addition, IFN- treatment reduces CD80
+
B cells in peripheral blood, 

which occurs concomitantly with clinical stabilization [80]. Furthermore, Harp 

et al. [83] recently showed that peripheral blood memory B cells from MS 

patients induced higher proliferation and IFN- production of CD4
+
T cells 

against myelin antigens. They also showed that MS memory B cells have a 

higher percentage of MBP-specific B cells than healthy controls [83]. 

The importance of antigen presentation by B cells in EAE has been shown 

through genetically engineered animals. C57BL/6 mice carrying a TCR 

transgene specific to MOG35-55 (2D2 mice), which spontaneously show mild 

optic neuritis, develop severe spontaneous inflammation in both the optic 

nerve and spinal cord upon co-introduction of the BCR transgene specific for 

the conformational epitope of MOG [84,85]. The transgenic B cells efficiently 

processed and presented MOG to transgenic T cells, resulting in T cell 

proliferation and the production of IFN- and IL-17 [84,85]. Another study 

conducted with MOG92-106-specific TCR transgenic SJL/J mice showed that 

MOG92-106-specific transgenic T cells recruited B cells specific to MOG from 

the endogenous B cell repertoire, and that these recruited B cells were required 

for the development of spontaneous EAE [86]. 

The unique antigen-presenting property of B cells in EAE has been shown 

via the different forms of the antigen used to induce the disease. Lyons et al. 

[87] showed that B cells are dispensable for EAE induction through the T cell 

immunodominant peptide MOG35-55, whereas B cells are required for disease 

induction when native MOG protein is used for immunization. Native protein 

antigen, which would be relevant to human autoimmune diseases, contain both 

the T cell epitope and the conformational epitope recognized by B cells, 

whereas peptide antigens are recognized mainly by T cells. In addition, Weber 

et al. [88] showed that B cells in mice immunized with native MOG protein 

became activated and acted as efficient APCs, promoting inflammatory Th1 

and Th17 responses, whereas B cells in mice immunized with MOG35-55 

peptide were not activated and did not induce inflammatory T cell 

differentiation. 
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3. Recognition of Pathogen-derived 
Molecules 

 

Several studies have shown that TLR signaling is important for B cell 

mediation of immune regulation (Figure 1). Mice lacking MyD88 specifically 

in B cells, an important adaptor molecule of TLR, were unable to recover from 

EAE due to deficient IL-10 production by B cells [89]. In this study, the 

bacterial component present in the adjuvant used to induce EAE was 

considered to be the source of the TLR ligand [89]. The authors later 

suggested that certain microbes provide the signal(s) for B cells to mediate 

immune suppressive function, and linked their findings to the hygiene 

hypothesis of MS [90]. Several infectious agents have been reported to induce 

IL-10 in B cells through TLR signaling, and indeed, helminth infection has 

been reported to be associated with reduced MS disease activity together with 

increased IL-10 production from B cells [91-93]. 

In contrast, reduced IL-10 production from CpG DNA (a TLR9 ligand)-

activated B cells has been reported in MS [59]. However, since exacerbation 

and remission of MS are not necessarily related to infections, the source of the 

TLR ligands is not clear in MS. One possible source is the commensal 

bacteria, because it was shown in mice that IL-10-producing B cells were 

induced by altering the gut microflora through antibiotics [94]. The other 

candidates are the endogenous damage-associated molecules [95], such as 

peroxiredoxin, high-mobility group box 1 (HMBG1), heat shock proteins, and 

self DNA, which can be released from MS lesions by an autoimmune attack 

and which can activate TLRs [95,96]. The exact agent that triggers B cell 

mediation of the immune response is an important aspect to be addressed in 

future studies. 

 

 

4. Meningeal Inflammation and Cortical 
Injury 

 

As mentioned above, B cells in the CSF of MS patients show evidence of 

antigen-driven clonal expansion within the CNS. Although the corresponding 

antigen has not been identified, these responses related to B cell maturation 

take place under the support of the CNS microenvironment in MS, which 

favors B cell survival [97,98]. For example, CXCL12, CXCL13, and the B 

cell-activating factor of TNF family (BAFF) were found to be upregulated in 
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the MS lesion and CSF [97,98]. Moreover, the recently identified FLSs in the 

meninges of secondary progressive MS patients (discussed below) can provide 

a scaffold for the germinal center reaction of B cells [97,99]. B cells in turn 

can induce such ectopic lymphoid tissues and support the inflammation within 

the CNS by the induction of follicular dendritic cells (FDCs), the production 

of cytokines, and the activation of T cells [100,101] (Figure 2). 

 

 

Figure 2. Role of B cells in the CNS of MS. 

FLSs detected in the meninges of secondary progressive MS patients are rich in B 

cells. B cells can, by provision of LT12, LT3, and TNF, induce FDCs and 

contribute to the formation of FLSs [98]. B cells can activate T cells within the FLSs, 

and IL-17 and podoplanin (Pdp) from activated T cells are known to induce meningeal 

FLSs [99]. On the other hand, FDCs produce chemokines to further attract B cells and 

T cells into FLSs [98]. This bidirectional interaction between the FDCs and 

lymphocytes support the ongoing meningeal inflammation [98]. Soluble factors 

produced from FLSs are considered to mediate the loss of oligodendrocytes and 

neurons and activate astrocytes and microglia. Activated astrocytes can produce BAFF 

and chemokines to support the CNS inflammation. 
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Organized immune cell collections resembling the structure of lymph 

nodes within or in the vicinity of inflamed tissue have been reported in several 

autoimmune diseases and infections, and in organ transplant rejection, and are 

considered to support the ongoing inflammation [100]. These ectopic FLSs 

have been described in the meninges of mice with EAE [102,103] and in the 

meninges of secondary progressive MS patients, in association with 

underlying subpial cortical injury [5-7]. The presence of these FLSs is related 

to a younger onset and a more progressive course, and, based on the gradient 

of cortical neuronal loss, suggest that soluble factors released from these 

structures have a pathological role in the progressive phase of MS [7]. Indeed, 

an oligodendrocyte toxicity of B cell culture supernatant has been reported 

[104]. Although FLSs have only been detected in secondary progressive MS 

patients thus far, meningeal inflammation and underlying cortical 

demyelination have also been reported in early MS [105] and in primary 

progressive MS [106] patients. Whether the FLSs in secondary progressive 

MS patients reflect a pathological background distinct from the meningeal 

inflammation seen in early MS and primary progressive MS patients or are the 

extreme of a continuous pathological spectrum between these MS subtypes is 

an interesting question that remains to be clarified. 

B cells have also been suggested to serve as a carrier of EBV into the CNS 

of MS patients. Serafini et al. [107] reported that EBV could be detected at a 

high frequency in B cells within the meninges and lesions of MS. They 

suggested a model in which the inflammatory milieu caused by the CD8
+
T cell 

response to infected B cells in the CNS of MS causes bystander damage to the 

neuron. However, this observation has not been reproduced in several other 

reports, and therefore the presence and the role of EBV within the CNS of MS 

has not yet been determined [108]. 

 

 

Potential for Future MS Therapy  

Targeting B Cells 
 

The successful result of the clinical trial of rituximab has prompted 

researchers to develop novel B cell-targeted therapies for MS that are safer and 

more effective. Rituximab is a human and mouse chimeric antibody that can 

trigger an allergic reaction and the development of anti-xenotypic antibodies 

when administered to humans. Currently, humanized anti-CD20 monoclonal 

antibodies (e.g., ocrelizumab [4], ofatumumab [109]), which potentially have 
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less adverse effects, are under evaluation. However, B cell depletion therapy 

has the potential to allow the development of opportunistic infections, such as 

progressive multifocal leukoencephalopathy [110,111]. 

 

Figure 3. Treatment strategies targeting B cells. 

In addition to anti-CD20 antibodies, other therapeutic targets are being studied in other 

autoimmune diseases. However, a clinical trial of atacicept was prematurely terminated 

because of an increased disease activity in the active arm 

(http://www.clinicaltrials.gov/ct2/show/NCT00642902). Meanwhile, a clinical trial of 

baminercept in secondary progressive MS was withdrawn by the pharmaceutical 

company before enrollment (http://www.clinicaltrials.gov/ct2/show/NCT01181089). 

On the other hand, the total depletion of B cells with an anti-CD20 

antibody may also deplete the IL-10-producing subset of B cells. Indeed, 

development of ulcerative colitis [112,113] and psoriasis [114-117] has been 

reported to be associated with rituximab treatment. Furthermore, the recent 

observation in an atacicept clinical trial that BAFF/a proliferation-inducing 

ligand (APRIL) blockade increased MS disease activity (http://www. 

clinicaltrials.gov/ct2/show/NCT00642902), suggested that anti-inflammatory 

aspects of B cells do exist in MS, although the mechanism of disease 

exacerbation in this study needs to be clarified. From these points of view, 

novel approaches that specifically target the pro- or anti-inflammatory aspects 

of B cells are being studied. These approaches include the identification of the 

pathogenic B cell subset in MS [79], the selective suppression of inflammatory 
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cytokines from B cells [118], and the selective expansion of IL-10-producing 

B cells [119]. 

In addition, treatment for progressive MS by targeting B cells in the 

meningeal FLSs has been considered. Combined intravenous and intrathecal 

injection of rituximab (http://www.clinicaltrials.gov/ct2/show/NCT01212094) 

and baminercept (http://www.clinicaltrials.gov/ct2/show/NCT01181089), a 

blocker of LT receptor signaling, are the current candidates. These novel 

therapeutic strategies that target the FLSs are expected to open up a new 

possibility for suppressing neurodegeneration in progressive MS patients for 

whom no effective treatment has been found to date. Furthermore, although 

not currently under consideration in MS, therapeutic reagents targeting B cells 

that could potentially be applied to MS in the future are described in Figure 3. 

 

 

Conclusion 
 

To summarize, B cells are now recognized as key players in the 

pathogenesis of MS, playing roles in multiple phases (from the relapsing-

remitting phase to the progressive phase), and multiple aspects (peripheral 

immune regulation and neurodegeneration) of the disease. This in turn 

suggests that B cells may serve as an attractive target for therapeutic 

intervention. Further studies are warranted to improve the efficacy and safety 

of B cell depletion therapy and to develop novel treatments for progressive MS 

by targeting B cells. 
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