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Abstract: There is increasing evidence that B cells can play important roles in the pathogenesis of various autoimmune 

diseases, either by autoantibody secretion, production of proinflammatory cytokines or autoantigen presentation. An in-

creasing number of B cell directed therapies are in development as a possible treatment strategy of rheumatic autoimmune 

diseases, such as Rituximab which targets the B cell specific CD20 surface marker. This article provides an overview of 

the principal understandings of B cell immunology in autoimmunity and selected rheumatic autoimmune diseases.  
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1. INTRODUCTION 

 B cells are derived from haematopoietic stem-cell precur-

sors in the bone marrow which progress into pro B cells, pre 

B cells, immature B cells and finally mature B cells. B cells 

can produce highly specific antibodies. Specific markers, 

such as CD20, CD27, BAFF-R (B cell activating factor re-

ceptor) and CD138, identify the transitional phases of B cells 

from stem cells to plasma cells [1]. CD20, the target for the 

B cell depleting drug Rituximab, is expressed on all B cells 

except on the pro B cells and the antibody secreting plasma 

cells. Each mature B cell leaves the bone marrow with 

unique antigen specific B cell receptors (BCR) on its surface 

and migrates towards follicular lymphoid tissue [2]. If the 

BCR on a mature B cell encounters its antigen, the B cell 

proliferates and differentiates into antibody producing 

plasma cells or long lived memory B cells. 

 B cells are essential for the protection against microbes, 

but can also play an important role in the pathogenesis of 

various autoimmune diseases. This review gives an overview 

of the principle understandings of B cell immunology in 

autoimmunity and selected autoimmune diseases. 

2. ROLE OF B CELLS IN AUTOIMMUNE DISEASE 

 In a healthy immune system, B cells are tolerant of self 

antigens and will only bind to non self antigens. B cells ac-

quire this immune tolerance to self antigens during their de-

velopment in the bone marrow, where immature B cells that 

recognise self antigens are removed by apoptosis. Addition-

ally, B cells that recognise soluble self antigens lose their 

ability to respond and are prevented from migrating to fol-

licular lymphoid tissue. Autoimmune diseases result when 

such mechanisms fail, resulting in the generation of patho-

genic, self reactive B cells. 

 Recent studies into B cell function have implicated addi-

tional roles for B cells other than autoantibody production. 
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2.1. Autoantibody Production 

 Antibodies function both as a natural barrier to infection 

and as a humoral component of adaptive responses to patho-

gens however autoantibody production can have pathogenic 
consequences in autoimmune diseases. 

 Patients with rheumatoid arthritis (RA) often present with 

abnormal levels of autoantibodies, commonly rheumatoid 

factor (RF) and anti-cyclic citrullinated peptide (anti-CCP) 

antibodies. RF is specific to the Fc portion of other immuno-

globulin molecules whereas anti-CCP antibodies bind citrul-

linated peptides. Both antibodies have been found to precede 

the onset of RA symptoms and are associated with a more 

severe disease outcome [3]. Neither factor is 100% sensitive 

or specific to the diagnosis of RA. For instance, RF is pre-

sent in 50-80% of patients with RA, but also approximately 

10% of the general population. Anti-CCP antibodies are 

more specific to RA, with a limited proportion of individuals 
in the general population testing positive [3].  

 The production of antibodies to DNA, RNA and other 

nuclear antigens are the serologic hallmarks of systemic lu-

pus erythematosus (SLE) [4]. Of these antibodies, anti-

dsDNA antibodies are used as markers for diagnosis and 

prognosis of SLE. In animal models, anti-dsDNA expression 

is the defining immunologic feature of the disease [5]. The 

high amount of autoantibodies and polyclonal stimulation of 

B cells lead to the formation of immune complexes, which in 

turn cause organ damage such as renal failure. Examples of 

directly pathogenic autoantibodies are the anti-neutrophil 

cytoplasmic antibodies (ANCA) which are associated with 
vasculitis and ulcerative colitis [6].  

 In systemic Sclerosis (SSc), anti-topoisomerase (anti-Scl-

70) autoantibodies are associated with the diffuse disease 

subset whereas anti-centromere antibodies are typically 

found in the limited form. A pathogenic effect has not been 

described for either of these autoantibodies. On the other 

hand, autoantibodies directed against endothelial cells have 

shown to induce apoptosis [7] and autoantibodies directed 

against the PDGF receptor stimulate the collagen expression 
in fibroblasts in SSc [8]. 
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2.2. Antigen Presentation 

 During the initiation of the immune response B cells can 
also act as antigen presenting cells [9]. The requirement of B 
cells in the initiation of T cell immune responses was first 
demonstrated in mice lacking Ig positive cells and serum Ig. 
These mice were found to have severely impaired T cell pro-
liferative responses to the relevant antigen [10]. Antigen 
specific interactions between B and T cells may require the 
antigen to be first internalised by the BCR, processed and 
then presented in an MHC restricted manner to T cells [11]. 
Recent studies which have depleted mature CD20+ B cells 
from mice leaving otherwise intact immune systems demon-
strated that B cells are needed for maximum CD4+ T cell 
activation during immune responses to autoantigens [12]. A 
significant role for B cells in autoimmune disease was dem-
onstrated in these B cell depleted mice as autoantigen chal-
lenge reduced antigen specific CD4+ T cell activation. On 
the other hand, the priming of autoreactive B cells is T cell 
independent and toll like receptor dependent [13]. 

2.3. B Cells and Cytokine Production 

 While critical for normal immune system development, B 
cells are also important for its maintenance. B cells can pro-
duce a wide spectrum of cytokines under inflammatory con-
ditions, including IL-4, IL-6, TGF-  and IFN- . B cells may 
also play a regulatory role by modulating the production of 
IL-10, an anti inflammatory cytokine which can suppress 
harmful immune responses resulting in the prevention of 
innate cell mediated inflammatory responses [14]. It is 
thought that IL-10 acts by suppressing both Th1 and Th2 
polarisation and inhibiting antigen presentation and proin-
flammatory cytokine production by monocytes and macro-
phages [15]. In the collagen induced arthritis mouse model, 
IL10, produced by the B cells had a positive affect on the 
autoimmune disease, downregulating the disease severity 
[14]. Hence B cell depletion may in some cases be detrimen-
tal to the autoimmune disease, possibly due to the lack of 
IL10 production by B cells, although clinical evidence for 
this in humans has not yet been obtained. 

2.4. B Cells and Apoptosis 

 Apoptosis has shown to be involved in the induction of 
autoimmunity. The uptake of apoptotic cell material by anti-
gen presenting cells can initiate an immune response [16]. 
As demonstrated in animal models, the induction of an in-
flammatory reaction by apoptotic cells is inhibited by IL-10 
producing regulatory B cells [17]. 

3. B CELL DEPLETION THERAPY 

 As it has become more obvious that B cells contribute 
substantially to multiple human autoimmune diseases, B cell 
targeted therapies focused on restoring normal B cell func-
tion and eliminating pathogenic autoantibodies are beginning 
to reduce the reliance on immunosuppressive drugs. 

 The first B cell depleting agent, Rituximab (RTX) was 
approved in 1997 for treatment of B cell malignancies [18]. 
In 2001, based on the hypothesis that autoantibodies from 
antibody secreting plasma cells were closely associated with 
disease pathogenesis, the first study was published showing 
promising effects of RTX in the treatment of patients with 
rheumatoid arthritis. As circulating autoantibodies are a 

common feature in several other autoimmune diseases, clini-
cal trials into B cell depleting therapies are now widely as-
sessed for safety and efficacy for treatment of these autoim-
mune diseases. 

 RTX is a chimeric mouse-human monoclonal antibody 

that specifically targets the transmembrane protein CD20 of 

B cells [19]. The binding of RTX to CD20 leads to signifi-

cant depletion of peripheral B cells from pre B cells to mem-

ory B cells, sparing other cell lineages such as stem cells, pro 

B cells and plasma cells [20]. The therapeutic importance of 

this selectivity is that there is no depletion of stem cells, thus 

B cell recovery is not impaired and immunoglobulin secre-

tion by plasma cells is maintained resulting in effective tar-

geted immune effector depletion without immune-
suppression. 

 Another method of treatment is to deprive B cells from 

signals for their growth and survival resulting in cell death. 

One such treatment is BAFF (B cell activating growth fac-

tor) targeting therapy. BAFF is a member of the TNF family 

which binds to B cells and stimulates their proliferation and 

survival. Elevated levels of BAFF have been found in the 

serum of patients with autoimmune disease [21]. It is thought 

that BAFF prevents apoptosis of self reactive B cells there-

fore high levels of BAFF will maintain self reactive B cells 
in autoimmune disease [22]. 

3.1. Mechanism of Action of Rituximab 

 Multiple mechanisms are proposed for RTX mediated B 

cell depletion. These effector mechanisms may act individu-

ally or collectively to deplete B cells depending on the dis-

ease pathology. One such mechanism is induction of com-

plement dependent cytotoxicity and complement dependent 

cellular cytotoxicity on target B cells. The difference in sus-

ceptibility of malignant and pathological B cells to RTX may 

depend on the expression of complement regulatory proteins 

(CRP) such as CD55, CD46 and CD59 on target cells [23]. 

Another possible mechanism of action of RTX is antibody 

dependent cellular cytotoxicity. RTX is thought to induce the 

elimination of B cells through natural killer (NK) cells [24]. 

Finally opsonization of B cells by RTX may also induce the 

clearance of B cells through phagocytosis by the reticulo-

endothelial system. This system may also aid in the clear-
ance of apoptotic B cells after RTX treatment [25]. 

 All of these possible mechanisms may contribute to RTX 

mediated B cell depletion, however it is thought that com-

plement mediated B cell depletion is the main mechanism 

involved. 

3.2. Mechanism of Action of BAFF Targeting Therapy 

 The mechanism of B cell depletion using BAFF antago-

nists is very different to B cell depletion using RTX. BAFF 

antagonists induce cell death by blocking the survival signal 

for B cells rather than antibody and complement dependent 

cytotoxicity, resulting in only a 40% peripheral B cell deple-

tion [26]. However BAFF targeted therapy will be more ef-

fective on self reactive B cells as these B cells are highly 

dependent on BAFF for maintenance, whereas autoantibody 

producing plasma cells are not affected by RTX as they do 
not possess the CD20 surface marker. 
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4. B CELL DEPLETION IN RHEUMATOID ARTHRI-
TIS 

 RA is a chronic systemic inflammatory disease, mainly 
characterised by symmetrical synovitis of diarthrodial joints 
resulting in pain, stiffness and loss of function. RA has a 
wide clinical spectrum varying from mild symptoms to se-
vere inflammation and joint damage. Additionally a wide 
variety of extra-articular manifestations may develop, for 
example rheumatoid nodules and interstitial lung disease 
[27]. Macrophages, T cells and multiple cytokines may all be 
involved in the pathogenesis. Several hypothesised mecha-
nisms include B cell dependent activation of synovial T 
cells, B cell secretion of proinflammatory cytokines and B 
cell production of the rheumatic factor autoantibody. 

 In patients with RA, B cell depletion using RTX shows a 
significant improvement in joint inflammation [28]. A recent 
study reported that RTX led to a rapid and complete deple-
tion of all B cells in peripheral blood of RA patients. It was 
also found that CD20+ B cells in bone marrow were com-
pletely depleted at 12 weeks after therapy [29]. Finally the 
same group showed that all CD20+ B cells were eradicated 
in the synovium. In a multicentre, randomised, double blind 
controlled study, an improvement in disease symptoms and 
activity was seen after treatment with RTX in patients with 
active RA. Furthermore, rheumatoid factor levels were de-
creased in the RTX group, suggesting that positivity for 
rheumatoid factor is associated with more active and aggres-
sive disease [30]. 

 Recent data suggests that after RTX treatment, the phe-
notype of re-emerging peripheral B cells are mainly CD5+, 
CD38high naïve B cells [31]. Thus B cell depletion could act 
by resetting the immune system by replacing the autoreactive 
B cells with naïve nonreactive B cells.  

 BAFF antagonists have also been investigated for the 
treatment of RA in a mouse model. Administration of BAFF 
antagonists into the Collagen Induced Arthritis mouse model 
of RA reduced tissue damage and prevented disease progres-
sion [32]. 

5. B CELL DEPLETION IN SYSTEMIC LUPUS 
ERYTHEMATOSUS  

 Systemic lupus erythematosus (SLE) is a complex and 
heterogenous disorder, often with multiple sites of organ 
involvement and has a progressive as well as relaps-
ing/remitting nature in many patients [33]. It can present as a 
mixture of mild skin or musculoskeletal and haematological 
signs and symptoms, but also may involve more serious cen-
tral nervous system involvement and organ damage [34]. 

 RTX efficacy for refractory SLE appears promising and 
well tolerated in most patients. Preliminary results from a 
study of six patients with SLE on RTX showed that RTX 
reduced B cell numbers, with repletion occurring 6-9 months 
after treatment. Results also showed that RTX sometimes 
reduced anti-dsDNA antibody titers. Symptoms of SLE, such 
as fatigue and serositis responded particularly well [35]. In a 
more recent study by Looney et al. [36], 18 longstanding 
SLE patients were treated with 3 different RTX doses. Re-
sults showed effective B cell depletion with the higher RTX 
dose but with high variability. However, the levels of anti-
dsDNA did not change significantly in this study. Sfikakis et 

al. [37] then went on to treat ten SLE patients with class III 
and IV nephritis. Results showed both B cells and relevant 
autoantibodies (antinuclear and anti-dsDNAa antibodies) 
decreased after treatment, with an 80% rate of clinical remis-
sion after 3 months. These results and those from a recent 
retrospective single-centre analysis of 50 patients [38], 
would suggest that B cell depletion is a major advance in the 
treatment of patients with SLE. These results need to be con-
firmed through prospective, controlled, randomised trials.  

 BAFF antagonists have also been investigated for the 
treatment of SLE in both mouse models and humans. Ad-
ministration of a BAFF antagonist into a mouse model of 
SLE was found to have a positive effect on disease symp-
toms and prevent disease progression [39]. Also develop-
ment of a BAFF antagonist, Belimumab is currently under 
clinical trial in SLE patients. Preliminary data showed Be-
limumab was effective and well tolerated in these SLE pa-
tients and reduced antibody levels [40]. 

 Epratuzumab is a monoclonal antibody directed against 
the B cell surface antigen CD22. An initial trial on 14 sub-
jects with SLE demonstrated that this drug was well toler-
ated with a modest decrease in B cells [41]. 

6. B CELL DEPLETION AND SYSTEMIC SCLEROSIS 

 Systemic Sclerosis is a connective tissue disease charac-
terised by inflammation, vascular endothelial dysfunction 
and tissue fibrosis due to an imbalance between collagen 
production and degradation. There are two different clinical 
subtypes of SSc, the limited form (lcSSc) which is character-
ised by skin thickening of the neck, face and distal aspects of 
the limbs and an increased prevalence of isolated pulmonary 
hypertension and the diffuse form (dcSSc) which also affects 
visceral organs including lungs, heart and kidneys [42]. 

 A pilot study in 15 patients with dcSSc treated with RTX 
showed depletion of both dermal and circulating B cells, 
however no positive effect on skin fibrosis or autoantibody 
titer was observed [43]. In the tight skin mouse model of 
SSc, B cell depletion with RTX reduced skin fibrosis, 
autoantibody titer and hypergammaglobulinemia. However 
these positive effects were only observed in the early phase 
of the disease and not the chronic phase [44]. These results 
would suggest that B cells are involved in the initiation of 
the disease but are not required for disease maintenance. 

7. B CELL DEPLETION AND VASCULITIS 

 Primary vasculitis predominantly affects small blood 
vessels and is associated with ANCA autoantibodies. As B 
cells are present at sites of vasculitic inflammation current 
therapies aim to focus more on B cell depletion [45]. B cell 
depletion with RTX led to a complete remission in 9 out of 
10 patients with refractory vasulitis [46]. In a second clinical 
trial, B cell depletion led to complete remission in 9 out of 
10 patients [47]. Both trials demonstrated variable relapse 
rates with relapses occurring in approximately 25% of pa-
tients after 12-16 months. 

8. B CELL DEPLETION AND ANKYLOSING SPON-
DYLITIS 

 Chronic inflammation in ankylosing spondylitis (AS) 
primarily affects the axial skeleton, but larger peripheral 
joints may also be involved. Fibrosis can result in complete 
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ankylosis of the involved joints [48]. As B cell depletion has 
now been found to be an effective treatment strategy for RA, 
the question is now whether Rituximab could be an appro-
priate therapeutic target in AS. In contrast to RA, no specific 
autoantibodies have been described in ankylosing spondy-
litis, however in patients with AS, B cells and plasma cells 
have been found to be abundant in the inflamed peripheral 
joint [48]. It has now been found that B cells not only can 
amplify autoimmune processes, but can also regulate im-
mune reactions, mainly by production of IL-10 [49]. Evi-
dence of these regulatory B cells has mainly been observed 
in mouse models of inflammatory bowel disease, a disorder 
that is closely associated with AS, however this regulatory 
function has not yet been proven in humans. It was recently 
reported that B cell depletion can induce psoriasis and even 
psoriatic arthritis [50], therefore B cell depletion may not 
only have beneficial, but also detrimental effects in AS.  

CONCLUSION 

 B cells play an important role in autoimmune disease, not 
only by autoantibody production but also by cytokine re-
lease, antigen presentation and T cell activation. Anti-B cell 
therapy, in particular treatment with Rituximab, is a promis-
ing approach for immunotherapy of rheumatic diseases, and 
has the potential to produce long lasting benefits.  
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