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Supplemental item 1. Disease information. 

ANCA-associated vasculitis (AAV)
Anti-neutrophil cytoplasmic antibody (ANCA)-associated vasculitis (AAV) is a systemic autoimmune 
disease characterised by inflammation of small blood vessel walls and production of anti-proteinase-
3 (PR3) or anti-myeloperoxidase (MPO) antibodies that have been shown to play a pathogenic role in 
AAV1-9. The disease is heterogeneous and may affect almost any organ system. Clinical subtypes have 
historically been defined by patterns of organ involvement10, though more recent evidence suggests 
that disease subsets are best defined by ANCA specificity8. B cells and ANCA have been directly 
implicated in the pathogenesis of AAV in humans in several ways: 
i) The maternal transfer of autoantibodies has led to glomerulonephritis and lung haemorrhage 
responding to plasma exchange3.
ii) B cell depletion monoclonal antibody therapies, such as Rituximab, have been shown to induce 
remission2.
iii) ANCA can directly activate neutrophils7, perhaps in an epitope-dependent fashion11. 
iv) A GWAS identified significant associations between anti-PR3 AAV and single nucleotide 
polymorphisms (SNPs) at loci controlling the expression of the autoantigen  PR3, and its major 
enzymatic inhibitor alpha-1 antitrypsin8,12. 

Behcet’s disease (BD)
Behçet’s disease is a chronic, systemic inflammatory disorder characterized by vasculitis, recurrent 
oro-genital ulceration, skin lesions and uveitis13. BD is more prevalent in countries along the ancient 
Silk Road, with the highest prevalence of 4.2/1000 in Turkey14. Autoreactive T cells, particularly Th17 
cells, appear central to the pathogenesis of the disease. Abnormal B cell activation might be a factor 
in BD: serum IgG, IgM and IgA are elevated and anti-nuclear and anti-smooth muscle antibodies are 
more frequent in BD than healthy volunteers. B cells are found in ulcerating BD lesions in the CNS15, 
pulmonary artery 16 and oral mucosa,  and in one small study total and CD27+ memory B cells were 
less numerous in BD patients17. Consistent with a pathogenic role for B cells, there are reports of the 
successful use of rituximab to treat BD15,18-20. 

Crohn’s disease (CD)
Crohn's disease is a chronic inflammatory bowel disease, which can affect any part of the 
gastrointestinal tract. It is thought to occur because of an aberrant immune response against 
components of the commensal microbiota, and while it is principally thought to involve impaired 
innate immunity and an exuberant T cell response, antibodies against bacterial components can be 
detected in a subset of patients and may precede overt disease development. Abnormal B cell 
responses have been identified in CD, including elevated antibody-secreting cells (Extended Data 
Figure 2c)21, increased infiltration of mucosal plasma cells22, and reduced IgM+ memory B cell 
numbers23. The common presence of serum antibodies, including anti-microbial antibodies such as 
anti-Saccharomyces cerevisiae antibodies24, and autoantibodies including ANCA25 and anti-pancreas 
antibody26, provides circumstantial evidence for B cell involvement in disease pathogenesis, but a 
precise role for them has not been defined.

Eosinophilic granulomatosis with polyangiitis (EGPA) 
EGPA (formerly Churg-Strauss syndrome) involves inflammation of small and medium-sized blood 
vessels27. It is associated with asthma, eosinophilia and elevated IgE, and comprises two subtypes, 
distinguished by the presence or absence of anti-MPO antibodies (EGPA MPO+ and EGPA ANCA- 
respectively). Eosinophils and Th2 cells have been implicated in pathoegenesis28,29, and a role for B 
cells suggested by the presence of anti-MPO ANCA in 40% of patients, and by the efficacy of B cell 
depletion therapy in some patients30.
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IgA Vasculitis (IgAV) 
IgAV (formerly Henoch-Schönlein purpura) is characterized by glomerulonephritis, and vasculitic 
inflammation of the skin, joints and gastrointestinal tract. Inflammatory lesions contain deposits of 
IgA1, thought to be caused by complexes of IgG antibodies against aberrantly glycosylated IgA1 
molecules. These immune complexes fix complement and drive inflammation31. B cells are thus 
thought to be central to the pathogenesis of IgAV. This is supported by a lower proportion of 
regulatory B cells in IgAV32, and by the therapeutic efficacy of B-cell depletion with rituximab33. 

Systemic lupus erythematosus (SLE)
SLE is an autoimmune disease characterized by the presence of multiple auto-antibodies that may 
be deposited in the form of immune complexes in almost any tissue in the body. Over 100 
autoantigens have been associated with SLE, and antinuclear antibodies are present in more than 
95% of patients. Measurement of characteristic auto-antibodies such as anti-double stranded DNA 
(ds-DNA) and anti-Sm antibodies are useful as diagnostic markers34,35; they may arise up to 10 years 
before clinical symptoms36. The exact aetiology of SLE remains elusive, with numerous genetic and 
environmental factors identified37, however the consensus is that there is a breakdown of both B and 
T cell tolerance. Recent disappointing results of B cell depletion trials in SLE have questioned the 
central role of B cells in disease pathogenesis, but many believe these results could instead reflect 
the technical challenges in conducting clinical trials in SLE38.

Chronic lymphocytic leukemia (CLL)
CLL is a hematologic malignancy characterized by the accumulation of clonally-derived mature 
CD5+CD19+CD23+CD20+IgD+IgM+ B cells in the blood, bone marrow, and secondary lymphoid 
organs39. 
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