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B cell responses: from protective to pathogenic
B cells represent an important component of the human immune system by playing a 
crucial role in the defense against microbes. B cells exert their function through multiple 
effector mechanisms, including the secretion of protective antibodies (Fig. 1). B cells have 
the ability to respond to a wide variety of microbes, to adapt to the pathogen and to 
provide long-lasting immunity. The response of B cells to microbes is tightly regulated to 
ensure an appropriate response while minimizing unwarranted side effects.

A loss in the tight regulation of B cells can lead to the generation of autoreactive B cell 
responses that are directed against structures of the own body (Fig. 1). The presence of 
autoreactive B cell responses is a hallmark of many autoimmune diseases and autoreactive 
B cells are thought to play an important role in the pathogenesis of these diseases. 
However, both the biology underlying the disturbed regulation of autoreactive B cell 
responses and their exact role in autoimmune diseases are poorly understood.

To investigate how processes regulating B cells are altered in autoimmune diseases, it is 
crucial to understand the fundamental processes underlying protective B cell immunity. 
Therefore, this chapter provides an introduction on general concepts of B cell biology, 
an overview of the current state of knowledge on the role of autoreactive B cells in 
autoimmune diseases, and ultimately an outline of the research presented in this thesis.

BacteriaViruses Fungi Parasites

Protective B cells

Antibodies

Recognition of microbes

Autoreactive B cell

Autoantibodies

Recognition of
autoantigen

Autoantigen

Protective B cell responses Autoreactive B
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Figure 1. B cell responses: from protective to pathogenic. Protective B cells responses provide a broad layer 
of protection against microbes by the generation of antibodies. In contrast, autoreactive B cell responses are 
directed against structures of the own body (autoantigens) and are a hallmark of many autoimmune diseases.
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Cornerstone of B cell biology: B cell repertoire 
B cells can recognize microbes based on their expression of membrane-bound antibody, 
termed the B cell receptor (BCR). Each B cell has a unique BCR that can bind to a highly 
specific structure, termed the antigen. Together, the large pool of B cells in the human 
body forms a diverse repertoire which governs reactivity against a wide spectrum of 
antigens (Fig. 1)1,2. 

The variability in antigen specificity of antibodies, either in secreted form or expressed 
on the membrane of B cells, resides in a specific part of their structure. Antibodies are 
Y-shaped molecules composed of two identical structures consisting of a heavy chain 
(HC) and a light chain (LC) which are connected by disulfide bridges (Fig. 2)3. These HCs 
and LCs have a variable domain and a constant domain. While the constant domain is 
similar between antibodies, the variable domain is highly unique and determines antigen 
specificity. The variable domain of the HC consists of a variable (V), diversity (D) and 
joining (J) segment, while the LC only has a V and a J segment. These V, D and J segments 
are assembled during B cell development by genetic recombination from a broad set of V, 
D and J segments which are encoded in the human genome4. This random recombination 
process in combination with pairing of HC and LC can, in theory, form billions of unique 
antibodies5. In later stages of B cell differentiation, the antibody structure can be further 
modified by acquisition of somatic mutations in the variable domain6. Together, these 
processes are critical in the formation of a diverse BCR repertoire capable of fighting a 
broad range of pathogens. 

Light chain
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Constant
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Antigen binding region
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chain

Heavy
chain

V D J V J

Figure 2. Schematic representation of an antibody. Antibodies are Y-shaped molecules containing two heavy 
chains (HC) and two light chains (LC). Antibodies have a constant domain and a variable domain. The variable 
domain contains the antigen binding regions and consists of a V, D and J segment in the heavy chain and a V and 
J segment in the light chain.

B cell development 
The development of B cells is tailored to generate a diverse pool of B cells, while 
preventing the generation of B cells with dysfunctional BCRs or autoreactive BCRs that 
can recognize self-antigens. B cell development takes place in the bone marrow and is 
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initiated by the commitment of a hematopoietic stem cell progenitor to the B cell lineage 
by differentiating into a pro-B cell (Fig. 3)7,8. These pro-B cells undergo the first step in 
acquiring a BCR by the formation of a HC through genetic rearrangement and joining 
of V, D and J segments9. When this rearrangement succeeds and the HC is expressed in 
complex with a surrogate light chain, pro-B cells become pre-B cells10.

Pre-B cells expressing a functional HC will proliferate, subsequently exit the cell cycle 
and start with the formation of a LC11. Gene rearrangement of the LC only involves 
rearrangement of a V and a J gene segment and initially takes place at a kappa locus. If 
the LC can be functionally paired with the HC, immature B cells can express a complete 
BCR on their surface and are able to sense antigen12. The expression of a functional BCR 
by immature B cells induces maturation and survival of the cell13. Ultimately, immature 
B cells differentiate into transitional cells which migrate from the bone marrow to the 
circulation14. In the periphery, B cells finalize their maturation to become naïve B cells.

Stem cell Pre-B cellPro-B cell Immature B cell

Pre-BCR BCR
Bone marrow

Transitional B cell

Periphery

Naïve B cell

Memory B cellAntibody-secreting
cell

Extrafollicular

Memory B cellAntibody-secreting
cell

Germinal center

Figure 3. Overview of B cell development and B cell differentiation. B cell development takes place in the 
bone marrow where B cells differentiate from a stem cell to an immature B cell with a B cell receptor. Transitional 
B cells leave the bone marrow and complete their maturation to become naïve B cells in the periphery. Naïve B 
cells can be activated in the periphery upon encountering antigen. Activated B cells can, upon interaction with 
T cells, differentiate through an extrafollicular or a germinal center pathway. Boths pathways generate memory 
B cells and antibody-secreting cells.
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Central tolerance 
The formation of BCRs by V(D)J recombination during B cell development is the result 
of random processes. This randomness is important for the generation of a diverse BCR 
repertoire, but also leads to the formation of autoreactive BCRs. In fact, the majority of 
immature B cells generated in the bone marrow are thought to be autoreactive15,16. There 
are multiple mechanisms, collectively referred to as central tolerance, that prevent these 
autoreactive B cells from ending up in the circulation and potentially initiating an immune 
reaction against the own body17. 

Receptor editing is an important central tolerance mechanism in which B cells attempt to 
change the specificity of their BCR in order to lose autoreactivity or dysfunctionality18,19. 
Receptor editing can be initiated in immature B cells upon strong signaling of an 
autoreactive BCR or by impaired tonic signaling of nonfunctional BCRs17. This triggering 
leads to a secondary recombination event of antibody genes encoding the variable 
domain of the LC. This rearrangement can involve a new VJ recombination event on the 
original kappa locus with genes positioned distally from the original gene. Alternatively, 
rearrangement can take place at the second kappa locus or on one of the lambda loci. If 
receptor editing fails to correct autoreactivity or unproductivity of gene rearrangement, B 
cells will eventually undergo apoptosis in a process termed clonal deletion20.

It is important to note that central tolerance is not complete and a fraction of autoreactive 
B cells generated in the bone marrow reach the circulation16,21. Therefore, additional 
measures in the periphery are required to prevent unwarranted autoreactive B cell 
responses. 

B cell activation 
Naïve B cells are continuously circulating through lymph and blood to search for antigen. 
To initiate a B cell response, B cells have to encounter their cognate antigen22. These 
encounters are predominantly taking place in secondary lymphoid organs, such as lymph 
nodes, spleen and mucosa-associated lymphoid tissues. These tissues filter body fluids, 
retain antigen and display the antigen to B cells23,24. 

The activation of B cells is initiated when antigen triggers the BCR. Signaling of the 
BCR induces multiple cellular effects, including survival, migration and proliferation25. 
Commonly, complex antigens amplify these cellular effects by their ability to trigger 
additional receptors including toll-like receptors and complement receptor 226. Depending 
on the nature of the antigen encountered, B cell activation can occur through multiple 
pathways (Fig. 3). A B cell response can be initiated without the help of T cells if the 
antigen induces strong activation of the BCR combined with triggering of co-receptors27. 
This T cell-independent pathway is triggered by highly multivalent antigens, such as 
polysaccharides. More commonly, B cells require the help of T cells to generate a robust B 
cell response.

The help of T cells is acquired by B cells through the presentation of antigen on MHC class 
II28. B cells present their encountered antigen by internalization of the antigen upon BCR 
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triggering. Internalized antigen is processed and loaded onto MHC class II molecules to 
facilitate the interaction with CD4+ T cells. If a rare antigen-specific T cell recognizes the 
antigen presented by a B cell, the T cell will provide signals that further activate B cells29,30.

Extrafollicular versus germinal center pathway 
The initial stimulation with antigen and subsequent interaction with T cells determine 
whether B cell differentiation continues through the extrafollicular or follicular pathway31. 
The extrafollicular pathways typically involves the direct differentiation of naïve B cells 
to memory B cells and short-lived plasmablasts32. These plasmablasts secrete antibodies 
within the first days upon antigen exposure and, thereby, provide a first wave of antibodies.

B cell differentiation can also continue in germinal centers (GCs). GCs are structures 
containing aggregates of B cells which are typically formed a few days upon antigen 
encounter6. GCs have the unique ability to enhance the affinity of B cells towards their 
antigen in a highly regulated process termed affinity maturation. This process involves 
cycling of B cells through two separate zones of the GC: the dark zone and the light 
zone33. In the dark zone, B cells proliferate and undergo somatic hypermutation in which 
mutations in the genes encoding the variable domains of the antibodies are acquired. 
Somatic hypermutation diversifies the BCR and changes their relative affinity for the 
antigen. Subsequently, B cells migrate from the dark zone to the light zone. In the light 
zone, B cells with the highest affinity for the antigen are selected34,35. This selection involves 
antigen capturing of the B cells followed by the presentation to T cells residing in the light 
zone of the GC. B cells with the highest affinity acquire more T cell help and can recycle 
though the germinal center to further refine their BCR6. Alternatively, selected B cells can 
exit the GC and differentiate towards memory B cells or antibody-secreting cells.

The extrafollicular and germinal center pathway differ considerably in terms of dynamics 
and output22. The extrafollicular pathway is transient and typically resolves in days, while 
germinal center reactions can persist for weeks to months40. The antibody-secreting 
cells generated by the extrafollicular pathway are commonly short-lived, whereas the 
germinal center also generates long-lived plasma cells that home to the bone marrow and 
can persist for decades41. Memory B cells derived from the extrafollicular pathway only 
have limited mutations and commonly have a lower affinity for antigen in comparison to 
memory B cells generated by germinal center reactions which are affinity matured32.

Isotype switching is another process during B cells differentiation which is mainly 
associated with the GC pathway, but also occurs in the extrafollicular pathway36. Isotype 
switching changes the constant domain of antibodies expressed by B cells and, thereby, 
affects BCR signaling and effector functions of antibodies25,37,38. Naïve B cells express their 
BCR as IgM or IgD. Upon activation of B cells and subsequent T cell interaction, B cells can 
change their isotype by switching the coding region for the constant domain to another 
downstream exon through DNA recombination37. Isotype switching is, as upstream DNA 
is excised, a one-way process based on the order of the sequences encoding the isotypes. 
In human, the order of isotypes is: IgM, IgD, IgG3, IgG1, IgA1, IgG2, IgG4, IgE, IgA2. B cells 
are able to undergo sequential class switching. Class switching is regulated by various 
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triggers, for examples cytokines derived from T cells, to generate antibodies of a certain 
isotype which are useful in particular immune responses39.

Peripheral tolerance
The activation and maturation of B cells in the periphery generates robust and high-affine 
B cell responses which are warranted for protective responses, but should be prevented 
for autoreactive B cells. Peripheral tolerance mechanisms are designed to prevent the 
activation of autoreactive B cells that escape central tolerance mechanisms42.

An important peripheral tolerance mechanism limiting autoreactive B cells is the deletion 
of autoreactive B cells who encounter self-antigen in the periphery43,44. These mechanisms 
mainly affect transitional B cells which are more sensitive to undergo apoptosis13,45. 
In addition to deletion, autoreactive B cells can become anergic if they encounter self-
antigen and, thereby, lose their ability to respond to stimulatory signals46,47.

Autoreactive B cells can also be limited in their ability to acquire sufficient stimulatory 
signals to surpass the threshold required to activate naïve B cells. Low affinity for or 
limited exposure to self-antigen can prevent the activation of autoreactive B cells48,49. 
In addition, if autoreactive B cells are activated by self-antigen, T cell help might not be 
readily available due to T cell tolerance mechanisms or by effects of regulatory T cells50-53. 
Moreover, activation of autoreactive B cells can also be restricted through signal from 
inhibitory receptors, such as PD-1, CD22, CD32, LAIR1 and CD9554.

Autoreactive B cells can also lose their reactivity towards self-antigen in the periphery in 
a process termed clonal redemption55,56. This process is based on somatic hypermutation 
by which mutations can be introduced that reduce or abolish the reactivity towards 
self-antigen and render or improve reactivity towards foreign proteins57. Thereby, clonal 
redemption can turn potentially harmful autoreactive B cells into protective B cells.

Effector functions of B cells
B cells can exert multiple effector functions. Antibodies are the most well-known effector 
molecules of B cells and are secreted by terminally-differentiated B cells, the antibody-
secreting cells (including both plasmablasts and plasma cells). Secreted antibodies can 
be distinguished based on their isotype3. IgM is predominantly secreted as pentamer, but 
can also be hexameric, and is typically the first detectable antibody upon initiation of 
a B cell response. IgG is a monomeric antibody and is the most abundant antibody in 
the circulation. IgA can be secreted as monomer or dimer and is associated with mucosal 
responses. IgE, a monomer, has an important function in allergic responses. IgD is the 
least abundant secreted antibody and its biological role is unclear.

Secreted antibodies can exert multiple effector functions (Fig. 4). The binding of antibodies 
to antigen can by itself affect the biological function of the antigen58. Thereby, antibodies 
can block the interaction of the antigen with other molecules, for example to prevent 
binding of virus particles to host cells. In addition, upon binding to antigen, antibodies 
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can recruit other immune components using their Fc region. Thereby, antibodies can 
activate the complement system to opsonize the antigen, recruit immune cells and lyse a 
microbe59. Antibodies can also activate many immune cells, for example to induce cellular 
phagocytosis of microbes or immune complexes by (amongst others) macrophages or to 
induce lysis of target cells by natural killer cells60,61.

Besides the production of antibodies, B cells can also activate T cells. B cells activate T cells 
by presentation of antigen on HLA class II molecules and by expressing co-stimulatory 
molecules, like CD80 and CD86, which are critical for the activation of T cells28,62. 
Interactions between B and T cells can have a plethora of effects on T cells63. For example, 
B cells are important for the initial activation of T cells, homing of T cells to tissues, 
activation of T cells locally and to sustain tissue-resident T cells64-67. In addition, B cells 
mediate the differentiation of T cells towards T follicular helper cells which fulfill a critical 
role in germinal center reactions35.

Cytokine production is another effector mechanism of B cells. B cells can produce a variety 
of cytokines, including the pro-inflammatory cytokines IL-4, IL-6, IL-12, TNF-α and IFN-γ68-71. 
Certain B cells can also produce anti-inflammatory cytokines, such as IL-10 and TGF-ß72,73.
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antibody effector 
functions
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Figure 4. Effector functions of B cells and antibodies. (A) Antibodies are produced by terminally differen-
tiated B cells, the antibody-secreting cells. Antibodies can exert multiple effector function, including microbe 
neutralization, complement activation and activation of multiple immune cells to lyse infected cells (cellular 
cytotoxicity) or to take up microbes (phagocytosis). (B) B cell can activate T cells by presenting antigen and 
expressing co-stimulatory molecules. (C) B cells can produce a plethora of cytokines which can activate, recruit 
and regulate other immune cells.

B cell memory and reactivation
B cell responses have the ability to provide lifelong immunity against previously 
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encountered antigens. Immunological B cell memory is dependent on memory B cells 
and long-lived plasma cells generated in the primary response74. Long-lived plasma cells 
can persist for decades in specialized niches in lymphoid tissues, particularly the bone 
marrow75. These plasma cells continuously secrete antibodies that can protect against 
recurrent infections. Memory B cells, on the other hand, are quiescent cells mainly 
residing in the circulation, bone marrow and other secondary lymphoid organs76. Antigen 
encounter triggers strong and quick reactivation of memory B cells. Differentiation of 
memory B cells to plasmablasts upon reactivation provides a quick and strong peak of 
antibodies77. Alternatively, reactivated memory B cells can enter germinal center reactions 
to mount further expansion and maturation of the B cell response78.

Autoimmunity and autoimmune diseases: Break in B cell tolerance 
Processes underlying the generation of B cell responses (as described above) are tailored to 
provide immunological protection and attempt to prevent the generation of autoreactive 
B cell responses. Nevertheless, incomplete B cell tolerance mechanisms can lead to the 
generation of autoreactive B cell responses42. The presence of such autoreactive B cell 
responses, typically accompanied by autoantibodies, are a hallmark of autoimmune 
diseases79.

Autoimmune diseases are commonly associated with disease-specific autoreactive B 
cells response targeting a particular antigen80. There are many self-proteins that can be 
targeted by autoreactive B cell responses. For example, an autoreactive B cell response 
targeting citrullinated proteins is highly specific for rheumatoid arthritis (RA) and a B cell 
response targeting the autoantigen topoisomerase 1 (TOP1) is strongly associated with 
systemic sclerosis (SSc)81,82.

Role of autoreactive B cells in autoimmune diseases
Autoreactive B cell responses play a role in the pathogenesis of autoimmune diseases. 
Autoantibodies can often be detected years before disease onset83-85. The disease-specific 
presence of autoreactive B cell responses links these responses directly to the pathogenesis 
of diseases and allows the use of certain autoantibodies as diagnostic or prognostic 
biomarkers80. Moreover, the presence of particular autoantibodies may also associate with 
clinical disease subtypes, disease severity or involvement of certain organs81,82,86. In SSc, 
for example, presence of antibodies targeting centromere protein B (CENPB) is associated 
with gastrointestinal involvement and relative mild disease, whereas the presence of 
antibodies directed against TOP1 is associated with interstitial lung disease impairing lung 
function and a poor prognosis82. Together, these clinical associations favor the hypothesis 
that autoreactive B cells play an important role in autoimmune diseases.

Another strong indication for the active involvement of autoreactive B cells in the 
pathogenesis of autoimmune diseases is the effectiveness of B cell targeting therapies 
in these diseases. Rituximab, a CD20-targeting monoclonal antibody which depletes 
circulating B cells almost completely, is an effective treatment in multiple autoimmune 
diseases, including RA and SSc87-89. More recently, B cell depletion by CD19-directed 
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chimeric antigen receptor (CAR) T cells have shown even more promising therapeutic 
effects90-94. Although these B cell targeting therapies broadly deplete B cells and do not 
only target autoreactive B cells, they support a potential role for autoreactive B cells in 
autoimmune diseases.

The relation between the presence and traits of disease-specific autoreactive B cell 
responses and clinical features varies per disease. Such relations probably depend on the 
exact role of autoreactive B cells in the pathophysiology of the particular autoimmune 
disease95. In some autoimmune diseases, autoantibodies have a pathogenic role80. For 
example, anti-myeloperoxidase autoantibodies are thought to directly mediate disease 
in anti-neutrophil cytoplasmic autoantibody-associated vasculitis96-98. Alternatively, 
autoreactive B cells can contribute to autoimmune diseases by activation of T cells and 
production of pro-inflammatory cytokines99-104. Although autoreactive B cells can exert 
these effector functions, the relative contribution of these effector mechanisms and the 
exact mechanism of how B cells are involved in the pathogenesis of autoimmune diseases 
are poorly understood.

Induction of autoreactive B cell responses 
The existence of B cell autoreactivity in autoimmune diseases, despite the tolerance 
mechanisms in play, raises questions on how autoreactive B cell responses are induced. B 
cell tolerance is often broken before the onset of disease, as autoantibodies are commonly 
present before disease onset83-85. Hypothetically, autoreactive B cells may have a BCR 
that is self-reactive from origin or have acquired autoreactivity in the periphery through 
introduction of mutations. While autoreactivity has been described in the naïve repertoire, 
other autoantibodies lose self-reactivity when reversed to germline configuration55,105,106. 
The acquisition of autoreactivity through mutations might depend on the exposure of 
B cells to antigens of microbial origin with structural resemblance to a self-antigen107. In 
fact, cross-reactivity of autoreactive BCRs and antibodies towards microbial proteins are 
described in the context of multiple diseases105,108,109. By recognition and presentation 
of microbial antigen, autoreactive B cells might recruit help from pathogen-directed 
T cells110,111. T cells likely help in the initiation and further development of autoreactive 
B cell responses, based on the presence of class-switching, acquisition of somatic 
hypermutations, epitope spreading and HLA associations described for autoreactive B cell 
responses81,82,86. Despite these clues, the exact mechanisms underlying the break in B cell 
tolerance in autoimmune diseases remain to be elucidated.
 

Chronicity of autoreactive B cell responses
Autoimmune diseases are chronic diseases and, to date, no curative treatments exist. 
Current treatment strategies are focused on achieving remission of disease through 
administration of anti-inflammatory drugs. Therapy-free remission is rare and flares of 
disease are common. The chronic character of autoimmune diseases indicates the chronic 
presence of disease drivers112. Autoreactive B cell responses are persistent and often 
exhibit features of chronic activation102,113,114. Long-lived antibody-secreting cells could 
be responsible for the persistence of circulating autoantibodies. In addition, continuous 
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exposure to self-antigen and stimulatory signals from T cells might continuously trigger 
autoreactive memory B cells. In line, a reset of the immune system through autologous 
stem cell transplantation or anti-CD19 CAR T cell therapy is effective115,116. This indicates 
that persistent autoreactive B cell responses might be a chronic driver of autoimmune 
diseases.

 
Systemic sclerosis
SSc is a complex autoimmune disease which is clinically characterized by vasculopathy 
and fibrosis of the skin and internal organs117. Although the disease is rare, it has a high 
morbidity and mortality. The clinical presentation of the disease is highly heterogeneous 
and the severity and progression of the disease strongly varies between patients. Curative 
treatments for SSc do not exist and the management of the disease focuses on inhibiting 
disease progression using various medications, including immunosuppressive drugs, 
fibrosis inhibitors and autologous stem cell transplantation118. Enhanced understanding 
of the mechanisms underlying the disease are warranted to understand the development 
of disease complications and to enable effective treatment.

A hallmark of SSc is the presence of autoreactive B cell responses targeting nuclear 
antigens82. The role of autoreactive B cell responses in this disease is reviewed in detail 
in chapter 2. In short, autoreactive B cells can target a variety of nuclear antigens, such 
as TOP1 and CENPB. These autoreactive B cell responses, which rarely co-occur in SSc 
patients, strongly associate with specific disease subtypes and disease complications82. 
Moreover, SSc is responsive to B cell depletion88,92-94,116. Together, these findings indicate 
that autoreactive B cells probably play an important role in SSc.

Rheumatoid arthritis
RA is a chronic autoimmune disease that primarily affects the joints119. The disease 
is common with a prevalence ranging between 0.25% and 1%120. Clinically, RA is 
characterized by inflammation of synovial tissue in the joints which causes joint pain 
and swelling. The treatment of RA is focused on the inhibition of inflammation by the use 
of disease modifying-antirheumatic drugs (DMARDs)121. Despite these medications, the 
disease persists and flares occur. Therefore, it is crucial to understand the chronic drivers 
of RA to improve treatment and eventually cure the disease.

RA is hallmarked by an autoreactive B cell response targeting post-translationally modified 
proteins, in particular citrullinated, carbamylated and acetylated proteins81. These 
autoantibodies are highly specific for RA and are present in about 50-70% of patients. The 
B cell response targeting post-translationally modified proteins is closely linked to disease 
onset and associated with a higher risk for disease relapse and low incidence of drug-free 
sustained remission122-124. In addition, RA is responsive to B cell depletion87,89,90. Together, 
these findings indicate that the B cell response targeting post-translationally modified 
proteins plays an important role in the pathogenesis of RA.
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Thesis outline
Many questions regarding the dysregulation of autoreactive B cells in human autoimmune 
diseases remain poorly understood. The aim of this thesis is to elucidate mechanisms 
underpinning the origin, dynamics and role of autoreactive B cell responses in rheumatic 
autoimmune diseases. Given the importance of B cells in these diseases, insights into these 
mechanisms underlying their generation, activation and maintenance will enhance the 
understanding of mechanisms that drive disease. Thereby, these insights could improve 
clinical management of the disease, identify targets to treat or eventually cure disease, or 
open possibilities for strategies that could prevent disease.

The first section of this thesis focuses on autoreactive B cells in SSc. As reviewed in 
chapter 2, autoreactive B cells targeting nuclear antigens are likely to play an important 
role in the pathogenesis of SSc. However, direct assessments of the activity and dynamics 
of autoreactive B cell responses in SSc are lacking. Therefore, we determined phenotypic 
and functional characteristics of TOP1-reactive B cells in SSc in chapter 3. We found that 
class-switched TOP1-reactive B cells in SSc patients displayed characteristics of a strongly 
activated response. These findings point towards active triggering of TOP1-reactive B cells 
in SSc.

To identify antigenic triggers responsible for the activation of TOP1-reactive B cells, we 
investigated molecular and functional characteristics of anti-TOP1 autoantibodies (ATAs). 
In chapter 4, we observed a remarkable heterogeneity between ATAs of SSc patients in 
their binding to TOP1 and TOP1-DNA cleavage complexes (TOP1cc). Enhanced recognition 
of TOP1cc associated with anti-TOP1-autoantibody titers and interstitial lung disease in SSc 
patients and potentiated the immunostimulatory properties of particular ATAs. Besides 
effects of DNA binding, we also investigated the possible role of microbes in triggering 
TOP1-reactive B cells in SSc in chapter 5. We found that a subset of human ATAs can cross-
react to a fungal TOP1. This fungal TOP1 could trigger the activation of a TOP1-reactive 
B cell line. Moreover, presence of circulating fungal TOP1-reactive antibodies associated 
with disease severity in SSc. Together, these studies indicate that DNA binding modulates 
the activation of TOP1-reactive B cells in SSc. Moreover, they suggest that human and 
microbial-derived antigens might trigger TOP1-reactive B cells in SSc.

To explore the relation between the dynamics of an autoreactive B cell response and 
clinical disease, we studied B cells expressing anti-citrullinated protein antibodies (ACPA) 
in RA in chapter 6. ACPA-expressing B cells displayed a highly activated phenotype 
irrespective of clinical disease control in patients treated with different anti-inflammatory 
drugs. This persistent immunological activity might explain the chronic character of RA. In 
chapter 7, a method to identify ACPA-expressing B cells with low surface BCR expression 
was developed. This method can be used to track the dynamics of autoreactive B cells in 
more detail.

Finally, the findings described in this thesis are summarized in chapter 8, which highlights 
the relevance of these insights for understanding the biology of autoreactive B cell 
responses in rheumatic autoimmune diseases.
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