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SCOPE OF THE THESIS

chapter 1





Objectives of the research
As central tolerance mechanisms in mammals are not perfect (1), self reactive 
lymphocytes always exist in a healthy immune repertoire. However, these autoreactive 
cells are often not activated and/or properly controlled and therefore do not cause 
any immune pathology (2-5). In the context of this thesis, this condition is called 
autoimmunity. When activated and not properly regulated, however, these cells can 
develop effector functions identical to those elicited in response to pathogens, cause 
organ-specific or systemic inflammation, drive structural or functional tissue damage, 
and thus lead to overt autoimmune disease (6). In this thesis, we investigated signals 
that govern the progression from autoimmunity to autoimmune disease, with 
particular focus on the different roles of B lymphocytes in this process. 

In chapter 2 we review the different functions of B lymphocytes that could contribute 
to the progression from autoimmunity to autoimmune disease. B lymphocytes can 
present self proteins to self reactive T cells, initiating autoimmune disease, and 
can amplify the autoimmune reaction by epitope spreading. In turn, activated 
autoreactive T cells enable B lymphocytes to undergo somatic hypermutation and 
class switching in germinal centers. This process leads to appearance of novel 
B cell autoreactivities as well as to the differentiation of B cells into effector cell 
populations such as memory B cells and autoantibody secreting plasma cells. 
Interestingly, B lymphocytes can not only promote but also control the progression 
from autoimmunity to autoimmune disease. In particular, IL-10 producing regulatory 
B cells have a profound anti-inflammatory effect. All these different roles of B 
lymphocytes can not only be observed and studied in autoimmunity but also in 
alloimmunity in the context of solid organ transplantation. The advantage of allo-
immune models in the study of these processes is that the causative antigens and 
the time of initiation of the response is easier to define than in autoimmunity. 

In chapter 3 and chapter 4 we studied the progression from autoimmunity to overt 
T cell-mediated autoimmune disease in the 2D2 transgenic mouse. This animal 
expresses a T cell receptor which is specific for the immunodominant epitope of myelin 
oligodendrocyte glycoprotein, an important autoantigen in experimental autoimmune 
encephalomyelitis (EAE) as well as human multiple sclerosis. The 2D2 transgenic mice do 
not display signs of neurological disease in homeostatic conditions but develop severe 
EAE upon triggering of the immune system (4). The high propensity to progress from 
autoimmunity to overt autoimmune disease and the prominent role of B lymphocytes as 
antigen-presenting cells in this process (7) makes the 2D2 mice a very useful model to 
study signals that drive or suppress autoimmune pathology. 

In chapter 3, we investigated how modulation of intrinsic properties of the 
autoreactive T cells can modulate the progression from autoimmunity to autoimmune 
disease. Recent work in our lab determined that activation of Rap1, a small GTPase 
modulating T cell receptor (TCR) signals, is protective in collagen induced arthritis 
(CIA) (8). We bred the 2D2 animals with RapV12 mice, in which Rap1 is constitutively 
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active, and monitored the induction of EAE upon immunization of F1 littermates to 
determine whether and how Rap1 expression modulates the presence, activation 
and function of autoreactive pathogenic T cells. 

The 2D2 model was used again in chapter 4 to study how costimulatory signals 
by B cells can drive T cell activation and the progression of autoimmune disorders. 
Previous work of our group demonstrated that autoreactive B cells play a pathogenic 
role in this model through highly effective autoantigen presentation to pathogenic 
T cells (7). For the experiments in this manuscript, we bred 2D2 mice with CD70 
transgenic animals, in which only a few B lymphocytes are self reactive but all B cells 
constitutively express the costimulatory molecule CD70 (9). Because costimulation 
is tightly regulated after APC activation under normal circumstances, the 2D2xCD70 
mouse allowed us to study whether strong costimulatory signals by B lymphocytes 
would be enough to activate pathogenic autoreactive T lymphocytes and trigger 
autoimmune pathology. 

As discussed in chapter 2, one of the mechanisms by which B lymphocytes may 
drive autoimmune diseases is by differentiation towards effector cells, including 
antibody producing plasma cells. For protein antigens this process is highly 
dependent on adequate T cells help in a germinal center reaction. Work of our 
group previously suggested that the induction of such T cell dependent (TD), but 
not T cell independent (TI), humoral autoimmune responses may be affected by 
TNF blockade (10,11). We indeed demonstrated that TNF blockade induces IgM 
but no IgG anti-double stranded DNA autoantibodies in rheumatoid arthritis (RA) 
and spondyloarthritis (SpA) patients. In chapter 5 and 6 we assessed the hypothesis 
formally by using two different approaches. In chapter 5, congenic LEW.1W heart 
grafts were transplanted to LEW.1A recipients. LEW.1W and LEW.1A animals have 
a mismatch in several genes of the MHC region, that induce acute rejection of 
the transplanted hearts in 7 days, mediated by T cell dependent alloantibodies 
(12). As both the causative antigens (the HLA mismatches) and the moment 
of initiation of the alloimmune response (day of transplantation) are known, this 
model allowed us to study directly the effect of TNF blockade in germinal center 
reactions, the appearance of alloantibodies and ultimately the graft survival. In 
chapter 6 we studied the effects of TNF on humoral responses induced by primary 
TD and TI vaccination in SpA patients treated with TNF blockade versus untreated 
SpA patients. The patients were simultaneously vaccinated with Engerix-B, a TD 
vaccine to Hepatitis B, and Pneumovax, a TI vaccine to S. pneumoniae. Serum and 
peripheral mononuclear cells were collected in time and used for ex-vivo analysis 
of humoral responses. In parallel, samples from non-vaccinated patients treated 
with Adalimumab were collected to investigate the changes in B and T lymphocyte 
phenotype and function resulting from TNF blockade per se.

In chapter 7, we explored the role of B cell growth factors to the progression from 
autoimmunity to autoimmune disease. BAFF and APRIL are two TNF superfamily 
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members that partially share receptors and act as B cell growth factors. BAFF 
transgenic mice spontaneously develop lupus-like autoimmune features and BAFF 
inhibition by belimumab has proven therapeutic efficacy in human systemic lupus 
erythematosus (SLE). In contrast, the role of APRIL in autoimmune disease remains 
unknown. Besides its tumor promoting capacity, APRIL has a role in immunoglobulin 
class switch and humoral responses (13,14). Because class switch to IgG and T cell 
dependent antibody responses to self antigens may drive autoimmune pathogenesis, 
we hypothesized that APRIL could modulate the progression to autoimmune 
disease. In chapter 7 we used the APRIL transgenic mouse (15) to study the effect 
of this B cell growth factor on CIA, a disease model highly dependent on anti-
collagen antibodies (16), and EAE, which is primarily driven by pathogenic T cells. In 
these models, we assessed clinical disease, TD humoral responses, as well as B cell 
populations with special emphasis on IL-10 producing regulatory B cells. 

In chapter 8 we study the presence of regulatory B cell populations in SpA versus RA. 
In the mouse, CD5 is an accepted marker of regulatory B lymphocytes (17-19) but the 
phenotype of human regulatory B cells is still highly debated (20,21). Because of this 
lack of consensus, we used flow cytometry, in vitro stimulation and gene sequencing 
to thoroughly characterize the CD5+ B cells in human inflammatory arthritis. 
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