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Summary 
Autoimmunity implies the existence of self reactive B and T lymphocytes. It does 
not necessarily imply autoimmune pathology, as often these lymphocytes are not 
activated. In contrast, in autoimmune disease, self reactive lymphocytes become 
activated, leading to antibody production and other aberrant effector functions that 
cause systemic inflammation and tissue specific damage. 

In this thesis, we investigated diverse signals that modulate the progression from 
autoimmunity to autoimmune disease. The first three chapters deal with the 
importance of lymphocytes in autoimmune diseases. Chapter 2 describes how B 
lymphocytes can contribute to autoimmune pathology. In chapters 3 and 4, we used 
the autoimmune 2D2 mouse. Because in this animal, all the T cells are autoreactive 
but not activated, this model allowed us to investigate which signals can activate T 
cells, leading to overt autoimmune disease. 

In chapter 3, we studied the effect of the T cell signaling protein Rap1 in 
experimental autoimmune encephalomyelitis (EAE). A constitutively active form 
of Rap1 protects RapV12 mice from collagen-induced arthritis (CIA). To study the 
how Rap1 activation prevents autoimmune pathology, we immunized 2D2xRapV12 
mice and 2D2 controls with myelin oligodendrocyte glycoprotein and studied the 
phenotype of self reactive T lymphocytes during the disease course. The activation 
of Rap1 in our model promoted T cell hyperresponsiveness but it also decreased 
the size of the autoreactive T cell pool. The latter effect led to better survival from 
EAE. The molecular mechanism for Rap1 to delete self reactive T cells remains 
obscure, nonetheless our data confirmed it as a control signal in the progression to 
autoimmune disease. 

In chapter 4, the 2D2 model was used to study how costimulatory signals by B 
cells can drive overt autoimmune pathology. When B lymphocytes expressing 
constitutively the costimulatory molecule CD70 are introduced in 2D2 mice, 
autoimmune disease arises. Published reports indicate that strong costimulation 
by B lymphocytes via CD70 can lower the activation threshold of T cells, driving 
them to differentiate into effector cells. However, no increased T cell activation 
nor effector functions were observed in 2D2xCD70 animals. Instead, the presence 
of CD70+ B lymphocytes was related to lower percentages of regulatory FoxP3+ 
T cells, which may explain the increased incidence and severity of autoimmune 
disease in the 2D2xCD70 mouse. 

In chapters 5 and 6 of this thesis, we investigated the inflammatory cytokine TNF 
and its potential role in controlling humoral responses. Previous work in our group 
described that TNF blockade induces IgM but no IgG anti-ds DNA autoantibodies 
in patients with inflammatory arthritis. Because neither autoantibodies from the IgG 
isotype nor protein specific autoantibodies are produced, we hypothesized that 
TNF blockade impairs TD humoral responses. In chapter 5, we investigated this 
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hypothesis by using a model of rat allograft transplantation, in which graft rejection 
is mediated by T cell dependent alloantibodies. In chapter 6, we studied the 
humoral responses to TD dependent vaccination in spondyloarthritis (SpA) patients 
treated with anti-TNF antibodies. 

In these two models, TNF blockade clearly impaired the induction of T cell 
dependent antibodies. In the rat allotransplantation model, both IgM and IgG 
humoral responses were decreased in anti-TNF treated animals, resulting in 
prolonged graft survival and less leukocyte infiltration in the graft. In agreement 
with these results, TNF blockade in SpA patients resulted in complete abrogation 
of antibody responses to the TD vaccine Engerix-B, formally proving that TNF is 
absolutely required in humoral immunity.

Moreover, in our vaccination study in SpA patients, a significant decrease of mutated 
B cell transcripts and an increase of circulating unswitched memory B cells were also 
observed. These alterations could point out to an impairment of the germinal center 
reaction. Nonetheless, the molecular defects in B lymphocytes, T lymphocytes or 
any other cell populations leading to the abrogation of TD antibody production, 
remain to be further investigated.

In the last chapters of this thesis, we studied the regulatory B cell subset, which 
may halt the progression to autoimmune disease. In chapter 7, we studied the 
APRIL transgenic mouse. Because the APRIL cytokine controls immunoglobulin 
class switch recombination, we hypothesized that APRIL could modulate the 
progression to autoimmune pathology. In fact, our results in CIA and EAE show 
that APRIL transgenic animals are less susceptible to autoimmune disease. B 
lymphocytes are instrumental in the tolerance induced by APRIL, which occurs by 
at least two mechanisms: an impairment of TD humoral responses and an increase 
of regulatory CD5+ IL10 producing B cells. A more complete definition of the 
pathways of protection, e.g. the B cell receptor involved, how the two protective 
mechanisms overlap and whether they can also be functional in humans, warrant 
further investigation on the topic. 

Finally, in chapter 8, we described the existence of CD5+ B lymphocytes with an 
immunoregulatory phenotype in human spondyloarthritis. Increased frequencies of 
CD5+ B cells have been reported in autoimmune diseases such as type 1 diabetes, 
rheumatoid arthritis (RA) and Sjögren’s syndrome. Regulatory B lymphocytes are also 
increased but defective in systemic lupus erythematosus (SLE). In contrast with these 
autoimmune diseases, our study in SpA indicates that the increased CD5+ B cell 
population is still able to produce IL-10. It needs to be further investigated whether 
this represents a (partially insufficient) feedback mechanism to control chronic 
inflammation, as suggested by the role of regulatory CD5+ B cells in colitis models. 

To conclude, this thesis describe several mechanisms in which T and B lymphocytes, 
together with the costimulatory molecules and cytokines that influence their 
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behavior, are fundamental in the progression of autoimmunity to autoimmune 
disease. If these mechanisms can be understood in greater detail, more specific 
drug targets can be discovered, enabling better control of diseases such as type 1 
diabetes, multiple sclerosis, SLE and RA while minimizing undesirable side effects 
resulting from the complete deletion/ inactivation of non pathogenic immune cells. 
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