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INTRODUCTION AND THESIS OUTLINE

1Introduction 

Rheumatoid arthritis (RA) is an autoimmune disease characterized by chronic 
inflammation of the synovial joints resulting in irreversible damage to bone and 
cartilage. With a prevalence of 0.5-1% in the Western population, RA is a major disease 
burden for society. Knowledge about pathogenesis of RA has gained over the years and 
novel therapeutics, such as biological agents, have resulted in an improved quality of 
life by reducing RA disease activity. Despite these improvements, prevention of RA 
development and a real cure for RA is not available yet. The present thesis focusses on 
factors underlying the initiation of RA. 

An important hallmark of RA is the presence autoantibodies, which are rheumatoid 
factor (RF), anti-citrullinated protein antibodies (ACPA) and anti-carbamylated 
protein antibodies (anti-CarP), with the latter two being specific for RA (1). Around 
50-80% of RA patients is seropositive for one or more of these autoantibodies, which 
can be found in serum years before the clinical signs of RA have become apparent 
(2). Although autoantibodies may play a role in RA pathogenesis (3), their role in 
the initiation of RA is currently unclear. Not all individuals seropositive for these 
autoantibodies will develop RA, but autoantibody seropositive individuals with 
arthralgia, so-called seropositive arthralgia patients (SAP), are at high risk of 
developing RA (4). Besides the autoantibody response other immunological factors 
such as a T-cell subset dysregulation (5) and increased levels of several cytokines, 
cytokine-related factors and chemokines congruent with an activated adaptive 
immune system (6) presumably underlie the development of arthritis in SAP.

Citrullination and carbamylation, two post-translational modifications in certain 
amino acids within polypeptides, are presumed to be involved in the initiation of 
RA (7). In case of citrullination, arginine residues are modified to citrulline, while 
protein-bound lysine is modified to homocitrulline in the case of carbamylation. 
Once formed, citrulline and homocitrulline are structurally very similar and are able 
to change the structure and function of a protein due to a change in charge. While 
carbamylation is a chemical process, citrullination is an enzymatic modification via 
peptidylarginine deiminase (PAD). Citrullination mainly takes place intracellularly 
at higher Ca2+ concentrations. Citrullinated proteins are formed during physiological 
processes such as the differentiation of the epidermis, apoptosis (8) and formation of 
neutrophil extracellular traps (NETs) (9). Although citrullination also occurs during 
normal physiological conditions, the immune response against citrullinated proteins 
leading to the formation of ACPA is characteristic for RA. 

Genetic factors are estimated to contribute for 60% to the susceptibility of RA 
development (10). The major histocompatibility (MHC) genes are the most studied 
genes in RA. MHC genes encode for human leukocyte antigens (HLA). HLA-DRB1 
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molecules which share a conserved amino acid sequence “shared epitope” (SE; e.g., HLA-
DRB1*0401, *0404, *0405, *0408, *0101, *0102 and *1001) are proposed to play a role 
in ACPA initiation via their ability to present citrullinated peptides to T-lymphocytes 
(11, 12). Cross-reactivity between microbial and human derived peptides has been 
proposed to be HLA-SE mediated, possibly leading to the development of ACPA (13). 
An important non-HLA related genetic risk factor for RA development is a single 
nucleotide polymorphism (SNP) resulting in an amino acid conversion (R620W) in 
the human protein tyrosine phosphatase PTPN22 (14). While PTPN22 is an inhibitor 
of PAD4, the PTPN22(R620W) mutant is not able to suppress citrullination by PAD4 
(15). Thereby, PTPN22 SNP might contribute to an increase of citrullinated proteins.

Environmental and stochastic factors are considered to determine the remaining 
40% of the susceptibility of patients to develop RA. Environmental factors are suggested 
to contribute to ACPA initiation which is hypothesized not to take place in the joints 
but at mucosal surfaces (16). The oral cavity (17), lungs (18) and gastrointestinal tract 
(19) are locations where this initiation might occur since these mucosal sites display 
excessive citrullination during inflammation (Figure 1). 

Periodontitis has been linked to the induction of ACPA and thereby to initiation 
of RA (17). As in RA, progressive periodontitis has been associated with HLA-DRB1 
SE (20). Also smoking is a risk factor for both periodontitis and RA (21, 22). The 
periodontal pathogen Porphyromonas gingivalis is currently the only known bacterial 
species  to express a PAD enzyme (PPAD) (23). This bacterium is presumed to 
contribute to the pathogenesis of RA by creating targets for ACPAs by citrullinating 
its own as well as human proteins (24). The link between RA and severe periodontitis 
is supported by epidemiological evidence, which indicates a higher prevalence of 
periodontitis in RA patients compared to the general population (25). 

The lungs have also been hypothesized to be a site of ACPA initiation in smokers. 
Smoking is the main environmental risk factor that has been implicated in the 
development of RA. It has been shown that smoking increases PAD expression, 
which leads to citrullination in the lungs (26). Furthermore, plasma cells in lymphoid 
follicles in the upper airways, termed inducible bronchus-associated lymphoid tissue 
(iBALT), from RA patients with pulmonary complications were shown to produce 
ACPA. The latter indicates that the lung is indeed a local site of ACPA production (27). 
In line with this observation, it has been demonstrated that autoantibody positivity 
is significantly higher in RA patients with bronchiectasis compared to RA patients 
without bronchiectasis (18).

The introduction of specific bacterial pathogens into germ free mice models is 
able to induce joint inflammation. This suggests that, besides the periodontium and 
lungs, intestinal microbiota may play a role in RA development (28, 29). In humans, 
differences in composition of intestinal microbiota between healthy controls and 
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new-onset RA patients were found, pointing towards an increase of Prevotellae and 
a decrease of Bacteroides species in new-onset RA patients (30). It remains to be 
determined whether these differences in bacterial composition are causative for RA 
or the result of an increase in inflammation.

Aim and outline of the thesis

The main objective of the research described in this thesis was to assess whether 
mucosal inflammation plays a role in the development of RA specific autoantibodies. 
The studies reported in this thesis focused on the presence of these autoantibodies 
in peripheral blood from patients with periodontitis, lung or intestinal mucosal 
inflammation. In order to study whether these autoantibodies contribute to RA 
development a prospective SAP cohort was prospectively followed and participants 
were checked every 6 months for the presence of arthritis.

In the review described in chapter 2, the current knowledge on the link between 
periodontitis and RA is critically summarized and the potential role of P. gingivalis 
in the etiopathogenesis of periodontitis and RA is discussed.

Whether autoantibody production can be induced by mucosal inflammation was 
assessed in the study described in chapter 3. In this study, the presence and levels 
of circulating RA-associated autoantibodies were assessed in non-RA patients with 
oral (periodontitis) or lung (cystic fibrosis and bronchiectasis) mucosal involvement. 
In addition, the association between autoantibody status and disease activity was 
assessed in non-RA patients.

As ACPAs are known to target different citrullinated proteins, in the study 
described in chapter 4 it was assessed whether citrullinated components of NETs are 
targeted by ACPA. Previously, citrullinated histone H3 was reported to be present in 
inflamed periodontal tissue. In the study described in this chapter, the presence of 
anti-citrullinated histone H3 autoantibodies was compared between periodontitis 
and RA patients.

Patients with inflammatory bowel disease often experience articular manifestations. 
In chapter 5, the presence of RA-associated autoantibodies was assessed in non-RA 
patients with inflammatory bowel disease (IBD). In addition, the association between 
the presence of articular manifestations and autoantibody seropositivity in IBD 
patients was assessed.

Infection with P. gingivalis has been hypothesized to precede development of RA. 
The study in chapter 6 assessed whether the antibody response against P. gingivalis is 
predictive for development of arthritis in a SAP cohort. 

Currently, it is not fully known which immunological factors contribute to 
the development of RA in seropositive arthralgia patients. Therefore, in the study 
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1
described in chapter 7, the IgG and IgA ACPA repertoire and levels of regulatory T cell 
subsets were studied as potential predictive biomarkers for arthritis development in 
SAP. SAP that developed RA during their prospective follow-up were compared to 
patients that did not develop RA.

Finally, in chapter 8 the results of this thesis are summarized and the role of 
mucosal inflammation on the initiation of autoantibodies involved in RA is discussed 
and perspectives for future research are given.
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