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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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CHAPTER 2

Abstract

Purpose of review 

This article reviews the link between periodontitis and rheumatoid arthritis (RA) with 
regard to similarities in genetics risk factors and immunopathogenesis. Emphasis is 
paid to the potential role of the periodontal pathogen Porphyromonas gingivalis in 
the etiopathogenesis of both periodontitis and RA, in particular by post-translational 
modification of arginine into citrulline.

Recent findings

P. gingivalis, a major periodontal pathogen, is presently known as the only bacterium 
in the oral flora which contains a peptidyl arginine deiminase enzyme (PAD). 
This enzyme is necessary for citrullination. As a result citrullinated proteins and 
P. gingivalis PAD, PAD2 and PAD4 (expressed by infiltrating neutrophils) are found 
in periodontal tissues. Autoantibodies directed to citrullinated proteins, so called anti-
citrullinated protein antibodies (ACPAs), are found to be present in gingival crevicular 
fluid originating from inflamed gingival tissue. Furthermore, treatment studies have 
revealed that non-surgical periodontal treatment, i.e. removal of sub-gingival calculus 
and biofilm deposits, is accompanied by a reduction in the severity of RA.

Summary

In this paper the similarities in immune response and tissue degradation between 
RA and periodontitis are reviewed. It is shown that the two diseases share the same 
environmental and genetics risk factors as well as that there is a link between both 
diseases via citrullination of proteins by human PAD and P. gingivalis PAD.
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Introduction

Periodontitis is an infective process which ultimately leads to the destruction of 
the soft and hard tissue that supports the teeth (the periodontium). Periodontitis 
has been associated with a number of chronic and inflammatory diseases such as 
diabetes mellitus (1), atherosclerosis, cardiovascular disease (2), Crohn’s disease 
and ulcerative colitis (3). In the last decade the interest in the epidemiological and 
pathological relationships between periodontitis and rheumatoid arthritis (RA) is 
raising (4). This is not surprising as RA and periodontitis share the same genetic risk 
and environmental factors and also both diseases are age associated and characterized 
by chronic self-sustaining inflammation. Therefore, the aim of this paper is to provide 
a review of the etiopathogenesis of periodontitis, focusing on aspects that may be of 
relevance for RA.

Periodontitis

The periodontium is composed of specialized tissues, viz. the gingiva, periodontal 
ligament, cementum and alveolar bone. Chronic inflammation of these tissues, 
initiated by bacteria, gradually results in bleeding gums, deepened periodontal pockets 
and ultimately in loss of alveolar bone, and mobility and loss of teeth (Figure  1). 
The prevalence of periodontitis in an adult population is 10-15%, independent of 
ethnicity and geographic location (5). Periodontitis can be classified as chronic (slowly 
progressive) and aggressive (highly destructive) periodontitis. Periodontitis can also 
be classified on the extent (localized/generalized) and severity (mild/moderate/severe) 
of the disease (6).

Genetic and lifestyle factors determine the susceptibility of a person to periodontitis. 
A significant genetic factor for severe periodontitis is a variation in the major 
histocompatibility complex, class II, DR beta 1, (HLA-DRB1) SE (7). Furthermore, 
several single nucleotide polymorphisms, especially in interleukins (IL)-1, IL-6 and 
IL-10, vitamin D receptor, and CD14 genes have been associated to severity and 
presence of destructive periodontal disease. In addition, smoking has been considered 
an important lifestyle factor contributing to the susceptibility of periodontitis (8). The 
contributory effect of smoking is thought to be the effect of nicotine on the induction 
of pro-inflammatory cytokines (9) and activation of matrix metalloproteinase-3 
(MMP-3) (10).

Immune response in periodontitis

The innate immune response in periodontitis is involved in the elimination of microbial 
challenges, but also may result in damage to the periodontium. The host has certain 
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mechanisms to maintain a non-irritating environment for the bacterial flora, like the 
washing effect of saliva and gingival crevicular fluid (GCF), and the phagocytic action 
of neutrophils that migrate continuously through the junctional epithelium into the 
pocket. When pathogenic bacteria overcome these protecting barriers and start to 
populate the periodontal area, the release of bacterial toxins and metabolites by these 
bacteria will activate the innate immune system. Upon this bacterial driven challenge, 
epithelial cells will respond and start to secrete pro-inflammatory cytokines such as 
IL-1β, tumor necrosis factor (TNF-α), IL-6 and IL-8 (11). When the inflammation 
persists, tissue destruction will occur, e.g., by matrix metalloproteinases (MMPs). 
These MMPs are responsible for the destruction of the collagenous extracellular matrix. 

Figure 1. Sequential stages in the development of periodontitis (a-d) and arthritis (e-h).
(a) The periodontium is composed of specialized tissues, viz. the gingiva, periodontal ligament, cementum and 
alveolar bone. Healthy gingiva is characterized by a continuous sparse migration of neutrophils into the coronal 
part of the epithelium.  
(b) Gingivitis will develop when the microbial colonization has evolved to such a level that microbial products 
evoke a more substantive inflammatory response. This response is characterized by an increased infiltration and 
migration of neutrophils, lymphocytes and monocytes and macrophages. Very few plasma cells are noted within 
the expanding lesion. Degeneration of fibroblasts and collagen breakdown occurs.   
(c) Continuation of the exposure of the periodontal tissues to microbial biofilm, which moves apically, results in a 
further enhancement of the inflammatory response of the gingival tissue. The inflammatory cell infiltrate extends 
further apically and is now dominated by plasma cells. Collagen loss continues. The epithelium has become more 
permeable and may be ulcerated.
(d) The biofilm continues its apical downgrowth. The inflammatory cell infiltrate extends in to the periodontal 
attachment. Plasma cells comprise about 50% of the cells, B cells represent about 18% of the cells and T cells 
represent a smaller proportion than B cells. The immunopathological tissue damage by matrix metalloproteinases 
results in loss of alveolar bone, mobility of teeth, and finally in tooth loss.
(e) The normal joint is composed of cartilage, bone and a synovial membrane containing an outer layer or 
subintima (fibrous, fatty or loosely areolar) and an inner lining layer. This inner layer consists of two cell types; 
Type A derived from blood monocytes, and Type B which is dominated by fibroblasts producing synovial fluid. 
Synovial fluid is made of hyaluronic acid and lubricin, proteinases, and collagenases. 
(f) Activation of the innate immune system by an environmental trigger, probably infection related, is thought 
to start the inflammatory loop in RA. Processing of an unspecified not necessarily rheumatoid autoantigen by 
dendritic cells and presentation to T-cells with a co-stimulatory signal can further activate T-cells. The pre-
sentation of the antigen probably takes place in the central lymph nodes. T-cells subsequently become clonally 
expanded and migrate to the (synovial) tissue where they interact with synoviocytes, B-cells and macrophages 
and thus promote inflammation (15) as part of the adaptive immune response. In addition, as a person ages, the 
water content of the cartilage decreases as a result of a reduced proteoglycan content, thus causing the cartilage to 
be less resilient. Without the protective effects of the proteoglycans, the collagen fibers of the cartilage can become 
susceptible to degradation and thus exacerbate the degeneration. Breakdown products from the cartilage are 
released into the synovial space, and the cells lining the joint attempt to remove them resulting in inflammation. 
(g) At a later stage in the adaptive arm of the immune response the synovial tissue of RA patients is characterized 
by infiltration and activation of mononuclear cells (including T and B lymphocytes, plasma cells, dendritic cells 
and macrophages) (18). B cells present antigens to T-cells and produce pro-inflammatory cytokines and autoanti-
bodies which stimulate the production of pro-inflammatory cytokines by the formation of immune complexes and 
activation of macrophages. Both T- and B-cell activation results in increased production of cytokines, chemokines 
and MMPs, which activates a positive feedback loop perpetuating the autoimmune inflammatory response (19).
(h) Longstanding destructive RA is characterized by synovitis, joint space narrowing, fibrous deposition and 
damage of the cartilage, erosions of the subchondrial bone and periosteal soft tissue inflammation.
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Inflammation in periodontitis is characterized by a large influx of leukocytes in 
the periodontal lesions. The innate immune response is characterized by activation 
of resident cells (dendritic cells, epithelial cells and endothelial cells) and migration 
of neutrophils, monocytes and macrophages. The adaptive immune response includes 
the influx of T- and B-cells in the lesions. Plasma cells comprise about 50% of the cells, 
B cells represent about 18% of the cells and T cells represent a smaller proportion 
than B cells (12). The proportion of B cells compared to T cells increases further when 
taken from sites with severe periodontitis (12). In addition, a high proportion of the 
CD19 B cell population in the peripheral blood (40-50%) in periodontal susceptible 
patients was shown to bear features of the B-1a subtype (CD5CD19 double positive) 
compared to 15% in healthy controls. These B-1a B cells are known to be associated 
with the production of (auto-)antibodies (12). 

Rheumatoid arthritis

RA is a chronic auto-inflammatory polyarthritis with a prevalence of 0.5%-1.0% 
in the adult population. RA is more frequent among women than man (3:1) and its 
prevalence, like periodontitis, rises with age (13). RA is known to develop in genetic 
susceptible individuals under certain environmental conditions. Years before start of 
the synovial inflammation in RA, autoantibodies as rheumatoid factor (RF) and anti-
citrullinated protein antibodies (ACPAs) are found to be present in conjunction with 
elevated cytokines in non-symptomatic so called arthritis risk patients (14).

After the first stage (activation of the innate response) and the second stage (activation 
of the adaptive response) the third stage of the disease is known as the destructive 
phase. Longstanding destructive RA is characterized by synovitis, fibrous deposition 
and damage of the cartilage, erosions of the subchondrial bone and periosteal soft 
tissue inflammation (Figure 1). Immune responses with several inflammatory cascades 
lead towards this final common pathway characterized by a persistent inflammatory 
infiltrate in the synovial membrane of the joints (15). Presently a large effort is made to 
diagnose RA as early as possible (16). Early aggressive treatment in the so called window 
of opportunity leads to less damage and sometimes even to remission of RA (17).  

Immune response in rheumatoid arthritis 

Presently activation of the innate immune system by an environmental trigger, 
probably infection related, is thought to start the inflammatory loop in RA. Processing 
of an unspecified not necessarily rheumatoid autoantigen by dendritic cells and 
presentation to T-cells with a co-stimulatory signal can further activate T-cells. 
The presentation of the antigen probably takes place in the central lymph nodes. 
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T-cells subsequently become clonally expanded and migrate to the (synovial) tissue 
where they interact with synoviocytes, B-cells and macrophages and thus promote 
inflammation. Loss of tolerance in the inflammatory environment can induce an 
auto-immune response (15). At a later stage the synovial tissue of RA patients is 
characterized by infiltration and activation of mononuclear cells (including T and 
B lymphocytes, plasma cells, dendritic cells and macrophages) (18). B cells present 
antigens to T-cells and produce pro-inflammatory cytokines and autoantibodies 
which stimulate the production of pro-inflammatory cytokines by the formation of 
immune complexes and activation of macrophages. Both T- and B-cell activation 
results in increased production of cytokines, chemokines and MMPs, which activates 
a positive feedback loop perpetuating the autoimmune response (19).

The synovial fluid in RA patients is rich in pro-inflammatory cytokines such as 
IL-1, IL-6, IL-8, IL-15, and IL- 17. The same pro-inflammatory cytokines are found 
to be upregulated in periodontitis lesions (20). In addition, tissue destruction in RA 
takes place via, e.g., MMPs which is similar to the breakdown of periodontal tissue 
in periodontitis patients. Furthermore, RA is linked to the same genetic variations 
in the major histocompatibility complex (HLA-DRB1) as observed in periodontitis. 
Likewise, smoking is considered as a lifestyle risk factor in RA and periodontitis 
(21). In contrary to periodontitis where smoking is found to directly affect the 
periodontium, in RA it is thought that the induction of citrullinated proteins by 
smoking can contribute to the autoimmune response (22).

Citrullinated proteins

The majority of individuals (50-80%) with RA is found to be seropositive for autoantibodies 
(23). Rheumatoid factor (RF), antibodies which bind to the constant domain of IgG 
molecule, and anti-citrullinated protein antibodies (ACPAs), antibodies against 
citrullinated proteins, are the most common autoantibodies in RA (24). Autoantibodies 
against citrullinated proteins include anti-citrullinated vimentin, anti-citrullinated 
filaggrin, anticitrullinated fibrin(ogen) and anti-citrullinated α-enolase antibodies (25). 
Seropositivity to these autoantibodies often precedes the clinical onset of the disease (26). 
ACPAs have a higher diagnostic sensitivity and specificity for RA than RF (23), since a 
number of rheumatic and non-rheumatic diseases are associated with a positive RF (24). 
Presence of ACPAs seems to be associated with a poorer disease outcome (27). 

Autoimmunity to citrullinated proteins is rather specific for RA since ACPAs 
are found in 1-2% of the normal population and are rare in other inflammatory 
conditions (28). Remarkably, two studies reported that the incidence of ACPAs is 
higher in patients with severe periodontitis (~8%) (29, 30). ACPAs are also present in 
GCF of periodontitis patients (31).
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Citrullination is a process that occurs during inflammation in a wide range of 
tissues by an enzyme known as peptidylarginine deiminase (PAD). This enzyme can 
generate post-translational modifications by exchanging protein-bound arginine 
for citrulline, a nonstandard amino acid, thereby changing the charge of the target 
protein and therefore altering its structure and function. In humans, five isotypes of 
PAD have been described. Human PAD enzymes are calcium-dependent, therefore 
they are likely to be active in the extra-cellular fluid. PAD2 and PAD4 have been found 
in inflamed synovial tissue of RA patients (32) and are therefore likely involved in the 
citrullination of synovial proteins in RA. 

Recently, PAD2 and PAD4 expression (31) and the presence of citrullinated proteins 
(31), (33) have been found in inflamed periodontal tissue. Thus, citrullination of proteins 
in periodontal tissue is associated with inflammation, which in accordance with other 
sites of the human body (34). The study by Nesse et al. (33) showed that citrullination 
of proteins was not solely observed in inflamed tissue from periodontitis patients 
but also in inflamed tissue of non-periodontitis origin (e.g., pericoronitis tissue). The 
citrullination in periodontitis resulted in additional types of citrullinated proteins 
that were not observed in non-inflamed periodontal tissue (33). These additional 
types of citrullinated proteins showed a striking similarity with citrullinated proteins 
found in the synovium of RA patients indicating that the same proteins might get 
citrullinated in periodontitis and RA-affected synovial tissue (33).

Porphyromonas gingivalis

One of the best known periodontal pathogens in the bacterial biofilm, that covers 
the subgingival area and is causing the inflammatory response, is the prokaryote 
Porphyromonas gingivalis (P. gingivalis), an anaerobic Gram negative bacterium. The 
prevalence of P. gingivalis in severe periodontitis is 70%. P. gingivalis is infrequently 
isolated from subjects without periodontitis (35). This bacterium is of particular 
importance as it is the only known bacterium that has its own PAD enzyme. Although 
P. gingivalis PAD has a sequence dissimilar from that of human PAD, P. gingivalis 
PAD is able to citrullinate its endogenous proteins (36). In contrast to human PAD, 
P. gingivalis PAD is not calcium-dependent (37). In addition, the enzyme is able to 
citrullinate human fibrinogen and α-enolase (38). Thus, it is possible that P. gingivalis 
PAD citrullinates proteins from its host, thereby creating systemic immunogens that 
contain epitopes against which ACPAs could be raised (39). An important observation 
in this respect was the presence of oral bacterial DNAs in the synovial fluid of RA 
patients, amongst which P. gingivalis (40), while P. gingivalis DNA was not found 
in synovial fluid of healthy controls. This observation supports the potential role of 
P. gingivalis PAD in citrullination of synovial proteins.
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Recently, the relation between P. gingivalis and RA has been assessed in a number 
of studies. Patients with RA showed significantly higher levels anti-P. gingivalis 
antibodies in serum than healthy controls (41, 42). The same holds true for individuals 
at risk for RA (43) as well as that anti P. gingivalis levels were found to be higher in 
ACPA-positive patients than in ACPA-negative patients (42). These observations need 
further study as Scher et al. (44) recently showed that P. gingivalis colonization in the 
subgingival area for new-onset RA patients was comparable to chronic RA patients 
and controls with a comparable level of periodontitis. The latter study also showed 
that the presence of P. gingivalis did not correlate with ACPA titers. Their findings are 
supported by the observations of De Smit et al. (45) who reported that occurrence of 
P. gingivalis in the subgingival area was not different between RA patients and non 
RA controls. 

Epidemiological studies indicating an association 
between RA and periodontitis

In recent years, a number of studies reported a higher prevalence of periodontitis in 
patients with RA compared to non-RA controls (46-49) and a higher prevalence of RA in 
patients with periodontitis compared to non-periodontitis controls (48). Pischon et al. 
(46) examined 57 subjects with RA and 52 healthy controls and assessed these subjects 
on plaque index, gingival index, pocket probing depth, and clinical attachment loss. 
Subjects with RA turned out to have a significantly increased periodontal attachment 
loss compared to controls. Dissick et al. (49) found a higher prevalence of periodontitis 
in a cohort of RA-patients (69 patients) compared to a cohort of osteoarthritis patients 
(35 patients). The historical cohort study by Torkzaban et al. (50) evaluated 53 subjects 
with RA and 53 subjects without RA and found a significant correlation between RA 
and bleeding on probing, and between RA and clinical attachment loss. However, 
no significant correlation between RA and plaque index could be found. Recently, 
Chen et al. (47) investigated the association between the risk of RA and the history of 
periodontitis in a nation-wide, population based control study. This study was based 
on administrative data and estimated the odds ratio for RA development on the basis 
of periodontitis history. An association was found (odds ratio 1.16), albeit a weak 
association. Nesse et al. (48) found an increased prevalence of RA in patients with 
periodontitis that attended a dental or periodontal clinic. The increased incidence of 
RA in patients with periodontitis could not be explained by confounding factors. Other 
studies, however, did not report such association (51, 52). These conflicting data may 
be due to selection or recall bias and, differences in RA and periodontitis classification 
criteria, patients’ race, and study design (53).
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Treatment studies indicating an association 
between RA and periodontitis

The association between RA and periodontitis suggests that periodontal treatment may 
be beneficial in RA. Initial therapy for periodontitis is composed of mechanical removal 
of dental plaque and calculus (54). A recent study by Erciyas et al. (55) showed that 
non-surgical periodontal treatment comprising of supragingival scaling, root planing 
and oral hygiene instructions reduced systemic inflammatory levels (ESR, CRP, TNF-α 
levels in serum) and DAS28 scores as assessed in periodontitis patients with low or 
moderate to highly active RA three months after non-surgical periodontal treatment. 
This observation is in line with the results from other studies (56-58) showing that 
the severity of RA was reduced when RA patients with moderate/severe chronic 
periodontitis were treated with non-surgical periodontal treatment. Furthermore, 
treatment of RA with disease modifying anti-rheumatic drugs (DMARDS) was 
presumed to reduce the progression of periodontitis (58). Therefore, the effect of 
anti-TNF-α therapy on the periodontal status of RA patients has been studied (58). 
The results of this study showed no beneficial effect of anti-TNF-α therapy on the 
periodontal status of RA patients (58). 

Conclusion

The etiology of periodontitis is multifactoral and shares similarities with RA. The 
main etiological factor in periodontitis is the biofilm containing a number of bacteria 
affecting the periodontium by the release of pathogenic factors. Host factors such as 
immune response, smoking and poor hygiene are contributory factors, which also 
play a role in the etiopathogenesis of RA. P. gingivalis, the major periodontal pathogen 
may form a link between periodontitis and RA. P. gingivalis is the only known 
bacterium that has its own PAD enzyme and P. gingivalis PAD is able to citrullinate 
its endogenous proteins as well as human fibrinogen and α-enolase. Thus, P. gingivalis 
PAD can citrullinate proteins from its host, thereby creating systemic immunogens 
that contain epitopes against which ACPAs could be raised (39). Present studies are 
ongoing to elucidate the connection between both diseases.
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CHAPTER 3

Abstract

Introduction

Rheumatoid arthritis associated autoantibodies (RA-AAB) can be present in serum 
years before clinical onset of RA. It has been hypothesized that initiation of RA-AAB 
generation occurs at inflamed mucosal surfaces, e.g., in the oral cavity or lungs. The 
aim of this study was to assess systemic presence of RA-AAB in patients without RA 
with oral or lung mucosal inflammation.

Methods

Presence of RA-AAB (IgA and IgG anti-cyclic citrullinated peptide 2 antibodies 
(anti-CCP), IgM and IgA rheumatoid factor (RF), IgG anti-carbamylated protein 
antibodies (anti-CarP) and IgG and IgA anti-citrullinated peptide antibodies against 
fibrinogen, vimentin and α-enolase) were determined in serum of non-RA patients 
with periodontitis (PD, n=114), bronchiectasis (BR, n=80) or cystic fibrosis (CF, n=41). 
Serum RA-AAB levels were compared to periodontally healthy controls (HC, n=36). 
Established RA patients (n=86) served as reference. Association of the diseases with 
RA-AAB seropositivity was assessed with a logistic regression model, adjusted for age, 
gender and smoking.

Results

Logistic regression analysis revealed that IgG anti-CCP seropositivity was associated 
with BR and RA, whereas the association with PD was borderline significant. IgA 
anti-CCP seropositivity was associated with CF and RA. IgM RF seropositivity was 
associated with RA, while the association with BR was borderline significant. IgA 
RF seropositivity was associated with CF and RA. Apart from influence of smoking 
on IgA RF in RA patients, there was no influence of age, gender and smoking on the 
association of RA-AAB seropositivity with the diseases. Anti-CarP levels were only 
increased in RA patients. The same held for IgG reactivity against all investigated 
citrullinated peptides. 

Conclusion

Although overall levels were low, RA-AAB seropositivity is associated with lung 
mucosal inflammation (BR and CF) and may be associated with oral mucosal 
inflammation (PD). To further determine whether mucosal inflammation functions as 
a site for induction of RA-AAB and precedes RA, longitudinal studies are necessary in 
which RA-AAB of specifically the IgA isotype should be assessed in inflamed mucosal 
tissues and/or in their inflammatory exudates. 
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Introduction

The first autoantibody discovered in RA was rheumatoid factor (RF), directed against 
the constant domain of the IgG molecule. RF is not very specific for RA as it is 
commonly found in other (autoimmune) diseases too (1-4). In contrast to RF, anti-
citrullinated protein antibodies (ACPA) are highly specific (98%) for RA (5). ACPA 
can be directed against a number of citrullinated autoantigens. Production of ACPA 
in RA is associated with distinct genetic risk factors (6) and worse disease outcome (7).  

Recently, anti-carbamylated protein (anti-CarP) antibodies were described as a 
third autoantibody system in RA (8). Carbamylation is, like citrullination, a post-
translational modification and results in a chemically similar structure (9). Antibodies 
however are able to distinguish between carbamylated and citrullinated antigens. As 
for RF and ACPA (10,11), presence of anti-CarP in serum can precede clinical onset of 
RA and is independently of ACPA associated with a higher risk of developing RA (12). 

Although presence of ACPA and RF is of great importance in RA diagnosis, 
the role of these antibodies in the initiation and pathogenesis of RA has been less 
elucidated. It has been hypothesized that initiation of RA-associated autoantibody 
(RA-AAB) generation occurs at inflamed mucosal surfaces, e.g., the lung and oral 
mucosa (13). IgA is the predominant antibody of the mucosal immune system and 
IgA ACPA is elevated and highly specific for RA in individuals with preclinical and 
early RA (14-16). 

Because smoking is a risk factor for RA development (17), the lungs have been 
speculated to play a role in RA initiation (18). Smoking induces chronic inflammation 
at mucosal surfaces (19) and act as an environmental trigger for the appearance 
of specifically IgA ACPA before onset of RA (15). Lung mucosal inflammation, 
e.g., bronchiectasis, is more commonly found in RA patients than in the general 
population (20). The capability of plasma cells in inducible bronchus associated 
lymphoid tissue (iBALT) to produce ACPA and RF (21) and the increased presence 
of airway abnormalities in arthritis-free individuals with serum RF and/or ACPA 
positivity compared to ACPA and RF negative controls (22) may indicate a role for 
the respiratory system in the initiation of RA-AAB. 

The association between RA and bronchiectasis suggests that RA may occur at an 
increased rate in patients with cystic fibrosis (CF). Prevalence of rheumatic symptoms 
increases with age and CF severity and is associated with lung superinfection. 
However, an association with definite RA is not established (23). After years of 
antigen stimulation, episodic arthritis could progress to RA (24). Mutations in the 
cystic fibrosis transmembrane conductance regulator (CFTR) gene may play a role in 
this progression (25). Compared to healthy controls, RF is increased in CF patients, 
specifically in CF patients with episodic arthritis (24). Up to now, there are no data 
on presence of other RA-AAB in CF patients. 
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As well as for RA, smoking is a risk factor for mucosal inf lammation in 
the periodontal region (periodontitis) (26). Microorganisms organized in the 
subgingival biofilm are the primary etiologic agents in periodontitis. The 
periodontal pathogen Porphyromonas gingivalis has been hypothesized to be 
involved in ACPA initiation due to its own peptidyl arginine deiminase (PAD) 
enzyme necessary for protein citrullination (27,28). P. gingivalis PAD (PPAD) is 
able to citrullinate endogenous and human proteins, thereby creating antigens 
that have been presumed to initiate the ACPA response in RA (29). Recently, 
this hypothesis has been expanded by myeloperoxidase-mediated (MPO) protein 
carbamylation and associated anti-CarP production in the inf lamed oral mucosa 
of patients with periodontitis (30). Therefore, periodontitis has been posed as a 
candidate risk factor for RA (31). 

Reactivity against native forms of citrullinated RA autoantigens was found in sera 
from RA patients before clinical symptoms occur (32). Recently, reactivity against 
native forms of citrullinated RA autoantigens in periodontitis patients was found to 
be increased compared to non-periodontitis controls (33). These findings have raised 
the hypothesis that, at least in some individuals, reactivity against citrullinated 
autoantigens is preceded by reactivity against their native forms (33). 

The aim of this study was to assess oral and lung mucosal inflammation as a 
potential site for RA-AAB production. RA-AAB were assessed in serum of patients 
without RA with periodontitis, bronchiectasis or CF. In addition, reactivity against 
the native forms of citrullinated autoantigens was assessed. RA-AAB serum levels 
were analyzed within the context of healthy controls and established RA patients.

Methods

Patient groups

Serum autoantibody levels were measured in adult patients without RA with 
periodontitis (PD, n=114), non-CF bronchiectasis patients (BR, n=80) and CF patients 
(CF, n=41). Subjects without systemic disease and without periodontitis served as 
healthy controls (HC, n=36). Established RA patients without lung disease and with 
known periodontal status served as a reference group (RA, n=86). 

Patients with untreated severe periodontitis were recruited from a referral practice 
for periodontology (Clinic for Periodontology Groningen). Inclusion criterion was 
>30% of sites involved with clinical attachment loss ≥5 mm on basis of full mouth oral 
measurements (34). Exclusion criteria were antibiotic use <3 months prior to inclusion 
and having systemic disease other than periodontitis. To assess the inflammatory 
burden exerted by the periodontium, the periodontal inflamed surface area (PISA) 
(35) was quantified. 
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Sera from BR patients without CF and without RA were included from a previously 
conducted randomized controlled trial (36). Baseline serum samples were used to 
avoid possible influence of treatment on antibody levels. Sera from a cohort of CF 
patients without RA who visited the Department of Pulmonology of the University 
Medical Center Groningen for routine check-ups were included. For BR and CF 
patients, the number of exacerbations was based on number of antibiotic courses 
12 months prior to inclusion. Percentage predicted forced expiratory volume in one 
second (%FEV1) at inclusion was used as disease activity measure. 

Healthy controls were recruited among subjects planned for first consultation 
at the dental department of the University Medical Center Groningen. Periodontal 
health was assessed using the Dutch periodontal screening index (DPSI) (37). 
Inclusion criterion was DPSI score <2 (absence of periodontitis), exclusion criteria 
were antibiotic use <3 months prior to inclusion and presence of systemic disease. 

Established RA patients without lung disease at the time of inclusion and with 
known periodontal status as assessed by the DPSI served as a reference group for 
serological measurements. RA disease activity was assessed using DAS28. 

In PD, RA and HC, subgingival microbiological samples samples were tested for 
presence of Porphyromonas gingivalis by anaerobic culture techniques (for details 
see (38)). 

Participants provided written informed consent prior to study enrollment 
according to the Declaration of Helsinki. This study was conducted with the approval 
of the Medical Ethical Committee of the University Medical Center Groningen (METc 
UMCG 2009/356, METc UMCG 2011/010) and Medical Ethical Committee Noord-
Holland (METc Noord-Holland M07-002). 

Laboratory measurements 

IgG anti-cyclic citrullinated protein antibody levels (anti-CCP) were measured using 
a commercial anti-CCP2 kit (Euro Diagnostica) according to the manufacturer’s 
protocol. Samples with a value <25 U/ml were measured again with an adjusted 
protocol in which samples were diluted 1:10 instead of 1:50. The diagnostic cut off value 
was defined as >25 U/ml according to the manufacturer’s instruction. However, IgG 
anti-CCP was not used as a diagnostic test for RA in this study, therefore seropositivity 
was defined as >mean +2SD of HC (2.2 U/ml), analogous to the other autoantibodies 
measured. 

IgA anti-CCP measurements were performed using a modification of the anti-
CCP2 kit (Euro Diagnostica). Sera were diluted 1:50 using the dilution buffer 
provided by the manufacturer. The secondary antibody was horseradish peroxidase 
(HRP)-conjugated polyclonal goat anti-human IgA (SouthernBiotech), diluted 
1:20000 in phosphate buffered saline (PBS) with 1% bovine serum albumin (BSA) 
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and 0.05% tween-20 (Sigma-Aldrich). The color reaction was performed using 
tetramethylbenzidin (Sigma-Aldrich) and hydrogen peroxide. A pool of 4 high-leveled 
IgA anti-CCP sera from RA patients served as a calibrator for the standard curve 
expressed in arbitrary units (aU/ml) and starting at 200 aU/ml. Seropositivity was 
defined as >mean +2SD of HC. 

To assess the citrulline-specific nature of the response, sera were tested on plates 
coated with the arginine containing counterpart of CCP2: cyclic arginine peptide 
(CAP, kindly provided by Euro Diagnostica), following almost the same protocol as 
described for IgG and IgA CCP2-ELISA. A dilution of high-leveled IgG anti-CAP 
patient serum served as a calibrator for the standard curve, starting at 100 aU/ml. 
Similarly, IgA anti-CAP reactivity was measured with a dilution of a high-leveled 
responding serum serving as a standard curve, starting at 100 aU/ml. Seropositivity 
was defined as >mean +2SD of HC. 

Levels of IgG anti-CarP antibodies against carbamylated fetal calf serum (Ca-FCS) 
were assessed using the protocol as described by Shi et al. (8). Seropositivity was 
defined as >mean +2SD of a distinctive healthy control cohort (8). 

Specificity of the response against citrullinated proteins was assessed by testing 
reactivity against 4 synthetic citrullinated peptides that are known autoantigens in 
RA; fibrinogen-1 (Fib1, β-chain amino acids 36–52, NEEGFFSACitGHRPLDKK), 
fibrinogen-2 (Fib2, β-chain amino acids 60–74, CitPAPPPISGGGYCitACit), 
α-enolase (CEP-1, KIHACitEIFDSCitGNPTVE) and vimentin (Vim1, 
VYATCitSSAVCitLCitSSV). Every peptide was linked with its N-terminal to biotin 
with a spacer (SGSG) in between. Reactivity against the citrullinated and native 
form of the peptides was measured according to van de Stadt et al. (39) with some 
modifications. In short, 96 Well Costar plates (Corning Incorporate) were coated 
overnight with 5 μg/ml streptavidin (Rockland) in PBS. Subsequently, plates were 
blocked for at least 1 hour with 2% BSA and 0.05% Tween-20 in PBS followed by 
incubating with the biotin labelled peptides (0.5 μg/ml in PBS). Next, serum 
samples were diluted 1:100 in High Performance ELISA (HPE) buffer (Sanquin) and 
incubated on the plates. Reactivity was detected with HRP-conjugated monoclonal 
mouse anti-human IgG (clone JDC-10, SouthernBiotech) diluted 1:2000 in PBS with 
1% BSA and 0.05% Tween-20 or with HRP-conjugated polyclonal goat anti-human 
IgA (SouthernBiotech) diluted 1:4000 in the same dilution buffer. Bound antibodies 
were visualised by tetramethylbenzidin and hydrogen peroxide. Reactivity against a 
citrullinated peptide and its native counterpart was measured on the same plate. Every 
serum was measured in duplicate and a positive control serum was applied on each 
plate. The citrulline-specific response was expressed as the difference in optical density 
(ΔOD) between the citrullinated peptide and its native form, and was considered 
positive when ΔOD was >mean + 2SD of HC. Likewise, the arginine-specific response 
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was expressed as ΔOD between the native peptide and its citrullinated form, and was 
considered positive when ΔOD was >mean + 2SD of HC. 

IgM and IgA RF levels were assessed using a validated in-house ELISA (40). Levels 
were expressed in International Units/ml, and seropositivity was defined as >10 IU/
ml for IgM RF and >25 IU/ml for IgA RF (40). 

C-reactive protein (CRP) levels were measured by enzyme-linked immunosorbent 
assay (ELISA) (DuoSet, R&D Systems). 

Absorbance was read at 450 nm in an EMax microplate reader and antibody levels 
were calculated by SOFTmax PRO software (Molecular Devices).

Statistical analysis

Statistical analysis was performed using GraphPad Prism (GraphPad Prism version 
5.00 for Windows, GraphPad Software) and SPSS (IBM SPSS Statistics for Windows, 
Version 20.0). Normality was tested using D’Agostino-Pearson omnibus K2 test. For 
group comparisons, Mann Whitney test was used for continuous variables and Fisher’s 
exact test for categorical variables. Comparison of RA-AAB levels between the groups 
was done with Kruskal–Wallis one-way analysis of variance with Dunn’s multiple 
comparison post-test compared to HC if overall p<0.05. A logistic regression model 
was used to analyze the association of the diseases with seropositivity for anti-CCP 
and RF. The model was adjusted for age, gender and smoking (former and current 
versus never). A logistic regression model appeared to be better compared to a linear 
regression model due to non-normally distributed residuals. Association of anti-CCP, 
RF and anti-CarP with disease activity was assessed by Mann-Whitney- or unpaired 
t-test with or without Welch’s correction depending on normality and equality of 
variances. Correlations between different parameters were assessed by Spearman’s ρ.

Results

The vast majority of all patient groups was Caucasian. Demographic and clinical 
characteristics of patient groups are listed in Table 1. Age varies significantly between 
the groups being related to the specific ages a certain disease is mostly present, e.g., CF 
patients are of young age due to the low survival rate of the disease. 

Anti-CCP and anti-CAP levels

Compared to HC, IgG and IgA anti-CCP levels were increased in CF (both p<0.01) 
and RA patients (both p<0.0001). IgG anti-CCP seropositivity was 13%, 21%, 24% and 
86% in PD, BR, CF and RA patients respectively, and 5.6% in HC. According to the 
diagnostic cut off, IgG anti-CCP seropositivity was 0.9%, 3.8%, 2.4% and 76% in PD, 
BR, CF and RA respectively and absent in HC. Seropositivity for IgA anti-CCP was 
16%, 10%, 27% and 74% in PD, BR, CF and RA patients and 8.3% in HC (Figure 1). 
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Table 1. Patient characteristics.

Patient group
Rheumatoid 
arthritis Periodontitis Bronchiectasis 

Cystic 
fibrosis

Healthy 
controls

p value 
compared 
to HC

Subjects (n) 86 114 80 41 36

Age in years, median 
(IQR)

57  
(48-64)

50  
(45-57)

65  
(56-71)

28 
(21-36)

26 
(24-46)

***RA, PD 
and BR

Female (%) 70 59 63 49 56 n.s.

Current smoker (%) 17 42 2.5 0 14 **PD, *BR 
and CF

Ever smoker (%) 22 36 44 0 8.3 **PD, 
***BR

Never smoker (%) 61 22 54 100 78 **PD, *BR, 
**CF

PISA (cm2), median (IQR) n.a. 14  
(9.0-19)

n.a. n.a. n.a.

%FEV1, median (IQR) n.a. n.a. 81  
(60-97)

54 
(36-80)

n.a.

Exacerbations (n), median 
(IQR)

n.a. n.a. 4 (3-6) 2 (1-3) n.a.

DAS28, median (IQR) 2.2 
(1.7-2.8)

n.a. n.a. n.a. n.a.

CRP (mg/l), median 
(IQR)

1.9 
(1.0-6.0)

1.0  
(0.6-2.4)

5  
(2.0-13)

6.0 
(4.0-14)

0.4 
(0.3-1.5)

**RA, BR 
and CF

No periodontitis (%) 31 0 n.a. n.a. 100

Moderate periodontitis 
(%)

41 0 n.a. n.a. 0

Severe periodontitis (%) 28 100 n.a. n.a. 0

P. gingivalis positive (%) 14 43 na. n.a. 0

MTX (%) 71

aTNFα (%) 10

SASP (%) 3.5

MTX + aTNFα (%) 3.5

MTX + SASP (%) 4.7

other (%) 3.5

none (%) 3.5

aTNFα: anti-TNFα inhibitors, CRP: C-reactive protein, DAS28: Disease Activity Score 28 tender and swollen joint 
count, exacerbations based on the number of antibiotic courses 12 months before inclusion, %FEV1: percentage 
predicted forced expiratory volume, MTX: methotrexate, n.a.: not assessed, n.s.: not significant, PISA: periodontal 
inflamed surface area, SASP: sulfasalazine *p < 0.05, **p < 0.01, ***p < 0.0001, Kruskal–Wallis one-way analysis of 
variance with Dunn’s multiple- comparisons post-test or Fisher’s exact test with two-tailed p value.
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Reactivity against the native counterpart of CCP (anti-CAP) was, compared to HC, 
increased in RA patients for IgG anti-CAP (p<0.01) and in CF patients for IgA anti-
CAP (p<0.05), although this was not necessarily reflected in increased seropositivity 
(Figure 2). Correlations for IgG anti-CCP and IgG anti-CAP levels were found in HC 
(ρ=0.57, p<0.001), PD (ρ=0.32, p<0.001) and BR patients (ρ=0.47, p<0.0001) and a trend 
was observed in CF patients (ρ=0.28, p=0.08). IgA anti-CCP and IgA anti-CAP levels 
were correlated in HC (ρ=0.41, p<0.05), PD (ρ=0.39, p<0.0001), CF (ρ=0.38, p<0.05) 
and RA patients (ρ=0.21, p<0.05).

Figure 1. Serum IgG (A) and IgA anti-CCP levels (B) in healthy controls (HC), periodontitis (PD), bron-
chiectasis (BR), cystic fibrosis (CF) and rheumatoid arthritis (RA) patients. Cut off values are indicated: 
diagnostic cut off (25 U/ml) and mean + 2SD of HC for IgG anti-CCP and mean + 2SD of HC for IgA anti-CCP. 
Seropositivity (%) is indicated for cut off based on mean + 2SD of HC. Bar indicates the median. **p<0.01, 
***p<0.0001, Kruskal–Wallis one-way analysis of variance with Dunn’s multiple comparison post-test compared 
to HC if overall p<0.05. 

Figure 2. Serum IgG (A) and IgA anti-CAP levels (B) in healthy controls (HC), periodontitis (PD), bronchiec-
tasis (BR), cystic fibrosis (CF) and rheumatoid arthritis (RA) patients. CAP represents the native counterpart 
of CCP. Cut off values are indicated: mean + 2SD of HC. Bar indicates the median. *p<0.05, **p<0.01, Kruskal–
Wallis one-way analysis of variance with Dunn’s multiple comparison post-test compared to HC if overall p<0.05.
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Rheumatoid factor

Compared to HC, IgM RF levels were increased in RA patients only (p<0.0001), while 
IgA RF levels were increased in BR (p<0.0001), CF (p<0.01) and RA patients (p<0.0001). 
IgM RF seropositivity was 7%, 23%, 7% and 74% in PD, BR, CF and RA patients 
respectively, and 2.8% in HC. Seropositivity for IgA RF was 5.3%, 24%, 17%, 50% in 
PD, BR, CF and RA patients respectively, and 2.8% in HC (Figure 3). 

Figure 3. Serum IgM RF (A) and IgA RF levels (B) in healthy controls (HC), periodontitis (PD), bronchiectasis 
(BR), cystic fibrosis (CF) and rheumatoid arthritis (RA) patients. Cut off values are indicated: 10 IU/ml for IgM 
RF and 25 IU/ml for IgA RF. Bar indicates the median. **p<0.01, ***p<0.0001, Kruskal–Wallis one-way analysis 
of variance with Dunn’s multiple comparison post-test compared to HC if overall p<0.05.

Anti-CarP antibodies and peptide specific reactivity

Compared to HC, IgG anti-CarP levels were increased in RA patients (p<0.0001). 
Seropositivity for IgG anti-CarP was observed in PD, BR, and CF patients (3.5%, 3.8% 
and 7.3%, respectively) and not in HC (Table 2). The percentage of seropositive RA 
patients (48%) was congruent with anti-CarP seropositivity in another Dutch cohort 
of RA patients (45%) (41). Compared to HC, IgG reactivity against all investigated 
citrullinated peptides was increased in RA patients (p<0.0001). With the exception 
of RA patients, IgG seropositivity against the various citrullinated peptides was not 
increased in other patient groups studied (Table 2). Compared to HC, IgA reactivity 
against citrullinated fibrinogen-1 was increased in RA patients (p<0.01), as was 
seropositivity (19%) (Table 2). 

Compared to HC, IgA reactivity against native fibrinogen-2 (p<0.0001) and 
vimentin (p<0.01) was increased In CF patients. No differences in seropositivity were 
observed for the various native peptides between all groups for both immunoglobulin 
isotypes (Table 2). 
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Regression analysis

Logistic regression analysis, adjusted for age, gender and smoking (former and current 
versus never) revealed that IgG anti-CCP seropositivity was more frequent among 
BR (OR 8.6, 95% CI 1.5-50, p<0.05) and RA (OR 226, 95% CI 39-1309, p<0.0001). The 
association with PD was borderline significant (OR 5.2, 95% CI 0.99-27, p=0.05). IgA 
anti-CCP seropositivity was associated with CF (OR 4.4, 95% CI 1.1-18, p<0.05) and RA 
(OR 43, 95% CI 10-187, p<0.0001). IgM RF seropositivity was associated with RA (OR 
10, 95% CI 10-757, p<0.0001), while the association with BR was borderline significant 
(OR 9.1, 95% CI 1-84, p=0.05). IgA RF seropositivity was associated with CF (OR 10, 
95% CI 1.1-97, p<0.05) and RA (OR 20, 95% CI 2.4-163, p<0.01). Smoking was only of 
influence on the association of IgA-RF with RA (p<0.01), as there were no smokers 
among CF patients. Apart from that, smoking, age and gender were of no influence on 
the association of the diseases with anti-CCP or RF seropositivity.

Association of disease activity with autoantibody status 

Pulmonary function, as measured with percentage predicted forced expiratory volume 
in one second (%FEV1), was significantly worse in BR and CF patients seropositive for 

Table 2. Percentages of seropositivity for anti-carbamylated antibodies (anti-CarP) and 
various citrullinated (Cit.) peptides and their native arginine counterparts (Arg.) according 
to cut off levels of mean + 2SD of healthy controls. 

Patient group
Healthy 
controls Periodontitis Bronchiectasis

Cystic 
fibrosis

Rheumatoid 
arthritis

anti-CarP IgG (% pos.) 0 3.5 3.8 7.3 48

Peptides IgG (% pos.)
Cit. Fibrinogen-1
Arg. Fibrinogen-1
Cit. Fibrinogen-2
Arg. Fibrinogen-2
Cit. α-enolase
Arg. α-enolase
Cit. Vimentin
Arg. Vimentin

2.8
0
0
2.8
0
2.8
0
5.6

0.9
0.9
4.4
3.5
0.9
1.8
1.8
5.3

1.3
1.3
2.5
3.8
2.5
6.3
0
1.3

0
2.4
0
4.9
0
4.9
0
7.3

55
0
71
2.3
38
1.2
48
1.2

Peptides IgA (% pos.)
Cit. Fibrinogen-1
Arg. Fibrinogen-1
Cit. Fibrinogen-2
Arg. Fibrinogen-2
Cit. α-enolase
Arg. α-enolase
Cit. Vimentin
Arg. Vimentin

0
2.8
2.8
0
0
8.3
0
5.6

0.9
0.9
2.6
7.9
2.6
2.6
0
4.4

0
2.5
0
2.5
0
6.3
0
2.5

0
0
0
9.8
0
7.3
0
4.9

8.1
0
19
4.7
7.0
4.7
4.7
2.3
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IgA RF (p<0.01 and p<0.05 respectively). Disease activity as measured by the number 
of exacerbations 12 months before inclusion based on the number of antibiotic courses 
was associated with seropositivity for IgA anti-CCP in CF patients (p<0.01). Disease 
extent of periodontitis as measured by periodontal inflamed surface area (PISA) was 
negatively associated with anti-CarP seropositivity (p<0.05). RA disease activity as 
measured by DAS28 was associated with seropositivity for IgG anti-CCP (p<0.05), 
IgA RF (p<0.05), whereas the association with anti-CarP was borderline significant 
(p=0.05). 

Discussion

To our knowledge, this is the first study assessing serum IgA anti-CCP and anti-CarP 
levels in non-RA patients with inflammation of oral or lung mucosal tissues. Both 
IgG and IgA anti-CCP levels were increased in CF patients compared to HC, and IgA 
anti-CCP seropositiviy was associated with presence of CF. 

Besides one study reporting 1 of 45 adult CF patients seropositive for IgG anti-
CCP (23), no data on anti-CCP levels in CF patients have been published. IgG anti-
CCP seropositivity was associated with presence of BR, whereas the association with 
PD was borderline significant. According to the diagnostic cut off for IgG anti-CCP, 
similar seropositivity (3.3%) has been reported in a comparable BR patient cohort (42), 
whereas seropositivity of up to 8% has been reported in PD patients (43-45). However, 
these studies comprised PD patient groups of limited sample size compared to our 
PD group. Our results for PD patients are better comparable with those reported by 
de Pablo et al. (33), who found according to the diagnostic cut off 1% IgG anti-CCP 
seropositivity in PD patients. 

Both IgM and IgA RF were increased in CF patients compared to HC, and IgA 
RF seropositivity was associated with presence of CF. The former findings are in 
concordance with literature (24), however Koch et al. (23) found only slightly elevated 
RF in a cohort of 65 adult and child- CF patients and concluded that these laboratory 
findings were mostly nonspecific. IgM RF was increased in BR patients compared to 
HC, and the association of IgM RF seropositivity with presence of BR was borderline 
significant. Seropositivity for IgM RF in BR (23%) is in accordance with a recent 
comparable study (42). The importance of RF and anti-CCP in BR and CF patients is 
emphasized by the fact that pulmonary function was significantly worse in BR and 
CF patients seropositive for IgA RF, which has been reported for CF patients (46). In 
addition, the number of exacerbations in CF patients was associated with IgA anti-
CCP seropositivity. 

Anti-CarP seropositivity was rather specific for RA. The importance of anti-CarP 
was underlined by a correlation with RA disease activity, in accordance with Shi et al. 
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(8). Recently, next to citrullination, carbamylation has been hypothesized to play a role 
in the association of PD and RA (30). Serum anti-CarP levels were not increased in PD 
patients, although seropositivity in HC was absent. The extent of periodontal disease 
was not associated with anti-CCP or RF seropositivity, nevertheless, the unknown 
periodontal status of BR and CF patients remains a limitation of our study. The extent 
of periodontal disease was negatively associated with anti-CarP seropositivity of 
which the implication is unclear. 

Our HC should ideally be better age matched, because a trend towards increased 
amounts of serum IgM RF with advancing age has been described (47), especially in 
advanced elderly people without RA (aged >78 years) (48). However, the latter study 
found that only one of 300 advanced elderly subjects was IgG anti-CCP seropositive 
when the cut off level was set at the 98th percentile of blood donors aged 40–65 years 
(mean 50), which are representing ages of patients for whom immunological tests 
for RA are typically performed (48). This age range is comparable with our PD, BR 
and RA patients. Together with the absence of significant influence of age in the 
logistic regression model, we assume that RF and anti-CCP seropositivity is not much 
influenced by age differences among patients groups. Regarding anti-CarP, we cannot 
comment on contribution of the age factor in our patient groups because its relation 
with age has not been tested in healthy populations. 

Among PD, BR, CF and HC, no differences were found in IgA or IgG seropositivity 
for the citrullinated peptides of candidate autoantigens in RA, e.g., citrullinated 
α-enolase. Increased IgG reactivity against citrullinated α-enolase in PD patients had 
been reported (33, 45). Of note, these studies showed increased reactivity against the 
native peptide of citrullinated α-enolase as well. Therefore, the observed increased 
levels of anti-citrullinated α-enolase were probably, at least partly, not citrulline 
specific. To rule out this possibility, we assessed the difference in reactivity against 
the citrullinated peptide and its native counterpart. Likewise, the specific reactivity 
against the native forms of the peptides was assessed. Break of tolerance towards 
native forms of citrullinated autoantigens may lead to reactivity against citrullinated 
autoantigens via epitope spreading (33). Brink et al. (32) supported this hypothesis by 
reporting IgG seropositivity for various native peptides in a limited number of pre-
symptomatic RA patients. The correlations between anti-CCP and anti-CAP levels 
in our patient groups suggest that at least part of the observed anti-CCP reactivity is 
not citrulline specific. A non-citrulline specific anti-CCP response has been reported 
in tuberculosis patients (49, 50). In addition, in all our patient groups there was 
limited IgA and IgG seropositivity towards one or more native peptides. Especially 
the CF patients show an increased IgA response against CAP, native fibrinogen-2 and 
vimentin peptides, but this not reflected in increased seropositivity for these antigens. 
Seropositivity for native antigens is also observed in HC and might not be of clinical 
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relevance. It remains unclear whether or not reactivity towards citrullinated peptides 
can be preceded by reactivity against their native forms since no longitudinal data of 
our study subjects was available. 

P. gingivalis has been speculated to contribute to the initiation of ACPA 
generation because of PPAD expression. No increased reactivity was found against 
citrullinated α-enolase in PD patients, the candidate RA autoantigen which shows 
sequence similarity with P. gingivalis enolase (51). In contrast to Lappin et al. (45), 
in our study, no differences in ACPA levels were found between PD patients with or 
without subgingival P. gingivalis (data not shown). Differences in study methodology, 
including P. gingivalis detection, could have contributed to this different study result.

Low serum anti-CCP levels have also been reported for gastrointestinal mucosal 
inflammation (52, 53). Because RA-AAB are thought to be induced locally, serum 
levels might not necessarily reflect local autoantibody production. ACPA have been 
found in gingival crevicular fluid of periodontitis patients (54) and in sputum of 
subjects at risk for RA (22). To our knowledge, local ACPA production in the gastro-
intestinal tract has not yet been investigated.

Conclusions

Although overall levels were low, presence of IgG and IgA anti-CCP and IgM and 
IgA RF is independently of age, gender and smoking associated with lung mucosal 
inflammation (BR and CF) and may be associated with oral mucosal inflammation 
(PD). RA-AAB in the peripheral blood in presence of mucosal inflammation, albeit 
not according to the diagnostic cut off level, supports the hypothesis that formation 
of these autoantibodies may be induced at inflamed mucosal surfaces. To further 
determine whether mucosal inflammation functions as a site for induction of RA-AAB 
and precedes RA, longitudinal studies are necessary in which RA-AAB of specifically 
the IgA isotype should be assessed in inflamed mucosal tissues and/or in their 
inflammatory exudates. 
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CHAPTER 4

Abstract

Background

Periodontitis (PD) has been hypothesized to play a role in the initiation of rheumatoid 
arthritis (RA) via excessive citrullination in the periodontium which could induce 
autoantibodies directed to citrullinated proteins (ACPAs). Neutrophils are abundantly 
present in inflamed periodontal tissue and express peptidylarginine deiminase 4 
(PAD4), the enzyme involved in citrullination. Histone citrullination is an important 
step in neutrophil extracellular trap (NET) formation. In this study, presence of 
citrullinated histones in inflamed periodontal tissue was assessed, and sera from 
RA- and PD-patients were tested for presence of autoantibodies against citrullinated 
histones. Moreover, association between presence of these autoantibodies with smoking 
behavior and periodontal status was investigated in these patients.

Methods

Presence of citrullinated histone H3, PAD4 and CD68 was determined in 15 periodontal 
tissue biopsies from PD-patients by immunohistochemistry. In addition, sera from 
36 healthy controls (HC), 113 PD- and 84 RA-patients were assessed on presence of 
autoantibodies against citrullinated histones by Western blot and against citrullinated 
histone H3 by ELISA. 

Results

Citrullinated histone H3, PAD4 and CD68 were present in periodontal tissue from, 
respectively, 9 (60%), 14 (93%) and 13 (87%) PD-patients. Autoantibodies against 
citrullinated histone H3 were found in 33 (39%) RA-patients compared to 3 (8%) HC 
and 11 (10%) PD-patients. Anti-citrullinated histone H3 levels were higher in anti-
CCP positive compared to anti-CCP negative RA-patients (p=0.0008) and correlated 
moderately with anti-CCP levels (ρ=0.22). No associations were found between 
anti-citrullinated histone H3 levels and periodontal status or smoking behavior of 
RA-patients.

Conclusion

PD-patients are exposed to citrullinated histone H3 in inflamed periodontal tissue. 
Citrullinated histone H3 is targeted by autoantibodies which are present in RA sera. 
This supports a role for periodontitis in the generation of antigens that are targeted 
by ACPA.
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Introduction

Rheumatoid arthritis (RA) is a chronic inflammatory autoimmune disease affecting 
0.5-1% of the adult population and is characterized by synovial inflammation and joint 
destruction (1). The majority of RA patients (50-80%) is seropositive for autoantibodies. 
The two most common autoantibodies are rheumatoid factor (RF) and autoantibodies 
against citrullinated proteins (ACPA), with the latter being most specific for RA. 
Citrullination is a posttranslational modification of peptide-bound arginine which is 
modified to citrulline by the enzyme peptidyl arginine deiminase (PAD). The number 
of citrullinated proteins that is known to be targeted by ACPA is limited; citrullinated 
fibrinogen, vimentin, α-enolase, filaggrin are the major known citrullinated antigens 
(2). In humans, five different isotypes (PAD1-4, 6) are present of which PAD2 and 
PAD4 are considered to be involved in the generation of citrullinated autoantigens 
in RA as these two PAD isotypes have been found in RA synovium (3). PAD2 is 
mainly present in macrophages whereas PAD4 is expressed by neutrophils. Smoking, 
the main environmental risk factor for RA, is able to enhance PAD expression in 
bronchoalveolar lavage (BAL) cells and lung mucosa which in turn may lead to the 
generation of citrullinated proteins (4). 

In recent years, neutrophils have been studied for their role in the pathology of RA, 
specifically for their possible role in ACPA initiation (5). Neutrophils are important 
during the innate immune response against microbes via phagocytosis of bacteria, 
degranulation and formation of neutrophil extracellular traps (NETs). These NETs 
consist of a chromatin meshwork of which histones are the major component. NETs 
are able to trap and kill microbes with antimicrobial peptides that are typically present 
in neutrophil granules (6). Neutrophils from RA-patients show enhanced NETosis 
compared to neutrophils from healthy controls both in the absence or presence of 
added stimuli (7). Importantly, citrullination of histones by PAD4 is considered to be 
an essential step in the formation and stabilization of NETs (8). Recently, citrullinated 
histones H2A, H2B (9) and H4 (10) have been described as targets of autoantibodies in 
RA patients. Therefore, NETs can be considered as a potential source of citrullinated 
proteins which could be targeted by ACPAs (11).

The development of RA has been hypothesized to be associated with periodontitis 
(PD) by reason of one periodontal pathogen, Porphyromonas gingivalis (12), that 
has its own PAD enzyme (PPAD) (13). In consequence, P. gingivalis has the unique 
capability to citrullinate (human) proteins in periodontal lesions, thereby potentially 
creating targets for ACPA (14). Earlier work from our group has demonstrated that the 
inflamed periodontium is indeed a source of citrullinated proteins (15). Neutrophils 
are abundantly present in inflamed periodontal tissue, and are the first cells to 
migrate to periodontal lesions upon infection or inflammation (16, 17), this is in 
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sharp contrast to synovial tissue in which neutrophils are scarce. Also, NETs have 
been found in the gingival pockets and in the purulent crevicular exudates of patients 
with chronic periodontitis (18). A study by Neeli et al (19) showed that histone H3 is 
citrullinated by PAD4 in neutrophils after an inflammatory response.

The current study investigated whether citrullinated histone H3 is present in 
inflamed periodontal tissue. In addition, this study assessed whether citrullinated 
histone H3 is a target of autoantibodies in the serum of RA patients. Furthermore, 
associations between the presence of autoantibodies against citrullinated histone H3 
and periodontal status or smoking status in RA patients were studied. 

Materials and methods 

Study groups

Serum samples were collected from adult patients with established RA (n=84), severe 
untreated PD (n=113) and healthy controls (HC) (n=36) without systemic disease and 
without PD.

The periodontal status of established RA patients, all fulfilling the ACR 1987 
criteria for RA (20), was assessed according to the Dutch Periodontal Screening 
Index (DPSI) (21). RA patients were subdivided into having no, moderate, or severe 
periodontitis. 

Patients with untreated generalized severe PD  were excluded if they had any other 
systemic disease or they had antibiotic use <3 months before inclusion (22). 

HC were recruited among subjects planned for first consultation at the department 
for Dentistry of the University Medical Center Groningen. Periodontal health was 
assessed using the DPSI, with the inclusion criterion defined as DPSI score ≤2 (absence 
of PD). Exclusion criteria were antibiotic use <3 months before inclusion and presence 
of any systemic disease (22). Patient characteristics are summarized in Table 1.

Histological staining was performed on inflamed periodontal tissue sections of 15 
randomly selected PD patients (DPSI 4), without any other systemic disease, obtained 
from a former study (15).

All participants provided written informed consent before study enrollment in 
compliance with the Declaration of Helsinki. The study was conducted with approval 
of the Medical Ethical Committee of the University Medical Center of Groningen 
(UMCG 2011/010).

Immunohistochemical detection of citrullinated histone H3, 
PAD4 and CD68 

Human paraffin embedded gingival tissue samples were collected from PD patients. 
Five μm sections were prepared on glass slides. Before staining, endogenous peroxidase 
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activity was inhibited by incubating 0.3% H2O2 in methanol and followed by blocking 
off non-specific antibody binding with 1% BSA and 1% normal goat serum in PBS. 
Subsequently, tissue samples were stained with rabbit anti-citrullinated histone H3 
(ab5103, Abcam, Cambridge, UK) 1:250 in PBS + 1% BSA, rabbit anti-PAD4 (ab3877, 
Abcam) 1:200 in PBS + 1% BSA or mouse anti-CD68 (clone KP1, Dako, Glostrup, 
Denmark) 1:100 in PBS + 1% BSA. Next, sections were incubated with goat anti rabbit 
IgG-HRP (P0448, Dako,) in PBS + 1% BSA or rabbit anti mouse IgG-HRP (P0260, 
Dako), followed by using a DAB kit (K3467, Dako). Sections were counterstained with 
hematoxylin and mounted with glycerin. In each periodontal tissues sample, positive 
cells were counted in 10 adjacent fields with a 40x objective (magnification 400x). Mean 
cell numbers per tissue sample were calculated for each staining.

Neutrophil isolation and stimulation

Blood was obtained from healthy volunteers. Neutrophils were isolated from buffy 
coat using Lymphoprep (Axis Shield, Oslo, Norway) centrifugation, followed by lysis 
of erythrocytes using ice-cold 0.15 M ammonium chloride solution. Neutrophils were 
rinsed with Hanks Balanced Salt Solution supplemented with 140 mg/mL calcium and 
100 mg/mL magnesium (HBSS++). Neutrophils were re-suspended at 1 x 106 cells/mL 
HBSS++. After seeding, neutrophils were stimulated 3h with 1.9 μM calcium ionophore 
(A23187, Sigma) or left untreated. Then, neutrophils were re-suspended and 
centrifuged, the resulting pellet containing neutrophils was subsequently used for 
histone extraction.

Table 1. Characteristics of study participants.

Healthy controls 
(HC)

Periodontitis 
patients (PD)

Rheumatoid arthritis 
patients (RA)

N 36 113 84

Age, yrs, mean (SD) 34 (15) 51 (9)* 56 (11)*

Female (%) 56 59 69

Smoking (former or current), n (%) 8 (22) 88 (78)* 34 (40)

No periodontitis (%)
Moderate periodontitis (%)
Severe periodontitis (%)

100
0
0

0
0
100

31
40
29

DAS28, median, (IQR) NA NA 2.2 (1.7-2.7)

CRP (mg/L), median, (IQR) 0.4 (0.3-1.5) 1.0 (0.6-2.4) 1.9 (1.0-6.0)*

IgM RF positive, n (%) 1 (2.8) 8 (7.1) 62 (74)*

Anti-CCP positive, n (%) 0 (0) 1 (0.9) 63 (75)*

DAS28; Disease Activity Score of 28 joints. CRP; C-reactive protein. IgM RF; IgM Rheumatoid Factor (positive 
score defined as ≥10 IU/ml). Anti-CCP; anti-cyclic citrullinated peptide antibody, measured by Euro Diagnostica 
anti-CCP2 kit (positive score defined as ≥25 U/ml) *p<0.0001 compared to HC.
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Histone extraction 

Histones were obtained using an acid extraction method (23). Briefly, pellets of 1 x 
106 cells/mL stimulated and unstimulated neutrophils cells were incubated overnight 
in 0.2 M H2SO4 at 4°C with agitation. Subsequently, acid extracted proteins were 
precipitated with 33% trichloroacetic acid (TCA) for 2h at 4°C, followed by two wash 
steps with 100% acetone and finally re-suspended in dH2O. Protein concentrations of 
re-suspended histones were determined using bicinchoninic acid (BCA) Protein Assay 
(Pierce, Rockford, Illinois, USA).

SDS-Page and immunoblotting

Extracted histones, from unstimulated and stimulated neutrophils, were resolved by 
15% polyacrylamide gel electrophoresis (SDS-PAGE), and blotted onto polyvinylidene 
fluoride (PDVF) membranes (Millipore, the Netherlands). Membranes were blocked 
with Odyssey blocking buffer (Li-Cor, Lincoln, USA) for 1h followed by incubation 
overnight at 4°C with human serum diluted 1:100 in PBS, anti-citrullinated histone H3 
(ab5103, Abcam) dilution 1:500, or anti-histone H3 (ab1791, Abcam) dilution 1:1000. 
Detection was performed with secondary antibody goat anti-human IgG labeled 
with IRD680RD (Li-Cor) or goat anti-rabbit IgG labeled with IRD680RD (Li-Cor). 
Membranes were scanned and analyzed using the Odyssey infra-red imaging scanner 
(Li-Cor).

ELISA detecting anti-citrullinated histone H3 in human sera

Costar ELISA plates (Corning, NY, USA) were coated overnight at room temperature 
(rt) with citrullinated histone H3 (citrulline 2 + 8 + 17) peptides (ab32876, Abcam) 
(1 μg/ml) or non-citrullinated histone H3 peptides (ab12149, Abcam) (1 μg/ml) in 
PBS. Subsequent blocking was performed by 2% BSA-PBS for 1h following incubation 
with human sera diluted 1:100 in 1% BSA in PBS + 0.05% Tween-20 for 1h at rt. After 
washing, mouse anti human IgG-HRP 1:2000 (9040-05, Southern Biotech, AL, USA) 
was added to the wells and plates were incubated for 1h at rt. Bound antibodies were 
visualized by using tetramethylbenzidine and hydrogen peroxide. Reactivity was 
determined separately by measuring the difference in reactivity against the peptide 
and background (BSA), with the cut off defined as the difference in optical density 
(ΔOD) >2SD above the mean of HC.

Statistical analysis

Data were analyzed using GraphPad Prism 5 (Graphpad Software, San Diego, CA, USA). 
For comparisons between groups, unpaired two-tailed t tests were used for variables 
with Gaussian distribution and two-tailed Mann-Whitney tests for skewed variables. 
For group comparisons between three groups, Kruskal–Wallis tests were used with 
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one-way analysis of variance with Dunn’s multiple comparison post-test if overall 
significance level α was <0.05. The Fisher exact test was used to analyze contingency 
tables and Spearman ρ was used for correlation between different parameters.

Results

Citrullinated histone H3 is present in inflamed periodontal tissue

Citrullinated histone H3 was detected in 9 out of 15 (60%) PD tissue samples (Figure 1A). 
PAD4 and CD68 were detected in most of the PD tissue samples (Figures 1 B-C). 
Periodontal tissues from healthy controls were negative for citrullinated histone H3, 
PAD4 and CD68 (Figures 1 A-C). Citrullinated histone H3 positive tissue samples 
had significantly higher positive cell counts for neutrophils (PAD4, p=0.008) and 
macrophages (CD68, p<0.0001) per visible field compared to citrullinated H3 negative 
tissue samples (Figure 1D).

RA sera contain autoantibodies that target citrullinated histones

Immunoblotting showed that antibodies in 4 of 13 tested sera from RA patients bound 
to histones from stimulated neutrophils, while only 1 of 15 PD sera tested positive and 
whereas none of 9 HC sera had antibodies that bound to histones. This is depicted in 
Figure 2, where representative immunoblots for HC, PD and RA sera are shown. Of 
note, the PD patient whose serum reacted to citrullinated histone H3 was anti-CCP 
positive. Some RA sera also bound to histones from unstimulated neutrophils (data 
not shown) which suggests that unstimulated neutrophils may have been activated by 
the isolation procedure that could have induced histone citrullination. Therefore, an 
ELISA was set up to measure reactivity against a citrullinated peptide from histone 
H3 to ascertain that the measured reactivity was directed against citrullinated histone 
H3 and not to any of the other histone proteins. The ELISA system also ensured that 
a large number of sera could be tested. A cut off was set, which was based on >2SD 
above the mean of HCs, which resulted in seropositivity for IgG anti-citrullinated 
histone H3 in 3 (8%) HC, 11 (10%) PD patients and 33 (39%) RA patients, with the 
latter having significantly increased levels compared to HC and PD patients (p<0.0001, 
Figure 3A). In RA patients, anti-citrullinated histone H3 levels were higher in anti-
CCP positive compared to anti-CCP negative individuals (p=0.0008, Figure 3B), 
and anti-citrullinated histone H3 levels showed a small, but significant correlation 
(ρ=0.22, p=0.0462) with anti-CCP levels (Figure 3C). Anti-citrullinated histone H3 
levels were not different between RA patients stratified according to their periodontal 
status (Figure 3D). Additionally, no differences in anti-citrullinated histone H3 levels 
were found between non-smokers and smokers in PD (Figure 3E) and RA patients 
(Figure 3F).
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Figure 1. Immunohistological staining in inflamed periodontal tissue from periodontitis patients and healthy 
controls. Representative stainings of (A) citrullinated histone H3 (B) PAD4 and (C) CD68 in periodontal tissue 
from periodontitis patients (left) and healthy controls (right). The brown depicts the presence of stained proteins. 
Magnification 100x. (D) Mean cell numbers of PAD4 positive cells and CD68 positive cells in citrullinated histone 
H3 positive and citrullinated histone H3 negative cells. Results represented in mean ± SEM.
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Figure 2. RA sera bind to citrullinated histone H3. Extracted histones (2 μg/lane) from stimulated neutrophils 
were subjected to Western blotting and incubated with HC, PD and RA sera and with anti-citrullinated histone 
H3 (cHis H3, Abcam 5103) and anti-histone H3 (HisH3, abcam 1791) polyclonal antibodies. RA sera and anti-ci-
trullinated histone H3 antibodies recognize a band of the same size.

Discussion

PD has been hypothesized to be a risk factor for RA development (12), which is 
supported by the fact that a higher incidence of PD is present amongst RA patients (24). 
Our study showed presence of citrullinated histone H3 in inflamed periodontal tissue 
from PD-patients while presence of PAD4 in neutrophils indicates that citrullination 
is a process that is existent in inflamed periodontal tissue. Besides possessing PAD2 
expression which plays a role in citrullination, local activity of macrophages might play 
a role in ACPA generation by engulfing NET fragments and presenting citrullinated 
histone H3 to T-cells, leading to an ACPA response in susceptible individuals.
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Figure 3. Levels of anti-citrullinated histone H3 antibodies. (A) in sera from healthy controls (HC), periodontitis 
(PD) patients and rheumatoid arthritis (RA) patients. (B) In RA-patients, anti-citrullinated histone H3 levels 
were significantly higher in anti-CCP positive individuals compared to anti-CCP negative individuals. (C) An-
ti-citrullinated histone H3 levels showed a small but significant correlation with anti-CCP levels in RA-patients. 
(D) Anti-citrullinated histone H3 levels in RA-patients, stratified according to periodontal status: no periodontitis 
(a), moderate periodontitis (b) and severe periodontitis (c). No significant differences were observed. (E) An-
ti-citrullinated histone H3 levels in PD-patients, stratified according to smoking status. No significant differences 
were observed. (F) Anti-citrullinated histone H3 levels in RA-patients, stratified according to smoking status. No 
significant differences were observed. Horizontal bars indicate the median values. Anti citHis H3; anti-citrullinated 
histone H3, ΔOD; delta optical density, Anti-CCP; anti-cyclic citrullinated peptide antibodies, U/ml; Units/ml.

In this study, we identified citrullinated histone H3 as a target for ACPAs in RA 
patients. Anti-citrullinated histone H3 levels in PD patients were comparable to HCs 
which is in agreement with a previous study of our group in which reactivity against 
specific citrullinated peptides was assessed in PD-patients (22). In recent years, several 
studies have reported citrullinated histones H2A, H2B (9) and H4 (10) as potential 
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targets for ACPAs. In addition, we recognized specific binding to citrullinated 
histone H3. Previously, Dwivedi et al. (25) identified that anti-citrullinated histone 
H3 in patients with Felty’s syndrome, which can be characterized as a form of “super 
rheumatoid” disease with splenomegaly and neutropenia being present besides joint 
involvement. The latter study did find a low frequency of anti-citrullinated histone H3 
in RA patients, although differences in experimental methods and limited RA patient 
group size in that study could explain for the different results compared to our study. 

ACPA and RF have found to be present years before the onset of RA pre-symptomatic 
individuals (26), but their role in disease development and pathogenesis is still unclear. 
Especially individuals seropositive for ACPA are at increased risk for developing RA 
(27). Whether anti-citrullinated histone H3 autoantibodies also play a role in the 
initiation of RA is yet unclear and should be assessed in seropositive arthralgia patients. 

We found no association between the presence of anti-citrullinated histone H3 
and periodontal status and smoking behavior of RA patients. This may indicate that 
the development of anti-citrullinated histone H3 is more dependent on genetic factors 
(HLA-DRB1-SE) than exposure to citrullinated antigens via PD or smoking. 

The pathogenic role of autoantibodies that recognize citrullinated histones is currently 
unclear. Autoantibodies directed against histone H2B were found to be arthritogenic in 
a collagen induced arthritis mouse model (CIA) (28). This is in contrast to a study that 
recognized anti-citrullinated histone H2A autoantibodies, directed against the N-terminal 
region of histone H2A, as a possible therapeutic treatment for RA (29). Administration of 
these therapeutic ACPAs (tACPAs) resulted in reduced inflammation and joint damage 
in collagen-antibody induced arthritis (CAIA) and CIA mouse models. The therapeutic 
effect of tACPA is proposed to lie in inhibition of NET formation and clearance of already 
formed NETs, thereby reducing formation of citrullinated autoantigens. Whether anti-
citrullinated histone H3 autoantibodies are pathogenic or therapeutic remains to be 
determined. Recently, antibodies against citrullinated histone 3 were identified as tACPAs 
(30). In our study, anti-citrullinated histone H3 levels were not (negatively) correlated 
with DAS28 scores and CRP levels in RA patients (data not shown). However, the patients 
were all on treatment and displayed relative low disease activities during the study period. 
Future studies in newly diagnosed RA patients or seropositive arthralgia patients, should 
determine whether untreated patients seropositive for anti-citrullinated histone H3 
display less disease activity prior to treatment compared to anti-citrullinated histone 
H3 seronegative patients. Also regarding to whether these ACPAs are pathogenic or not 
studies should be performed looking at epitope recognition and glycosylation status.

In conclusion, we showed that RA sera contain increased levels of autoantibodies 
against citrullinated histone H3 compared to sera of PD patients and HCs. Also 
citrullinated histone H3 is present in inflamed periodontal tissue, which supports a 
role for periodontitis in the generation of antigens that are targeted by ACPA.
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CHAPTER 5

Abstract

Objective

Systemic presence of arthritis autoantibodies (AAb) is specific for rheumatoid arthritis 
(RA). AAb initiation might be triggered by chronic mucosal inflammation, such as in 
inflammatory bowel disease (IBD: ulcerative colitis (UC) and Crohn’s disease (CD)). 
This study assessed the prevalence of anti-citrullinated protein antibodies (ACPA) and 
rheumatoid factor (RF) in UC and CD patients with regard to the prevalence of joint 
complaints in AAb+ versus AAb- IBD patients. RA patients and healthy subjects (HC) 
were used as a control.

Methods

Serum was collected from 226 UC patients, 165 CD patients, 86 RA patients and 36 
HCs. ACPA (anti-CCP2 IgG and IgA) and RF (IgM and IgA) levels were measured by 
ELISA. The cut-off values for ACPA positivity were defined as the mean +2SD of HCs. 
The presence of articular manifestations was assessed by qualified physicians.

Results

In total, 110 UC patients (48.7%) and 76 CD patients (46.1%) were seropositive for 
at least one autoantibody, compared to 4 (13.9%) HCs and 81 (94.2%) RA patients. 
Twenty-nine UC patients (13%) and 28 CD patients (17%) were seropositive for IgG 
anti-CCP2 compared to 2 (5.6%) HCs, but none of the levels exceeded the diagnostic 
value (25 U/ml) for RA. Seventy-four (86%) of RA patients was seropositive. Eighty-
tree (37%) UC patients and 52 (32%) CD patients were seropositive for IgA anti-CCP2, 
compared to 1 (2.8%) HC and 64 (74%) RA patients. IgM RF and IgA RF seropositivity 
in UC (resp. 4.4% and 3.6%) and CD (resp. 3.6% and 4.8%) patients was comparable 
to HCs (resp. 2.8% and 2.8%) and low compared to RA patients (resp. 74% and 50%). 
Arthralgia was reported by 34 (18.7%) UC patients and 50 (33.1%) CD patients, but 
presence of arthralgia was not increased in AAb+ patients.

Conclusion

AAbs are frequently present in IBD patients, supporting the hypothesis that 
inf lammation of intestinal mucosa induces low systemic levels of ACPA. The 
development of arthralgia in IBD patients is independent of the presence of these 
AAb, however.
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Introduction

Inflammatory bowel disease (IBD) is characterized by inflammation of the intestinal 
mucosa. Ulcerative colitis (UC) and Crohn’s disease (CD) are the main subtypes. UC 
and CD differ in location and nature of the disease (1). UC is usually characterized by 
involvement of the colon with acute and chronic inflammation limited to the mucosa, 
while inflammation can be transmural in any part of the gastrointestinal tract in CD 
patients. Extra-intestinal manifestations are often present in UC and CD patients of 
which peripheral arthropathy is most commonly observed (2).

Certain antibodies have been described to be present in UC and CD patients. 
UC is associated with the presence of perinuclear anti-neutrophil cytoplasmic 
antibodies (pANCA) (3), while CD is characterized by antibodies against microbes 
such as Saccharomyces cerevisiae (ASCA). Both antibodies were found to have a high 
specificity but a rather low sensitivity for UC and CD which hampers their clinical 
utility. However, the presence of these autoantibodies is associated with a more severe 
disease phenotype in UC and CD (4).

An important hallmark for rheumatoid arthritis (RA) is the presence of 
rheumatoid factor (RF) and anti-citrullinated protein antibodies (ACPA), the latter 
being the most specific for RA. The role of these autoantibodies in RA pathogenesis is 
currently unclear, but their presence in RA patients is associated with a more severe 
disease outcome (5). Furthermore, RA is often preceded by the presence of these 
autoantibodies years before the clinical onset (6). 

During inflammation, when apoptosis and necrosis take place, citrullination of 
proteins occurs in intestinal tissue of IBD patients (7). Citrullinated proteins are 
generated via the conversion of arginine into citrulline by a posttranslational process 
mediated by the enzyme peptidyl arginine deiminase (PAD). Citrullinated epitopes 
are created during this process, which might be targeted by ACPA, a phenomenon 
that also occurs in RA. Therefore, the initiation of ACPA production has been 
hypothesized to take place at inflamed mucosal surfaces in predisposed individuals, 
e.g. in the gastrointestinal tract (8), via PAD release by neutrophils or exposure to 
citrullinated proteins by neutrophil extracellular traps (NETs) (9). This hypothesis is 
supported by the capability of plasma cells in inducible bronchus-associated lymphoid 
tissue from RA patients to produce ACPA locally (10).

In the current study we measured the serological levels of ACPA (IgA and IgG) 
and RF (IgM and IgA) in a cross-sectional group of IBD patients. It is reported in 
the literature that IgA ACPA (11) and IgG ACPA (12-14) have a low prevalence in 
IBD patients. None of these studies assessed the presence of low ACPA levels below 
the diagnostic cut off, however. We presume that a rise of ACPA levels compared 
to healthy controls, even below diagnostic cut off, might indicate the initiation of 
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ACPA production. Therefore, the objective of this study was to assess whether IgA 
and IgG ACPA and RF are present in IBD-patients (UC and CD) as well as to assess 
the prevalence of arthropathies, especially the presence of arthralgia, in autoantibody 
positive and autoantibody negative IBD patients. The combination of the presence of 
ACPA and/or RF and arthralgia has been shown to increase the risk for future RA 
development (15). 

Materials and Methods

Patients

A total of 391 IBD patients (226 patients with UC and 165 with CD) participating in 
the Dutch IBD Pearl Chain Institute Biobank Initiative was included. All patients gave 
their informed consent before study enrollment. Patients were included when there was 
a confirmed diagnosis for UC or CD. Patients were examined by a gastroenterologist 
at the outpatient clinic of the University Medical Center Groningen who asked for 
the presence of arthralgia. The diagnosis arthritis and spondyloarthritis needed to be 
confirmed by a rheumatologist. Blood was withdrawn at study enrollment and serum 
was stored at -80⁰C until further use. Clinical and demographic information, including 
age, gender, diagnosis, duration of disease, body mass index (BMI), smoking habits 
were standardized recorded at the time of blood withdrawal. Serological parameters, 
such as pANCAs, anti-ASCA (IgA and IgG), C-Reactive Protein (CRP) levels and 
erythrocyte sedimentation rate (ESR) were routinely measured.

A HC group (n=36), consisting of persons without systemic disease (16), was 
included to define cut off levels for autoantibody levels. Additionally, 86 RA patients 
were included as a reference group for serological measurements. The study was 
conducted with the approval of the Medical Ethics Committee of the University 
Medical Center Groningen.

Laboratory measurements

Anti-cyclic citrullinated protein antibody (anti-CCP2) levels were measured using the 
commercial anti-CCP2 ELISA (Eurodiagnostica). The manufacturer’s protocol was 
adjusted to measure specifically low IgG anti-CCP2 levels as earlier described (16). 
Samples were diluted 1:10 instead of 1:50 in dilution buffer. Seropositivity was defined 
as >2SD above the mean of HC (2.2 U/ml). 

The specific ACPA response of the 20 IBD patients with the highest IgG anti-
CCP2 levels was measured with ELISA by testing the reactivity against 4 well-
known citrullinated antigens, which are often recognized by ACPA from RA 
patients. These well-known citrullinated antigens are two peptides from fibrinogen 
(Fib1, β-chain amino acids 36–52, NEEGFFSACitGHRPLDKK and Fib2, β-chain 
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amino acids 60–74, CitPAPPPISGGGYCitACit), one peptide from α-enolase 
(Eno1, KIHACitEIFDSCitGNPTVE) and one peptide from vimentin (Vim1, 
VYATCitSSAVCitLCitSSV). Citrulline-specific IgG reactivity was determined by 
measuring the difference in reactivity against the citrullinated and native form of 
the peptides, with the cut off defined as the difference in optical density (ΔOD) >2SD 
above the mean of HCs, as previously described (16).

IgA anti-CCP2 levels were measured using a modified anti-CCP2 assay. Sera were 
diluted 1:50 using the dilution buffer provided by the manufacturer. Bound human 
IgA was detected by the secondary antibody horseradish peroxidase (HRP)-conjugated 
polyclonal goat anti-human IgA (SouthernBiotech, Birmingham, AL, USA), diluted 
in phosphate-buffered saline (PBS) with 1 % bovine serum albumin (BSA) and 0.05 
% Tween-20 (Sigma-Aldrich, St. Louis, MO, USA). The color reaction was performed 
using tetramethylbenzidine (Sigma-Aldrich) and hydrogen peroxide. A pool of sera 
from 4 RA-patients with high IgA anti-CCP2 levels served as a calibrator for the 
standard curve expressed in arbitrary units per milliliter (AU/ml) and starting at 200 
AU/ml. Seropositivity was defined as >2 SD above the mean of HCs.

IgM and IgA RF levels in serum were measured by a validated in-house ELISA 
assay (17). Levels were expressed in international units per milliliter (IU/ml), and 
seropositivity was defined as >10 IU/ml for IgM RF and >25 IU/ml for IgA RF.

Statistical analysis

Statistical analysis was performed with GraphPad Prism software (version 5.00 
for Windows; GraphPad Software, La Jolla, CA, USA) and IBM SPSS Statistics for 
Windows software (version 20.0; IBM, Armonk, NY, USA). For group comparisons, 
a Mann–Whitney U test was used for continuous variables and Fisher’s exact test or 
Chi-square test for categorical variables. Values of p<0.05 were considered significant.

Results

General characteristics

The demographic and clinical characteristics of patients and healthy controls are 
depicted in Table 1. UC patients had a significant higher BMI than CD patients 
(p=0.001), while the CD-cohort was comprised of more (ever) smokers than the UC 
cohort (p=0.009). The disease duration was similar in both groups. 

Autoantibody seropositivity

Overall, IgG anti-CCP2 levels were low when the diagnostic value in RA diagnosis 
was taken into account (25 U/ml). In contrast to the RA patients, none of the IBD 
patients displayed levels above the diagnostic cut-off value of RA with the highest 
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Table 1. Subject characteristics.

Healthy 
controls 
(HC) 
(n=36)

Rheumatoid 
arthritis 
(RA)  
patients 
(n=86)

Ulcerative 
colitis  
(UC) 
patients 
(n=226)

Crohn’s 
disease 
(CD) 
patients 
(n=165)

UC vs 
CD
P value

Female, n (%) 20 (55.6) 60 (70) 123 (54.4) 105 (63.6) 0.077

Age, years, mean, (SD) 34 (15) 55 (11) 42 (15) 41 (15) 0.606

BMI, kg/m2, mean, (SD)a – – 26.1 (4.6) 24.8 (4.9) 0.001

Current or ever smoker, n (%)b 8 (22.3) 34 (39) 129 (57.1) 108 (67.1) 0.006

DAS28, median, IQR – 2.2 (1.7-2.8) – – –

Disease duration, years, (median, IQR) – 5.5 (3-10) 7 (4-13) 9 (4-16) 0.037

Montréal classification
    Age at diagnosis, n (%)c

           A1 below 16 years
           A2 between 17 and 40 years
           A3 above 40 years

–
–
–

–
–
–

20 (9.0)
146 (65.8)
56 (25.2)

26 (16.2)
101 (62.7)
34 (21.1)

0.092

    Disease extent (E) and severity  
    (S) in UC, n (%)d

           E1 ulcerative proctitis
           E2 left sided UC
           E3 extensive UC
           S0 clinical remission
           S1 mild UC
           S2 moderate UC
           S3 severe UC

–
–
–
–
–
–
–

–
–
–
–
–
–
–

37 (17.0)
74 (33.9)
107 (49.1)
20 (9.3)
68 (31.8)
72 (33.6)
54 (25.2)

–
–
–
–
–
–
–

–
–
–
–
–
–
–

   Disease location (L) and 
   behavior (B) in CD, n (%)e

           L1 ileal
           L2 colonic
           L3 ileocolonic
           L4 isolated upper disease
           B1 non-stricturing, 
non-penetrating
           B2 stricturing
           B3 penetrating
           P perianal disease modifier

–
–
–
–
–
–
–
–

–
–
–
–
–
–
–
–

–
–
–
–
–
–
–
–

57 (36.3)
32 (20.4)
67 (42.7)
1 (0.6)
83 (51.2)
56 (34.6)
23 (14.2)
45 (27.8)

–
–
–
–
–
–
–
–

a225/226 UC and 164/166 CD; b161/165 CD; cAge known for 222/226 UC and 161/165 CD; dAccording to Montréal 
classification, A (age at diagnosis), E (Extent) known for 218/226 and S (Severity) known for 214/226 UC; eL 
(Location) known for 157/165 CD and B (Behavior) known for 162/165 CD. Analysis: Mann-Whitney U test for 
continuous variables and Fisher exact or Chi-Square test for categorical variables. BMI= body mass index, DAS28= 
Disease Activity Score 28 tender and swollen joint count.

level being 13.6 U/ml in the IBD patients. However, when seropositivity was defined 
using a lower cut off, >2SD above the mean of HCs, 29 UC patients (13%) and 28 CD 
patients (17%) were seropositive for IgG anti-CCP2, while 2 (5.6%) HCs and 74 (86%) RA 
patients were seropositive. Additionally, the specific IgG response against 4 citrullinated 
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peptides (Fib1, Fib2, Eno1 and Vim1) was measured in 20 sera from IBD patients with 
the highest IgG anti-CCP2 response, all being higher than 4 U/ml. None of these IBD 
patients showed citrulline-specific reactivity against any of these 4 peptides. Therefore, 
citrulline-specific reactivities against these peptides were not measured in any of the 
other IBD patients, as no positive results were to be expected.

IgA anti-CCP2 levels are generally not used in RA diagnosis, therefore no 
diagnostic cut off is known. When applying a similar cut off as was used for IgG anti-
CCP2, >2SD above the mean of HCs, 83 UC patients (37%) and 52 CD patients (32%) 
were seropositive for IgA anti-CCP2 while only 1 (2.8%) HC and 64 (74%) RA patients.

IgM and IgA RF seropositivity was low with 10 (4.4%) patients being seropositive for 
IgM RF and 6 (2.7%) for IgA RF in UC patients and 6 (3.6%) for IgM RF and 8 (4.8%) in 
CD patients, respectively, compared to 1 (2.8%) in HCs for both IgM RF and IgA RF. Sixty-
four (74%) and 43 (50%) RA patients were seropositive for IgM RF and IgA RF respectively.

In total, 110 UC patients (48.7%) and 76 CD patients (46.1%) were seropositive 
for at least one arthritis autoantibody, of which the majority was positive for IgA 
anti-CCP2. The autoantibody levels are shown in Figure 1, while seropositivity in the 
groups is depicted in Figure 2.

Figure 1. Arthritis Autoantibody (AAb) levels for healthy controls (HC), Ulcerative colitis (UC), Crohn’s 
disease (CD) and rheumatoid arthritis (RA) patients. (A) IgG anti-CCP2 levels; (B) IgA anti-CCP2 levels; (C) 
IgM RF levels and (D) IgA RF levels. U/ml= Units/ml; aU/ml= arbitrary units/ml; IU/ml= International units/ml.
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Rheumatic manifestations and arthritis autoantibody status 

Next, IBD patients who were seropositive for any of the arthritis autoantibodies 
(AAb+) were compared to arthritis autoantibody negative (AAb-) IBD patients on 
clinical manifestations (Table 2). Over 90% of AAb+ patients was seropositive for IgA 
and/or IgG anti-CCP2. AAb+ and AAb- patients did not differ in smoking behavior, 
disease duration and disease activity. AAb+ positive patients were significantly younger 
than AAb- patients (UC p=0.016; CD p=0.017). AAb+ UC patients were significantly 
younger at disease onset than AAb- UC patients (p=0.021). ESR (p=0.009) and CRP 
(p=0.008) levels were significantly increased in AAb+ CD patients compared to AAb- 
CD patients. 

The presence of arthralgia was reported in 34 (18.7%) UC-patients and 50 (33.1%) 
CD-patients. Remarkably, in AAb+ IBD patients the presence of arthralgia was 
not increased. Articular manifestations other than arthralgia were reported in few 
patients not allowing for any statistical analysis. Treatment in UC and CD consisted 

Table 2. Comparison between serological characteristics and articular manifestations in IBD 
patients subdivided for seropositivity for at least 1 RA related autoantibody.

Ulcerative colitis Crohn’s disease

AAb-
(n = 116)

AAb+
(n = 110) P value

AAb-
(n = 89)

AAb+
(n = 76) P value

Female, n (%)
Age, years, mean (SD)
Ever smoker, n (%)

67 (57.8)
44.1 (15)
70 (60.3)

56 (50.9)
39.4 (14)
59 (53.6)

0.350
0.016
0.348

55 (61.8)
43.6 (15)
60 (69.0)

50 (65.8)
38.0 (14)
48 (64.9)

0.624
0.017
0.616

Active disease, n (%)a 34 (29.3) 35 (31.8) 0.661 39 (47.6) 29 (42.7) 0.622

Age at diagnosis, n (%)
               A1 below 16 years
               A2 between 17 and 40 years
               A3 above 40 years
Disease duration, years, median (IQR)
ESR, mm/h, median (IQR)

9 (7.8)
68 (59.1)
38 (33.0)
7 (4-14)
11 (5-18)

11 (10.3)
78 (72.9)
18 (16.8)
7 (4-12)
11 (5-18)

0.021

0.425
0.974

10 (11.2)
60 (67.4)
19 (21.3)
11 (4-17)
9 (5-20)

16 (22.2)
41 (56.9)
15 (20.8)
8.5 (4-15)
17.5 (8-24)

0.159

0.264
0.009

CRP, mg/l, median (IQR) ≤3 (≤3-3) ≤3 (≤3-3) 0.865 ≤3 (≤3-3) ≤3 (≤3-8) 0.008

pANCA, seropositive (%)b

ASCA, seropositive (%)c

Arthropathies
      Enthesitis, n 
      Arthritis, n 
      Inflammatory backpain, n 

51 (52.7)
24 (25.8)

0
0
0

54 (61.4)
24 (27.3)

1
0
0

0.239
0.867

-
-
-

20 (25.6) 
48 (61.5)

3
0
3

18 (29.5)
40 (69.0)

0
1
0

0.702
0.582

-
-
-

Arthralgia, n (%)d    13 (14.7) 21 (22.3) 0.254 26 (32.5) 24 (34.3) 0.863

AAb- = arthritis autoantibody negative; AAb+ = arthritis autoantibody positive; ameasured by simple clinical colitis 
activity index (SCCA) ≥ 3 or Harvey-Bradshaw index ≥ 4; bknown for 180/226 UC and 139/165 CD; c Defined as 
IgA and/or IgG ASCA seropositive, known for 181/226 UC and 136/165. dknown for 182/226 UC and 151/165 CD; 
A= age at diagnosis, ESR= erythrocyte sedimentation rate; CRP= C-reactive protein; pANCA= Perinuclear Anti-
Neutrophil Cytoplasmic Antibodies; ASCA= anti-Saccharomyces cerevisiae antibodies.
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of (a combination of) immunosuppressive drugs; mesalazine, steroids, azathioprine, 
methotrexate and anti-Tumor Necrosis Factor (TNF) agents. Anti-CCP2 and/or RF 
seropositivity was not associated with any of these therapies.

Discussion

Inflamed mucosal surfaces (e.g., intestinal tissue, lungs and periodontium) have been 
hypothesized as sites where formation of ACPA initiates. The lungs (10) and periodontium 
(18, 19) have already been studied as potential sites for AAb generation, while the 
intestinal area has still to be assessed as a site where autoantibody generation starts. 
The current study revealed that AAbs, especially ACPA of both IgA and IgG subclasses, 
are present in serum from IBD patients. ACPAs, especially of the IgA subclass, are 
increased in IBD patients compared to HCs, but do not exceed the diagnostic level for 
RA (16). IgM RF and IgA RF seropositivity was comparable to that observed in the 
general population (20). With regard to IBD patients with arthralgia, AAb+ individuals 
were significantly younger in IBD patients, the implications of this observation is not 
straightforward and was unexpected as AAb positivity is more prevalent among the 
aged (21). The higher ESR and CRP-levels in AAb+ than in AAb- CD patients confirm 
the hypothesis that low positive ACPA levels are associated with inflammation.

Environmental and genetic factors are thought to play a role in the development of 
ACPA. Environmental factors like smoking were shown as risk factor for developing 
ACPA-positive RA (22). Smoking is considered to induce ACPA via the citrullination 
of proteins in the lungs by activating the enzyme peptidyl arginine deiminase (PAD). 
Our results show that the AAb- and AAb+ IBD patients do not differ in smoking 
behavior. The presence of citrullinated proteins in colonic biopsies from IBD patients 
(7, 23) might be on the basis of the higher systemic ACPA levels in IBD patients, 
similarly as smoking is able to induce citrullination in the lungs (24). 

Genetic factors for ACPA development in RA, especially HLA-DRB1 shared epitope 
(SE) alleles, are thought to play a role in the epitope spreading and rise of ACPA levels 
after the initiation of ACPA production, which is HLA-DRB1 SE independent (25). In 
addition, bacterial antigens are hypothesized to contribute to ACPA development via 
molecular mimicry of self-antigens presented by predisposing HLA-DQ molecules 
(26). However, HLA-associated genetic risk factors involved in IBD (27) are not 
involved in development of ACPA+ RA. Therefore, we can speculate that due to the 
absence of these HLA-related risk factors, ACPA initiation in IBD is not followed by a 
maturation of the ACPA response and spreading of epitopes, which can be measured 
in the context of RA development. This is also reflected by the negative results on the 
reactivity against the 4 citrullinated peptides, although this assay is also less sensitive 
than the anti-CCP2 ELISA.
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The results of our study show that extra-intestinal manifestations in IBD patients 
are not associated with arthritis autoantibody levels in serum. The presence of 
arthralgia was reported in a high number of patients (34 (18.7%) UC-patients and 
50 (33.1%) CD-patients).  Since arthralgia was not clearly defined it could have been 
that enthesitis and fibromyalgia were also in part responsible for these large numbers. 
Notwithstanding, our study confirms the results of other studies that found no 
association with articular manifestations and ACPA in IBD patients (13, 14). 

IBD is a condition which is particularly linked to gut microbiota, especially 
gammaproteobacteria and the presence of E. coli and fusobacteria are linked to 
IBD (28). The link between RA and the human microbiome is less clear. The oral 
anaerobe bacterium Porphyromonas gingivalis has been hypothesized to play a role 
in RA development by creating citrullinated bacterial and/or human antigens with 
its own PAD-enzyme (PPAD) (29). However, oral microbiome studies (30, 31) did 
not find associations with P. gingivalis in the oral microbiome and the presence of 
RA. Studies on gut-microbiota in treatment-naive RA patients point towards an 
increased prevalence of Prevotella copri in early RA patients (32) and Lactobacillus 
salivarius (31). Zhang et al (31) studied the relation between the gut microbiome and 
autoantibody levels and found that Haemophilus spp. negative correlated with anti-
CCP, while the presence Prevotella spp. positively correlated with RF. Whether gut-
microbiota also play a role in articular manifestations and autoantibody levels in IBD 
patients remains a topic for future research.

In conclusion, arthritis autoantibodies are present in serum from IBD patients, 
which supports the hypothesis that inflammation of intestinal mucosa induces low 
systemic levels of ACPA, although their role in the induction of RA is yet unclear. The 
development of arthralgia in IBD patients is independent of the presence of arthritis 
autoantibodies.
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Letter to the editor

Clinical studies point towards an association between periodontitis and rheumatoid 
arthritis (RA) (1,2). A pathogenic role is suggested for Porphyromonas gingivalis (3). 
P. gingivalis may contribute to the pathogenesis of RA by breaking immune tolerance 
through formation of (bacterial and human) citrullinated proteins, leading to anti-
citrullinated protein antibody production (ACPA) (4,5). Since ACPA production 
precedes RA development (6) and because P. gingivalis IgG antibodies are long 
term stable in untreated periodontitis patients (7), we investigated whether anti-P. 
gingivalis antibody levels are prognostic for development of RA, by assessing these 
antibodies in a cohort of 289 adults at risk for RA. Patients with arthralgia and 
seropositivity for IgM-rheumatoid factor (IgM-RF) and/or ACPA were selected from 
a prospective follow-up study on arthritis development (8). They are further referred 
to as seropositive arthralgia patients (SAP); their median follow-up was 30 months 
(IQR 13-49).

Baseline sera were used for measurement of ACPA, IgM-RF, C-reactive protein 
(CRP) and HLA-DRB1 SE carrier status (8). IgA, IgG and IgM antibody levels against 
P. gingivalis were determined by in-house ELISA with a pooled lysate of clinical 
isolates of P. gingivalis as antigen (9). Interference of IgM-RF on anti-P. gingivalis 
antibody assays was excluded by spiking samples with sera with known high titers 
of RF. 

Reference groups for antibody levels against P. gingivalis consisted of healthy 
subjects without periodontitis and without cultivable subgingival P. gingivalis 
(HC, n=36, mean age 34±15 years, 53% female, 14% current smoker) and severe 
periodontitis patients without systemic disease (PD, n=117, mean age 51±9.3 years, 
58% female, 43% current smoker, 42% P. gingivalis-culture positive) (10). Both groups 
were recruited among subjects planned for first consultation at the dental department 
of the University Medical Center Groningen and a referral practice for periodontology 
(Clinic for Periodontology Groningen) (9).

IgA and IgG anti-P. gingivalis were higher in PD than in HC (both p<0.0001). PD 
culture-positive for subgingival P. gingivalis had higher IgA and IgG anti-P. gingivalis 
than culture-negative PD (p<0.01 and p<0.001). No differences were found for IgM 
anti-P. gingivalis. 

Cut-off values for anti-P. gingivalis positivity were set at mean+2SD of HC. 
Inf luence of anti-P. gingivalis positivity on RA development was analyzed using 
a multivariate Cox proportional hazards analysis with time until RA development 
as dependent variable and age, gender, HLA-DRB1 SE carriage, smoking, number 
of tender joints, and CRP-, ACPA- and IgM-RF-positivity at inclusion as other 
variables. 
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After 12 months (median, IQR 6-20), 33% (n=94) of SAP had developed RA 
according to 2010 American College of Rheumatology/European League against 
Rheumatism criteria. Baseline characteristics of SAP who developed RA (RA+) or 
did not develop RA (RA-) are listed in Table 1. 

In SAP, IgG anti-P. gingivalis was higher than in HC, but lower than in PD, as 
was IgA anti-P. gingivalis (Figure 1A). No differences in IgM anti-P. gingivalis were 
found, nor were differences found for anti-P. gingivalis antibody levels between ACPA 
positive or negative SAP.

SAP who developed RA did not have elevated anti-P. gingivalis antibody levels 
at baseline compared to SAP who did not develop RA within the follow-up period 
(Figure 1B). When using cut-off values for anti-P. gingivalis positivity, the proportion 
IgA and IgG anti-P. gingivalis positive patients was higher in SAP who did not develop 
RA (Table 1). Besides a weak correlation of IgM anti-P. gingivalis with ACPA in SAP 
who developed RA (p<0.05, ρ=0.23), no other correlation with anti-P. gingivalis 
was found.

Table 1. Baseline characteristics of seropositive arthralgia patients (SAP) who did (RA+) or 
did not (RA-) develop rheumatoid arthritis within the follow-up period.

  All SAP RA+ RA-
**p value 
RA+ vs. RA-

Number 289 94 195

Female (%) 79 81 78 0.76

Mean age in years (SD) 50 (12) 48 (11) 50 (12) 0.19

Smoking at inclusion (%) 29 35 26 0.13

HLA-DRB1 SE (%) 40 45 37 0.19

Seropositive for IgM-RF (%) 61 57 63 0.37

Seropositive for IgG ACPA (%) 65 90 53 0.00

Median (IQR) hsCRP (mg/l) 2.2 (1.0-4.8) 2.6 (1.0-4.6) 2.0 (0.9-5.1) 0.47

Median (IQR) TJC53 at inclusion 0 (0-3) 1 (0-4) 0 (0-3) 0.10

Median (IQR) follow-up in months 30 (13-49) 25 (12-46) 34 (15-49) 0.05

Median (IQR) time until RA development - 12 (6-20) - -

*Positive for anti- P. gingivalis IgA (%)† 20 11 25 0.01

*Positive for anti- P. gingivalis IgG (%)† 34 26 37 0.05

*Positive for anti- P. gingivalis IgM (%)† 6.9 5.3 7.7 0.62

*Variables reflected in percentages: Fisher’s exact test with two sided p value, other variables: unpaired t test with 
Welch’s correction (Gaussian distribution) or Mann–Whitney test (no Gaussian distribution).†Positivity is defined 
as higher than mean+2SD of anti-P. gingivalis levels of healthy controls. ACPA, anti-citrullinated protein antibodies, 
cut-off level for positivity 5 U/mL; HLA-DRB1 SE, one or two copies of the HLA-DRB1*0101, *0102, *0401, *0404, 
*0405, *0408, *0410 or *1001 alleles; hsCRP, high-sensitivity C-reactive protein; RA, rheumatoid arthritis; RF, 
rheumatoid factor, cut-off level for positivity 30 IU/mL; TJC53, tender joint count 53 joints.
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The multivariate Cox proportional hazards model showed significant influence of 
ACPA (HR 11, 95%CI 5.1-24, p<0.0001), IgM-RF (HR 2.5, 95%CI 1.6-4.1, p<0.0001), 
number of tender joints (HR 1.05, 95%CI 1.01-1.09, p<0.05) and HLA-DRB1 SE carriage 
(HR 1.7, 95%CI 1.1-2.6, p<0.05) on RA development. Influences of anti-P. gingivalis, 
CRP, age, gender and smoking could not be established. Within the limitations of 
this study, we conclude that anti-P. gingivalis antibody levels are not prognostic for 
development of RA. 

Figure 1. (A) IgA, IgG and IgM anti-P. gingivalis antibody levels in seropositive arthralgia patients (SAP) compared 
to severe periodontitis patients without other systemic disease (PD) and healthy controls with a healthy periodon-
tium and no cultivable subgingival P. gingivalis (HC). (B) IgA, IgG and IgM anti-P.gingivalis antibody levels in 
seropositive arthralgia patients (SAP) who developed rheumatoid arthritis (RA+) and SAP who did not develop 
rheumatoid arthritis (RA-) according to the 2010 American College of Rheumatology (ACR)/European League 
against Rheumatism (EULAR) criteria. 
Solid lines represent median values. Dotted lines indicate arbitrary cut-off values for anti-P. gingivalis positivity 
defined as mean values plus 2 standard deviations of the healthy controls. Comparison of three groups: Kruskal–
Wallis one-way analysis of variance with Dunn’s multiple comparison post-test if overall p<0.05. Comparison of 
two groups: Mann-Withney test with two sided p-value. *p<0.05, **p<0.001.
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CHAPTER 7

Abstract

Objective: Seropositive arthralgia patients (SAP) are at high risk of developing 
rheumatoid arthritis (RA). This prospective study aimed to determine whether altered 
peripheral regulatory T-cells (Tregs) and defined subsets, besides a broadened anti-
citrullinated protein antibody (ACPA) response, may qualify as biomarkers for RA 
development in SAP.

Methods: Thirty-four consecutive SAP were prospectively assessed every 6 months for 
minimally 2 years. At inclusion, peripheral Treg (CD4+CD25+FoxP3+) numbers and 
subsets, defined as CD45RA+FoxP3low naive Tregs (Fr I), CD45RA-FoxP3high activated 
Tregs (Fr II) and CD45RA-FoxP3low non-Tregs (Fr III), were compared to age- and sex-
matched healthy controls (HC, n=16) and treatment-naive RA patients (n=12). SAP that 
developed RA were compared to non-switchers and analyzed for Treg numbers and 
functional Treg subsets at inclusion. Also, Treg and subset numbers were compared 
in switched SAP before and at diagnosis. To assess the ACPA repertoire, IgG and IgA 
reactivity was measured against citrullinated peptides from fibrinogen, α-enolase and 
vimentin.

Results: Treg numbers were similar between HC, SAP and RA patients, although a 
trend towards reduced percentages of peripheral CD4+CD25+FoxP3+ regulatory T-cells 
in RA patients compared to HC was observed. Numbers of functional Treg subsets Fr 
I and Fr II were comparable between groups, Fr III was increased in SAP compared to 
HC (p=0.01). Fourteen (41%) SAP developed RA during follow-up. Their Treg numbers 
and subsets were comparable to non-switched SAP. At RA diagnosis, Treg numbers in 
switched SAP were similar to 6 months before. Switched SAP displayed a more diverse 
IgG ACPA repertoire compared to non-switched SAP (p=0.046).

Conclusion: Total and functional Treg numbers are not indicative for RA development 
in SAP, opposed to the ACPA repertoire.
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Introduction

Rheumatoid arthritis (RA) is an autoimmune disorder characterized by chronic 
inflammation of the joints and by a breakdown of self-tolerance (1). This breakdown 
is reflected by the induction of autoantibodies, such as rheumatoid factor (RF), anti-
carbamylated protein antibodies (anti-CarP) and anti-citrullinated protein antibodies 
(ACPA) directed against self-proteins which are found in the majority of RA patients 
(2). These autoantibodies can be detected in serum years before disease development (3, 
4). Furthermore, levels of several cytokines, cytokine-related factors and chemokines 
congruent with an activated adaptive immune system are increased in the pre-clinical 
phase of RA (5).

In healthy conditions, the immunological equilibrium is maintained by the 
apoptosis of immature self-reactive lymphocytes in the thymus and activation-
induced cell death of mature T-cells, as well as suppression of immune responses 
against self-proteins by regulatory CD4+ T-cells (Tregs) (6). The function of Tregs is 
to suppress immune activation by modulating diverse cellular functions such as T-cell 
proliferation and cytokine production. Treg cells are defined by the expression of the 
nuclear transcription factor forkhead box protein 3 (FoxP3) and the expression of 
CD4 and CD25 on the cell-surface (7). In RA patients, it remains unclear whether the 
frequency and/or the functionality of peripheral Treg cells is affected; some studies 
show a decrease (8, 9), some report normal levels (10-14) whereas one study reports 
increased levels and enhanced activity in RA compared to healthy controls (15). A 
subdivision of Treg cells into separate functionally different subpopulations was 
described by Miyara et al. (16), with functional subtypes such as CD45RA+FoxP3low 
naive Treg cells (Fr I) which can convert to CD45RA-FoxP3high activated Treg cells 
(Fr  II) and non-functional CD45RA-FoxP3low non-Treg cells (Fr III). Fr III cells, 
however, have no suppressive function, but are able to secrete cytokines such as IL-2, 
IFN-γ and IL-17. 

The first aim of this study was to assess whether a change of regulatory T-cells 
(subsets) plays a role in the development of RA. We determined the numbers of the 
aforementioned subpopulations of Treg cells in peripheral blood from seropositive 
arthralgia patients (SAP). We prospectively followed a group of SAP and assessed 
whether arthritis development was associated with changed numbers of regulatory 
T-cells and/or a shift in Treg subpopulations. By definition, SAP are seropositive for 
ACPA and/or IgM-RF and have (a history of) arthralgia but no arthritis. It has been 
reported that around 35% of these patients develop RA after a median follow up of 
12 months (17). The second aim of this study was to assess the extension of both 
the IgG and IgA ACPA repertoire in SAP. It has been shown that SAP with a more 
extended IgG ACPA repertoire have an increased risk of developing RA (18). The 
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IgA ACPA repertoire has been studied to a lesser extent than IgG ACPA, but the 
IgA ACPA repertoire might be of importance since mucosal inflammation has been 
hypothesized to play a role in the initiation of RA (19) and similar to IgG ACPA, IgA 
ACPA emerge before the onset of clinical RA (20). 

Materials and methods

Study subjects 

Thirty-four consecutive SAP, seropositive for anti-CCP2 and/or RF (determined as 
described below) and having (a history of) arthralgia, but no arthritis were included. 
Patients were recruited at the rheumatology outpatient clinic of the University Medical 
Center Groningen between February 2012 and October 2013. The development of 
arthritis was confirmed by a senior rheumatologist after physical examination of 44 
joints during half-yearly follow-up visits. Participants were instructed to contact the 
rheumatologist when they perceived progression of their joint complaints. Median 
follow-up time was 40 months (range 24-43 months). A group of 16 age and sex-matched 
healthy controls (HC) who were recruited among employees at the University Medical 
Center Groningen and subjects belonging to another healthy control group were 
included in the study (21). Exclusion criteria for HC were inflammation, malignancy 
or use of immunosuppressive therapy. Furthermore, 12 consecutive treatment-naive 
newly diagnosed RA patients, diagnosed at the RA outpatient clinic of the UMCG 
between 2010-2011, fulfilling the ACR 1987 or 2010 criteria for RA, were included. 
These patients had their blood drawn at the moment of diagnosis before start of 
treatment with disease modifying anti rheumatic drugs (DMARD). Characteristics of 
patients and controls are described in Table 1.

Patients and controls gave their informed consent at the start of the study, in 
compliance with the Helsinki Declaration. The study was conducted with the approval 
of the Medical Ethics Committee of the University Medical Center Groningen (METc 
2009-118, 2011-306 and 2012-375). 

Flow cytometric analysis of regulatory T-cell subsets

Peripheral blood mononuclear cells (PBMCs) were isolated using Lymphoprep (Axis 
Shield, Oslo, Norway) centrifugation and stored in liquid nitrogen until further use. 
Cells were defrozen and subsequently fixed and permeabilized using the Foxp3 / 
Transcription Factor Staining Buffer Set (eBioscience, San Diego, CA, USA) and stained 
for flow cytometric analysis with anti-CD3-PerCP (BD Biosciences, San Jose, CA, 
USA), anti-CD8-APC-eFluor780 (eBioscience), anti-CD127-Alexa647 (Biolegend, San 
Diego, CA, USA), anti-CD25-PE (eBioscience), anti-CD45RO-Alexa700 (Biolegend), 
anti-CD45RA-Alexa605 (BD Biosciences) and anti-FoxP3-Alexa488 (eBioscience). 
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Cells were measured on an LSR-II flow cytometer (BD Biosciences) and the data 
were analyzed with Kaluza 1.2 Analysis Software (Beckman Coulter, Woerden, The 
Netherlands). 

Absolute numbers of lymphocytes in EDTA anti-coagulated blood were 
determined using the BD MultiTest TruCount method with sixcolor MultiTest 
reagents detecting CD45, CD3, CD4, CD8, CD19, CD16 and CD56 (BD Biosciences) 
according to the manufacturer’s instructions. Percentages of (functional) Treg subsets 
were characterized as described before (7, 16) and CD4+ T-cell counts were used to 
calculate the absolute numbers of these subsets.

Table 1. Clinical and serological characteristics at inclusion.

Healthy controls 
(n = 16)

SAP
(n = 34)

RA patients 
(n = 12)

Sex, n (% female) 12 (75) 24 (71) 8 (67)

Age, years, median (IQR) 53 (50-59) 50 (38-56) 59 (52-70)*

SE status (% pos)a 62.5 69 67

CRP (mg/L), median (range) NA <5 (<5-29) 17 (<5-43)***

ESR (mm/h), median (IQR) NA 11 (9-17) 28 (21-43)**

Anti-CCP2 positive, n (% pos) NA 33 (97) 9 (75)

Anti-CCP2 (U/ml), median (IQR) NA 99 (39-299) 240 (136-340)

RF positive, n (% pos) NA 29 (85) 9 (75)

RF (IU/ml), median (IQR) NA 54 (21-146) 346 (104-535)**

Lymphocyte count (106/ml), median (range)b 1.85 (1.38-3.1) 2.05 (0.9-4.35) 1.90 (1.37-3.01)

CD4+ T-cell count (106/ml), median (range)b 0.88 (0.46-1.57) 1.01 (0.37-2.44) 0.86 (0.64-1.51)

CD8+ T-cell count (106/ml), median (range)b 0.38 (0.26-0.74) 0.36 (0.11-0.94) 0.36 (0.15-1.13)

CD19+ B-cell count (106/ml), median (range)b 0.20 (0.14-0.48) 0.27 (0.05-0.87) 0.23 (0.08-0.42)

CD16+CD56+ NK-cell count (106/ml), median 
(range)b

0.31 (0.15-0.58)** 0.21 (0.01-0.47) 0.24 (0.10-0.34)

DAS28-ESR, median (IQR) NA NA 5.67 (4.11-6.10)

TJC46, median (IQR) NA NA 8 (4-15)

SJC44, median (IQR) NA NA 7 (2-12)

VASgh, median (IQR) NA NA 60 (30-77)

SE = shared epitope (SE-containing alleles are HLA-DRB1*0401, *0404, *0405, *0408, *0101, *0102 and *1001); 
CRP= C-reactive protein; ESR= erythrocyte sedimentation rate; Anti-CCP2= anti cyclic citrullinated peptides 
antibodies (positive score defined as > 10 IU/mL); RF= rheumatoid factor (positive score defined as ≥ 15 IU/
mL); DAS28-ESR= disease activity score 28 using the ESR; TJC46= tender joint count out of a possible 46; SJC44= 
swollen joint count out of a possible 44; VASgh= visible analog scale for global health. NA: not applicable. Groups 
are compared to SAP (seropositive arthralgia patients). a Available for 16/16 HC, 33/34 SAP and 10/12 RA patients. 
b Available for 14/16 HC, 34/34 SAP and 10/12 RA patients. *p<0.05 **p<0.01 ***p<0.001.
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Autoantibody measurements

Total Ig RF levels in serum were measured by turbidimetry with modular analyzer 
(Roche, Mannheim, Germany) with cut off level for RF-seropositivity ≥15 IU/ml. IgG 
anti-CCP2 levels were measured by fluorescent enzyme immuno assay on the Phadia 
250 (Phadia Laboratory Systems, Phadia AB, Uppsala, Sweden) with cut off level for 
anti-CCP2 seropositivity ≥10 U/ml.

Specificity of the ACPA response was determined by testing reactivity against 
four well-known citrullinated peptides (18); two peptides from fibrinogen (Fib1, 
β-chain amino acids 36–52, NEEGFFSACitGHRPLDKK and Fib2, β-chain 
amino acids 60–74, CitPAPPPISGGGYCitACit), one peptide from α-enolase 
(Eno1, KIHACitEIFDSCitGNPTVE) and one peptide from vimentin (Vim1, 
VYATCitSSAVCitLCitSSV). Citrulline-specific IgG and IgA reactivity was 
determined separately by measuring the difference in reactivity against the 
citrullinated and native form of the peptides, with the cut off defined as the 
difference in optical density (ΔOD) >2SD above the mean of 36 healthy controls, 
previously described (22).

Statistics

Data were analyzed using GraphPad Prism 5 (Graphpad Software, San Diego, CA, 
USA). For group comparisons, a Mann–Whitney U test was used for continuous 
variables and Fisher’s exact test for categorical variables. A paired t-test was used for 
paired samples. Significance level α was 0.05.

Results

Circulating regulatory CD4+ T-cell numbers are not different 
between SAP and HC

The frequency of CD4+CD25+FoxP3+ T-cells among PBMCs in HC, SAP at 
inclusion and RA was assessed by flow cytometry (Figure 1A). The frequency of 
CD4+CD25+FoxP3+ T-cells in SAP was comparable to HC and tended to be decreased 
in RA patients compared to HC (p=0.08; Figure 1B). However, absolute numbers of 
CD4+CD25+FoxP3+ T-cells were comparable between HC, SAP and RA. Within total 
CD4+ Treg populations, the frequencies and numbers of Fr I, Fr II and Fr III Tregs 
defined based on the CD45RA and FoxP3 expression were assessed (Figure 1C). No 
differences between the groups were observed when comparing the two suppressive 
subtypes (Fr I and Fr II; Figure 1D), while an increase compared to HC was observed 
in both percentages and absolute numbers of Fr III for SAP (p=0.01) but not for RA. 
In RA, absolute numbers of Fr III even tended to be decreased compared to SAP 
(p=0.06).
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Peripheral Tregs in switched and non-switched SAP at inclusion

Next, SAP that had not developed RA after a follow-up of at least 2 years were compared 
to the group of SAP that did develop RA during this period. Fourteen SAP (41%) 
developed RA after a median of 17 months (range 5–35 months). At the time of RA 
diagnosis, the median disease activity score 28 (DAS28) was 4.40 (IQR 3.78–5.24). 
Patient characteristics at inclusion of both groups and disease characteristics at time of 
RA diagnosis are given in Table 2. At inclusion, levels of CRP and ESR were comparable 
between non-switched and switched SAP. Although total lymphocyte counts were not 
different between non-switched and switched SAP, a trend for a decrease of CD4 T-cells 

Figure 1. Analysis of Treg subpopulations in healthy controls (HC), seropositive arthralgia patients (SAP) at 
inclusion and treatment-naive rheumatoid arthritis patients (RA). (A) Three representative FACS analyses of 
CD25+FoxP3+ cells gated on CD4+ T-cells in HC, SAP and RA. (B) Percentages and absolute numbers of CD4+C-
D25+FOXP3+ cells negative for CD127 among CD4+ T-cells in HC, SAP and RA. (C) Three representative FACS 
analyses of Treg subpopulations gated on CD4+ T-cells in HC, SAP and RA. (D) Percentages and absolute numbers 
of naive Tregs (Fr I), activated Tregs (Fr II) and non-suppressive Tregs (Fr III) in HC, SAP and RA. Mann Whitney 
U test was used to compare groups. Horizontal bars indicate the median. 
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was noted in the switched patients (p=0.09). Yet, no significant differences between 
non-switched and switched SAP were observed in frequencies and absolute numbers of 
CD4+CD25+FoxP3+ Treg cells (Figure 2A). Likewise there were no significant differences 
between non-switched and switched SAP in frequencies and absolute numbers of the 
two functional Fr I and Fr II Treg subsets (Figure 2B). Although a tendency towards 
a decrease in absolute numbers of Fr III in switched SAP compared to non-switched 
SAP was observed (p=0.06). The decrease of CD4 T-cells in switched SAP was not solely 
attributed to this decrease of Fr III, since CD4 T-cells levels without Fr III tended to be 
decreased too in switched SAP compared to non-switched SAP (p=0.10).

Table 2. Patient characteristics at inclusion of SAP (seropositive arthralgia patients) 
subdivided for arthritis development and disease characteristics at RA diagnosis.

Non-switched 
SAP (n = 20)

Switched SAP 
(n = 14) P

Sex, n (% female) 15 (75) 9 (64) 0.70

Age, years, median (IQR) 48 (38-53) 55 (37-66) 0.22

SE status (% pos) 63a 79 0.46

CRP (mg/L), median (range) <5 (<5-29) <5 (<5-19) 0.43

ESR (mm/h), median (IQR) 11 (9-16) 11.5 (10-22) 0.34

Anti-CCP2 positive, n (% pos) 19 (95) 14 (100) 1.00

Anti-CCP2 (U/ml), median (IQR) 90 (28-252) 211 (60-340) 0.14

RF positive, n (% pos) 16 (80) 13 (93) 0.38

RF (IU/ml), median (IQR) 39 (21-101) 120 (25-336) 0.10

Lymphocyte count (106/ml), median (range) 2.15 (0.90-4.35) 1.96 (1.11-2.63) 0.28

CD4+ T-cell count (106/ml), median (range) 1.15 (0.37-2.44) 0.98 (0.53-1.24) 0.09

CD8+ T-cell count (106/ml), median (range) 0.36 (0.11-0.94) 0.37 (0.17-0.73) 0.74

CD19+ B-cell count (106/ml), median (range) 0.27 (0.07-0.87) 0.27 (0.05-0.49) 0.89

CD16+CD56+ NK-cell count (106/ml), median (range) 0.20 (0.07-0.46) 0.21 (0.01-0.47) 0.90

Disease characteristics at RA diagnosis after 5–35 
months of follow-up

DAS28-ESR, median (IQR) NA 4.40 (3.78-5.24) –

CRP (mg/L), median (range) NA 10 (<5-36) –

ESR (mm/h), median (IQR) NA 19 (13-36) –

TJC46, median (IQR) NA 7 (2-12) –

SJC44, median (IQR) NA 3 (2-8) –

VASgh, median (IQR) NA 70 (30-78.5) –

SE = shared epitope (SE-containing alleles are HLA-DRB1*0401, *0404, *0405, *0408, *0101, *0102 and *1001); CRP= 
C-reactive protein; ESR= erythrocyte sedimentation rate; Anti-CCP2= anti cyclic citrullinated peptides antibodies 
(positive score defined as > 10 IU/mL); RF= rheumatoid factor (positive score defined as ≥ 15 IU/mL); DAS28-ESR= 
disease activity score 28 using the ESR; TJC46= tender joint count out of a possible 46; SJC44= swollen joint count out of 
a possible 44; VASgh= visible analog scale for global health NA: not applicable. a Available for 19/20 non-switched SAP.
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Treg proportions do not alter shortly before switch to RA

A shift in (functional) Treg numbers might occur shortly before the switch to RA 
and be indicative for RA development. Therefore, the Treg levels in the eight SAP 
of whom PBMCs were available, were compared at the time of RA diagnosis to six 
months before. Again, frequencies and absolute numbers of CD4+CD25+FoxP3+ 
Treg cells (Figure 2C) and the three functional Treg subsets (Figure 2D) were not 
affected by the switch to RA. However, when compared to inclusion, CRP and ESR 
levels tended to be increased six months before RA diagnosis (p=0.06 and p=0.09, 
respectively) and were significantly increased at the time of RA diagnosis (p=0.03 
and p=0.02, respectively).

ACPA repertoire in serum

Anti-CCP2 and RF levels were not significantly increased at the time of diagnosis 
compared to six months before diagnosis (supplemental Figure 1). Since almost all our 
SAP were anti-CCP2 positive, it was of interest whether the switched SAP displayed 
a more widespread ACPA repertoire compared to non-switched SAP. Therefore, 
reactivity was measured against 4 different citrullinated peptides. Regarding IgG 

Figure 2. Treg subsets in SAP who switched or did not switch to RA. (A) Percentages and absolute numbers of 
CD4+CD25+FoxP3+ T-cells and (B) functional Treg subpopulations in non-switched vs switched SAP at inclusion. 
(C) Percentages and absolute numbers of CD4+CD25+FoxP3+ T-cells and (D) functional Treg subpopulations in 
switched SAP at the time of RA diagnosis and 6 months before. Mann Whitney U test was used to compare groups 
and paired t-test was used to compare paired samples. No significant differences were observed. Horizontal bars 
indicate the median.
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ACPA, switched SAP recognized significantly (p=0.046) more peptides at inclusion 
(median 3, IQR 2-4) compared to non-switched SAP (median 2, IQR 0-3). The number 
of peptides recognized by switched and non-switched SAP remained stable during 
follow-up (data not shown). All 4 citrullinated peptides were more often recognized 
by switched SAP compared to non-switched SAP reaching only significance for Eno1 
(p=0.02, Figure 3A). As expected, IgA reactivity against the citrullinated peptides 
was less often observed in SAP compared to IgG reactivity. However, switched SAP 
showed significant more IgA reactivity compared to non-switched SAP reaching only 
significance for Fib1 (p=0.047, Figure 3B). Furthermore, IgA ACPA positive patients 
displayed a broad IgG ACPA peptide repertoire (median 3 peptides, range 2-4). In 
switched SAP 43% (n=6/14) of the switched patients showed IgA reactivity against at 
least 1 citrullinated peptide while in non-switched SAP this was only 20% (4/20). 

Figure 3. Reactivity against citrullinated peptides from fibrinogen (Fib1, Fib2), α-enolase (Eno1) and 
vimentin (Vim1) in SAP sera at inclusion. (A) IgG seropositivity (B) IgA seropositivity. Reactivity is shown 
as percentage within the group of patients that switched or did not switch to RA. Fisher’s exact test was used to 
compare groups.
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Discussion

Early diagnosis and treatment of RA is of paramount importance for achieving a better 
disease outcome (23). Therefore, it is necessary to understand which immunological 
factors play a role in the progression of a SAP towards RA since this could help to 
identify individuals who are at “high risk” of developing RA (24, 25). The current study 
assessed whether peripheral CD4+CD25+FoxP3+ Treg numbers are changed in SAP 
and whether these changes are predictive for RA development. Like other studies in 
diagnosed RA patients (8, 9, 26, 27), the current study also pointed towards a decrease 
in percentages of peripheral regulatory T-cells in RA. 

When looking into detail to the functional Treg subsets of the studied groups, an 
increase of CD45RA-FoxP3low non-Treg cells (Fr III) was observed in SAP compared to 
HC. Fr III does not exert a suppressive function, but is capable of secreting IL-17 (16). 
Thus, the increase in Fr III might be attributed to a shift in the Th17/Treg balance as 
has been reported for (treated) RA patients (26). However, in our study, no increase 
of Fr III in newly diagnosed non treated RA patients was observed. Rather, the Fr III 
subset tended to decrease in RA patients compared to SAP. The latter is in line with 
previous work from our group indicating that peripheral CD4+CD161+ T cells (Th17 
lineage cells) are increased in SAP, but decreased in RA patients at disease onset 
with an enrichment of these cells in the joints (28). The tendency that peripheral Fr 
III numbers are lower at inclusion in switched SAP compared to non-switched SAP 
might indicate that Th17-cells migrate to inflammatory sites in the joints, although an 
earlier immunohistochemical study could not detect an increase of T-cells in synovial 
biopsies from SAP who later developed RA compared to HC (29). Another study in RA 
patients revealed a decrease in peripheral CD45RA-FoxP3high activated Treg cells (Fr 
II) compared to HC (30), but that study assessed Fr II in (longstanding) RA-patients 
who were mainly treated with DMARDs and anti-TNF-α and not treatment-naive RA 
patients as assessed in our study. 

The results of our study showed that there is no change in peripheral 
CD4+CD25+FoxP3+  Treg and functional Treg subsets in the 6 months prior to arthritis 
diagnosis. In contrast to a recent study by Hunt et al. (31) who studied several T-cell 
subsets in a larger cohort of comparable patients, we do not confirm an additional 
value of decreased Treg frequencies for predicting RA development. A difference in 
follow-up periods between the studies may underlie this discrepancy. Hunt et al. (31) 
assessed SAP every 3 months in the first year after inclusion and only on clinical 
indication thereafter. That approach is significantly different from our approach 
assessing SAP every 6 months until they switched to RA. Interestingly, Hunt et al. 
(31) showed that a number of SAP who developed arthritis switched from normal 
frequencies to abnormal decreased peripheral frequencies of CD4+CD25+FoxP3+ 
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Treg or CD4+CD45RBhighCD45RA+CD62L+ naive T-cells or increased proportions of 
CD4+CD45RBhighCD45RA+CD62L− inflammation related T-cells in the period before 
arthritis development compared to non-switched patients. Unfortunately, Hunt et 
al. (31) did not specify how many of the switched patients shifted towards decreased 
Treg frequencies and at which time point before arthritis development this switch had 
occurred. The omission of these data makes it difficult to appreciate and explain the 
discrepancies in results between Hunt et al. (31) and our study. 

Our study showed that SAP who later progressed to RA recognized more 
citrullinated peptides than SAP who did not switch to RA during follow-up. Broader 
reactivity was observed for both IgG and IgA ACPA in switched SAP. IgG ACPA epitope 
spreading has been implicated in arthritis development of SAP also by others (18), 
however, to the best of our knowledge, involvement of IgA ACPA epitope spreading 
in SAP progression to RA has not been demonstrated yet. Therefore, it remains of 
importance to prospectively follow IgA ACPA positive non-switched SAP for the 
development of RA in future studies. Comparable to Treg numbers, serum levels 
and epitope spreading of autoantibodies remained unchanged at RA development 
compared to 6 months before as also was reported by others (18). Apparently, SAP 
represent a subgroup of patients in which ACPA epitope spreading happens before 
the start of joint complaints but not before RA development, while another study in 
pre-symptomatic RA patients reports an expansion of the ACPA repertoire in the year 
before the development of RA (32). 

The limitation of the present study is a lack of data on the functional capacity of 
Tregs in our cohorts of switched SAP and non-switched SAP, but that was not feasible 
to achieve in this prospective setting. Several studies have reported on defects in Treg 
function in RA patients (11, 14, 33) although other studies did not (9, 12, 34). Whether 
Treg function is affected in SAP during RA development remains therefore a topic for 
future studies. Another limitation is that we did not assess cytokine production and 
chemokine expression and activation status of the T-cells, cytokine and chemokine 
gradients play an important role in the migration of T-cells.

In conclusion, we report similar numbers of peripheral CD4+CD25+FoxP3+ 
regulatory T-cells in HC, SAP and RA, although a trend towards reduced percentages 
of peripheral CD4+CD25+FoxP3+ regulatory T-cells in RA patients compared to HC 
was observed. However, no differences in functional Treg subsets were observed. 
SAP did not show decreased numbers of peripheral CD4+CD25+FoxP3+ Tregs 
but did show an increase of CD45RA-FoxP3low non-Treg cells (Fr III) compared 
to HC. When comparing within SAP, we found no significant differences in Treg 
frequencies between switched and non-switched SAP at inclusion. In addition, 
Treg numbers did not change in 6 months prior to arthritis diagnosis. Hence, 
there is presumably no contribution of altered Treg numbers leading to the loss in 
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suppression of autoimmunity in RA pathology. A broad IgG and IgA ACPA response 
in serum is thus more indicative as a biomarker for RA development in SAP than 
altered Treg numbers. 
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Supplementing Figure 1. (A) IgG anti-CCP2 levels (n = 11) and (B) RF levels (n = 10) in switched SAP of 
whom data was available at the time of RA diagnosis and 6 months before switch to RA. Paired T-test was 
used to compare groups. No significant differences were observed.

Supplementary material

106







SUMMARY AND GENERAL DISCUSSION

C H A P T E R  8





SUMMARY AND GENERAL DISCUSSION

8

In ancient times, Hippocrates (400 BC) described a patient whose “rheumatism” 
was cured by the extraction of a tooth (1). In modern times, mucosal inflammation, 
including periodontitis, has been linked to the development of rheumatoid arthritis 
(RA) since the 1820s (2). In the early 20th century, tooth extraction was used in the 
treatment of RA. However, in the 1950s it was concluded that tooth extraction to reduce 
RA disease activity was not evidence-based and tooth extraction in the treatment of 
RA was abandoned (3).

The exact combination of factors and order of events triggering RA development 
are not known, but genetic and environmental risk factors have been identified 
(4), including HLA-Shared Epitope (HLA-SE) and smoking. Identifying additional 
risk factors that could play a role in initiation of RA is important. At high risk for 
developing RA are individuals who are seropositive for autoantibodies, such as 
rheumatoid factor (RF) and anti-citrullinated protein antibodies (ACPA). Generation 
of these autoantibodies might be initiated by microbial infections at mucosal sites. In 
the studies described in this thesis we assessed whether mucosal inflammation plays 
a role in the development of autoantibodies which are a hallmark for RA.

In chapter 2, the current literature on the link between periodontitis and RA is 
summarized and discussed. It has been shown that RA and periodontitis share common 
genetic (HLA-SE) (5) and environmental (smoking) risk factors (6, 7), presuming that 
periodontitis and RA are connected. Next, periodontitis was linked to RA via the 
periodontal pathogen Porphyromonas gingivalis. This microorganism is unique in 
expressing its own peptidylarginine deiminase (PAD) enzyme, named PPAD (8). PPAD 
has been hypothesized to contribute to the pathogenesis of RA by breaking immune 
tolerance through formation of (bacterial and/or human) citrullinated proteins (9). 
Experimental evidence for PPAD in the link between periodontitis and RA comes from 
the exacerbation of collagen induced arthritis (CIA) in a mouse model after P. gingivalis 
strain W83 infection, whereas a PPAD-null mutant did not augment CIA in this mouse 
model (10). Furthermore, epidemiological studies have indicated that prevalence of 
periodontitis is higher in RA patients than in healthy subjects (11-15). Finally, some 
evidence exists that non-surgical treatment of periodontal disease may reduce the 
severity of RA in RA patients with moderate and severe chronic periodontitis (16, 17).

Besides periodontitis, mucosal inflammation in the lungs and intestine has been 
mentioned as a potential trigger for RA (18). This presumption is supported by the 
high prevalence of lung disease in RA patients (19). RA-related autoantibodies may 
(partly) originate in the lungs (20, 21) The latter suggests that autoantibody initiation 
in RA does not start in the joints but in the lungs. With regard to the gastrointestinal 
mucosa, this mucosa site is presumably involved in the development of RA too, since 
murine studies (22, 23) have demonstrated that specific gut bacteria can enhance or 
attenuate the susceptibility to experimentally induced arthritis. In humans, there is 
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less evidence for involvement of gastrointestinal mucosa, although several studies 
(24-26) identified differences in relative abundance of several gut-residing microbes 
(such as Prevotellae and Lactobacillus species) between untreated early RA patients 
and controls.

Summarizing, a variety of mucosal sites has been presumed to be involved in 
autoimmunity and the initiation of autoantibodies such as RF and ACPA in particular. 
Therefore, the overall goal of the studies described in this thesis was whether RA 
specific autoimmunity is indeed initiated during mucosal inflammation.

Does mucosal inflammation initiate development of RA 
associated autoantibodies?

RA associated autoantibodies can be present in serum years before clinical onset of 
RA (27). As mentioned before, initiation of RA associated autoantibodies generation 
may occur at inflamed mucosal tissues, e.g., in the oral cavity, gut or lungs. The aim 
of the study described in chapter 3 was to assess systemic presence of RA associated 
autoantibodies in non-RA patients with oral or lung mucosal inflammation. Therefore, 
presence of RA associated autoantibodies (IgA and IgG anti-cyclic citrullinated 
peptide 2 antibodies (anti-CCP), IgM and IgA RF, IgG anti-carbamylated protein 
antibodies (anti-CarP) and IgG and IgA anti-citrullinated peptide antibodies against 
fibrinogen, vimentin and α-enolase) was determined in serum of non-RA patients with 
periodontitis (n=114), bronchiectasis (n=80) or cystic fibrosis (n=41). RA associated 
autoantibody levels in serum were compared to those of periodontally healthy controls 
(n=36) and established RA patients (n=86). Association of the diseases with RA 
associated autoantibody seropositivity was assessed with a logistic regression model, 
adjusted for age, sex and smoking. It was found that IgG anti-CCP seropositivity was 
associated with bronchiectasis (p<0.05), whereas the association with periodontitis was 
borderline significant (p=0.05). IgA anti-CCP seropositivity was associated with cystic 
fibrosis (p<0.05). The association of IgM RF seropositivity with bronchiectasis was 
borderline significant (p=0.05) and IgA RF seropositivity was associated with cystic 
fibrosis (p<0.05). Apart from the influence of smoking on the association of IgA RF in 
RA patients, there was no influence of age, gender and smoking on the association of 
RA associated autoantibody seropositivity with either of the diseases studied. Anti-
CarP levels and IgG reactivity against citrullinated fibrinogen, α-enolase and vimentin 
were only increased in RA patients (p<0.0001). From this study it was concluded 
that, although overall levels were low, RA associated autoantibody seropositivity was 
associated with lung mucosal inflammation and may be associated with oral mucosal 
inflammation. To further determine whether mucosal inflammation functions as a 
site for induction of RA-autoantibodies and precedes RA, longitudinal studies are 
necessary in which RA-autoantibodies of specifically the IgA isotype should be 
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assessed in inflamed mucosal tissues and/or in their inflammatory exudates (e.g., 
gingival crevicular fluid or sputum) in patients who are at high risk to develop RA.

As mentioned, periodontitis has been hypothesized to play a role in the initiation 
of RA via excessive citrullination in the periodontium. This excessive citrullination 
could induce ACPA formation (28). It has been shown that neutrophils are abundantly 
present in inflamed periodontal tissues (29). These neutrophils express PAD4, the 
enzyme involved in citrullination (30). Besides phagocytosis and degranulation, 
neutrophils can form neutrophil extracellular traps (NETs), whereby a network of 
extracellular fibers is formed which traps pathogens. The trapped pathogens are killed 
with anti-microbial peptides such as neutrophil elastase and cathepsin G present 
in the NETs. Histones are the major components of NETs that have a high affinity 
for DNA and are able to bind microbes. Besides that, histone citrullination is an 
important step in NET formation (31). In the study described in chapter 4 we assessed 
presence of citrullinated histones in inflamed periodontal tissue, and whether sera 
from periodontitis and RA-patients contain autoantibodies against citrullinated 
histones. Citrullinated histones H2A, H2B (32) and H4 (33) have been described as 
targets of autoantibodies in RA patients. We assessed whether histone H3 is also a 
target of autoantibodies in RA patients, since histone H3 was found to be citrullinated 
by PAD4 in neutrophils after an inflammatory response (34). 

The presence of citrullinated histone H3 and PAD4 was determined in periodontal 
tissue from 15 non-RA periodontitis patients by immunohistochemistry. Sera from 36 
healthy controls, 113 periodontitis- and 84 RA-patients were assessed on the presence of 
autoantibodies against citrullinated histones by Western blot and against citrullinated 
histone H3 by ELISA. The results showed that seropositivity for anti-citrullinated 
histone H3 was found significantly more often in RA-patients compared to healthy 
controls and periodontitis patients (p<0.0001), while anti-citrullinated histone H3 levels 
were similar between healthy controls and periodontitis patients. Furthermore, anti-
citrullinated histone H3 levels were higher in anti-CCP positive RA-patients compared 
to anti-CCP negative RA-patients (p=0.0008) and correlated moderately with anti-CCP 
levels (ρ=0.22, p=0.0462). No associations were found between anti-citrullinated histone 
H3 levels and the periodontal status or smoking behavior of RA patients, however. The 
presence of citrullinated histone H3 in inflamed periodontal tissue supports a role for 
periodontitis in the generation of antigens that are targeted by ACPA.

The intestine represents the largest mucosal surface of the human body. It is known 
that the intestine contains citrullinated proteins under conditions of inflammation 
(35). Therefore, we assessed in the study described in chapter 5 whether RA associated 
autoantibody levels are elevated in patients with inflammatory bowel disease (IBD) 
without RA, this because 5-20% of IBD patients report joint complaints during the 
disease course (36). 
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The studied IBD patient cohort consisted of 391 patients diagnosed with either 
ulcerative colitis (n=226) or Crohn’s disease (n=165). IgA and IgG anti-CCP, and 
RF (IgM and IgA) levels were measured in sera from IBD patients, and as reference 
groups 36 healthy controls and 86 RA-patients were included. The results showed 
that anti-CCP levels, especially IgA, were increased in IBD-patients compared to 
healthy controls. As expected, the levels of anti-CCP were lower than in RA-patients. 
Furthermore, none of the IBD-patients had IgG anti-CCP levels above the cut off used 
for diagnosis of RA as well as that IgM and IgA RF seropositivity was comparable 
to that of healthy controls. Arthralgia was the main reported arthropathy by IBD 
patients, but arthralgia was not more often reported in IBD patients who were 
seropositive for arthritis associated autoantibodies. In other words, the development 
of arthralgias in IBD patients is independent of the presence of these autoantibodies.

The studies described in chapters 3-5 support the hypothesis that mucosal 
inf lammation can induce development of ACPAs. Our studies varied from those 
reported in literature (37-40) in that anti-CCP levels were measured at a lower 
sample dilution (1:10 instead of 1:50). Therefore, we were able to determine anti-
CCP levels below the diagnostic cut off, with a higher accuracy. This meant we 
could measure minor but detectable presence of anti-CCP in patients with mucosal 
inf lammation compared to healthy controls. Furthermore, we determined that the 
inf lamed periodontium expresses citrullinated histones that are targeted by ACPA. 
The presence of citrullinated histones in the inf lamed periodontium supports 
the hypothesis that the inf lamed periodontium may be indeed a site where ACPA 
initiate. Moreover, RF seropositivity was increased in non-RA patients with mucosal 
inf lammation compared to healthy controls, but RF is less specific for RA than 
ACPAs and actual RF levels do not allow for drawing firm conclusions yet with 
regard to arthritis development. The presence of RF is likely to be protective for the 
host in non-RA patients with conditions such as infections (41). The protective role of 
RF might be contributed to the ability of low-affinity RF to clear IgG anti-pathogen 
antibodies (41). 

In our studies we did not assess the mechanism that drives the development of 
ACPA. It has been suggested that environmental factors (e.g., smoking) play a role the 
initiation of ACPA, while genetic factors (e.g., HLA-SE) are responsible for further 
increasing ACPA levels (42). In our studies we showed that non-RA patients with 
mucosal inflammation have higher ACPA levels than healthy controls. However, a 
limitation of our studies in these non-RA patient cohorts was that the prevalence of 
genetic risk factors for RA was not assessed. Therefore, it remains to be determined 
whether the increase of ACPA levels that was observed in non-RA patients with 
mucosal inflammation is attributed to environmental factors only or also has to 
attributed to genetic factors. 
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Recently, a mechanism was proposed that links the development of ACPA in 
HLA-SE positive individuals to T-cell mediated cross-reactivity between human- and 
pathogen-derived peptides (43). Thus, longitudinal studies that measure the ACPA 
response in non-RA cohorts with mucosal inflammation in combination with HLA-
DRB1 genotyping are likely to provide additional insight into the development of ACPA. 
Furthermore, future studies that investigate the human gut and/or oral microbiome in 
patients at risk for developing RA could identify microbes which are involved in ACPA 
development via cross-reactivity between microbial and human peptides.

Prediction of RA development in seropositive arthralgia 
patients

As early therapeutic intervention in RA-patients has been shown to result in a better 
disease outcome, it is of paramount importance to identify patients who are at high risk 
of developing RA. Seropositive arthralgia patients (SAP)(44) are defined as individuals 
with (a history of) arthralgia who are seropositive for RF and/or ACPA. It has been 
reported that around 35% of these patients develop RA after a median of 12 months 
(45). Therefore, SAP were investigated to search for immune factors which could 
add to the already described risk factors in identifying patients that progress to RA 
during follow-up. Besides autoantibodies, also the expression of cytokines, cytokine-
related factors and chemokines indicative for an activated adaptive immune system is 
increased in the pre-clinical phase of RA (46). 

In the study described in chapter 6 we assessed whether infection with P. gingivalis 
is prognostic for the development of RA in SAP. Infection with P. gingivalis was 
determined by measuring the antibody response against P. gingivalis in a prospective 
follow-up cohort of 289 adult SAP. During follow-up (median 30 months), 94 (33%) of 
the SAP developed RA. However, SAP who developed RA did not have elevated anti-P. 
gingivalis antibody levels at baseline compared to SAP who did not develop RA within 
the follow-up period. When using cut off values for anti-P. gingivalis seropositivity, the 
proportion of IgA and IgG anti-P. gingivalis-positive patients was even higher in SAP 
who did not develop RA. A weak correlation of IgM anti-P. gingivalis with ACPA was 
found in SAP who developed RA. Multivariate analysis showed also no added influence 
of anti-P. gingivalis antibody levels, C reactive protein (CRP) levels, age, gender and 
smoking on RA development. Within the limitations of this study, it can be concluded 
that anti-P. gingivalis antibody levels are not prognostic for RA development. However, 
we determined this antibody response using whole P. gingivalis lysate as antigen. Future 
studies in SAP should focus on measuring the antibody response against specific 
bacterial peptides/proteins that could be cross-reactive with human proteins that are 
targeted by ACPA. Such studies will demonstrate whether initiation of ACPA is indeed 
a result of cross-reactivity between bacterial and human antigens.
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In healthy conditions, maintaining tolerance to self is essential for protection 
against autoimmune diseases. Besides the apoptosis of immature self-reactive 
lymphocytes in the thymus and activation-induced cell death of mature T-cells, 
suppression of immune responses against self-proteins is maintained by regulatory 
T-cells (Tregs). The function of Tregs is to suppress immune activation by modulating 
diverse cellular functions such as T-cell proliferation and cytokine production. 
Tregs are defined by the expression of CD4 and CD25 on the cell surface and on the 
expression of the nuclear suppression factor forkhead box protein 3 (Foxp3). Further 
subdivision into separate functional Treg subsets can be performed on the basis of 
CD45RA and CD45RO expression (47). 

In the study described in chapter 7 we assessed whether altered peripheral Tregs 
and defined subsets, besides a broadened ACPA response, may qualify as prognostic 
biomarkers for RA development in SAP. We followed a cohort of 34 SAP who were 
prospectively followed on the development of arthritis every 6 months for at least 
2 years. Every visit, peripheral blood mononuclear cells (PBMCs) were isolated and 
stored. At inclusion, peripheral Treg (CD4+CD25+FoxP3+) numbers and subsets, defined 
as CD45RA+FoxP3low naive Tregs (Fr I), CD45RA-FoxP3high activated Tregs (Fr II) and 
CD45RA-FoxP3low non-Tregs (Fr III), were compared to age- and sex-matched healthy 
controls and treatment-naive RA patients. SAP that developed RA were compared to 
non-switchers and analyzed for Treg numbers and functional Treg subsets at inclusion. 
Also, peripheral Treg and Treg subset numbers were compared in switched SAP before 
and at diagnosis. Finally, to assess the ACPA repertoire, IgG and IgA reactivity was 
measured against citrullinated peptides from fibrinogen, α-enolase and vimentin. 

The results of this study showed that Treg numbers did not differ between healthy 
controls, SAP and RA patients. Whereas the numbers of functional Treg subsets Fr I 
and Fr II were comparable between groups, Fr III was increased in SAP compared to 
healthy controls (p=0.01). Fourteen (41%) SAP developed RA during follow-up. Treg 
numbers and subsets of switched SAP were comparable to non-switched SAP. At RA 
diagnosis, Treg numbers in switched SAP were not changed compared to 6 months 
before arthritis development. Hence, there is presumably no contribution of altered Treg 
numbers leading to the loss in suppression of autoimmunity in RA pathology. Switched 
SAP displayed a more diverse IgG ACPA repertoire compared to non-switched SAP. A 
major limitation of our study was the relatively small patient group (n=34). Another 
Treg study in a larger patient cohort (n=100) did, however, find decreased Treg levels 
to be predictive in SAP (48). A difference in follow-up periods between the studies 
(3 months (48) versus 6 months (our study)) may explain the discrepancy in results.

Future studies should determine whether the functional capacity of Tregs is 
affected in SAP during RA development. We already found that an increased and 
broadened ACPA response was indicative for RA development in SAP. Therefore, 
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measuring the ACPA repertoire might allow for identifying high-risk patients, but 
the test applied for these measurements is not yet suitable for routine use. Also, other 
parameters such as IgM RF status, CRP levels, tender joint count, morning stiffness 
and family history are probably more appropriate to use to predict RA development. 
Nevertheless, it would be interesting to assess in future studies whether (a history of) 
periodontitis or the presence of mucosal inflammatory diseases in the lung and gut is 
predictive for RA development in SAP cohorts in addition to known factors such as 
HLA-SE and family history (45). Furthermore, a longer follow-up period than used in 
the studies performed in this thesis might be required to determine which SAP will 
ultimately develop RA.

Future perspectives and concluding remarks

Future studies should address whether RA-associated autoantibodies indeed originate 
from mucosal tissues. For example, autoantibody levels could be determined in sputum 
or gingival crevicular fluid from autoantibody seropositive individuals without RA 
with, respectively, bronchiectasis or periodontitis. Also, the origin of ACPAs at 
mucosal sites could be determined by assessing the presence of ACPA producing 
B-cells/plasma cells in lungs, gum tissue or intestinal tissue using single B-cell based 
cloning technology (49). Furthermore, the reactivity against citrullinated autoantigens 
could be determined by isolating and expressing immunoglobulin genes from mucosa 
derived B-cells of RA patients or SAP. The use of this technique could provide more 
insight whether besides B-cells in joints (50) and circulation (51), also mucosa derived 
B-cells can express ACPAs.

Future research should also be directed towards the assessment whether cross-
reactivity between microbial and human antigens adds to ACPA development. 
Whether specific microbes that are involved in periodontal, lung or intestinal 
mucosal inflammatory diseases contribute to this process remains to be investigated. 
Amongst others, it needs to be resolved whether RA-associated autoantibodies are just 
biomarkers or also exert a pathogenic effect. For example, in a number of mice models 
it was shown that ACPA indeed can enhance arthritis (52, 53), but other models failed 
to show such an association (54). Possibly, ACPA can be pathogenic or therapeutic (55) 
depending on the target of a specific ACPA. 

In summary, the results of the various studies described in this thesis indicate that 
levels of RA associated autoantibodies are increased in non-RA patients with mucosal 
inflammation. Whether these increased levels indeed trigger the development of 
RA in (a subset of) these patients need to be proven in longitudinal studies. On the 
other hand, broadening of the ACPA levels and repertoire is indicative for imminent 
arthritis/RA in SAP, while anti-P. gingivalis antibody levels and Treg numbers SAP 
who developed RA are comparable to SAP who did not develop RA. 
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Nederlandse samenvatting

Reumatoïde artritis (RA) is een auto-immuunziekte die wordt gekarakteriseerd 
door chronische ontsteking van de gewrichten. RA komt bij ongeveer 0.5-1% van 
de bevolking voor. In de oudheid beschreef Hippocrates (400 v Chr.) al een patiënt 
die genas van ‘reuma’ na de extractie van een tand. In de moderne tijd (vanaf 
1820) zijn ontstekingen van mucosale weefsels, waaronder parodontitis, gelinkt 
aan de ontwikkeling van RA. In het begin van de 20e eeuw werd verwijdering van 
gebitselementen zelfs toegepast in de behandeling van RA. In de jaren vijftig van 
de 20e eeuw werd echter geconcludeerd dat deze behandeling niet gestoeld was op 
wetenschappelijk bewijs, waarna verwijderen van gebitselementen niet meer werd 
toegepast bij de behandeling van RA.

De exacte combinatie van factoren en volgorde van gebeurtenissen die 
verantwoordelijk zijn voor het ontstaan van RA zijn onbekend. Er zijn echter wel 
enkele genetische- en omgevingsfactoren geïdentificeerd die mogelijk het risico op 
RA verhogen. Dit betreft, een zogenaamde gedeeld HLA epitoop (shared epitope, SE) 
en roken. Kenmerkend voor RA is de aanwezigheid van specifieke auto-antistoffen 
die aanwezig zijn in het bloed van de meeste RA patiënten. De belangrijkste auto-
antistoffen die worden gelikt aan RA zijn reumafactor (RF) en antistoffen gericht 
tegen gecitrullineerde eiwitten (ACPA). Gezonde personen die positief zijn voor 
deze auto-antistoffen blijken een verhoogd risico te hebben om in de toekomst RA 
te ontwikkelen. De productie van deze auto-antistoffen wordt mogelijk geïnitieerd 
door microbiële infecties in mucosaal weefsel. In de in dit proefschrift beschreven 
studies hebben we onderzocht of mucosale ontsteking inderdaad een rol speelt in de 
ontwikkeling van RA specifieke auto-antistoffen. 

Om deze potentiële rol nader te onderzoeken werd de wetenschappelijke literatuur 
over de link tussen parodontitis en RA samengevat en bediscussieerd (hoofdstuk 2). 
In dit hoofdstuk wordt beschreven dat RA en parodontitis gezamenlijke genetische- 
en omgevingsrisicofactoren delen (HLA-SE en roken). Vervolgens zijn we nagegaan 
of parodontitis is gelinkt aan RA via de parodontale pathogeen Porphyromonas 
gingivalis. Deze bacterie is uniek omdat dit het enige bekende micro-organisme is 
dat zijn eigen peptidylarginine deiminase (PAD) enzym produceert (PPAD). Dit 
PPAD enzym speelt mogelijk een rol in de pathogenese van RA doordat het in staat 
is om zowel bacteriële als lichaamseigen eiwitten te citrullineren. In dierstudies is 
aangetoond dat PPAD experimentele artritis kan verergeren. Ook op het niveau 
van epidemiologie lijkt er een verband te bestaan tussen RA en parodontitis omdat 
ernstige parodontitis vaker voorkomt bij RA patiënten dan bij gezonde personen. 
Tenslotte is in dit literatuuronderzoek nagegaan of parodontale behandeling van RA 
patiënten met parodontitis resulteert in een lagere RA ziekteactiviteit.
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Naast parodontitis wordt ook ontsteking van de mucosa van de longen en darmen 
genoemd als potentiele initiator van RA. Deze veronderstelling wordt ondersteund 
doordat veel RA patiënten ook lijden aan een longziekte. Onder andere wordt vermoedt 
dat RA-gerelateerde auto-antistoffen (deels) kunnen ontstaan in de longen. Dit laatste 
suggereert dat auto-antistofproductie niet start in de gewrichten maar elders in het 
lichaam, bijvoorbeeld in de longen. Soortgelijke gedachten bestaan met betrekking 
tot de gastro-intestinale mucosa. Dierexperimentele studies (muismodellen) hebben 
laten zien dat specifieke bacteriën de vatbaarheid van muizen voor experimenteel 
geïnduceerde artritis kunnen verhogen. In mensen bestaat minder bewijs voor de 
betrokkenheid van gastro-intestinale mucosa. Een aantal studies heeft wel laten 
zien dat bepaalde darmbacteriën (zoals Prevotella en Lactobacillus species) vaker 
voorkomen bij RA patiënten dan bij gezonde controles.

Met andere woorden, diverse mucosale weefsels worden verondersteld een rol 
te spelen bij auto-immuniteit, in het bijzonder met betrekking tot de initiatie van 
auto-antistoffen zoals RF en ACPA. Het voornaamste doel van de in de andere 
hoofdstukken van dit proefschrift beschreven studies was om te onderzoeken of RA 
specifieke auto-immuniteit inderdaad wordt geïnitieerd door mucosale ontsteking. 

Initieert mucosale inflammatie de ontwikkeling van  
RA-specifieke autoantistoffen?

RA-specifieke autoantistoffen kunnen al jaren in het bloed van patiënten aanwezig zijn 
voordat RA zich bij deze patiënten openbaart. Zoals in de vorige paragraaf is beschreven, 
ontstaan RA-specifieke auto-antistoffen mogelijk in ontstoken mucosale weefsels, zoals 
de mondholte, darmen of longen. Het doel van de in hoofdstuk 3 beschreven studie was 
om de aanwezigheid van RA-specifieke auto-antistoffen te bepalen bij niet-RA patiënten 
met ontstekingen in de mondholte of longen. De aanwezigheid van RA-specifieke 
auto-antistoffen (IgA en IgG anti-cyclisch gecitrullineerd peptide 2 antistoffen (anti-
CCP), IgM en IgA RF, IgG anti-gecarbamyleerde eiwit antistoffen (anti-CarP) en 
IgG en IgA anti-gecitrullineerde peptide auto-antistoffen gericht tegen fibrinogeen, 
vimentine en α-enolase) werd bepaald bij niet-RA patiënten met parodontitis (n=114), 
bronchiëctasieën (n=80) of cystische fibrose (n=41). Daartoe werden RA-specifieke 
auto-antistofspiegels in serum vergeleken met die van parodontaal gezonde personen 
(n=36) en RA-patiënten (n=86). Eventuele associaties van mucosale ontsteking 
met RA-specifieke auto-antistoffen werd bepaald met behulp van een logistisch 
regressiemodel gecorrigeerd voor leeftijd, geslacht en roken. We vonden dat IgG anti-
CCP seropositiviteit was geassocieerd met bronchiëctasieën (p<0.05). De associatie 
met parodontitis was marginaal significant (p=0.05). IgA anti-CCP seropositiviteit 
was geassocieerd met cystische fibrose (p<0.05). IgM RF seropositiviteit was marginaal 
significant geassocieerd met het voorkomen van bronchiëctasieën (p=0.05). IgA RF 
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seropositiviteit was geassocieerd met cystische fibrose (p<0.05). Behalve de invloed 
van roken op de associatie van IgA RF in RA patiënten, kon in geen van de onderzocht 
ziekten een verband worden gevonden tussen de invloed van leeftijd, geslacht en roken 
en de serumspiegel van RA-specifieke auto-antistoffen. Anti-CarP en IgG reactiviteit 
tegen gecitrullineerd fibrinogeen, α-enolase en vimentine waren alleen verhoogd in 
RA patiënten (p<0.0001). Uit de resultaten van deze studie hebben wij geconcludeerd 
dat seropositiviteit voor RA-specifieke autoantistoffen is geassocieerd met ontsteking 
van longmucosa en mogelijk ook met ontsteking van de orale mucosa, alhoewel de 
auto-antistofspiegels over het algemeen laag waren. Longitudinale studies zijn nodig 
om vast te stellen of ontsteking van mucosale weefsels inderdaad de productie van 
RA-specifieke auto-antistoffen initieert en voorafgaat aan de ontwikkeling van RA. 
Auto-antistoffen van met name het IgA isotype zijn hiervoor veelbelovend en zouden 
moeten worden onderzocht in ontstoken mucosaal weefsels of in ontstekingsexcudaat 
van patiënten met verhoogd risico op RA.

Zoals genoemd in de vorige alinea’s, wordt verondersteld dat parodontitis een rol 
speelt in de initiatie van RA door middel van excessieve citrullinatie in het parodontium. 
Deze excessieve citrullinatie zou de productie van ACPAs kunnen induceren. Bekend 
is dat neutrofiele granulocyten ruim aanwezig zijn in ontstoken parodontaal weefsel. 
Deze neutrofielen brengen PAD4 tot expressie, het enzym dat betrokken is bij 
citrullinatie. Naast fagocytose en degranulatie zijn neutrofielen bovendien in staat om 
zogenaamde neutrofiele extracellulaire vallen (NETs) te vormen. Deze NETs bestaan 
uit een netwerk van extracellulaire draden waarin pathogenen worden gevangen. De 
gevangen pathogenen worden vervolgens gedood door in de neutrofielen aanwezige 
anti-microbiële peptiden zoals neutrofiel elastase en cathepsin G. Histonen zijn  
eiwitten die samen met het DNA in de celkern het chromatine vormen. Zij dienen 
als bouwsteen voor de nucleosomen, die het DNA dragen. Histonen vormen een 
belangrijke component van NETs. Deze histonen hebben een hoge affiniteit voor DNA 
en zijn in staat om microben aan zich te binden. Daarnaast vormt histon citrullinatie 
een belangrijke stap bij de formatie van NETs. In de in hoofdstuk 4 beschreven studie 
hebben we gekeken naar de aanwezigheid van gecitrullineerde histonen in ontstoken 
parodontaal weefsel. Tevens werd onderzocht of sera van parodontitis en RA patiënten 
autoantistoffen bevatten gericht tegen gecitrullineerde histonen. Dit is van belang om 
te onderzoeken, omdat gecitrullineerd histon H2A, H2B en H4 zijn geïdentificeerd als 
doelwit van auto-antistoffen in RA patiënten. Aanvullend hebben wij onderzocht of 
histon H3 een doelwit is van auto-antistoffen in RA patiënten, omdat bekend is dat 
histon H3 wordt gecitrullineerd door PAD4 in neutrofielen wanneer deze betrokken zijn 
bij een ontstekingsreactie. De aanwezigheid van gecitrullineerd histon H3 en PAD4 werd 
immunohistochemisch bepaald in parodontaal weefsel van 15 parodontitis patiënten 
zonder RA. Sera van 36 gezonde personen, 113 parodontitis- en 84 RA-patiënten werden 
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tevens onderzocht op de aanwezigheid van auto-antistoffen gericht tegen gecitrullineerde 
histonen met behulp van enerzijds western blot technieken en anderzijds door de 
bepaling van specifieke autoantistoffen tegen gecitrullineerd histon H3 met behulp van 
ELISA. Uit de resultaten kwam naar voren dat seropositiviteit voor autoantistoffen tegen 
gecitrullineerd histon H3 significant vaker voorkwam bij RA patiënten in vergelijking tot 
gezonde personen en parodontitis patiënten (p<0.0001). De anti-gecitrullineerd histon 
H3 spiegels waren vergelijkbaar tussen parodontitis patiënten en gezonde personen. 
Tevens, vonden we dat anti-gecitrullineerd histon H3 spiegels hoger waren in anti-CCP 
positieve RA-patiënten vergeleken met anti-CCP negatieve RA-patiënten (p=0.0008) en 
was de correlatie met anti-CCP spiegels zwak (ρ=0.22, p=0.0462). Bovendien werden 
geen associaties gevonden tussen anti-gecitrullineerd histon H3 spiegels en parodontale 
status of rookgedrag van RA-patiënten. De aanwezigheid van gecitrullineerd histon H3 
in ontstoken parodontaal weefsel geeft aan dat parodontitis naar alle waarschijnlijkheid 
een rol speelt in het ontstaan van antigenen die een doelwit vormen voor ACPA.

De darmen vormen het grootste mucosale oppervlak in het menselijk lichaam. 
Voorts is bekend dat gecitrullineerde eiwitten aanwezig zijn in de mucosa van de 
darmen gedurende ontstekingen. Daarom hebben wij onderzocht of RA-specifieke 
auto-antistoffen verhoogd zijn in patiënten met inflammatoire darmziekten (IBD) 
zonder RA (hoofdstuk 5). Van IBD-patiënten ervaart 5-20% gewrichtsklachten 
(artralgie) gedurende het ziekteverloop. Het cohort van 391 IBD-patiënten dat wij 
daartoe hebben onderzocht bestond uit patiënten met colitis ulcerosa (n=226) of de 
ziekte van Crohn (n=165). IgA en IgG anti-CCP en RF (IgM en IgA) spiegels werden 
bepaald in sera van IBD-patiënten en als referentie werden 36 gezonde personen 
en 86 RA-patiënten geïncludeerd. Uit de resultaten kwam naar voren dat anti-CCP 
spiegels, met name die van IgA, verhoogd waren IBD-patiënten vergeleken met 
gezonde personen. Zoals verwacht waren de anti-CCP spiegels lager dan die van RA-
patiënten. Bovendien had geen enkele van de IBD-patiënten een IgG anti-CCP spiegel 
boven het afkappunt dat wordt toegepast bij de diagnose van RA. Ook waren IgM en 
IgA RF spiegels vergelijkbaar met gezonde personen. Artralgie is weliswaar de meest 
gerapporteerde artropathie bij IBD-patiënten, maar artralgie bleek in onze studie 
niet vaker aanwezig te zijn bij IBD-patiënten die seropositief waren voor één of meer 
RA-specifieke autoantistoffen. De ontwikkeling van artralgieën in IBD-patiënten is 
dus onafhankelijk van de aanwezigheid van deze auto-antistoffen.

Voorspellen van RA ontwikkeling bij seropositieve artralgie 
patiënten

Als bij een patiënt RA is gediagnostiseerd resulteert een vroege therapeutische 
interventie in een gunstiger ziekteverloop. Daarom is het van groot belang om te 
kunnen patiënten te herkennen die een groot risico vormen om RA te ontwikkelen 
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en zodoende vroegtijdig te kunnen starten met een behandeling mocht de patiënt 
inderdaad RA ontwikkelen. Seropositieve artralgie patiënten (SAP) zijn personen met 
(een geschiedenis) van artralgie die seropositief zijn voor RF en/of ACPA. Ongeveer 
35% van deze patiënten ontwikkelen RA na gemiddeld 12 maanden. Daarom hebben 
we het SAP cohort gevolgd om immunologische factoren te identificeren die zouden 
kunnen worden toegevoegd aan de al bestaande risicofactoren voor RA ontwikkeling. 
Naast auto-antistoffen zijn  ook bepaalde cytokines, cytokine-gerelateerde factoren 
en chemokines die indicatief zijn voor een geactiveerd immuunsysteem, verhoogd in 
de pre-klinische fase van RA. Ook hebben we onderzocht of infectie met P. gingivalis 
prognostisch is voor het ontwikkelen van RA in SAP (hoofdstuk 6). Een bestaande of 
doorgemaakte infectie met P. gingivalis werd bepaald door het meten van de antistof-
spiegels tegen P. gingivalis in een prospectief follow-up cohort van 289 volwassen SAP. 
Gedurende follow-up (30 maanden) ontwikkelden 94 van 289 SAP (33%) RA. SAP 
die RA ontwikkelden hadden op baseline geen verhoogde anti-P. gingivalis spiegels 
vergeleken met SAP die geen RA ontwikkelden gedurende de follow-up periode. Bij 
gebruik van afkappunten voor anti-P. gingivalis seropositiviteit was het percentage 
van IgA en IgG anti-P. gingivalis-positieve patiënten zelfs significant hoger in SAP 
die geen RA ontwikkelden in follow-up. Wel bestond een zwakke correlatie tussen 
IgM anti-P. gingivalis en ACPA in SAP die RA ontwikkelden. Multivariate analyse liet 
echter geen toegevoegde invloed zien van anti-P. gingivalis, C-reactief proteïne levels 
(CRP), leeftijd, geslacht en roken op het ontwikkelen van RA. De beperkingen van de 
verrichte studie in aanmerking nemende hebben wij aanwijzingen dat anti-P. gingivalis 
spiegels niet prognostisch zijn voor het ontwikkelen van RA.

Het in stand houden van zelf-tolerantie is essentieel voor de bescherming tegen 
auto-immuunziektes. Naast apoptose van immature zelf-reactieve lymfocyten in de 
thymus en activatie-geïnduceerde celdood van rijpe T-cellen, wordt suppressie van 
immuunreacties gehandhaafd door regulerende T-cellen (Tregs). De functie van Tregs 
is om immuun-activatie te onderdrukken door het moduleren van diverse cellulaire 
functies zoals T-cel proliferatie en cytokine productie. Tregs worden gekarakteriseerd 
aan de hand van de expressie van CD4 en CD25 moleculen op het celoppervlak en 
de aanwezigheid van de nucleaire suppressie factor Foxp3. Verdere onderverdeling 
in afzonderlijke functionele Treg subgroepen kan worden uitgevoerd op basis van 
de expressie van CD45RA en CD45RO. Wij hebben onderzocht of veranderende 
perifere Tregs en gedefinieerde subgroepen, naast een verbrede ACPA respons, een 
prognostische biomarker zijn voor de ontwikkeling van RA in SAP (hoofdstuk 7). 
Daartoe werd een cohort van 34 SAP prospectief gevolgd voor het ontwikkelen van 
RA. De patiënten werden elke 6 maanden voor een periode van tenminste 2 jaar 
gezien. Bij elk bezoek werden perifere bloed mononucleaire cellen (PBMCs) geïsoleerd 
en opgeslagen. Perifere Tregs (gedefinieerd als CD4+CD25+FoxP3+) aantallen en 
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subgroepen, gedefinieerd als CD45RA+FoxP3laag naïeve Tregs (Fr I), CD45RA-FoxP3hoog 
geactiveerde Tregs (Fr II) en CD45RA-FoxP3laag non-Tregs (Fr III) van SAP werden 
vergeleken met leeftijds- en geslachts-gematchte gezonde personen en RA patiënten 
op het moment van inclusie van de patiënten. Treg aantallen en functionele Treg 
subgroepen van SAP die gedurende de follow-up RA ontwikkelden werden vergeleken 
met die van niet-switchers. Ook werden perifere Treg en Treg subgroep aantallen 
vergeleken in SAP die RA ontwikkelden voor en tijdens diagnose. Ten slotte werd 
de IgA en IgG reactiviteit gemeten tegen gecitrullineerde peptiden (fibrinogeen, 
α-enolase en vimentine). Uit de resultaten van deze studie kwam naar voren dan 
Treg aantallen niet verschillen tussen gezonde personen, SAP en RA patiënten op het 
moment van inclusie. Terwijl functionele Treg subgroepen Fr I en Fr II in aantallen 
vergelijkbaar waren tussen de onderzochte patiënten groepen en controles, bleek Fr 
III te zijn toegenomen in SAP in vergelijking tot gezonde personen (p=0.01). Veertien 
(14%) SAP ontwikkelden RA gedurende de follow-up. Treg aantallen en subgroepen 
waren vergelijkbaar tussen SAP die RA ontwikkelden en de SAP die geen RA 
ontwikkelden. Ook ten tijde van de RA diagnose bleken de aantallen Treg in SAP 
die RA ontwikkelden niet te zijn veranderd ten opzichte van de aantallen 6 maanden 
voor RA ontwikkeling. Op basis van deze waarnemingen hebben we geen reden om 
aan te nemen dat veranderingen in het aantal Tregs leiden tot een vermindering in 
de suppressie van auto-immuniteit in RA pathologie. De IgG ACPA respons was 
wel verbreed in SAP die RA ontwikkelden in vergelijking met SAP die geen RA 
ontwikkelden.

Conclusies

De resultaten van het onderzoek wat dit proefschrift beschreven is geven aan dat de 
spiegels van RA-specifieke auto-antistoffen zijn verhoogd in niet-RA-patiënten met 
mucosale ontsteking. Of deze toegenomen spiegels ook de ontwikkeling van RA 
kunnen initiëren in (een subgroep) van deze patiënten moet nader worden onderzocht 
in longitudinale studies met grote(re) cohorten patiënten. Anderzijds is de verbreding 
van de ACPA respons indicatief voor toekomstige RA in SAP, in tegenstelling tot 
anti-P. gingivalis spiegels en de aantallen Treg.
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