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Chapter 1

InTroducTIon

Rheumatoid arthritis (RA) is an auto-immune disorder characterized by chronic inflam-
mation of synovial joints. Although the precise etiology of the disease has not yet been 
established, it is known that both environmental and genetic factors play a pivotal role in 
development of the disease. In the current thesis, studies to unravel the genetic basis of 
RA and the putative functional consequences of these genetic variances are described. 

Rheumatoid arthritis

RA is a chronic inflammatory disease characterized by persistent synovitis and destruction 
of synovial joints, leading to severe disability, decreased quality of life and premature mor-
tality. In industrialized countries approximately 0.5-1.0% of the adult population is affected 
by the disease, with a dominance in females and elderly individuals. The disease reveals 
itself by joint swelling and joint tenderness, in which the small joints of the hands and feet 
are most commonly affected1. 

The definition of RA is phenotypic and is defined by use of classification criteria. These 
criteria were developed on a consensus procedure by clinical experts and resulted in the 
ACR 1987 criteria2. 

A score of ≥6 is the cutpoint for rheumatoid arthritis. Patients

can also be classif ied as having rheumatoid arthritis if they

have: 1) erosive disease typical for rheumatoid arthritis, 2)

long-standing disease previously satisfying the classif ication

criteria.

•Joint involvement

1 large joint

2-10 large joints

1-3 small joints (large joints not counted)

4-10 small joints (large joints not counted)

>10 joints (at least one small joint)

•Serology

Negative RF and negative ACPA

Low-positive RF or low-positive ACPA

High-positive RF or high-positive ACPA

•Acute-phase reactants

Normal CRP and normal ESR

Abnormal CRP or abnormal ESR

•Duration of symptoms

<6 weeks

≥6 weeks

Score

0

1

2

3

5

0

2

3

0

1

0

1

ACR/EULAR 2010 criteria

•Morning stiffness (at least 1h)

•Arthritis of three or more joint areas

•Arthritis of hand joints (>1 swollen joints)

•Symmetric arthritis

•Rheumatoid nodules

•Serum rheumatoid factor

•Radiographic changes(erosions)

ACR 1987 criteria

Four of seven criteria must be present. Criteria 1-4 must have

been present for at least 6 weeks.

Figure 1. ACR 1987 criteria and ACR/EULAR 2010 criteria. Classification criteria for rheumatoid ar-

thritis. ACR = American College of Rheumatology. EULAR = European League Against Rheumatism. 

RF = rheumatoid factor. ACPA = Anti Citrullinated Peptide Antibodies. CRP = C-reactive protein. ESR 

= erythrocyte sedimentation rate.
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These criteria are well accepted for disease definition, but have proven to be of limited 
value in defining the earliest forms of RA. Therefore, recently, a new set of criteria has been 
developed (Figure 1)3. 

The mainstay of treatment in RA, are the Disease Modifying Anti Rheumatic Drugs 
(DMARDs), which are a heterogeneous collection of therapeutic agents of which the mech-
anisms of action are, largely, not well understood. When arthritis stays uncontrolled de-
spite these agents, or when toxic effects arise upon administration of these drugs, biologic 
agents, such as tumor necrosis factor inhibitors can be used and have proven to be highly 
effective1.

Pathophysiology

The inflamed synovial tissue is expanded by recruitment and retention of inflammatory 
cells, like macrophages, T- and B-cells. This leads to the formation of villous projections 
and the generation of pannus tissue, which is a feature seen in joints of RA patients. This 
pannus tissue results from proliferating synovium and is thought to mediate tissue destruc-
tion. Chronic synovitis is maintained by interaction of native and recruited inflammatory 
cells with subsequent establishment of cytokine networks. The combination of chronic 
inflammation and formation of pannus tissue will eventually lead to joint space narrowing 
and joint erosions4,5. 

RA is considered to have an auto-immune nature, because of the presence of autoantibod-
ies and autoreactive T-cells in peripheral blood and synovial fluid. These autoantibodies are 
already present in the earliest stages of disease and can precede disease onset by several 
years4. 

The classic autoantibody in RA is rheumatoid factor (RF) and was first described in 1940 by 
Erik Waaler. This antibody is directed to the Fc portion of IgG, which is important for com-
plement fixation and interaction with Fc receptors. The etiology of RF and its precise role in 
the pathogenesis of RA is still incompletely understood. RF is not unique for RA and is also 
present in other autoimmune diseases, infectious diseases and in healthy elderly individu-
als. The sensitivity varies between 60 and 70% and the specificity between 50 and 90%6. 

An additional type of autoantibody is directed against citrullinated peptides and is called 
Anti Citrullinated Peptide Antibody (ACPA). Citrullination is the post translational modifica-
tion of protein-bound arginine into the non-standard amino acid citrulline (Figure 2). This 
process is mediated by an enzyme called peptidylarginine deiminase (PAD)7,8. The role of 
citrullination remains to be determined, however, it is known that the process of citrullina-
tion typically occurs in apoptotic cells. This results in a small change of molecular mass 
and loss of a positive charge. It has been proposed that this process prepares intracellular 
proteins for degradation during apoptosis9,10.
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Although the presence of these antibodies has first been described in the early 1970’s, it 
was not until the last decade that it became clear that  these antibodies are highly predic-
tive and specific for RA. The observations that these antibodies precede disease onset and 
that citrullinated antigens can be found in the inflamed joint, lead to the hypothesis that 
these antibodies play a role in the pathophysiology of RA11,12. 

Risk factors

Environmental factors

The major environmental risk factor for RA is smoking, which doubles the risk of devel-
oping the disease. This risk factor, however, is restricted to the ACPA positive disease 
subset13. Other factors that might influence the development of the disease have been 
proposed, but supporting evidence is weak and should be investigated more thoroughly. 

Genetic factors

The first evidence for a genetic component in the susceptibility of RA came from twin 
and family studies. These studies showed that among siblings, the prevalence of RA was 
increased to 2-4% and that the concordance rate for monozygotic twins was 12-15%, as 
compared to 2-4% for dizygotic twins14,15. Additionally, the heritability of RA, which esti-
mates the extent to which variation in liability to disease in a population can be explained 
by genetic variation, was calculated to be about 50%16. These studies demonstrate that 
genetic factors have a substantial impact on RA susceptibility.

The most important genetic risk factor was first described over 30 years ago and is con-
fined to the human leukocyte antigen (HLA) locus17. Studies have shown that several HLA-
DRB1 alleles are associated with the disease and that different alleles associate in differ-
ent ethnic populations18,19. Interestingly, the association is confined to the ACPA positive 

Figure 2. Citrullination of an aminoacid. Posttranslational modification of arginine into citrulline, me-

diated by peptidylarginine deiminase (PAD).
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subset of the disease20.

The HLA-DRB1 alleles encode the variable region of the HLA class II molecule. This vari-
able region constitutes the binding groove for the peptide that is presented by the HLA 
molecule to T-cells. The product of the associated HLA-DRB1 alleles appears to share the 
same amino acid sequence at position 70-74 in the third hypervariable region of the HLA 
class II molecule.  Therefore, the collection of different associated alleles are called the 
Shared Epitope (SE) alleles21,22. The SE hypothesis postulates that the SE motif is directly 
involved in RA pathogenesis by allowing presentation of certain (arthritogenic) peptides to 
T-cells23. To date, no specific peptide that is presented in this binding groove and subse-
quently activates autoreactive T-cells has been identified. 

The total genetic contribution of the SE alleles to RA has been quantified in twin studies 
and is estimated to be 50-60% of the genetic contribution16. Therefore the HLA locus is 
thus far the most powerful genetic factor and accounts for approximately 30% of the ge-
netic burden to RA25. 

It required almost 30 years before evidence of genetic associations outside the HLA lo-
cus were convincingly demonstrated by the discovery of PADI4 and PTPN22. PADI4 was 
discovered in a Japanese RA population by fine mapping of a linkage region on chromo-
some 1p3626.  Interestingly, this gene encodes the PAD enzyme, which is needed for the 
posttranslational modification of arginine into the, by ACPAs recognized, citrulline8. The 
association has been convincingly replicated in other Asian populations, but could not be 
established the in Caucasian population27,28. 

The discovery of PADI4 was followed by the identification of the genetic association with 
PTPN22. This gene was initially identified in a multi-tiered, case control study of putative 
functional single nucleotide polymorphisms (SNPs) in a Caucasian population from North 
America. The identified risk allele encodes an amino acid change, which is thought to al-
ter the proteins normal function29. Well powered studies have successfully replicated the 
association and it is thought of as the most reproducible genetic association outside the 
HLA region30. The associated variant shows a decreasing frequency going north to south in 
European populations, with a minor allele frequency of approximately 15% in Scandinavia 
to 2.5% in the Italian population29. The risk allele is virtually absent in Asian populations 
and attempts of identifying additional PTPN22 alleles in this population have not been 
successful31. Contrasting, in the case of PADI4, the risk allele is present in the Caucasian 
population, but has not proven to be associated with the disease. 

After 2004 the identification of new genetic risk factors accelerated, due to advances in 
genotyping technology, available at reasonable costs. By candidate gene approach the 
CTLA4 gene was identified, followed by the identification of the C5/TRAF region32,33. This 
region was detected concurrently in a genome wide association study (GWAS)34. Linkage 
data led to the identification of STAT4 as a genetic risk loci35. Large GWAS in ACPA positive 
individuals allowed the identification of new genetic risk factors to take enormous steps 
forward. In 2008 additional risk loci were identified by a meta-analysis of various GWAS, 
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of which the most significant finding is located near the CD40 gene36. Currently, over 100 
genetic loci are considered as established genetic risk factors for RA, all with relatively 

weak effects with moderate ORs37. 

Aim and outline of this thesis

The aim of this thesis is to get more insight into the genetic contribution of loci located 
outside the HLA region to RA susceptibility and the functional role the associated variants 
play in disease pathology.

In recent years many genetic risk loci, located outside the HLA region, have been identified. 
Some of these loci represent true associations, while others will prove to be false positive 
findings. In chapter 2 and chapter 3 replication studies to identify the true genetic contri-
bution of STAT4, IL2/IL21, CTLA4 and IL2RA to RA susceptibility was investigated in the 
Leiden RA population. Subsequently, to establish the true genetic effect of these loci, a 

meta-analysis combining all previously published data was performed.

In Chapter 4 we investigated the genetic contribution of the, then known, non HLA genes 
in a subset of North American Natives, that confer a higher risk to develop RA. Subse-
quently, we investigated whether an interaction between the genes was present and would 

confer a higher risk obtaining the disease.

To identify additional genetic risk factors for RA, a candidate gene study to investigate the 
genetic contribution of the VTCN1 region to RA susceptibility was performed in chapter 
5. Based on previously published genetic association data of this region with juvenile idio-
pathic arthritis and indications in mouse models, we hypothesized that the VTCN1 region 
might play a role in the development of RA. 

In chapter 6 the genetic contribution of the PTGES gene was explored in relation to dis-
ease susceptibility and various disease outcomes, like gender, DAS28 and age of onset of 

RA. Gene expression was investigated in RA synovium and related to genotype.

Additionally, a candidate gene study on the genetic susceptibility of the C1Q region with 
RA was investigated in chapter 7. We hypothesized that C1Q, which plays a pivotal role 
in activation of the classical pathway of the complement system, is a genetic risk factor 
for RA susceptibility. Subsequently, gene expression profiles and C1q serum levels were 
investigated in relation to genotypes. 

Subsequently, in Chapter 8, the role of the complement system to activate autoantibodies 
was summarized in a review that discusses the different pathways of activation.

The results of the studies performed in this thesis were summarized and discussed in 
chapter 9.
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