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General introduction

In this thesis the uncommon childhood disease Juvenile Idiopathic Arthritis (JIA) was  

studied. In a large cohort of JIA patients the association of genetic markers with the 

susceptibility to JIA was investigated. Associated markers would represent the genetic 

predisposition for developing disease, but could also be helpful in elucidating the 

pathophysiology of JIA, which is still largely unknown. Additionally, genetic markers 

have been studied in relation to the course of disease in order to identify prognostic 

markers for disease severity. Finally the role of genetic parameters in the ability to 

predict the response to treatment was examined with the aim of serving the pediatric 

rheumatologist in selecting the best individual treatment. 

Definition and classification of JIA  

About 100 years ago the first attempt was made to classify chronic arthritis in children, 

although the first report of juvenile arthritis by Boticelli dates back to 1483.1 From the 

1940’s in Europe a classification of Juvenile Chronic Arthritis (JCA) was used, as defined 

by the European League against Rheumatism (EULAR).2 In North America the nomen-

clature of the American Rheumatism Association (ACR), defining Juvenile Rheumatoid 

Arthritis (JRA), has been adhered to.3 In the following years more distinct phenotypes 

were recognized, for example juvenile onset of spondyloarthritis, arthritis associated 

with psoriasis and progression of oligoarthritis into a polyarticular course. In 1994 the 

International League of Associations for Rheumatology (ILAR) was founded and cre-

ated a worldwide consensus on re-classifying juvenile arthritis as Juvenile Idiopathic 

Arthritis (JIA). The first version of this JIA classification was proposed in 19944 which 

was subsequently revised, incorporating the results of several studies validating these 

classification criteria.5;6
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JIA is defined as arthritis of unknown etiology that begins before the sixteenth 

birthday and persists for at least 6 weeks with other known conditions having been 

excluded. JIA encompasses a group of heterogeneous diseases that are character-

ized by chronic arthritis. The ILAR classification is based predominantly on clinical 

features and some laboratory parameters and has the intention to define homo-

geneous subtypes (Table 1). The major criterion is the number of affected joints 

present at disease onset. 

Systemic JIA accounts for 10-15% of patients with JIA. Nowadays systemic JIA is 

considered to be an auto-inflammatory disease or syndrome due to the activation 

of the innate immune system and the prominent role of IL-1 and IL-6.7 The course of 

disease can be monocyclic, can follow a relapsing course or be continuously active. 

The subtypes oligoarthritis (persistent and extended) and rheumatoid factor (RF) 

negative polyarthritis share many clinical features. Antinuclear antibodies (ANA) 

are predominantly present in these subtypes. Oligoarthritis has a higher prevalence 

in the Western world and comprises up to 50% of the JIA patients. JIA-associated 

uveitis is an extra-articular manifestation, which mainly develops in patients with 

oligoarthritis (10-30%) and will be discussed in more detail later on. Almost 20% of 

the total group of JIA patients has RF-negative polyarthritis. RF-positive polyarthritis 

is the juvenile equivalent of adult rheumatoid arthritis (RA) and is present in only a 

small percentage (about 5%) of JIA patients. It is the only subtype in which antibod-

ies to cyclic citrullinated peptides (anti-CCP) are found.8 Psoriatic arthritis (5-10% 

of all JIA patients) represents a heterogeneous group of patients. Two categories 

seem to be present: patients with psoriasis and arthritis resembling enthesitis 

related arthritis and patients that have early-onset, ANA positive oligoarthritis and 

also psoriasis.9 Enthesitis related arthritis accounts for 5-10% of JIA patients and is 

an undifferentiated spondyloarthritis. Most patients are HLA-B27 positive, which is 

also related to more active joints involved.10

Many features have not been included in the ILAR classification and are subject 

of discussion.11 Some of these parameters are: age at onset, detailed description 

of arthritis (smaller or larger joints/ symmetric or asymmetric joint involvement), 

total number of joints affected, presence of ANA,12-14 presence of (chronic) anterior 

uveitis and (family history of) psoriasis.15;16  In the near future genetic, immunologic, 

genome wide mRNA-expression and proteomic studies might reveal parameters that 

could also be incorporated into the JIA classification or even lead to a novel classifi-

cation. As described, the classification of chronic arthritis in children is still evolving. 

The ultimate goal is to determine biologically distinct subtypes with a predictable 

response to treatment and outcome. However this situation is still far from being 

realized. 
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Table 1. The ILAR classification of the different categories (or subtypes) of JIA6

Subtype Definition Exclusion 
criteria*

Distribution#

Systemic JIA Arthritis in one or more joints with or preceded
by fever of at least 2 weeks’ duration that is 
documented to be daily (“quotidian”) for at least 
3 days, and accompanied by one or more of the 
following:
1. Evanescent (nonfixed) erythematous rash
2. Generalized lymph node enlargement
3. Hepatomegaly and/or splenomegaly
4. Serositis 

a,b,c,d 10-15%

Oligoarthritis Persistent 
oligoarthritis

Arthritis affecting one to 4 joints during the first 6 
months of disease and affecting not more than 4 
joints throughout the disease course

a,b,c,d,e 50%

Extended 
oligoarthritis

Arthritis affecting one to 4 joints during the first 6 
months of disease and affecting a total of more than 
4 joints after the first 6 months of disease

a,b,c,d,e

RF-negative 
polyarthritis

Arthritis affecting 5 or more joints during the
first 6 months of disease; test for RF is negative

a,b,c,d,e 20%

RF-positive 
polyarthritis

Arthritis affecting 5 or more joints during the
first 6 months of disease; 2 or more tests for RF at 
least 3 months apart during the first 6 months of 
disease are positive

a,b,c,e 5%

Psoriatic arthritis Arthritis and psoriasis, 
or arthritis and at least 2 of the following:
1. Dactylitis
2. Nail pitting or onycholysis
3. Psoriasis in a first-degree relative

b,c,d,e 5-10%

Enthesitis related 
arthritis

Arthritis and enthesitis, 
or arthritis or enthesitis with at least 2 of the 
following:
1. The presence of or a history of sacroiliac joint 
tenderness
and/or inflammatory lumbosacral pain
2. The presence of HLA-B27 antigen
3. Onset of arthritis in a male over 6 years of age
4. Acute (symptomatic) anterior uveitis
5. History of ankylosing spondylitis, enthesitis 
related arthritis, sacroiliitis with inflammatory bowel 
disease, Reiter’s syndrome, or acute anterior uveitis 
in a first-degree relative

a,d,e 5-10%

Undifferentiated 
arthritis

Arthritis that fulfills criteria in no category or in
2 or more of the above categories.

RF: rheumatoid factor
*)	 Exclusion criteria:
a)	 Psoriasis or a history of psoriasis in the patient or first degree relative.
b)	 Arthritis in an HLA-B27 positive male beginning after the 6th birthday.
c)	 Ankylosing spondylitis, enthesitis related arthritis, sacroiliitis with inflammatory bowel disease, Reiter’s syn-

drome, or acute anterior uveitis, or a history of one of these disorders in a first-degree relative.
d)	 The presence of IgM rheumatoid factor on at least 2 occasions at least 3 months apart.
e)	 The presence of systemic JIA in the patient. 
#)	 Distribution in patients with a Caucasian European ethnicity
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Prevalence of JIA

Worldwide the prevalence of JIA has been variably described, with a prevalence 

varying between 15/100.000 and 150/100.000.17 Prevalence seems to be higher in 

the more northern countries of the northern hemisphere, as compared to countries 

lying closer to the equator. Remarkable is a difference in the distribution of subtypes; 

in the “Western world” the oligoarticular subtypes are the most frequent, whereas 

polyarthritis predominates in countries such as India, New Zealand and South Africa.18 

It should be noted this variation could be explained by methodological differences 

(like diagnostic difficulty of JIA, change in diagnostic criteria over time and variation in 

study design) or accessibility to health care. However this difference in prevalence of 

JIA subtypes might well be caused by differences in genetic background. Even when 

corrected for geographical differences, the genetic background (or ethnicity) is still 

related to the distribution of JIA subtype.19 At this moment worldwide research is in 

progress to collect more data concerning the epidemiology of JIA (EPOCA study).20

Course of disease in JIA

Remission
Until 2004 each reported study of remission rates in JIA used a different definition 

of remission, making comparison of clinical outcome and efficacy of treatment dif-

ficult. An international consensus project has attempted to develop a definition of 

clinical remission and inactive disease. This project is still on-going.21-23 The criteria 

for clinical inactive disease in oligoarthritis (persistent and extended), polyarthritis (RF 

negative and positive) and systemic JIA are: no joints with active disease, no fever, 

rash, serositis, splenomegaly or generalized lymphadenopathy attributable to JIA, no 

active uveitis (defined by the SUN Working Group), ESR or CRP level within normal 

limits or if elevated not attributable to JIA, physician’s global assessment of disease 

activity score of best possible on the scale used and duration of morning stiffness 

<= 15 minutes.22 The preliminary definition of clinical remission on medication is met 

when clinical inactive disease is present for a minimum of six continuous months with 

the patient on medication. Clinical remission is defined as clinical inactive disease that 

is present for a minimum of 12 continuous months with no use of medication.21 Several 

studies using these definitions demonstrated only a small percentage of patients (ap-

proximately 30%) reaching clinical remission and a large percentage of patients with 

persistent active arthritis.24;25 Consistently observed in different studies is that patients 

with persistent oligoarthritis have a more favorable outcome with a higher percentage 

of clinical remission and inactive disease (but varying from 43-84%).24-27 The course of 

disease in the persistent oligoarthritis subtype is less progressive compared to both ex-
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tended oligoarthritis and RF-negative polyarthritis. Patients with polyarticular JIA, and 

especially RF-positive polyarthritis, have a more progressive course with less remission 

and inactive disease.24-26;28 Likewise, a recent prospective study with a follow-up of 17 

years showed a large variability in disease course between the different subtypes, with 

remission overall present in only 40% of the JIA patients.29

Pattern of disease activity
The course of disease in JIA follows an unpredictable pattern of episodes with different 

levels of active disease and episodes of disease quiescence. This pattern of disease 

activity was described in more detail for the first time by Wallace et al,30 who also 

introduced the term “cumulative time spent in a state of active or inactive disease”. 

This outcome measure is the only one that takes the fluctuating character of disease 

activity in JIA into account. Patients with persistent oligoarthritis spend almost 60% of 

the time in a state of inactive disease, whereas patients with extended oligoarthritis or 

RF-negative polyarthritis have inactive disease only 30-36% of their time.28;30 These 

outcomes are consistent with the higher percentage of continuous active disease de-

scribed in extended oligoarthritis and RF-negative polyarthritis compared to persistent 

oligoarthritis.27 

The aim of treatment is achieving a total absence of disease activity. However in 

patients with clinical remission, a biological disturbance is still present.31;32 Differ-

ent biomarkers (such as phagocyte activation marker S100A12 and myeloid-related 

protein MRP8/14) are under investigation for their role in defining immunological 

quiescence of JIA.33 

Radiological damage
Many different scoring systems for radiological assessment of damage of the joints 

have been used in JIA; the Steinbrocker score (the most original radiologic score in 

RA), the Sharp/van der Heijde score and the Poznanski score.34-36 Because of the lack 

of scoring systems for JIA patients, the Dijkstra composite score has been developed 

to describe radiological features of patients with JIA in a standardized manner.37;38 Also 

specific for JIA is the Juvenile Arthritis Damage Index (JADI) that has been developed 

for articular (JADI-A) and extra-articular damage (JADI-E). This measure uses informa-

tion obtained by physical examination and by a brief review of the patient’s clinical 

history.39 This scoring system correlates with radiological damage.39 Most recently, 

a MRI scoring system (JAMRIS) for evaluating disease activity in the knee has been 

developed.40

Due to these different scoring systems and various study designs, the percentage 

of patients with radiological damage varies widely between 12% and 60%.41-44 The 
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RF-positive polyarticular JIA patients have the most articular damage. A prolonged 

disease activity is associated with more radiologic damage, underlining the need of 

aggressive treatment inducing clinical remission at an early stage.41;44;45

JIA- associated uveitis

The most common extra-articular manifestation in JIA, is JIA-associated uveitis or 

chronic anterior uveitis.46 It is also called silent uveitis because of the lack of symptoms, 

until complications cause symptoms of visual loss. This type of uveitis is associated 

with oligoarthritis, RF-negative polyarthritis and psoriatic arthritis, but is especially 

related to ANA positive, early-onset oligoarthritis (10-30%).46-49 JIA-associated uveitis 

mostly develops during the first years after diagnosis of JIA, but can also precede the 

symptoms of arthritis or develop only many years after the JIA onset. Guidelines for 

ophthalmologic screening in patients with JIA have been formulated, taking the differ-

ent risk factors into account.50-52 

The course of JIA-associated uveitis is fluctuating and not always related to the 

activity level of arthritis. Uveitis that is already present at first screening and most 

likely preceded symptoms of arthritis, together with sustained inflammation of the 

eye are factors associated with complications and visual loss. Several complications 

of uveitis can be seen; cataract, band keratopathy, posterior synechiae, glaucoma, 

ocular hypotonia and macular edema. Recent studies reported complications, mainly 

cataract, in 15-20% of the uveitis patients and a few patients developed blindness. 

Both frequent screening and an altered therapeutic regime, with more aggressive 

medication, has led to a decrease in complication rate and a better outcome.53-55 

Treatment of JIA-associated uveitis is based on a step-up approach and consists of 

topical or/and systemic glucocorticoids, followed by systemic methotrexate or aza-

thioprine. When treatment fails adalimumab, infliximab, cyclosporin A or abatacept 

are administered as last step.56;57

Treatment of JIA

In the last decades, the treatment of JIA has changed dramatically. In 1981treatment of 

JIA was dominated by salicylate and non-steroidal anti-inflammatory drugs (NSAIDs). 

Treatment modalities such as gold, antimalarials or penicillamine were used in progres-

sive polyarthritis and glucocorticoids only in selected patients with ongoing disease.58 

The latest JIA treatment recommendations of the American College of Rheumatology, 

dating from 2011 (with an update concerning systemic JIA in 2013), are focused on 

disease modifying anti-rheumatic drugs (DMARDs) like methotrexate (MTX) and TNF-

alpha-inhibitors for treating polyarticular JIA in an early stage as well as treating 

oligoarthritis following the use of intra-articular steroids (IAS) or NSAIDs.59;60 The use of 
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IAS still has an important role in the treatment of oligoarthritis, however the long term 

benefits seem limited.61

DMARDs
In JIA the most frequently used non-biological DMARD is MTX, followed by Sulfasalazine. 

The biological DMARD that is mainly used in JIA is the TNF-alpha-inhibitor etanercept.

Methotrexate

Methotrexate (MTX) has an anti-proliferative effect, by acting as a folate antagonist 

interfering in (amongst others) purine and pyrimidine biosynthesis. It is also involved 

in an increased adenosine release, that has an immune-suppressive effect,62 and acts 

as an inhibitor of cytokine production induced by T-cell activation.63 Randomized con-

trolled trials have proven the efficacy of a weekly low dose of MTX (10 mg/m2) in the 

different subtypes of JIA (polyarticular JIA,64 systemic JIA and extended oligoarthritis65). 

It is described that in recent years about 75% of all patients with JIA have used MTX 

during the first year of treatment.66,67 When remission is reached, the time to withdrawal 

of MTX doesn’t seem to have an influence on the relapse-rate or time to relapse.68 No 

evidence-based guidelines for withdrawing MTX are available. MTX will be discussed in 

more detail in the General Discussion (Pharmacogenetics) section.

Etanercept 

TNF-alpha is a pro-inflammatory cytokine that plays a (major) role in the pathogenesis 

of JIA. Soluble TNF-alpha-receptor acts as an inhibitor by binding TNF-alpha. Etanercept 

(Enbrel) is a fully human dimeric fusion protein consisting of the extracellular portion 

of the human TNF-alpha-receptor linked to the Fc portion of human lgG1. Clinical stud-

ies have first been performed in RA and thereafter the efficacy and safety has been 

investigated in polyarticular JIA in a double-blind study.69 The dosage of etanercept is 

0.4 mg per kilogram of body weight and it is given subcutaneously by injection twice 

weekly or at 0.8 mg per kilogram once weekly. Combining etanercept with prevailing 

DMARDs leads to a good response,70;71 whereas etanercept as mono-treatment seems 

to be less effective.72 In recent years, applying etanercept early in the disease course is 

not common, as only 5% of the patients have started in the first year after diagnosis.66 

Besides the effective use in polyarthritis, with a response to treatment in 74% of the 

patients,69 etanercept results in a good response in extended oligoarthritis as well 

with a response defined by ACR 30 in 88.6% of the patients.73 Although not registered 

for persistent oligoarthritis, it seems a justifiable option when treatment with IAS and 

MTX has failed.74 Long-term efficacy (up to 8 years) and safety has been described 

in JIA.75-80 Different registries have been established to monitor the efficacy and side 
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effects of treatment with etanercept in patients with JIA (German76; Dutch79; British81 

and Polish registry82). Several factors have been proposed as prognostic factors for a 

good response; a lower baseline disability score, the use of fewer DMARDs prior to 

initiating etanercept and a younger age at onset.83;84 Successful withdrawal from etan-

ercept has been described,85 but also early flares in a substantial proportion of patients 

after discontinuation of treatment.86 Several side effects have been suggested, such 

as infectious disease (for example tuberculosis), malignancies and the development 

of inflammatory bowel disease. However the relation with etanercept has not been 

clarified. 

Other TNF-alpha-inhibitors such as adalimumab (Humira), a (humanized) monoclonal 

antibody against TNF-alpha and Infliximab (Remicade), a (human-mouse) chimeric 

monoclonal antibody against TNF-alpha, are less frequently used in JIA. Adalimumab 

especially seems to be the TNF-alpha-inhibitor of choice when JIA-associated uveitis 

is present.87 Infliximab is used in high dosage in case of refractory or highly active 

arthritis and seems to be effective without serious side effects (most importantly 

infections) or infusion reactions.88 Long-term data concerning the use of infliximab 

or adalimumab are lacking.89

Other biologic DMARDs

In JIA subtypes, besides systemic JIA, biologic DMARDs (or biologicals) other than TNF-

alpha inhibitors, are not frequently used. One of the biologicals sometimes used in 

polyarticular JIA is abatacept. Abatacept is a recombinant fusion protein comprising 

the extracellular part of human CTLA-4 connected to a modified Fc part of IgG-1. It 

selectively modulates the T-cell co-stimulation, inhibiting the T-cell activation. It is 

proven effective in JIA patients not responding to previous treatment.90;91 Tocilizumab, 

an interleukin-6 receptor inhibitor, has recently been proven effective and safe for 

treating patients with polyarticular JIA who failed to respond to MTX.92

In clinical practice, a large variability is observed in the treatment of patients with 

different subtypes of JIA. Various approaches for treating polyarticular JIA can be dif-

ferentiated, such as a step up approach (non-biologic DMARD followed by a biologic 

DMARD), non-biologic and biologic DMARD combined, and direct use of a biologic 

DMARD.93 The use of an early aggressive treatment (for example combining MTX and 

anti-TNF-alpha plus glucocorticoids versus MTX alone) seems to be more beneficial.94;95 

Also a large variation in treating mono-arthritis has been described, varying from IAS 

alone, a combination of IAS and NSAIDs or even NSAIDs with non-biological DMARD 

(mainly MTX).96 This illustrates that the choice of best treatment has still not been re-

solved. An ability to better predict the course of disease and the response to treatment 
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would be helpful in guiding the pediatric rheumatologist in his/her decision about the 

best individual treatment. 

Prognostic factors

In the last decades numerous studies have been performed to identify prognostic 

factors for the outcome of JIA. Outcome has been defined in different ways; as joint 

erosions, persistent disease and physical disability. Many factors have been suggested 

as prognostic factor: time to diagnosis, young age at onset, female sex, large number 

of affected joints, greater severity of arthritis or higher disability at onset (C-HAQ), 

symmetric disease, hip/wrist involvement, long duration of elevated erythrocyte sedi-

mentation rate or inflammatory markers and a positive RF.29;97-101 Of all these factors, 

only the different JIA subtypes have consistently been associated with a different rate 

of remission and can be regarded as having some prognostic value. Also a prolonged 

active disease in the first 6- 12 months seems to be associated with a worse long-term 

outcome.29;98 However this is not a predictive factor that is present at disease onset. 

The aim of treatment is to reduce the time with active disease, as early in the disease 

course as possible. Prognostic factors or a predictive model that can be determined at 

disease onset are still needed. 

Etiology 

JIA is thought to be an autoimmune disease, although the pathogenesis remains largely 

unknown.102-104 The initial trigger is supposed to be a self-antigen, that has not been 

identified, but cartilage-derived autoantigens (like aggrecan, fibrillin and MMP3) might 

be involved.105 Following an autoreactive trigger, different parts of the immune response 

are activated such as (antigen-specific) T-cell response (T-helper-1/ T-helper-17 cells), 

activation of neutrophils, expansion of regulatory T-cells and the release of cytokines 

and chemokines. In JIA, as well as in other autoimmune diseases, the possible role of 

regulatory T-cells has been described.106;107 Regulatory T-cells are supposed to maintain 

self-tolerance and suppress inflammation. Interleukin (IL)-2 plays an important role in 

the development and function of regulatory T-cells through its interaction with CD25 

(IL2-receptor-alpha). At the site of inflammation increased levels of regulatory T-cells 

are consistently reported, although their exact contribution in the local inflammatory 

environment remains unclear.108 Besides regulatory T-cells, also T-helper-17 cells have 

been reported to play a central role in the initiation and maintenance of the autoim-

mune reaction in JIA.109;110 T-helper-17 cells produce the pro-inflammatory cytokines 

IL17 and IL22. An imbalance between pro-inflammatory T-helper-1/T-helper-17 cells 

and anti-inflammatory regulatory T-cells seems to be essential for developing JIA. The 
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persistent inflammation of the synovium eventually leads to cartilage destruction and 

bone erosions.

Systemic JIA has similarities with autoinflammatory syndromes. An overproduction 

of IL6 is present and patients have a unique IL1 signature. Treatment with tocilizumab 

(a humanized recombinant anti-IL6 receptor antibody) has been successful111;112 and 

clinical trials show effect of IL1 blockade.113

Complex disease

JIA is thought to be a complex disease, in which interaction of environmental factors 

and multiple genetic factors exists.114 

Environmental factors
A causal association between environmental factors and the development of JIA re-

mains difficult. The trigger of the (auto)immune reaction might be a (viral) infection. 

Seasonal variation, suggesting an infectious etiology, is described only in systemic 

JIA, with a higher incidence in spring and summer. Stressful life events, physiological 

factors, perinatal factors, several viral and bacterial (such as streptococcal) infections 

have all been related to some degree to JIA and described in detail.17

Genetic factors

Familiar risk

A higher occurrence and similar clinical features of disease in affected siblings and 

families are suggestive for a genetic trait. As early as 1939 juvenile arthritis has been 

described in monozygotic twins.115 Most of the (monozygotic) twins and affected sib 

pairs that have been studied have a concordance for disease subtype and course of 

disease.116-120 Clinical features of juvenile arthritis are the same in familial cases and 

sporadic cases.120;121 The relative risk (lambda) for first-degree family members has 

been estimated in small study cohorts to be 15-30.114;117;118 Recently the relative risk 

was calculated using a large cohort of JIA patients combined with data from a popula-

tion database and showed a relative risk in siblings of 11.6, declining to 5.8 in first 

cousins.122 The risk for JIA attributable to familial factors was about 13%. These data 

strengthen the hypothesis that genetic factors play a role in the pathogenesis of JIA.

Ethnicity and gender 

Differences in phenotypes of JIA are observed in different ethnic groups. African and 

Asian patients are more likely to have polyarticular JIA with a higher incidence of a 

positive RF.123;124 In Caucasian patients (European and North American) the oligoarticu-
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lar subtype is more common. Oligoarticular JIA with positive ANA and JIA-associated 

uveitis is even more rare in the non-Caucasian population.125 As in other autoimmune 

diseases, a female preponderance is seen in JIA, with a female:male ratio of 7:1.

Clustering of autoimmune diseases in JIA families 

Clustering of multiple autoimmune diseases in one family, and even in one patient, 

has been known for many years. The pattern of clustering of the 5 major autoimmune 

diseases, amongst which is RA, has been described and reviewed in detail.126;127 Several 

studies have described the familial autoimmunity in JIA families. All studies indicate a 

higher prevalence of autoimmunity in JIA families compared to controls.128-131 

Genetic association studies 

The aim of genetic studies is to identify associations between genetic variations (like a 

single nucleotide polymorphism (SNP), microsatellite, variable number tandem repeat, 

insertions/deletions) and phenotypic traits. In order to establish a genetic association, 

different types of studies can be performed.132 

In a family based study (the transmission disequilibrium test (TDT)), the transmis-

sion of a genetic marker from parents to their offspring is studied. It is expected 

that when a genetic variation is associated with disease, the transmission of that 

variation to affected offspring is more frequent than expected by Mendelian laws. 

In this type of study, the potential confounding effect of population stratification is 

avoided because parents act as controls for the cases (affected offspring). To gener-

ate enough power to detect associations with only small effects, the same number 

of cases is needed as in a case-control study, together with DNA of both parents. 

In a case-control association study the difference in frequency of a genetic marker is 

studied between cases with a specific trait and controls lacking this trait. If a genetic 

marker is significantly more/less frequent in cases, than there is an association with 

the specific trait. When the genetic marker is the causal variant, a direct association 

is revealed. However most of the time a genetic marker is not the causal variant, but 

is in linkage disequilibrium (LD) with nearby (and possible causal) variants situated 

in one LD block (that is located between two recombination hot spots) and is called 

an indirect association. In case SNPs have been studied, the genetic marker of such 

an indirect association is called a tag SNP, representing an LD block. In case-control 

studies admixture of the population (population stratification) should be avoided, 

because it can cause false positive or false negative associations. 

Different types of case-control association studies can be performed. In a candidate 

gene study the selected genetic markers are located in genes of specific interest and 

are thought to play a role in the mechanism that is investigated. In studies focusing 
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on the susceptibility of disease, genes are selected that might be involved in the 

pathogenesis and in studies that focus on the severity of disease, genes can be 

selected from pathways involved in ongoing inflammation. In genome wide associa-

tion studies (GWAS) multiple genetic markers (covering a small fraction of the total 

sequence variation) are studied without underlying hypothesis, which could result in 

discovery of totally new and unexpected associations. Unfortunately a large cohort 

of cases and controls is needed to be able to correct for multiple testing. Nowadays 

the Human Genome Project has identified about 10 million common SNPs. Because 

of the LD, it is estimated that about 300,000 to 600,000 (tag)SNPs will cover the 

genetic variation between individuals.133

The aim of genetic association studies is to identify a genetic association, replicate/

validate this association in an independent cohort and examine the functional con-

sequence of this genetic marker (or associated causal variant). Thereafter the role in 

pathogenesis of disease (leading to better diagnosis and classification) or possible 

therapeutic consequences may be investigated.

Genetics association studies in JIA

HLA
The first genetics factor that has been studied in JIA was the human leukocyte antigen 

(HLA), because of its major role in T-cell immunity and because it is polymorphic and 

easily typed.134 There are common HLA associations in the overall JIA patient group, 

but also different patterns of HLA association in different JIA subgroups are described. 

These subgroups do not always follow the ILAR classification.135;136 Nowadays many 

genetic factors have been studied, however HLA remains to have the strongest associa-

tion in JIA.137

Non-HLA associations
From 1998 onwards multiple case-control candidate gene association studies have 

been performed in JIA in selected genes (like IL-6, TNF-alpha, IL-1, IL-10, MIF). In most 

of these studies only a small cohort was available for study (median of 130 cases vs 

276 controls)138 and, therefore, these studies were underpowered to detect associa-

tions with a small effect size. The positive associations that were detected were often 

difficult to replicate. Systematic review of these studies identified that about 100 loci 

had been investigated until 2008.138 However at that point in time (which was also the 

starting point of our study) only 5 associations were independently confirmed; PTPN22, 

MIF, SLC11A1 (NRAMP1), TNFA, and WISP3.
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In recent years more loci associated with JIA have been replicated ; STAT4, TNFAIP3, 

IL2RA, TRAF1/C5, and VTCN1.139 In addition to candidate gene studies, genome wide 

association studies (GWAS) have also been performed in JIA. The first GWAS revealed 

(besides HLA) a new association; VTCN1.140 VTCN1 was discovered and replicated 

in an independent cohort. The GWAS published in 2012 revealed 3q13 as a novel 

susceptibility locus for JIA.141 The most recent study using large scale genotyping 

focused on different regions of interest using dense genotyping on an Immunochip. 

This study revealed 14 new loci of interest.137

PTPN22 is a good example of an association in JIA that has been replicated in mul-

tiple independent cohorts (in both candidate gene studies and GWAS) and this will 

therefore be discussed in more detail.

PTPN22

PTPN22 encodes lymphoid-specific phosphatase, which is an inhibitor of the T-cell 

activation, preventing spontaneous activation and restricting the response to antigen. 

A functional SNP was discovered in codon 620, changing arginine into tryptophan, 

leading to a more efficient inhibition of T-cell activation that could have a part in failure 

to delete autoreactive T-cells during thymic selection or insufficient activity of regula-

tory T-cells.142 In a candidate gene approach the association of this SNP was tested in 

diabetes mellitus type 1 (DM1) and a positive association of the tryptophan variant 

(allele 1858T) was found and replicated in an independent cohort.143 Functional stud-

ies show that only lymphoid-specific phosphatase with Arg620 (allele 1858C) forms a 

complex with the C-terminal Src kinase (CSK), whereas lymphoid-specific phosphatase 

with Trp620 (allele 1858T) does not bind to CSK, resulting in a reduced T-cell receptor-

mediated signaling.144 

When the candidate gene study in DM1 was performed, a large genome wide as-

sociation study of putative functional SNPs in RA was simultaneously conducted,145 

identifying PTPN22 as a risk factor for RA. PTPN22 (allele 1858) has since then been 

found to be associated with multiple autoimmune diseases such as SLE, celiac 

disease, Crohn’s disease and thyroid autoimmunity. A positive association with JIA 

was first described in 2005146 followed by mostly positive associations in several 

cohort studies (some of them with different ethnicities).147-150 In the first genome 

wide association study in JIA, the association with PTPN22 was only modest, most 

likely because the SNPs that had been genotyped, had only low correlation with the 

causal variant.140

The precise implication of this altered function of lymphoid-specific phosphatase 

is still under investigation.151;152 Lymphoid-specific phosphatase is currently being 

investigated as a possible drug target for treatment of autoimmunity.144;153
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Common autoimmune susceptibility loci

Because of the familial clustering of autoimmune diseases it has always been thought 

that shared immunological pathways exist. When data from GWAS of multiple 

autoimmune diseases were compared (not including JIA), a large overlap in genetic 

susceptibility became clear.154 Distinct shared immunological pathways were revealed; 

T-cell differentiation (e.g. IL10, IL18RAP, STAT3, STAT4, IL2RA), immune-cell signaling 

(e.g. CTLA4, PTPN22) and innate immunological response and TNF-alpha-signaling (e.g. 

TRAF/C5, TNFAIP3). Shared susceptibility genes encoding cytokines and chemokines 

were consistently found, together with shared loci with an (as yet) unknown function, 

that might include transcription factor binding sites.155

This thesis

The aim of this thesis is to identify on the one hand non-HLA genetic factors that are 

associated with the susceptibility to develop JIA (part A) and additionally identify clini-

cal and genetic factors that are associated with the differences in the course of disease 

and the response to treatment (part B).

In order to address these questions, a new independent cohort of Caucasian JIA 

patient has been created through collaboration with multiple rheumatology refer-

ral centers in North-Western Europe. Both DNA and detailed data on the course of 

disease and use of medication have been collected. 

Several case-control candidate gene association studies have been performed in 

this new cohort of JIA patients comparing them to a population of healthy controls. 

Some of these studies only tested one hypothesis, such as TRAF1/C5 (Chapter 2) 

and the 4q27 locus (Chapter 3), based on the latest (at that time) discovered associa-

tions in RA (which of all the autoimmune diseases mostly resembles JIA). In Chapter 

4 large scale genotyping is described, involving genes/ loci that have already been 

associated with JIA (in order to replicate associations) or other autoimmune diseases 

(in order to identify common autoimmune susceptibility loci that also concern JIA) 

or are involved in immune-regulation (in order to discover new associations).

To capture the fluctuating pattern of different levels of disease activity during the 

course of JIA, the parameter “percentage of active disease (in the first two years after 

disease onset)” has been used to define the course of disease. Both clinical (Chapter 

5) and genetic factors (Chapter 6) have been studied in relation to the course of 

disease. Due to the fact that MTX is the most used DMARD in JIA, clinical and genetic 

factors associated with the response to MTX are of major interest and are explored 

in Chapter 7.
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Associations with the susceptibility and the severity of JIA might reveal pathways 

involved in the pathogenesis of JIA and could bring to light important lead points 

for treatment of JIA. Clinical and genetic factors that are associated with the course 

of disease or the response to treatment could act as predictive parameters, alone or 

combined in a predictive model.
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