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POPULAR SCIENCE SUMMARY OF THE THESIS  

 
"Cracking the Code of Juvenile Idiopathic Arthritis (JIA): Unraveling the 

Genetic and Immunological Mysteries" 

 

Juvenile Idiopathic Arthritis (JIA) is a complex, often misunderstood condition that affects 

children, causing painful inflammation in their joints. This thesis delves deep into the 

mysteries of this condition, seeking to shed light on its genetic and immunological roots. 

 

Unveiling the Genetic Secrets:  

The first part of the thesis embarks on a journey to decode the genetic factors underlying JIA. 

By examining the DNA of children with JIA, the study finds connections between specific 

genetic variations and the likelihood of developing JIA. This genetic detective work is a 

promising step towards more accurate diagnosis and tailored treatment options, offering hope 

to those affected by JIA in future. 

 

Antibodies and Autoimmunity: 

The thesis then takes a closer look at antibodies and the immune system. It uncovers the 

presence of specific antibodies called anti-citrullinated antibodies (ACPA) in children with 

JIA. While ACPAs are well-known in adults with Rheumatoid Arthritis, this study scrutinizes 

their occurrence in children with JIA, opening up new avenues for research into the immune 

aspects of the condition. Understanding the immune processes at play in JIA could pave the 

way for targeted therapies that may improve the lives of affected children. 

 

 



Predicting Joint Damage: 

The third part of the thesis explores the early signs of joint damage in JIA, a crucial piece of 

the puzzle to improving treatment and outcomes. By studying certain biomarkers in the blood 

and synovial fluid of affected children, this research offers potential tools for predicting and 

monitoring joint damage. These insights could lead to early interventions and more effective 

management of the condition. 

 

What Lies Ahead: 

In conclusion, the thesis's findings present new prospects for the future of JIA research and 

treatment. By delving into genetics, immune responses, and early disease indicators, it lays 

the groundwork for more precise and effective approaches to managing JIA and could 

contribute to better outcomes for affected children in future.  





 

 

ABSTRACT 

The overarching objective of this doctoral thesis is to enhance the understanding of Juvenile 

Idiopathic Arthritis (JIA), a complex autoimmune disease affecting children. With the aim of 

filling the knowledge gaps in JIA, we conducted a comprehensive study on biomarkers with 

distinct biological implications, including genetic variations, autoantibodies, and plasma and 

synovial fluid proteins, in individuals with JIA and controls. 

 

The goal for Study I was to investigate the genetics of JIA by employing a case control 

genome-wide association analysis within a Swedish JIA cohort and controls. This study 

identified relations between specific Human Leukocyte Antigen (HLA) alleles and the 

presence of autoantibodies, namely anti-nuclear antibodies (ANA). We found that HLA-

DRB1-DQA1-DQB1 haplotype was strongly associated with increased JIA risk in the overall 

cohort which HLA-DRB1*08 might be the primary allele linked to JIA susceptibility. We 

also found that the ANA-positive JIA has a stronger association with this haplotype. Further 

logistic analysis revealed that HLA- DRB1*08 and DRB1*11 alleles, female sex, and lower 

age at onset all contribute to ANA-positivity in JIA. 

 

Study II explored the involvement of LACC1 gene polymorphisms in non-systemic JIA for 

the first time. We detected significant associations of the LACC1 gene polymorphisms with 

JIA as well as for inflammatory bowel disease (IBD) suggesting mutual mechanisms linking 

different autoimmune conditions. 

 

The goal of study III was to examine the prevalence of antibodies against citrullinated 

proteins/peptides (ACPA) in the plasma of Swedish JIA patients and juvenile control cohort 

for the first time and investigate the genetic predispositions underpinning ACPA presence in 



JIA. We also set to specify the ACPA reactivity profiles through utilization of a multiplex 

microarray platform, which facilitates the simultaneous detection of multiple reactivities. 

Anti-CCP antibodies were detected in 6.2% of JIA patients and 2% of controls and ACPAs 

with a variety of different reactivities were detected with high frequency in anti-CCP-positive 

patients as well as anti-CCP-negative patients although with a lower frequency. Anti-CCP 

antibodies correlated with rheumatoid factor, HLA-DRB1 shared epitope, RF-positive 

polyarthritis subtype and older age at onset. 

 

Our core focus in the Study IV was to assess levels of biomarkers for early joint degradation 

in JIA compared to healthy children or juveniles with knee injuries, extending the potential 

for early detection and tracking of joint damage but also for distinguishing of molecular 

signatures associated with joint destruction in JIA. We assessed triple-paired synovial fluid, 

plasma and urine samples from JIA patients compared to plasma samples from healthy 

children and synovial fluid from knee-injured juveniles. We found that plasma levels of 

ARGS, C2C, COMP, and TRAP5b were elevated in children JIA when compared to healthy 

children. When comparing JIA patients to juveniles with knee injuries, we observed increased 

levels of synovial fluid C2C and TRAP5b in JIA, but decreased levels of ARGS and COMP. 

Among JIA patients, we discovered positive correlations between local (synovial fluid) and 

systemic (plasma/urine) levels of bone biomarkers. Additionally, we observed negative 

correlations between age and plasma levels of C2C and TRAP5b. However, we did not find 

any correlations between these biomarkers and gender, the number of affected joints, disease 

duration, or medication use. 

 

Our investigation of diverse biomarkers and potential mechanisms in JIA has demonstrates 

novel insights into the multifaceted pathological profile of the disease. These findings not 

only show relevance to clinical phenotypes but also transcend current disease classification 



 

 

criteria. This thesis contributes to the advancement of our understanding of these intricate 

mechanisms, underscoring the pivotal roles of genetics and autoimmunity in the development 

of disease subtypes within JIA. 
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1 INTRODUCTION 

1.1 JUVENILE IDIOPATHIC ARTHRITIS 

1.1.1 Diagnosis and prevalence of JIA 

 
Juvenile idiopathic arthritis (JIA) is the most common chronic rheumatic disease in children 

with swelling, pain, stiffness, and restricted joint movement in at least one of the joints. It is 

characterized by both articular and extra-articular manifestations. JIA is an inflammatory 

progressive disease with disabilities such as joint pain and destruction, decreased range of 

joint mobility, growth, and physical functions impairment in children [1, 2]. The prevalence 

of JIA fluctuates due to variances in diagnostic criteria, low disease occurrence, and limited 

study sizes. The reported incidence of this condition ranges from 11 to 22 cases per 100,000 

children per year in the Nordic countries and from 1.6 to 23 cases per 100,000 children per 

year worldwide, with a predominance among females [3-5]. According to the revised 

international league of associations for rheumatology (ILAR) classification criteria, it is 

divided into seven subtypes and each subtype has its own exclusion criteria. Common in all 

of them is that arthritis has begun before the age of 16, persisted for more than 6 weeks and 

are of unknown origin [6]. The features of the seven subtypes are summarized in table 1[6, 

7].  
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Table 1, ILAR classification of juvenile idiopathic arthritis (2001).  

 

The most common subtype of JIA (around 40-50% of all patients) is oligoarticular JIA with 

a maximum of four joints being affected during the first 6 months of disease. If additional 

numbers of joints, get affected at a later stage of disease it is considered as extended otherwise 

it is considered as persistent oligoarticular JIA. The oligoarticular subtype has the highest 

association with presence of anti-nuclear antibodies (ANA) and together with early disease 

onset is the highest risk for developing uveitis [9]. Polyarticular JIA, the second most 

common subtype (around 30% of all patients) is defined when more than four joints being 

affected during the first 6 months of the disease. It is further subdivided depending on the 

presence or absence of Rheumatoid factor (RF) [10]. The polyarticular rheumatoid factor 

negative JIA occurs in childhood or adolescence and is characterized by symmetrical arthritis 

including smaller joints in hands and feet and it accounts for around 20-25% of JIA cases. It 

may be ANA positive or negative with characteristic increase of the risk of uveitis. 

Polyarticular RF positive form of JIA is the most similar form to adult Rheumatoid Arthritis 

Oligoarticular   Engagement of one to four joints within the initial six months of the condition, with 
additional joint involvement developing gradually, subsequently categorized as 
either persistent or extended.   

Polyarticular, 
RF-negative  

Engagement of five or more joints within the initial six months, with further 
specification based on the absence of rheumatoid factor.   

Polyarticular, 
RF-positive  

Engagement of five or more joints within the initial six months, with further 
specification based on the presence of rheumatoid factor.   

Enthesitis-
related 

Characterized by the occurrence of arthritis and enthesitis (inflammation at the 
junctions of ligaments and tendons). This condition is linked to sacroiliitis, 
resulting in frequent lower back pain, HLA-B27 positivity, arthritis associated with 
inflammatory bowel disease.   

Psoriatic Arthritis accompanied by psoriasis, often accompanied by dactylitis, alterations in 
nail health, or a family history of psoriasis.   

Systemic Arthritis accompanied by symptoms like fever, skin rash, swollen lymph nodes, 
enlarged liver and spleen, and serous membrane inflammation. It is believed to 
be a systemic auto-inflammatory condition with a unique underlying mechanism 
when compared to other types of JIA [8].   

Undifferentiated A persistent form of idiopathic arthritis that doesn't align exclusively with a single 
category or corresponds to multiple categories mentioned above. 
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(RA) [11] . Disease onset is usually at older spectrum of childhood with 90% being girls and 

it consists of only 5-10% of all JIA patients. Anti-citrullinated protein/peptide antibodies 

(ACPA) have been mainly found in this group and together with RF associate with joint 

damage [12]. Psoriatic arthritis, presents with arthritis of larger and/or smaller joints, is 

diagnosed in around 5-10% of JIA patients. This diagnosis requires psoriatic skin 

manifestation of the patient or a first-degree relative having psoriasis. Enthesitis-related 

arthritis develops in later childhood or adolescence and is applied to patients with 

inflammation of the enthesis (the connective tissue between tendon or ligament and bone) 

and/or the axial spine as well as peripheral joint disease. This subtype corresponds to around 

5-10% of JIA patients. Systemic JIA (sJIA) accounts for around 5-10% of the JIA patients 

and is characterized by arthritis and systemic inflammation with spiking fever, salmon pink 

skin rash, lymphadenopathy, and hepatosplenomegaly. SJIA displays distinctive clinical 

characteristics and therapeutic responses reminiscent of auto-inflammatory diseases. 

Nevertheless, approximately 50% of children with sJIA experience the development of 

persistent, destructive arthritis that mirrors other subtypes of JIA [13-15]. sJIA bears a 

notable resemblance to adult-onset Still's disease (AOSD). It has been postulated that they 

could essentially be manifestations of the same disease occurring in distinct age groups [16-

18]. Some of the sJIA and AOSD patients (around 10- 40%) can also be at risk of severe 

pulmonary involvement and developing macrophage activation syndrome (MAS), which is 

a potentially life-threatening complication characterized by immune dysregulation leading to 

a cytokine storm including IL-18 and interferon (IFN)-γ that causes disseminated 

intravascular coagulation, elevated ferritin levels, hepatic involvement, and the physiological 

response resembling sepsis that can lead to severe dysfunction of vital organs, occasionally 

resulting in a fatal outcome [19-26]. About half of patients with sJIA have self-limited disease 

course and half of them develop a chronic persistent arthritis that might extend into adulthood 

[27]. Among these patients, particularly when inadequately treated, concerns such as stunted 
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growth, joint destruction, and enduring disability may become significant challenges. No 

specific biomarker has been found to distinguish at the outset of the disease, which patients 

will experience an extended and challenging course [28-30]. The combination of severe 

systemic symptoms, the need for intensive immunosuppressive treatment, and the tendency 

to develop persistent, damaging synovitis make systemic JIA possibly the most perilous type 

of arthritis in childhood [31]. 

The ILAR classification system determines categories based on the clinical presentations 

within the first 6 months of symptom onset. All JIA categories are distinct, with specific 

exclusion criteria for each subtype. However, some elements of this classification system 

have faced criticism [17, 32]. For example, the quantification of joint involvement is a 

significant criterion for distinguishing disease categories in the current classification system, 

but it exhibits limitations in terms of reliability due to differences in interpretation among 

observers and a lack of agreement between clinical and ultrasonic examination. Instead, it 

may merely reflect the severity of the disease as indicated by the extent of joint engagement. 

Another significant critique revolves around the classification system's inability to 

differentiate diseases that affect both children and adults from those that are exclusive to 

children. This differentiation holds crucial significance, not only for the smooth transition of 

patients from pediatric to adult healthcare but also for expediting the approval of new 

medications. Furthermore, the existing classification system fails to recognize a sizable group 

of children suffering from a relatively uniform disease, a situation not observed in the adult 

population. This distinct group of JIA patients, are mostly female, with disease onset before 

the age of 6 and exhibit distinct characteristics, such as asymmetric arthritis, iridocyclitis also 

known as anterior uveitis, and the presence of antinuclear antibodies (ANA) [18, 33, 34]. In 

2019, the Pediatric Rheumatology International Trials Organization (PRINTO) Consensus 

revised the ILAR classification criteria and proposed a novel classification system for JIA 

that does not require joint count and the onset of disease begins before the age of 18 instead 
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of 16. Four new principal arthritis forms were identified, entitled: systemic JIA, RF-positive 

JIA, enthesitis/ spondylitis related JIA, and early-onset ANA-positive JIA [18]. 

 

1.1.2 Management of JIA 

 
As of today, there is no medication that can cure JIA, but prognosis has improved over the 

years due to better management of disease. At present, treatment of JIA is a combination of 

medication, physical therapy, and psychological therapy. The goal of treatment is to control 

pain, prevent long-term damage, facilitate growth and preserve physical and psychological 

well-being of children [35]. Pharmacological treatment of JIA includes anti-inflammatory 

drugs such as non-steroidal anti-inflammatory drugs (NSAIDs) and corticosteroids, and 

disease modifying drugs such as methotrexate and biologics. It is difficult and remains a 

clinical challenge to identify which children will experience a moderate self-remitting disease 

course and which ones will have unremitting disease and are at risk of further complications 

such as joint destruction and physical impairment. 

 

Non-steroidal anti-inflammatory drugs 

Since JIA is not a single disease, the treatment regimen differs between subtypes. Early in 

the disease course or with mild disease, non-steroidal anti-inflammatory drugs (NSAIDs) is 

a treatment option. NSAIDs inhibit cyclooxygenases (COX)-1 and COX-2, the enzymes that 

produce prostaglandins. NSAIDs do not modify the disease but reduce systemic and local 

inflammation, pain, and fever. However, NSAIDs may also cause gastrointestinal side effects 

[36, 37]. 
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Corticosteroids 

Corticosteroids are potent short-term anti-inflammatory medications used in many different 

inflammatory diseases and conditions. They suppress the immune system but are not capable 

of reducing the progression of the disease in long term. The mechanisms of action of 

corticosteroids involve decreased production of pro-inflammatory mediators including TNF 

and IL-1. Corticosteroids are administered either as local intra-articular injections or 

systemically. Corticosteroids should be administered with extreme caution due to their 

possible harmful impacts, particularly concerning bone health and the growth of children [38, 

39]. 

 

Disease-modifying antirheumatic drugs (DMARDs) 

DMARDs are a category of drugs defined by their use in Rheumatoid Arthritis (RA) for their 

ability to provide long-term effects and slow down the progression of the disease. The term 

is often used in contrast to NSAIDs and corticosteroids [40]. 

 

Methotrexate 

There are several DMARDs used in the treatment of rheumatic diseases. Methotrexate 

(MTX) is often considered as the first choice of DMARDs in JIA and the second line 

candidate for treatment of JIA patients with persistently active arthritis because of its 

effectiveness and only moderate side effects. From studies that have shown that MTX can 

decrease the rate of disease progression it has been indicated that MTX may have a disease-

modifying effect. MTX was first developed as a cancer treatment because of the cell 

proliferation inhibitory effects caused by antagonizing folate and interfering with DNA 

synthesis at high doses. In low‐doses, MTX also acts as an immunomodulatory and anti‐

inflammatory drug. The exact mechanism of MTX action in rheumatic diseases remains 
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unknown, but it is believed to affect the cellular production of a range of cytokines and thus 

suppressing cell mediated immunity [41, 42]. 

 

Biologics 

During last decades, better understanding of the immune system and the pathways involved 

in the pathogenesis of diseases has made it possible to develop targeted therapies against key 

pathogenic mediators. The greatest improvement in the treatment of RA and then JIA patients 

has been achieved by the introduction of highly specific biological treatments. For example, 

targeting of key cytokines including tumor necrosis factor alpha (TNF-α) (in non-systemic 

JIA), IL-1 and IL-6 (in systemic JIA) as well as signaling molecules involved in regulation 

of T-cell and B-cell responses have been successful in decreasing of disease activity [43-46]. 

 

JAK-STAT inhibitors 

JAK-STAT inhibitors represent a novel therapeutic approach involving small molecules that 

specifically target the JAK (Janus kinase)-STAT (signal transducer and activator of 

transcription) signaling pathway downstream of cytokines and growth factor receptors. These 

compounds act by hindering the phosphorylation of JAK enzymes or STATs, a critical step 

triggered by the activation of various cytokines (like type I and II interferons, IL-2, IL-6, and 

IL-10) as well as growth factor receptors. Consequently, this interference downregulates 

downstream signaling cascades altering the transcription of genes responsible for modulating 

key cellular processes including the regulation of cell growth, differentiation of immune cells 

including Th1& Th17 cells and plasmablasts, inflammatory reaction and inhibit the function 

of various inflammatory signaling molecules. 
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1.2 ETIOLOGY OF JIA 

1.2.1 Environmental factors 

 
JIA is a complex disease and the exact etiology of it is not fully understood. It is believed to 

result from environmental exposures in individuals with a genetic predisposition [47]. 

Several environmental factors have been suggested to influence JIA. Some studies suggest 

that breastfeeding and having siblings may have a protective effect on the development of 

JIA by influencing gut microbiota. Conversely, bacterial, and viral infections, antibiotic 

usage, and cesarean (C-section) delivery may impact the microbiome diversity for extended 

periods of time, potentially posing risks for the development of JIA. On the contrary, the 

impact of various potential factors, such as exposure to second-hand smoke, environmental 

pollutants (both air and occupational exposures), Risk factors occurring during the perinatal 

period (such as maternal age, birth weight, multiple births, congenital anomalies, season of 

birth, or maternal-child blood group mismatch), dietary influences, sun exposure, and vitamin 

D, is less well-defined. Studies from diverse populations have yielded varying and at times 

conflicting outcomes, ranging from no apparent effects to significantly positive associations, 

as well as subtle inverse associations [48-50]. 

 

1.2.2 Genetics 

 
Evidence of a genetic component for JIA is based on twin and familial studies. Monozygotic 

twin concordance rate is between 25- 40%. Siblings and cousins are reported to have a 11.6 

and 5.6-fold increase, respectively, in the risk of JIA compared to general population [51, 

52]. Additionally, there is a higher occurrence of other autoimmune disorders, especially 

rheumatoid arthritis, in the family members of individuals with JIA. Moreover, there is 

evidence of shared genetic susceptibility loci between these two conditions [53]. 
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Several susceptibility loci have been reported in JIA [54-57]. Similar to various other 

autoimmune disorders, the most significant identified genetic susceptibility factors for JIA 

are linked to human leukocyte antigen (HLA) locus at chromosome 6. The HLA locus 

includes genes encoding class I (HLA A, B, and C), and class II (HLA-DR, DP, and DQ) 

molecules [58]. The HLA class I and class II haplotypes that are associated with the risk of 

JIA have both similarities and differences with those connected to rheumatoid arthritis and 

other autoimmune diseases as well as among different subtypes of JIA [33, 54, 59, 60]. It 

was estimated that approximately 13% of JIA risk can be attributed to the HLA locus, while 

the top 27 non-HLA loci identified by genome-wide association studies (GWAS) and found 

mainly in oligoarticular JIA and RF-negative polyarticular JIA account for about 6% of the 

risk. This suggests that there are many more risk factors associated to JIA that need to be 

discovered [54, 55]. GWAS compares the frequencies of common genetic variants in 

unrelated cases and controls. This method contributed to identification of thousands of loci 

associated with various diseases and traits by examining hundreds of thousands to a million 

single nucleotide polymorphisms (SNPs) that represent common genetic variations in the 

human genome. A successful GWAS reveals specific genetic variants within a locus, 

indicated by the associated tag SNP, that may play a role in the observed disease or trait 

association [61, 62]. The impact of each genetic variant usually is relatively modest, with 

odds ratios ranging from 6 for the HLA region down to 1.1–1.6 for other genetic loci. It's 

crucial to understand that these odds ratios primarily reflect the impact of common genetic 

variations (minor allele frequency >1%) identified through genome-wide association studies. 

Typically, common variants have relatively modest functional consequences due to 

evolutionary pressures, resulting in correspondingly minimal effects on disease risk. 

However, these values should not be misconstrued as indicative of the significance of specific 

genes and often is not easy to interpret in context of specific phenotype rather than a 
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biomarker. Additionally, genetic associations offer valuable insights when examined at the 

population level [33]. 

The HLA gene complex located at chromosome 6p21.3, has the strongest genetic association 

to JIA with particular importance of HLA-DRB and HLA-DQA/B genes. Various HLA 

associations have been found to different JIA subsets. It has been reported that HLA- 

DRB1*08, DQA1*04 and DQB1*04 alleles confer risk to oligoarticular JIA and RF negative 

polyarticular JIA. However, DQA1*04 and DQB1*04 are in high linkage disequilibrium 

(LD) with the DRB1*08 allele and it is not clear which allele is an independent contributor 

to this association. Oligoarticular JIA and RF negative polyarticular JIA exhibit significant 

genetic similarities. On the other hand, oligoarticular JIA has shown associations with HLA-

DRB1*01, HLA-DRB1*11, HLA-DRB1*13, HLA-DPB1*02, and HLA-DQB1*04 alleles. 

Meanwhile, HLA-DRB1*04 and HLA-DRB1*07 appear to have a protective role in this 

context. Furthermore, RF negative polyarticular JIA has also demonstrated an association 

with HLA-DPB1*03 and HLA-DRB1*15 allele [58, 63, 64]. 

 

DRB1*04 allele which is a risk allele for RF positive RA is associated with susceptibility to 

RF positive polyarticular JIA [63, 65]. RA associated shared epitope coding HLA-DRB1 

alleles have a significantly higher frequency in RF positive polyarticular JIA compared to 

controls. The HLA-DRB1 alleles known to carry the shared epitope sequence (five amino 

acid residues at position 70-74 in the third hypervariable region of the HLA-DRB1 chain), 

include: HLA-DRB1*01:01, *01:02, *01:05, *04:01, *04:04, *04:05, *04:08, *04:09, 

*04:10, *04:13, *10:01, *14:02, *14:06 [54, 66].  

 

In the case of enthesitis JIA, the primary haplotype implicated is HLA-B*27, which is also 

associated with ankylosing spondylitis in adults. In PsA, the principal HLA alleles shown 
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involved include HLA-DRB1*08, HLA-DQA1*0401, HLA-DQB1*0402, and HLA-B*27 

[65]. 

 

sJIA has shown a unique genetic association compared to other JIA subtypes [8]. HLA- 

DRB1*11-DQA1*05-DQB1*03 haplotype has been associated with sJIA in several different 

populations with DRB1*11 allele being recognized as the major hit [33, 64, 67]. 

 

Several non-HLA genes have been associated to JIA as well. A missense variation in protein 

tyrosine phosphatase N22 (PTPN22) gene is the best-validated non-HLA autoimmune 

susceptibility risk factor (odds ratio of around 1.5) to JIA [68]. It has been a well-established 

susceptibility locus to other autoimmune diseases such as type 1 diabetes, RA and SLE, 

multiple sclerosis and Crohn’s disease as well. The PTPN22 gene located on chromosome 

1p13.2, encodes for a protein tyrosine phosphatase PTPN22, whose role is to negatively 

regulate T cell activation [68]. An intronic SNP in the signal transducer and activator of 

transcription 4 (STAT4) gene has been associated to JIA as well as RA and SLE. STAT4 is 

involved in IL-12 signaling and important in differentiation of Th cells [57, 69]. Association 

with JIA was reported for the polymorphisms within genes encoding cytokines TNF, IL-10, 

IL-6, macrophage migration inhibitory factor (MIF), the interleukin 2 receptor alpha (IL2RA) 

[70], IL-2 [70], TNF-α induced protein 3 (TNFAIP3) [71], CC chemokine receptor 5 (CCR5) 

[72]. PTPN2, a gene located on chromosome 18p11.21, encodes the tyrosine phosphatase 

PTPN2 and is similar to PTPN22 in its function of regulating T and B lymphocytes. This 

gene is linked to susceptibility not only in JIA but also in other autoimmune conditions like 

type 1 diabetes, RA, and Crohn's disease [57]. The above non-HLA associations with JIA 

have not been found in sJIA supporting the evidence for being a distinct disease from other 

JIA categories [65, 68]. Overall, these genetic associations prove that established JIA risk 

loci play significant roles in regulating and functioning within the immune system [57].  
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JIA is a complex polygenic disease, because of intricate interplay between a predisposed 

genetic makeup, encompassing both HLA and non-HLA gene variants, and multiple 

environmental elements, demonstrated by the lack of complete concordance between siblings 

and even between identical twins [73, 74].  In rare cases, the development of JIA has been 

related to genetic defects in a single gene with development of Mendelian type of disease 

[75]. Utilizing next-generation sequencing to study familial cases of JIA, researchers 

identified mutations in the LACC1 (laccase domain-containing 1) gene, making it the first 

example of autosomal recessive juvenile febrile polyarthritis with similarities to systemic JIA 

(sJIA), hinting at abnormal activation of innate immunity [76]. Interestingly, LACC1 rare 

genetic mutations have also been found in other forms of JIA as well [77]. Furthermore, 

genome-wide association studies (GWAS) have uncovered LACC1 polymorphisms 

associated with immune and bacterial diseases, such as inflammatory bowel diseases (IBD) 

and leprosy [77-81]. 

Overall, genetics of JIA is pending further investigation and integration of this knowledge 

with functional dysregulation that happens in immune system during development of JIA. 

 

1.3 HISTOPATHOLOGICAL FEATURES OF JIA  

 
Inflammatory joint destruction is the hallmark of JIA. Within the synovial joint, the synovial 

membrane undergoes thickening as a result of uncontrolled synoviocyte proliferation and the 

infiltration of various immune cells. These immune cells encompass T cells, B cells, natural 

killer cells, neutrophils, macrophages, dendritic cells, and plasma cells, which infiltrate the 

sub-lining layer of the synovium. This leads to hyperplasia and hypertrophy of the synovium, 

resulting in reduced oxygen levels within the joint. Consequently, this environment promotes 

the production of pro-angiogenic factors, triggering abnormal blood vessel formation [82, 
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83]. Elevated levels of vascular endothelial growth factor (VEGF), along with its soluble 

receptors and osteopontin, have been associated with synovial angiogenesis in JIA patients. 

The formation of new blood vessels within the synovium enhances blood supply and 

facilitates the influx of pro-inflammatory cells into the joint, leading to the development of 

pathological synovial tissue known as pannus [84]. In the subintimal region of the joint, 

granulocytes, macrophages, plasma cells, and lymphocytes accumulate and release pro-

inflammatory molecules like tumor necrosis factor (TNF) and interleukin-1β (IL-1β). These 

substances upregulate pannus-synoviocyte production of catabolic enzymes, including 

matrix metalloproteinases (MMPs), aggrecanases, and cathepsins. These enzymes degrade 

the extracellular matrix of the articular cartilage, causing loss of function and destructional 

damage [85, 86]. Furthermore, pro-inflammatory cytokines stimulate receptor activator of 

NF-kB (RANK)-expressing osteoclasts, resulting in bone erosion. In advanced stages, this 

damage to cartilage and bone can lead to ankylosis, causing a loss of mobility in the affected 

joints. Considering that JIA primarily affects children, it can disrupt normal skeletal growth, 

potentially leading to long-term issues [82, 83, 87, 88]. Overall, histological changes in JIA 

reflect continuous inflammation and immune reactions locally in joints and surrounded 

tissues. 

 

1.4 PATHOGENIC MECHANISMS IN JIA 

 
The hallmark of JIA, similar to rheumatoid arthritis (RA) in adults, is an inflamed and 

thickened joint synovium that contains a dense inflammatory infiltrate. Since JIA is not a 

single disease but a spectrum of conditions with varying degrees of overlap, the pathogenesis 

differs for each subtype and may also share common mechanisms within this spectrum. 

Dividing JIA patients into different subtypes is primarily based on clinical manifestations, 

and it reveals the ambiguity surrounding the underlying biological factors contributing to the 
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heterogeneity of the disease. JIA is thought to be caused by dysregulation of immune system 

as a result of both genetic and environmental factors [47]. Even though the various JIA 

subtypes are likely to have distinct underlying pathophysiological mechanisms, most forms 

of JIA seem to originate from the failure of immunologic self-tolerance. The levels of 

immune cells like lymphocytes, monocytes, and neutrophils in peripheral blood are 

differentially increased in different subtypes [89]. The adaptive immune response plays an 

essential role in pathogenesis of non-systemic subtypes of JIA. Autoreactive T and/or B cell 

activation has been indicated in oligo- and polyarthritis patients [86, 90]. Many genetic 

studies have indicated subtype specific associations with HLA alleles that supports 

involvement of adaptive immunity, although it is not clear what triggers this self-reaction. In 

fact, the strongest genetic association is major histocompatibility complex (MHC) class II 

alleles, that codes for the B chain of MHC class II molecules. As the role of Class II HLA 

molecules is to present peptide antigens on the surface of antigen-presenting cells (APCs) to 

be recognized by the T cell receptors (TCR) on the CD4+ cells, this strongly suggests 

activation of adaptive immunity specifically T cells [91]. Of the CD4+ T helper (Th) cells, 

both Th1 and Th17 populations have been observed to be enriched in the joints compared to 

the peripheral blood. Th1 cells produce Interferon gamma (IFNγ) and result in a mononuclear 

infiltrate in the joints. Th17 cells are also abundant in the joints of JIA patients and produce 

high levels of their signature cytokine, IL-17 as well as other cytokines such as IL-6, TNF, 

IL-21. In vitro studies have shown that IL-17 induces production of cytokines such as IL-6, 

IL-8 and matrix metalloproteinases (MMPs), that operates to break down tissue as part of an 

inflammatory reaction, TNF, chemokines, and chemoattractants for neutrophils from 

fibroblasts and macrophages. One significant consequence of these effects is the activation 

and recruitment of neutrophils to the site of inflammation [92-94]. Inflamed joints in children 

with oligoarticular, polyarticular, and systemic JIA (sJIA) exhibit an unusual ratio of Th17 

to regulatory T cell subsets in their synovial fluid. Additionally, the number of Th17 cells 
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positively correlates with the severity of arthritis [93]. Although each Th1 and Th17 cell 

response can cause an autoimmune disease independently of one another, there is evidence 

that they counter-regulate and supplement each other as well. It has been shown that lack of 

one of the specific cytokines produced by each cell type in vivo promote a response 

dominated by the other and targeting only one of these may exacerbate the other reaction [95, 

96]. On the other hand, binding of TCR to HLA class II receptor activates signaling pathways 

through co-receptors in APCs that in turn regulates their function and survival such as 

regulation of Toll-like receptor signaling in monocytes and dendritic cells and inducing 

expression of proinflammatory cytokines [97-99]. There is an increased level of monocyte 

derived inflammatory cytokines of innate immune system in JIA. Monocytes in the SF of JIA 

are highly activated and secrete a variety of cytokine such as IL-6, IL-1β, TNF and 

chemokines, such as CCL5, CXCL10 and IL-8 [100]. It has also been shown that neutrophils 

in SF from polyarticular JIA have a differential expression of over 700 genes compared to 

healthy controls. These differences remained after clinical improvements due to medical 

treatments, suggesting for an involvement of neutrophils in the pathogenesis of polyarticular 

JIA [101]. 

Another way CD4+ T cells play a significant role in the pathogenesis of JIA is by facilitating 

the activation of autoreactive B cells. In essence, recognition of self-antigens by specific T 

and B cells enables CD4+ T cells to promote the affinity maturation within B cell clones by 

inducing secondary V(D)J-recombination of the immunoglobulin genes and isotype 

switching in the immunoglobulin heavy chain of memory B cells and plasmablasts secreting 

IgG within the synovial fluid of affected joints [102-104]. 

Role of B cells as precursors of autoantibody producing plasma cells in pathogenesis of JIA 

is not well understood yet. Autoantibodies reacting with different tissue autoantigens such as 

RF, ACPA and ANA can be detected in sera of JIA patients with some subtype of disease. 

However, their direct pathogenic role remains unknown. It is important to consider the role 
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of B cells in the pathogenesis not only as autoantibody-producing cells but also as antigen-

presenting cells (APCs) to T-cells in synovium and thereby amplifying pathogenic T cell 

responses [105]. 

The primary immunopathological feature that sets sJIA apart from other JIA subtypes is 

uncontrolled activation of innate immunity in the center of pathogenesis which differs from 

other JIA subtypes where adaptive immunity plays a more significant role. There is an 

excessive expression of monocyte-derived proinflammatory cytokines, including IL-1, IL-6 

and ´IL-18 which classifies it more as an auto-inflammatory disease rather than autoimmune 

in other JIA subtypes. sJIA also differs in distinct clinical characteristics and treatment 

responses, resembling those seen in autoinflammatory diseases especially adult-onset Still’s 

disease (AOSD).  Successful treatment of JIA with IL-1 and IL-6 inhibitors such as anakinra 

(recombinant form of the natural IL-1 receptor antagonist), and tocilizumab (a humanized 

anti-IL-6 receptor monoclonal antibody) proves the involvement of innate immune cytokines 

in the pathogenesis of JIA- particularly in sJIA [13, 106]. 

Elevated levels of alarmin S100 proteins secreted from monocytes and granulocytes have 

been observed in autoinflammatory disease including sJIA. Once these cytokines and 

proteins are released into the extracellular environment, they can initiate proinflammatory 

responses in human monocytes through a toll-like receptor 4 (TLR4)-dependent mechanism. 

Moreover, they can also stimulate the proinflammatory activation of vascular endothelial 

cells and up-regulation of adhesion molecules on endothelial cells. This, in turn, facilitates 

the adherence of neutrophils and other leukocytes, followed by their migration from the 

bloodstream into the surrounding tissue, ultimately promoting localized inflammation [107-

111]. 

Although the available evidence regarding autoimmunity in systemic JIA is limited, there is 

some data that suggest a potential involvement of T lymphocytes in its underlying 

mechanisms, especially in the subtype of sJIA characterized by a predominant arthritis 
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course. In fact, while the excessive activation of the innate immune system through IL-1 and 

IL-6 in an antigen-independent manner initiates a cascade involving endothelial cells, 

leukocytes, and various tissue cell types, leading to daily fever and systemic inflammation 

during the initial stages of sJIA, these cytokines also could incite T-cell activation, leading 

to the development of chronic arthritis [31, 112]. 

It has been demonstrated that IL-1 and IL-6 play a role in promoting the differentiation of 

undifferentiated T cells into the Th1 and Th17 phenotype. Furthermore, they induce the 

expansion and activation of proinflammatory T cells, leading to the production of IL-17 and 

IFN-γ all while diminishing the susceptibility of effector T cells (Teff) to suppression by 

regulatory T cells (Treg) [113]. It has also been noted that peripheral blood of children with 

sJIA exhibit a higher ratio of proinflammatory IFN-γ producing Th1 and IL-17 producing 

Th17 cells compared to healthy controls [114]. 

 

At the genetic level, despite the many genetic distinctions between sJIA and other JIA forms, 

the most robust genetic association with sJIA remains the MHC class II allele DRB1*11. 

These findings reinforce the idea that autoreactive CD4+ T cells play a pivotal role in the 

pathogenesis of all JIA subtypes [8, 67]. Moreover, abatacept (CTLA4-Ig) which hinders T 

cell activation by inhibiting costimulatory signals via CD80 and CD86, receptor of antigen 

presenting cells, has been an effective treatment for children with chronic articular sJIA [115, 

116]. Overall, the pathogenetic mechanisms of JIA remain mostly unknown, and our 

knowledge about the disease, including the distinctions between JIA subtypes, is pending 

further investigation. 

 

Extensive recent studies in both mice and humans have shown multiple roles of LACC1 in 

excessive innate immune activation. LACC1, also known as C13ORF31 or FAMIN, is a 47-

kilodalton protein primarily expressed in macrophages   [117]. These roles encompass lipid 
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metabolism, host defense against bacterial infections, as well as vital contributions to the 

Pattern Recognition Receptor (PRR)-induced mitochondrial ROS (mtROS) and NFκB 

pathway activation, inflammasome function, cytokine secretion, and intracellular bacterial 

clearance [118]. Interestingly, a recurring theme in these investigations is the reduced 

functionality of macrophages, especially in their ability to produce cytokines and reactive 

oxygen species when LACC1 is deficient. This diminished performance reflects an altered 

interaction between the host's immune system and microorganisms [119]. 

Recent proteomic and biochemical investigations have revealed a new dimension of 

LACC1's function, emphasizing its role in the accumulation of lipid droplets within 

macrophages. These lipid droplets serve as a source of energy for mitochondrial respiration 

through the oxidation of fatty acids, which is crucial for the energy needs of the cell, including 

immune responses thereby regulating autophagy and phagocytosis within macrophages. It is 

suggested that LACC1 interacts with AMPK (adenosine monophosphate-activated protein 

kinase), a key enzyme regulator of cellular energy homeostasis and an initiator of autophagy. 

Autophagy is a process through which cells degrade and recycle their components, including 

damaged or excess organelles and components including proteins and lipids [120, 121]. 

AMPK can regulate autophagy in response to changes in energy levels within the cell. It is 

activated in response to low cellular energy levels, such as when ATP (adenosine 

triphosphate) levels are low or when there is an energy deficit. When AMPK is activated, it 

promotes catabolic processes that generate ATP and inhibit anabolic processes, including the 

synthesis of lipids, which are stored in lipid droplets and promoting their breakdown for 

energy production. This helps cells cope with energy deficits and maintain energy balance. 

Reduced AMPK activity leads to decreased autophagy [119, 122].  In LACC1-deficient 

macrophages, whether derived from patients or generated through gene knockdown, there is 

a decreased capacity to uptake apoptotic bodies and phagocytose bacteria compared to the 

control group. These findings underscore LACC1's critical role in modulating essential 
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macrophage processes like phagocytosis through autophagy regulation. These results 

emphasize the influence of the extracellular matrix and tissue microenvironment on LACC1-

associated phenotypes. It is reasonable to speculate that the metabolic composition of the 

joint microenvironment can drive a pro-inflammatory phenotype in LACC1-deficient 

macrophages. Alternatively, autophagy in macrophages, which relies on LACC1, might 

facilitate the removal of specific pro-inflammatory lipids found in the joints [119]. Studies 

involving LACC1-deficient mice have unveiled that they exhibit increased inflammatory 

responses to immune stimuli. This exaggerated response may be due to the abnormal function 

of energy-deprived macrophages, which produce higher levels of TNF and IL-17, 

subsequently promoting Th17 cell development and intensifying experimental arthritis and 

colitis under inflammatory conditions. Nevertheless, spontaneous inflammatory phenotypes 

were not detected in these mice [117]. In essence, LACC1's involvement in the accumulation 

of lipid droplets within macrophages, its impact on autophagy, and its role in regulating vital 

immune functions present it as a promising player in the pathogenesis of various 

inflammatory diseases, including arthritis. However, a precise understanding of LACC1's 

role in pathophysiology requires further investigation and clarification. 

Crohn's disease is a specific form of inflammatory bowel disease (IBD) characterized by 

inflammation that can extend through the entire bowel wall. It is believed to be caused by 

disrupted interactions between the host and gut microbes, leading to abnormal cytokine 

production [123]. These interactions are controlled by host pattern recognition receptors 

(PRRs). Dysfunctions in PRR signaling, whether caused by reduced or increased activity, 

can contribute to intestinal inflammation. Maintaining a delicate balance in regulating PRR-

mediated responses is crucial for gut health [124]. The significance of host-microbial 

interactions is underscored by genetic factors associated with Crohn's disease (CD). Loss-of-

function mutations in NOD2, a PRR responsible for detecting bacterial peptidoglycan, are 

linked to CD. Additionally, other genetic pathways that affect microbial clearance 
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mechanisms, such as autophagy and the generation of reactive oxygen species, are implicated 

in CD [125, 126]. 

The current evidence suggests that JIA patients face an elevated risk of immune-related 

gastrointestinal conditions, specifically Crohn's disease and ulcerative colitis. In fact, when 

looking at the entire spectrum of JIA patients, the incidence of IBD is notably higher, with 

rates ranging from 20 to over 40 times those observed in the broader pediatric population 

[127-129]. Although IBD has been reported in different subtypes of JIA, it is most frequently 

reported in ERA subtype which are more often male and HLA-B27 positive than JIA patients 

without IBD [34, 128, 130, 131]. ERA resembles adult spondyloarthropathy, a rheumatic 

condition that is recognized for its connection to the onset of IBD [132, 133]. JIA patients 

who have systemic JIA, psoriatic arthritis or extended oligoarthritis have been found to be at 

a higher risk of developing IBD as well [128, 129]. 

 

1.5 AUTOANTIBODIES IN JIA 

1.5.1 Antinuclear antibodies (ANA)  

Antinuclear antibodies (ANA) are autoantibodies that have been studied for over six decades 

and have high sensitivity (90%) for diagnosing SLE in both adults and children, but they are 

also detected in patients with various autoimmune conditions including JIA, mixed 

connective tissue disorder, juvenile dermatomyositis, Sjogren's syndrome, scleroderma, 

autoimmune hepatitis, ulcerative colitis, and autoimmune thyroiditis [7, 134-137]. 

 

While there are different tests available for identifying ANA, the most frequently employed 

screening methods include indirect immunofluorescence and enzyme-linked immunosorbent 

assay (ELISA). The former employs a range of tissue substrates, while the latter utilizes a 

blend of antigens (either purified or recombinant), offering notably high specificity and 
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sensitivity, coated onto polystyrene plates [138]. While the presence of ANA is more 

common in children with JIA than in healthy children, it is important to note that the ANA 

test does not significantly increase the risk of JIA and is not currently used as diagnostic tool 

in JIA. However, it holds significant prognostic value regarding the risk of uveitis. The 

prevalence of a positive ANA among all subtypes of JIA is generally less than 50% [139]. 

Furthermore, false-positive results and transient positivity of the ANA, often due to 

infections, are not uncommon [140]. The prevalence of ANA positivity varies among 

different JIA subtypes. Up to 70% of patients with oligoarticular JIA, particularly young 

females, exhibit higher ANA positivity rates. Likewise, in the case of psoriatic JIA patients, 

ANA positivity is linked to the onset of the disease at an early age and exhibits a higher 

prevalence among females. However, the presence of ANA is less frequent in 

undifferentiated JIA and systemic JIA patients. It's worth noting that a recent study revealed 

an increasing trend in ANA and rheumatoid factor titers among patients with systemic JIA 

over time [34, 141, 142]. 

In terms of JIA prognosis, the literature offers mixed evidence concerning the relationship 

between ANA status and arthritis outcomes. Large-scale studies have not consistently shown 

significant differences related to ANA positivity and the number of active joints at follow-

up, remission rates on or off medication, or the prediction of relapse [139, 143]. However, a 

study that used a protein-based microarray to investigate sera of JIA patients with 

oligoarticular JIA concluded that specific autoantibodies targeting nuclear antigens such as 

histone and chromatin may serve as better biomarkers for prognosis and predicting active 

JIA during the five-month follow-up, compared to the standard ANA test [144]. 

 

Etiological hypothesis of ANA 

Besides ANA relevance as a biomarker for specific JIA phenotypes within clinical definition 

of the disease, there is a lack of knowledge regarding role of ANA in JIA pathogenicity. 
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However, several studies that have investigated role of ANA in other autoimmune diseases, 

have provided evidence for their involvement in pathogenesis. First the presence of these 

antibodies several years before the onset of the disease without any clinical symptoms has 

been shown in scleroderma and SLE. Second, higher titers of ANA have been observed in 

patients compared to controls. The levels vary over time in patients, and it correlated with 

disease activity in Scleroderma patients and B-cell depletion with rituximab which is an anti-

CD20 medication was beneficial in these patients [145]. Furthermore, passive transfer of 

ANA has led to lupus-like symptoms and exacerbation of autoimmune features in the disease 

prone mice leading to more severe symptoms and organ involvement [146]. Skin and lung 

fibrosis have been observed in mice models of sclerosis as well [147]. 

 

ANA, primarily of the IgG class, specifically target nuclear antigens that are typically 

‘hidden’ within cells. However, under certain conditions such as abnormal apoptosis and 

necrosis, these antigens are exposed to outside of the cell. In such cases, dying cells may 

release their nuclear antigens (neoantigens) into the extracellular environment. In genetically 

predisposed individuals and under the influence of environmental factors, impaired clearance 

of these released antigens can lead to their accumulation in various tissues. Over time, this 

accumulation of neoantigens may disrupt immune tolerance mechanisms, potentially 

resulting in a loss of self-tolerance [148, 149]. The mechanism behind the generation of ANA 

is rooted in the immune response triggered by post-translational modifications of self-

proteins and release of neoantigens outside of the cells. Additionally, molecular mimicry 

occurs, where cross-reactive antibodies recognize both microbial and human proteins. This 

can lead to the production of antibodies directed against a particular antigen. Subsequently, 

this initial immune response may cascade into the production of antibodies against other 

structurally similar antigens, a phenomenon known as epitope spreading. [150-154]. Several 

ANA subtypes exist, each targeting distinct cellular components within the nucleus, 
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including DNA, histones, RNA, and nucleic acid-protein complexes [155-157]. The 

pathogenic mechanism suggested for ANA include the immune complex formation with 

nuclear autoantigens released from apoptotic bodies which activate complement system and 

interact with different Toll-like receptors on fibroblasts and endothelial cells and depending 

on the specific ANA subtype induce inflammation and secretion of extracellular matrix and 

proinflammatory cytokines such as IL-8 and IL-6  [146, 147]. 

 

1.5.2 Antibodies against citrullinated protein/ peptide (ACPA) 

Antibodies against citrullinated protein/ peptide (ACPAs), are a group of antibodies clinically 

assessed by a commercial ELISA based on reactivity to a library of synthetic cyclic 

citrullinated peptides (second generation anti-CCP ELISA, CCP2). Detection of anti-CCP 

antibodies have been included in the diagnostic criteria for RA as they have a high specificity 

(89%–100%) and sensitivity (65%–80%) for RA. Despite being a good diagnostic tool, CCPs 

have been designed to identify as many antibody reactivities against different citrullinated 

autoantigens as possible and may not translate to real peptides in vivo. Investigations are 

ongoing to find the real ACPA targets that will help in better understanding of the 

pathogenesis and aid in finding more specific therapies [158, 159]. ACPA predict progression 

to RA in patients with undifferentiated arthritis [160]. ACPA is associated with worse 

prognosis, poor outcome and they have important prognostic value for assessing radiological 

damage in RA. They have also been associated with pain, which appears to be independent 

of inflammation [161-168]. ACPA can be detected in blood of RA patients several years 

before clinical symptoms occur and the antibody level and number of reactivities increases 

as it gets closer to the diagnosis  [169]. This may suggest that they have a role in disease 

pathogenesis [169-171]. An increased level of citrullination has been observed in RA. More 

specifically, several citrullinated proteins have been detected in synovial tissue in rheumatic 

joints and circulating antibodies against them have been detected in patients not only in 
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blood, but also in synovial tissue. Anti-citrullinated type II collagen, fibrinogen, filaggrin, -

enolase and vimentin antibodies are the best described ACPA fine specificities, although 

these reactivities are known to be highly overlapping [95, 172-174]. 

The role of anti-CCP antibodies in children with JIA has been less studied [175]. In JIA, the 

presence of ACPA has also been detected in ranges between 2 to 24% of patients [8, 9] [12, 

176-180], depending on the specific JIA subtype in the studied cohort, which is much less 

prevalent and with lower levels than in RA [181, 182]. According to a meta-analysis, it was 

reported that anti-CCP antibodies have a heterogenous sensitivity and specificity depending 

on the studied population and it’s subtypes and with the higher sensitivity of detection in RF-

positive polyarthritis JIA (48%) than in the other subtypes (17%) and a high specificity 

ranging from 97% to 100% [183]. In a number of studies, ACPA has been associated to an 

erosive joint disease or radiological damage and severity of disease course in JIA, more 

specifically in polyarticular RF-positive subset  [12, 179, 184-187]. The detection of ACPA 

in polyarticular RF positive JIA has been consistently associated with an increased likelihood 

of experiencing a more aggressive and erosive disease [180, 187-189]. This pattern is akin to 

that observed in adult RA patients who are ACPA-positive, as they tend to exhibit a more 

severe disease progression [190, 191]. Similar to RF, the presence of ACPA in children with 

polyarticular JIA often prompts pediatric rheumatologists to recommend earlier and more 

intensive therapeutic interventions [192]. Identification of the target proteins of citrulline 

modification in JIA has not been fully determined and is difficult to assess due to broad 

overlap between ACPA reactivities. However, the presence of anti-citrullinated vimentin, 

fibrinogen and type II collagen antibodies in JIA have been reported [193-198]. 

  

Citrullination and PAD enzymes 
 
Citrulline is produced through an enzymatic post-translational modification process called 
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deimination (citrullination of arginine residues in peptide structure). It is catalyzed by Ca2+-

dependent peptidyl-arginine deiminases (PADs). Citrullination in general is involved in both 

homeostatic and disease conditions. In normal physiological situations, for example, 

citrullination occurs during histone modification, the terminal differentiation of epidermis 

and hair growth. It also occurs in the process of neutrophil extracellular traps (NETs) 

formation and was detected in individuals with a variety of diseases including cancer, 

psoriasis, multiple sclerosis, inflammatory bowel disease and rheumatoid arthritis [199].  

Citrullination can occur intracellularly in the nucleus or cytoplasm and extracellularly. 

Several isoforms of PADs are known to exist, with PAD2 and PAD4 being linked to 

inflammatory conditions. These enzymes, mainly originate from neutrophils and demonstrate 

elevated expression in the synovial fluid of both mice and humans affected by inflammatory 

arthritis [200, 201]. This amino acid modification may change the structure of a protein and 

as a result of that it has immunogenic features since it changes the positive net charge of the 

arginine residues to neutral in citrulline residues. Additionally, substitution of imino group 

by oxygen with formation of carbonyl group slightly increases the molecular mass (1 

Dalton) for each modified amino acid residue. Cumulatively, these modifications may lead 

to the conformation change of the protein and may cause subsequent tolerance breach to self-

proteins in genetically susceptible individuals [202-204]. 

 

Etiological hypothesis of ACPA 

With discovery of ACPAs as specific biomarker of rheumatoid arthritis, the etiological role 

of these antibodies discussed repeatedly and the hypothesis of development of active joint 

inflammation was suggested [205]. Environmental factors such as smoking, silica or 

periodontitis can lead to a persistent local inflammation in the mucosal compartments of 

lungs and gums. This process triggers apoptosis in the cells and results in the activation and 
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release of PAD enzymes into the extracellular environment, which contains higher calcium 

concentrations. This leads to an increased level of protein citrullination and the generation of 

neoepitope peptides that were not originally encountered during thymic selection. These 

neoepitopes are, therefore, incapable of inducing central tolerance and can escape central 

tolerance mechanisms, potentially leading to the production of autoantibodies. This will 

enhance binding of modified peptides to HLA-DRB1 SE that would not be bound in their 

native form and therefore presentation of them to T cells. In genetically susceptible 

individuals and in the presence of a second hit such as an infection or trauma, antigen-specific 

T and B cells (that have escaped negative selection) will be activated. B cells reactive to 

modified autoantigens and helped by class II-dependent T cells migrate and proliferate in the 

joint and subsequently produce ACPA. Epitope spreading and an increase in the antibody 

level occur over time prior to disease onset. ACPA cross-react with citrullinated epitopes 

present in the joints. They bind to citrullinated peptides on osteoclasts, activates them and 

promote bone erosion. They also induce production of chemokine CXCL8 that further 

promotes osteoclastogenesis. CXCL8 also binds to CXCR1 and CXCR2 on nociceptive 

nerves and thereby causes pain. It also acts as chemoattractant for neutrophils and induction 

of NETosis. Furthermore, ACPA form immune complexes with citrullinated peptides and 

mediate effector functions that contribute to synovial inflammation. They stimulate 

macrophages through both TLR-4 and Fc-gamma receptors and induce production of TNF-

α and IL-6 by them. It has also been shown in vivo in mice models of inflammatory arthritis 

to exacerbate tissue damage [206-211]. Although there are repeated indications of 

involvement of ACPA in RA development, the etiological hypothesis of ACPA continue to 

serve as reasonable framework for multiple clinical and experimental studies, including 

studies of JIA. 
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1.5.3 Rheumatoid factor (RF) 

Rheumatoid factor (RF), first was discovered more than 80 years ago, and has been found to 

be more common among patients with rheumatoid arthritis and the first clue that self-

reactivity plays a role in RA [212, 213]. RF (predominantly IgM but can be of any isotype of 

immunoglobulins (IG)) specifically binds to the Fc portion of IgG molecules and form 

immune complexes that may participate in disease development. In adults, RF is most 

commonly associated with RA and is one of the serologic tests included in the current 

classification criteria for RA together with ACPA [214-216]. A meta-analysis indicated 

sensitivity and specificity values of detection of RF in RA as 69% and 85%, respectively 

[181]. RF can also be found in circulation in patients with other autoimmune disorders such 

as acute rheumatic fever, systemic lupus erythematosus (SLE), and Sjogren's syndrome. 

Furthermore, RF can be detected in individuals with infections like tuberculosis and Lyme 

disease, as well as in otherwise healthy individuals [181, 217]. 

 

While RF was discovered in some juvenile arthritis patients long ago, its overall presence in 

JIA is relatively low compared to RA, typically less than 5%. However, its presence in JIA 

is associated with a worse prognosis [218, 219]. In particular, JIA patients with RF positive 

polyarticular JIA are at a higher risk of experiencing a more aggressive disease course and 

bone erosion compared to JIA patients without RF [188, 220]. Consensus treatment protocols 

established by the Childhood Arthritis and Rheumatology Research Association (CARRA) 

identify RF and ACPA as unfavorable prognostic indicators in polyarticular JIA patients. 

This recognition leads most pediatric rheumatologists to consider more aggressive early 

therapies, such as TNF inhibitors, for these patients [192].  

Notably, RFs play physiological roles in the normal immune system. For instance, IgM-RF 

promotes phagocytosis, the removal of antigen-antibody complexes during infection, 

complement fixation, and enhances B cell antigen uptake and presentation to CD4+ T cells 
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[221]. However, pathogenic IgM-RFs, as seen in RA, tend to have higher affinity and are 

more specific, indicating affinity maturation [222]. While RA often exhibits elevated levels 

of IgM-RF, with IgM-RF being the most common, the isotype-switched IgG and IgA classes 

are believed to be more directly linked to immunopathology and bone erosion [223]. The 

mechanisms underlying RF production are not yet fully understood but seem to involve 

immune complex recognition by B cell receptors within the context of toll-like receptor 

stimulation, along with T cell assistance [224, 225]. 

Overall, the detection of autoantibodies of various types serves as a valuable source of 

biomarkers in the diagnosis of rheumatic and autoimmune diseases. It also functions as a tool 

for studying disease mechanisms and for sub-classifying disease phenotypes. Recent studies 

have demonstrated that in the case of rheumatoid arthritis, systemic lupus erythematosus, and 

idiopathic inflammatory myopathies, autoantibody profiling aligns with the genetic, 

proteomic, and clinical features of the diseases, supporting the breakdown of disease 

complexity into more homogeneous subgroups [226-228]. 

 

1.6 JOINT DEGENERATION IN JIA 

JIA may develop to a degenerative joint disease. The loss of articular cartilage during joint 

degeneration is irreversible and it causes both pain and limitation of joint function. This may 

lead to both immobility and disability. Current therapies are unable to reverse cartilage loss 

[229]. Inflammation induces expression of cytokines and enzymes that degrade cartilage 

matrix. Cleavage products from degraded matrix proteins may serve as biomarkers of 

destruction and can be found in body fluids like blood, urine and synovial fluid [230]. At 

present, the standard method for diagnosing the destruction of the joints is by clinical 

evaluation and radiographic techniques which detect changes in the bone structure and joint 

space that is caused by loss of articular cartilage. Nevertheless, radiography is less suitable 

for a softer tissue such as cartilage and it takes long time before changes in bone are detectable 
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by radiography. Thus, finding laboratory biomarkers can be helpful in detecting the early 

phases of joint deterioration prior to radiographic detectability and to assist response to 

therapy predicting future development of the disease. Furthermore, such biomarkers could 

be used as tools for monitoring the effects of drug treatments and could help to develop new 

therapies. 

 

 

1.6.1 Composition and turnover of articular cartilage and bone 

 
The bony ends of the joint are covered by articular cartilage that together with synovial fluid 

facilitate joint movements and protect it from mechanical shocks. Cartilage consists of a 

compact extracellular matrix (ECM) made up of water, collagen, proteoglycans, along with 

various non-collagenous proteins and glycoproteins present in smaller quantities. 

Chondrocytes represent the sole cell type within cartilage and account for approximately 2-

10% of the total cartilage volume. These cells synthesize cartilage matrix and are responsible 

for cartilage turnover which involves both degradation and synthesis. Cartilage is mainly 

composed of the proteins, collagen type II and Aggrecan. There are also other proteins in 

articular cartilage but in smaller quantities that play a role during matrix formation or regulate 

cell function. For example: type I, VI, IX, X and XI collagens, different types of non-

collagenous proteins like fibronectin, cartilage oligomeric matrix protein (COMP) which 

make additional cross-linking and act as stabilizers of the collagen network and hyaluronan 

which is a main component of both synovial fluid and cartilage matrix and bonds aggrecan 

molecules together [231-233]. 

 

1.6.2  Cartilage biomarkers in joint destruction 

 



 

30 

The most abundant collagen type in the cartilage (around 90%) is type II collagen. It is only 

found in cartilage, which makes it a good marker for cartilage formation and degradation. 

The network that type-II collagen forms is pivotal for the morphology and stability of 

articular cartilage. The structure is made of three identical alpha chains that together make a 

triple helix. Single collagen molecules are crosslinked by other proteins in order to form 

larger collagen fibers. Type II collagen can be degraded enzymatically and generate different 

cleavage neoepitopes. These neoepitopes are released from cartilage matrix into body fluids 

such as SF, serum and urine and can be used to record cartilage degradation. The initial 

enzymatic cleavage of type II collagen by collagenases, metalloproteinases and cathepsin K, 

produces two fragments: a ¾ piece and a ¼ length fragment. As a result of this the triple helix 

unwinds and expose the new epitopes for detection and further cleavage by a variety of 

proteases [232, 234, 235].  

 

C2C neoepitope  

Type II collagen collagenase cleavage neoepitope (C2C) is the ‘new’ carboxyterminal end of 

the new fragment generated as a result of the primary cleavage of type II collagen by 

collagenases. Additional cleavage generates a smaller fragment consisting of forty-five 

amino acids which still contains the C2C epitope. C2C is used as a marker for cartilage 

degradation and turnover [236]. C2C concentrations in articular cartilage are increased in 

knee Osteoarthritis (OA) [237]. Among OA patients receiving biologic therapy, there was a 

correlation between serum C2C concentrations and radiographic assessments. Elevating C2C 

levels were associated with disease progression, while decreasing values were linked to 

disease remission [238, 239]. In OA patients with no radiographic signs of joint destruction, 

elevated urine (but not serum) C2C levels are observed [240]. In RA, high C2C levels 

suggested a progressive course of joint destruction. The serum C2C concentration was 

decreased after biologic therapy [238, 239]. In a study on JIA, it was seen that unlike adults 
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with RA, serum C2C levels were significantly lower in JIA patients compared to healthy 

controls which suggest an inhibition of cartilage turnover in these patients. However, the 

levels did not correlate with disease duration, with bone erosion score nor clinical measure 

of disease activity and damage. The median C2C level was notably higher in patients who 

experienced structural damage progression, as indicated by joint space narrowing (JSN), 

compared to those without such progression. Patients, who at the 6 months follow-up visit 

needed either initiation of methotrexate or addition of a biologic agent, had significantly 

increased levels of C2C compared to patients who did not need to change the treatment. The 

authors proposed that biomarkers indicating cartilage breakdown hold promise as potential 

indicators for predicting the progression of structural damage and the severity of the disease 

course [241]. 

 

ARGS-aggrecan neoepitope  

Aggrecan is the largest and most abundant proteoglycan protein in articular cartilage. It is 

composed of mass of glycosaminoglycans (GAGs) (keratan sulfate and chondroitin sulfate). 

Many GAGs are bond to a central core-protein. Glycosaminoglycan chains are highly polar 

and thus attract water. Aggrecan molecules bind to hyaluronic acid and is stabilized by a link 

protein. In a study on JIA patients, it was noted that the concentration of GAG in SF from 

JIA patients was considerably lower when compared to SF from patients with OA, juvenile 

knee injury, and individuals with healthy knees. It has been observed that GAG 

concentrations are decreased in both OA and RA patients, and they do not correlate with 

radiographic scores. The levels were lower in inflamed RA and OA knees compared with 

non-inflamed ones [233, 242].  
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Cartilage oligomeric matrix protein (COMP) 

Cartilage oligomeric matrix protein (COMP) is not specific for cartilage. It is synthesized by 

chondrocytes but also by other cell types including synovial cells and osteoblasts [243]. 

Cartilage degradation causes the release of COMP in synovial fluid but in synovial 

inflammation, COMP levels might increase in the serum as well [243, 244]. It has been 

reported that during early disease stages of RA, COMP levels increases but it decreases 

afterwards [245]. In RA, high initial values of COMP predicted the progression of joint 

destruction and biologic therapy (anti TNF-α therapy) correlated with a decrease in serum 

COMP [246, 247].  In JIA, decreased COMP levels compared with healthy children, has been 

observed. COMP values correlated negatively with inflammatory activity as indicated by 

CRP and the thrombocyte counts and were associated with reduced growth rate [248]. Serum 

COMP concentration showed a decrease in systemic JIA patient who has growth impairment, 

and it was increased after treatment with anti-IL-6 tocilizumab. The systemic inflammation 

observed in sJIA can potentially impact the process of cartilage turnover, which plays a 

critical role in children's growth. Elevated levels of COMP in the serum of healthy children 

are indicative of increased cartilage turnover during growth. Therefore, serum COMP 

concentrations could potentially serve as a marker signaling growth impairment in 

individuals with systemic JIA [249]. 

 

1.6.3 Bone biomarkers in joint destruction 

Amino-terminal collagen crosslinks (NTX-I) 

Type I collagen composes 90–95% of the bone extracellular matrix secreted by osteoblasts. 

Antibodies have been made to N-terminal and C-terminal (amino and carboxy) telopeptides 

that constitute cross-links. Amino-terminal collagen crosslinks (NTX-I) and carboxy-

terminal collagen crosslinks (CTX-I) are used as biomarkers to detect bone turnover and 
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measure mainly bone resorption in the urine or serum. However, Type I collagen is also found 

in skin and tendons and thus it is not a specific biomarker for bone turnover [250]. In a study 

on JIA, it was observed that, JIA patients had elevated levels of CTX-I compared to the 

healthy controls. However, patients with radiographic progression had reduced levels of 

CTX-I compared to patients without structural damage progression. Decreased bone mass 

and bone turnover was observed in children with higher degrees of joint destruction [251]. 

 

Tartrate-resistant acid phosphatase (TRAP) 

Tartrate-resistant acid phosphatase (TRAP) is an iron-containing enzyme commonly found 

in bone and the immune system. It plays a vital role in numerous biological functions, 

including skeletal growth, collagen synthesis and breakdown, cytokine generation by 

macrophages and dendritic cells, recruitment of macrophages, maturation of dendritic cells, 

and its involvement in the formation of Th1 immune responses [252]. Serum contains two 

TRAP isoforms, 5a and 5b, derived from post-translational modifications of a single gene 

product [253]. TRAP 5a is released by macrophages and dendritic cells, while TRAP 5b is 

predominantly secreted by activated osteoclasts. TRAP 5b serves as a biomarker to measure 

osteoclast count and bone resorption levels. Its diagnostic and prognostic potential extends 

to conditions such as osteoporosis, cancers with bone metastasis, and various metabolic and 

pathological bone disorders. Observations indicate that within the synovium near the 

cartilage-synovial boundary, TRAP-positive mononuclear and multinucleated cells are 

responsible for the production of MMP-2 and MMP-9. These cells are believed to play a 

significant role in the degradation of articular cartilage in patients with rheumatoid arthritis 

(RA) [254]. It is important to notice that elevated TRAP 5b is observed during normal bone 

growth in children as well [252, 255-257].
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2 ETHICAL CONSIDERATIONS 

In the pursuit of scientific knowledge and advancements in the field of pediatric 

rheumatology, our research projects involved the utilization of human materials, including 

blood, synovial fluid (SF) and urine obtained from biobanks, as well as personal information 

from patients and healthy donors. Ensuring the highest ethical standards and patient privacy 

was essential in our research. 

 

Informed Consent and Patient Privacy 

Before any sample collection, comprehensive informed consent was diligently obtained from 

the children involved in our studies and their parents and healthy donors respecting their 

autonomy and ensuring that they understood the nature and purpose of the research. This 

ethical foundation safeguards patient privacy and their rights as research participants. 

 

Synovial Fluid Collection 

It's crucial to emphasize that the collection of synovial fluid (SF) was exclusively performed 

on patients experiencing swollen joints and mobility issues. This procedure was essential for 

clinical diagnosis and was executed by qualified clinical doctors. Our approach prioritizes 

the patients' well-being, aligning with the principles of beneficence and non-maleficence in 

medical ethics. 

 

Stringent Data Management 

To protect patient data, all information was meticulously coded, rendering it anonymous and 

preventing any personal identification. This safeguard extended to details such as patient 

birthdates, disease onset dates, and treatments. To further secure data, access to the key for 

decoding was restricted to authorized personnel within the research group. 
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Data Handling and Sharing 

We strictly adhered to data security protocols. Patient data was never shared via email or 

external communication channels to mitigate the risk of unintended data exposure. 

Additionally, electronic files containing sensitive information were safeguarded with 

Personal Identification Number (PIN) codes when necessary. 

 

Transparency and Accountability 

Transparency was of utmost importance in our research. We hosted informative events to 

relay the latest project developments to the patients and their families. During these sessions, 

we were committed to providing clear and open explanations of the research objectives, 

hypotheses, sample processing, and accomplishments. This transparency was accompanied 

by a platform for participants to ask questions and seek clarifications, ensuring accountability 

throughout the research process. 

 

Voluntary Participation 

It is imperative to underline that participation in our studies was entirely voluntary. Equally, 

the decision to withdraw from the research at any point was fully respected. Ethical approval 

was diligently secured for all sample collections and data gathering processes. 

 

In summary, our research activities were conducted with the utmost respect for ethical 

standards and the well-being of the patients involved. Our commitment to transparency, data 

security, and patient privacy safeguards the ethical integrity of our studies and maintains the 

trust of our research participants.
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3 AIMS OF THE THESIS 

This thesis aimed to enhance our understanding of the disease mechanisms underlying 

Juvenile Idiopathic Arthritis (JIA) by delving into the genetic background of JIA and 

exploring specific immunological and biochemical biomarkers for improving diagnosis and 

prognosis of JIA. Comprising four distinct studies, this work collectively unveiled various 

aspects of JIA, forming a cohesive exploration of this complex condition. The specific aims 

were to: 

 

1. Study I: Genetic Risk Factors and Autoantibodies in JIA 

▪ Uncover SNP genetic risk polymorphysms associated with JIA through a genome-wide 

association analysis in a Swedish cohort. 

▪ Explor genetic association of JIA with classical Human Leukocyte Antigen (HLA) 

haplotypes and explore their relationships with specific autoantibodies (ANA, RF, 

ACPA). 

▪ Investigate potential interactions between genetic factors and autoantibody production, 

specifically ANA in JIA. 

    

2. Study II: LACC1 Variations in Non-Systemic JIA 

▪ Investigate genetic variations at the LACC1 locus in non-systemic JIA, a relationship 

that had not been previously explored. 

▪ Replicate previous associations between LACC1 polymorphisms and inflammatory 

bowel diseases (crohn's disease and ulcerative colitis) within a large Swedish cohort. 
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3. Study III: ACPAs in JIA 

▪ Examine the prevalence of anti-citrullinated protein/peptide antibodies (ACPA), 

particularly anti-CCP antibodies, in Swedish JIA patients and healthy age-matched 

references. 

▪ Identify ACPA reactivities in JIA patients and healthy children using a multiplex 

microarray platform. 

▪ Investigate correlations between ACPAs, HLA SE, and clinical characteristics. 

    

4. Study IV: Biomarkers of Joint Degradation in JIA 

▪ Explore the levels of biomarkers associated with bone and cartilage degradation in 

Swedish JIA patients, healthy children, and those with acute knee injuries. 

▪ Assess the utility of different biofluids (Plasma, SF and Urine) in detection of these 

biomarkers for early detection of joint damage in JIA. 

▪ Investigate the impact of confounding factors such as age, gender, disease onset, 

disease duration, extent of joint involvement, and medication usage on biomarker 

levels. 

 

    

These four studies collectively contribute to a deeper understanding of JIA, from genetic risk 

factors and autoantibodies to biomarkers for early joint degradation. The findings have 

implications for diagnostics, prognostics, and potential for refining JIA subtyping and 

treatment strategies in future. 
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4 RESULTS AND DISCUSSION 

4.1 STUDY I: GENETIC ASSOCIATION OF ANTINUCLEAR ANTIBODIES WITH 

HLA IN JIA PATIENTS 

Our study had a dual objective: firstly, to uncover new genetic risk factors linked to JIA 

through a genome-wide association analysis within a Swedish cohort. Secondly, to enhance 

our understanding of classical HLA genetic associations with JIA, while also exploring their 

relationships with specific autoantibodies (ANA, RF, and ACPA). 

We examined a group of 329 JIA patients from Stockholm, Sweden and 728 healthy adult 

controls. Characteristics of the study participants is described in Table 1, Study I.  

DNA was extracted by salting-out method and the Illumina OmniExpress array was used for 

genotyping, and we employed the SNP2HLA algorithm to estimate HLA alleles from our 

GWAS data. 

Through our case-control analysis, we identified 12 single SNPs that showed strong 

associations with JIA at the genome-wide significance level. These SNPs were all situated 

on chromosome 6 within the Major Histocompatibility Complex (MHC) class II gene region 

(Table 2, Study I).  Notably, the most significant SNP (rs28421666) was located near HLA-

DQA1 and HLA-DRB1 genes (Figure 1, Study I). 

Although high-throughput probe-based genotyping technologies have facilitated the 

comprehensive examination of DNA sequence variations in genome-wide association 

studies, they have faced challenges in accurately capturing variations within HLA genes. The 

limitations in resolution of probe-based methods for HLA genotyping is due to the 

exceptionally polymorphic nature of these genes. Alternative methods such as imputation 
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have been developed to infer classical alleles by utilizing SNP genotypes from existing 

GWAS data, providing an indirect approach to HLA typing [258].  

Imputation is a statistical technique commonly employed in genetic studies to extrapolate 

and estimate genetic variations based on LD patterns among neighboring SNPs in genomic 

regions that have not undergone direct genotyping via GWAS. This method involves the 

comparison of established haplotypes from a reference panel which is a large dataset 

containing genotypic information on a wide range of genetic variants from a diverse 

population with the haplotypes derived from the study participants to fill in missing genetic 

data. By doing so, imputation allows for informed predictions regarding the genotypes of 

ungenotyped variants. The outcome is a more exhaustive understanding of the genetic 

diversity present within a given population [258]. 

Thus, to identify HLA alleles driving the genome-wide association signals on chromosome 

6, classical HLA alleles in the major histocompatibility complex (MHC) region were imputed 

from GWAS SNP data (Table 3A, Study I) using Type 1 Diabetes Genetics Consortium 

(T1DGC) reference panel.  

In the overall cohort of JIA, HLA-DRB1*08:01, HLA-DQA1*04:01, and HLA-DQB1*04:02 

were the alleles most strongly linked to an increased risk of JIA. When we looked at specific 

subtypes, these alleles were associated with oligoarthritis and RF-negative polyarthritis 

(Table 4, Study I). An extended HLA-DRB1-DQA1-DQB1 haplotype encoding the DR8 and 

DQ4 molecules has consistently been implicated as conferring increased risk to JIA [54, 59, 

259-263]. In subtype-specific association analysis these alleles were found particularly in 

oligoarthritis and RF-negative polyarthritis patients, which suggests similar genetic 

predisposition for these two subtypes as has been observed before [54, 59, 259-263]. 
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Within the linkage disequilibrium (LD) of the HLA-DRB1-DQA1-DQB1 haplotype, our 

analysis suggested that HLA-DRB1*08 might be the primary allele associated with JIA 

susceptibility. The HLA-DRB1*11 allele group also independently correlated with JIA, 

particularly in the oligoarthritis patient group. Additionally, HLA-B*27:05 was notably 

associated with the enthesitis-related arthritis subtype. These findings underscore the 

importance of considering different JIA subtypes separately due to their unique genetic 

associations. 

Our investigation unveiled a statistically significant connection between female sex, the 

presence of anti-nuclear antibodies (ANA) and specific HLA alleles (Supplementary figure 

2, Study I). By comparing patients who carry the HLA risk allele HLA-DRB1*08 to those 

who don’t have it we observed that, HLA-DRB1*08-positive patients had significantly lower 

age at onset, higher frequency of females and were more often ANA-positive (Table 5, Study 

I). All RF-positive polyarthritis patients were HLA-DRB1*08-negative. Regarding HLA-

DRB1*11, it was also observed that HLA-DRB1*11-positive patients had higher frequency 

of ANA antibodies.  

By performing association analysis comparing ANA-positive patients to controls we 

observed that the ANA-positivity, associated significantly to DRB1*08, DQA1*04 and 

DQB1*04, at a higher significance level (Table 6A, supplementary Table 2 & 

Supplementary Figure 3A, Study I). In contrast, the ANA-negative patients did not show 

any significant associations with the classical HLA alleles (Supplementary Figure 3E 

Study I). In addition, in ANA-positive patients, stepwise logistic regression conditional 

analysis identified DRB1*11 allele as a separate significant signal (Table 6B & 

Supplementary Figure 3B_D, Study I) in the region. With further conditioning for both 

DRB1*08 and DRB1*11, DPB1*02 was found as an independent association allele. The 
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observed correlations between specific HLA alleles and ANA positivity suggest potential 

interactions between genetic factors and autoantibody production in JIA.  

On the other hand, DQB1*06, DRB1*15, DRB1*07, DRB1*04, DQA1*03, DQB1*02, C*06 

and A*03 alleles were protective among ANA-positive patients (FDR<0.05) 

(Supplementary Table 2, Study I). 

 

Next, we performed additional comparison between ANA-positive and ANA-negative JIA 

patients (Table 7, Study I). It was observed that ANA-positive patients had a significantly 

higher percentage of DRB1*08, 39% vs 19% in ANA-negative patients (P=0.0016), 

DQA1*04, 38% in ANA-positive vs 18% in ANA-negative (P= 0.0016), DQB1*04, 36% in 

ANA-positive vs 18% in ANA-negative  (P= 0.0016) and DRB1*11, 31% in ANA-positive 

vs 17% in ANA-negative (P= 0.032). The ANA-positive group also had higher frequency of 

females (80.5% vs 59.4%) than the ANA-negative group (P=0.0008) and age at disease onset 

was significantly lower in the ANA-positive group, 3 vs 8 years in the ANA-negative group 

(P= 0.0016). The majority of ANA-positive patients were in the oligoarthritis subtype group 

(88 patients, 61%) and RF-negative polyarthritis subtype group (37 patients, 25%). 

Additionally, 35 patients (13%) of ANA-positive JIA were distributed across other subtypes. 

sJIA and ERA subcategories were more frequently ANA negative. 

We further used logistic regression to examine the relationship between key factors 

(DRB1*08, DRB1*11, gender, and age of onset) and the presence of ANA in JIA patients. 

Our results indicated that DRB1*08, DRB1*11, gender, and age of onset were all contributing 

to the risk of ANA positivity in JIA patients with different effect sizes (Table 8, Study I). 

Among these factors, DRB1*08, DRB1*11, and female gender had the highest statistically 

significant B regression coefficients of 0.79, 0.77, and 0.75, respectively. In contrast, age of 

onset had a smaller yet still statistically significant coefficient of -0.01, suggesting its role in 

promoting an ANA-positive profile in JIA. 
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These results align with the categorization established by the Paediatric Rheumatology 

International Trials Organization (PRINTO), which recognizes a subgroup of arthritis 

referred to as 'early-onset ANA-positive JIA'. This category includes children with arthritis 

onset at ≤6 years of age, who exhibit at least two ANA titers of ≥1:160 and do not have any 

other identifiable form of JIA [18]. This classification emerged from studies demonstrating 

that children with JIA meeting the specified ANA threshold typically experienced an earlier 

age of onset (80% under 6 years), had fewer affected joints involved, a lower frequency of 

radiographic joint damage, and a higher incidence of uveitis compared to patients falling into 

the oligoarthritis, RF-negative polyarthritis, and psoriatic JIA subtypes who never tested 

positive for ANAs. They proposed that individuals with JIA who test positive for ANA 

constitute a specific and uniform subgroup, often classified within different subtypes 

regardless of the progression of joint disease and the manifestation of psoriatic features [32, 

264, 265]. If validated through additional research, this suggestion has the potential to result 

in a more refined classification of JIA [266]. 

In conclusion, our study contributes to the growing body of research that highlights the 

complex interplay between genetics, autoimmunity, and clinical phenotypes in JIA. We have 

identified significant associations between specific HLA alleles, ANA positivity, and the age 

of onset in a Swedish JIA cohort. The group of JIA patients who tested positive for ANA 

exhibited stronger associations with HLA-DRB1*08:01, HLA-DRB1*11, and HLA-

DPB1*02, suggesting a potential link between genetic factors and the production of ANA in 

JIA. These insights raise the possibility of using ANA positivity as a marker for refining JIA 

subtyping and treatment strategies, aligning with the proposal for an 'early-onset ANA-

positive JIA' subtype as suggested by the Paediatric Rheumatology International Trials 

Organization (PRINTO) [18]. 
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Our study has limitations, including a relatively small cohort size, potential population-

specific effects, retrospective data collection, and the absence of ANA data in healthy 

individuals and some of the patients. Further research with larger and more diverse cohorts, 

prospective data collection, and a comprehensive understanding of ANA status in healthy 

populations is essential to validate and expand upon our findings. Additionally, investigating 

the clinical utility of ANA positivity in stratifying JIA subtypes and its implications for 

personalized treatment approaches remains an avenue for future exploration. 
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4.2 STUDY II: LACC1 POLYMORPHISMS IN INFLAMMATORY BOWEL 

DISEASE AND JUVENILE IDIOPATHIC ARTHRITIS [267]  

 
Juvenile Idiopathic Arthritis is a heterogeneous condition resulting from the complex 

interplay between various genes and environmental factors. While it is primarily a polygenic 

disease, meaning that multiple genes contribute to its development, some rare cases of 

monogenic familial JIA have been documented. One such instance involved a recessively 

inherited rare missense mutation in the LACC1 gene (Cys284Arg) reported in familial 

systemic JIA as well as in monogenic forms of Crohn’s disease (CD) suggesting involvement 

of a dysregulated innate immunity in pathogenesis [76, 268]. Furthermore, common variants 

of LACC1 had been found associated to inflammatory bowel disease (IBD) [269-271].  

However, there were no previous reports on the potential association between common 

LACC1 polymorphism and JIA, in particular non-systematic forms. Therefore, the aim of this 

study was to investigate genetic variations at the LACC1 locus in non-systemic JIA for the 

first time and to replicate previous observed associations in a large well-established Swedish 

IBD case–control cohort in collaboration with other researchers at Karolinska Institutet who 

were working on IBD.  

When this study was performed, the biological function of LACC1 was unknown but the 

gene LACC1 encodes the enzyme laccase (multicopper oxidoreductase) domain–containing 

1. Laccase is an enzyme with a wide-ranging ability to facilitate the oxidation of various 

substances, such as polyphenols, aromatic amines, and inorganic ions; it does not exhibit 

specificity in its catalytic action [272, 273]. 

To explore the candidate gene LACC1, we conducted genotyping on 11 SNPs. These SNPs 

were chosen due to their functional characteristics (involving coding variants) and tagging 

capabilities, as illustrated in Figure 1, Study I. Subsequently, we assessed their impact on 

disease susceptibility among a cohort of 3,855 individuals from Sweden. This group 
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comprised of 1,124 individuals with Crohn's disease (CD), 1,297 with ulcerative colitis (UC), 

229 with non-systemic juvenile idiopathic arthritis (nsJIA), and 1,205 healthy controls all 

collected in Sweden. Characteristics of study participants are shown in Table 1, Study I. 

In this study, we reported connections between LACC1 variations and several conditions, 

including CD, UC, IBD, and nsJIA (Table 2 & Table 3, Study I). We observed significant 

associations between eight LACC1 variants and CD. Additionally, six of these SNPs 

exhibited a significant association with an increased risk of UC in the Swedish study 

population. Notably, four out of the eleven chosen SNPs were also significantly linked to an 

elevated risk of nsJIA. Importantly, the genetic risk effects observed were consistent for CD, 

UC, and nsJIA, suggesting that similar underlying mechanisms involving LACC1 

polymorphisms likely contribute to the predisposition to these conditions. 

 

These results build upon prior research, which had demonstrated the connection between 

LACC1 variations and conditions such as sJIA, CD and potentially UC [76, 268, 270, 271, 

274, 275]. The significant association of LACC1 polymorphisms with conditions such as UD, 

CD and JIA, raises questions about potential shared molecular functions and pathways 

underlying the pathophysiology of these seemingly disparate diseases, despite them only 

sharing partial clinical characteristics. While UC and CD have been generally understood as 

conditions rooted in the dysregulated interplay between the immune system and the gut 

microbiota, emerging research provides some compelling insights about functional 

alterations within the gut microbiome of JIA patients as well [276, 277]. Notably, the 

composition of the microbiota in JIA patients exhibits characteristics that have been 

previously reported in various other diseases, including CD [277]. This discovery opens up 

the possibility that LACC1 genetic variation might exert its influence on IBD (involving UC 

and CD), and JIA risk through shared mechanisms.  
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While the exact role of LACC1 in the context of JIA and IBD remains unclear, recent studies 

have demonstrated the essential role of LACC1 in macrophage functions such as phagocytosis 

and autophagy. Macrophages lacking LACC1 exhibit a diminished capacity to engulf 

apoptotic bodies and bacteria compared to the control group [119] [120, 121].  Macrophages 

play a central role in the immune system by engulfing and removing cellular debris, 

pathogens, and apoptotic bodies as well as antigen presentation to T cells and they promote 

tissue homeostasis. In situations where phagocytosis and autophagy are impaired, the 

effective removal of phagocytosed bacteria and apoptotic bodies may be compromised [278]. 

Consequently, this leads to their transition into secondary necrosis, marked by membrane 

integrity loss. This, in turn, results in the release of proinflammatory mediators and danger-

associated molecular patterns, as well as the exposure of intracellular self-antigens to the 

extracellular milieu. This inflammatory environment can further contribute to the activation 

of immune cells and exacerbate autoimmune responses [278-280]. On the other hand, 

primary necrosis is an abrupt event, leading to the unintentional release of largely unaltered 

danger-associated molecular patterns (DAMPs) and self-antigens. In contrast, in secondary 

necrosis multiple modifications occurs throughout the apoptotic process which induces 

alterations in autoantigens by caspases before they are released and exposed. Additionally, 

their modification can be further influenced by the surrounding extracellular 

microenvironment [279, 281]. These autoantigens will be presented by antigen presenting 

cells such as dendritic cells and in genetically susceptible individuals it can give rise to 

autoreactive T and B cells and result in the breakdown of tolerance and production of 

autoantibodies which are key factors in the development of autoimmunity [154, 282]. These 

autoantibodies generate immune complexes with their corresponding antigens, which are 

continually released as a result of ongoing secondary necrosis. These complexes are 

subsequently identified by the complement system, leading to an immunogenic removal 

process by circulating phagocytes. This underscores that the buildup of secondary necrotic 
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cells, resulting from impaired clearance of deceased cells, can initiate an adaptive immune 

response and contribute to persistent inflammation [279]. 

 

In summary, the presence of common susceptibility loci across different inflammatory 

diseases has contributed to our understanding of pathophysiological processes common in 

JIA and IBD. Understanding the role of LACC1 in JIA and the mechanisms by which LACC1 

polymorphisms impact the disease can provide insights into potential therapeutic strategies 

in future.  
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4.3  STUDY III: PRESENCE AND REACTIVITIES OF ANTIBODIES DIRECTED TO 

CITRULLINATED PEPTIDES IN A SWEDISH JIA COHORT 

 
Although Antibodies against citrullinated proteins/peptides (ACPA) have been extensively 

studied in RA, the knowledge regarding JIA is limited and our study is the first Swedish study 

investigating ACPAs. The first aim in this study was to investigate the prevalence of anti-

CCP antibodies in well-characterized Swedish JIA patients (n=334) and in healthy age-

matched references (n=66) from the Stockholm region, the same region from which the JIA 

patient’s samples were collected. These individuals did not have any inflammatory or 

autoimmune diseases. Anti-CCP antibodies were measured by the commercial CCP2 ELISA 

that measures IgG antibodies. Results showed that 6.2 % of the JIA patients were positive 

for CCP2 ELISA and had significantly higher levels of anti-CCP2 antibodies as compared to 

2% in healthy references with lower levels of antibodies (P= 0.004) (Figure 1, Study III).  

The anti-CCP-positive subset of patients were significantly older at disease onset, with a 

median age of 129 months (~11 years) versus 62 months (~5 years) in the anti-CCP-negative 

subset (p=0.002) and they were also more frequently positive for RF (~62% versus 1.6%, 

p<0.0001). Anti-CCP antibodies were detected in nine out of 13 (69%) RF-positive 

polyarthritis patients, while in the RF-negative polyarthritis subtype, only four out of 84 

patients (4.7%) were positive. In the oligoarthritis subtype, six out of 170 patients (3.5%) 

were anti-CCP-positive, and in subtype of patients with undifferentiated arthritis, two out of 

four patients (50%) were positive. In the remaining subtypes, no anti-CCP reactivity was 

recorded.  

Anti-CCP has been previously reported in a wide spectrum, ranging from around 2% to 24% 

in various studies and majority of positive patients have been reported to be RF-positive 

polyarthritis [180, 184, 195, 198, 283-285]. Although it has been reported in other subtypes 

of JIA as well and associated with a more aggressive disease [284, 286] [198].  
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In our study, close to 62% of the anti-CCP-positive JIA patients had at least one HLA-DRB1 

SE allele, compared to ~33% in the anti-CCP-negative JIA patients (p= 0.002). There was no 

difference between the two groups in terms of disease duration. Upon analyzing the 100 JIA 

samples using the multiplex array, a statistically significant difference between the anti-CCP-

positive JIA patients and anti-CCP-negative patients in terms of number of ACPA reactivities 

was observed (81% versus 11%, p<0.0001)  (Table 1, Study III). Association between HLA-

DRB1 SE allele and anti-CCP antibodies have been reported in both RA and JIA before [287] 

[198] and a previous study in JIA didn’t observe that anti-CCP-positive patients had a longer 

disease duration compared with anti-CCP-negative patients as well [184]. 

Although the CCP2 ELISA is a widely used diagnostic tool for detecting ACPAs in clinical 

settings, it's important to note that the CCP2 peptide (or peptides) used in this assay is an 

artificial antigen. This means that its sequence doesn't correspond to any human proteins, and 

as a result, it is regarded as a substitute indicator for the actual in vivo antigenic targets of 

ACPAs. Thus, to investigate citrullinated peptides as targets of ACPAs, our next aim was to 

define ACPA reactivities present in JIA patients (n=100) and in healthy children reference 

group (n=191) using a multiplex microarray platform that is a tool to test for the presence of 

IgG antibodies against 15 citrullinated peptides. Peptides included: 15 citrullinated peptides 

derived from filaggrin (cfc1-cyc), fibrinogen (Fibα563-583, Fibα580-600, Fibα621-635, Fibα36-50, 

Fibβ36-52, Fibβ60-74), vimentin (Vim2-17, Vim60-75), α-enolase (CEP-1) and heterogeneous 

nuclear ribonuclear protein (hnRNP) (Pept Z1, Pept Z2, Pept 1, Pept 5, Pept Bla26)  

(Supplementary Table 1, Study III). Anti-Cit-Vim60-75, anti-Cit-Fibβ60-74, anti-CEP-1, 

anti-Cit-Pept Z2 and anti-Pept 5, stood out as the most common antibodies among all JIA 

patients considered as one group. In anti-CCP-positive JIA patients, the highest reactivity 

was observed against Cit-Vim60-75, Anti-CEP-1, anti-Cit-Pept Z2, anti-Pept 5, and anti-Cit-

Fibβ60-74 with prevalence ranging from 50% to 69% (Table 2, Study III). These specific 

peptides have been previously reported as the most prevalent in RA, although at a higher 
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frequency, ranging from 60% to 80% in the CCP2-positive group and 3% to 9% in the CCP2-

negative group [288]. The prevalence of anti-citrullinated vimentin antibodies in JIA has 

been previously reported at five to nine percent [193, 195, 197], citrullinated fibrinogen at 

32% and citrullinated α-enolase at 9% [194]. 

In our study, ACPA reactivities were detectable in a total of 11% of patients who tested 

negative for anti-CCP antibodies, although the prevalence of individual antibodies within this 

subtype was significantly lower. The most common reactivity in anti-CCP-negative group 

was observed with Cit-Pept Z2, Cit-Pept 5, anti-Cit-Vim60-75 and anti-CEP-1 with 

prevalence ranging from 1% to 4%. 

Reactivity to Cit-Vim60-75 was the only reactivity having a statistically significant association 

to HLA-DRB1 SE (Table 3, Study III). 

We next investigated co-occurrence of investigated ACPAs together (Figure 2, Study III). 

We observed that several peptides exhibited a statistically high correlation with each other, 

including CCP2, cfc1-cyc, Pept Z2, Fibβ60-74, CEP-1, Fibα621-635, Fibα563-583, and Pept 

Bla26 (phi ≥ 0.63). Additionally, Fibα36-50, Fibα621-635, Pept Bla26, and Fibα563-583 had 

a significantly high correlation together (phi ≥ 0.78). On the other hand, Cit-Pept 1 and Cit-

Vim 2-17 had the lowest correlation with other peptides (phi < 0.5). These observations are 

in accordance with previous reports in RA [289] but similar study in JIA have not been done 

before. 

The current study has certain limitations. The investigation of ACPA reactivity using a 

multiplex array was restricted to a specific subset of JIA patients. Consequently, the 

prevalence of ACPAs in the findings might be skewed towards patients who are anti-CCP 

positive, making it inappropriate to generalize these results to the entire JIA patient 

population. It is important to note that ACPAs have previously been associated with a more 
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severe and erosive form of the disease. Unfortunately, we did not possess the requisite data 

to perform this specific analysis. Additionally, longitudinal studies involving individuals 

with new or early-onset JIA will be essential for a deeper understanding of the role played 

by citrullinated autoantibodies in disease prognosis and joint damage. 

In summary, our study uncovers diverse ACPA reactivities in a Swedish JIA cohort, with 

ACPA occurrence extending beyond RF-positive polyarthritis. HLA-DRB1 SE alleles also 

pose a risk for various ACPA reactivities in childhood. Additionally, our findings highlight 

the potential of the multiplex assay to identify ACPA reactivity in some of the anti-CCP2-

negative patients which may suggest common pathways and treatment responses in these 

patients.  

Future research should explore ACPA profiles as potential diagnostic and prognostic 

biomarkers in subtypes of JIA and additionally, investigating the connection between ACPA 

profiles, disease activity, and the progression of early onset disease over the course of the 

condition. Further studies of ACPA-positive JIA patients may offer unique insights in 

pathological mechanisms underlying the disease, given their differences from adult ACPA-

positive RA patients in terms of risk factors and age of onset. 
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4.4 STUDY IV: JUVENILE IDIOPATHIC ARTHRITIS PATIENTS HAVE A 

DISTINCT CARTILAGE AND BONE BIOMARKER PROFILE THAT DIFFERS 

FROM HEALTHY AND KNEE-INJURED CHILDREN [230]    

 
In previous studies we attempted to study the genetic risk factors for JIA that have a causal 

role and we also discussed autoantibodies in JIA which could play a role in disease 

pathogenies. Nevertheless, JIA may develop to a degenerative joint disease. Currently, there 

are no established biomarkers that can reliably identify the early phases of joint degradation 

in JIA before it becomes visible through radiological means. The presence of such biomarkers 

could prove valuable for tracking treatment effectiveness, assessing the advancement of joint 

damage early on, and potentially foreseeing the course of the disease. 

 

This conducted study was exploratory in nature and served as a foundation for hypothesis 

generation. Our principal objective was to examine the levels of various extensively 

researched biomarkers associated with bone and cartilage degradation in other investigated 

conditions involving joint degeneration, particularly OA [290] within our JIA cohort and 

compare these findings with data from healthy children and children experiencing acute knee 

injuries. Our secondary goal involved the assessment of suitable biofluids for the detection 

of degradation biomarkers in JIA. Additionally, we investigated the potential impact of 

confounders such as age, gender, disease onset, disease duration, the extent of joint 

involvement, and medication usage at the time of sample collection.  

The degradation of cartilage was tracked through the measurement of the ARGS 

(aggrecanase-generated neoepitope of aggrecan), the C2C neoepitope of collagen type II, and 

cartilage oligomeric matrix protein (COMP) (non-collagenous protein in the extracellular 

matrix, which stabilizes the collagen network). In order to assess bone degradation, 
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measurements were taken for the N-terminal type I collagen cross-linked telopeptide (NTX-

I) (degradation peptide from type I collagen) and tartrate-resistant acid phosphatase 5b 

(TRAP5b) (an enzyme expressed by bone resorbing osteoclasts). They were quantified in 

various biofluids using the ELISA method. 

Samples of synovial fluid, plasma, and urine were collected in triplets, all obtained 

simultaneously from 29 patients diagnosed with JIA and 183 plasma samples from controls 

were sourced from a population-based cohort in the Stockholm region. To address the 

limitation of low sample volume, the healthy reference group was divided into three sub-

cohorts, each comprising 61 individuals, with careful matching based on age and gender. 

Synovial fluid samples from a knee injury cohort, 41 juvenile patients were selected. 

Characteristics and demographics of the subject groups are shown in Table I, study IV. 

Our investigation revealed that all biomarkers were detectable in all biofluids in all the 

studied juvenile cohorts. In comparison to the healthy reference group, the JIA group had 

statistically elevated plasma concentrations of the cartilage biomarkers ARGS-aggrecan, 

C2C, and COMP. This suggests a more pronounced degree of cartilage degradation in JIA 

compared to healthy references. Likewise, the plasma concentration of the bone biomarker 

TRAP5b was statistically higher in the JIA group, whereas plasma NTX-I levels were lower 

in JIA group compared to healthy controls (Figure 1a-e and Supplementary Table S2, 

study IV). A previous study had reported an elevated levels of a similar bone marker, C-

terminal type I collagen cross-linked telopeptide (CTX-I) in plasma compared to healthy 

controls. However, they reported that the concentration of CTX-I was reduced in JIA patients 

with more severe joint destruction [251]. 

Compared to juvenile knee-injured patients, the synovial fluid concentrations of the cartilage 

biomarkers ARGS-aggrecan and COMP were lower in the JIA group, while the cartilage 

C2C and the bone TRAP5b markers were significantly higher (Figure 1f-i, Supplementary 
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Table S2). Lower levels of ARGS-aggrecan in JIA compared to juvenile knee-injured 

patients had been previously reported and was confirmed in this study. These results may 

indicate either a lower aggrecan turnover in JIA or a different molecular pathway for 

degradation. Our findings suggest that tissue degradation in JIA is distinct from that observed 

in knee injuries. Specifically, there is increased osteoclast activation and collagen 

degradation in JIA, whereas in juveniles with knee injuries, there is higher degradation of 

aggrecan and COMP. This highlights the presence of distinct molecular signatures between 

these two patient groups. 

Furthermore, in the analysis of biomarkers for diagnosing JIA compared to healthy references 

or juvenile injuries, the area under the curve (AUC) analyses indicated that plasma 

concentrations of C2C and TRAP5b exhibited strong discriminatory power, with AUC values 

of 0.95 and 0.92, respectively, effectively distinguishing JIA from healthy references. 

However, the AUC values for other biomarkers were comparatively lower. Moreover, when 

considering synovial fluid concentrations, C2C and TRAP5b demonstrated even higher 

differentiating capabilities, with AUC values of 0.96 and 0.97, respectively, effectively 

distinguishing JIA from juvenile injuries (Supplementary Table S3). 

We compared the levels of various biomarkers collected simultaneously in triple biofluids, 

including plasma, synovial fluid, and urine. Regarding the cartilage biomarkers, no 

significant difference in concentrations between synovial fluid and plasma was observed for 

ARGS-aggrecan. However, for COMP, the median level in synovial fluid was significantly 

higher than in plasma. C2C levels in synovial fluid and plasma were assessed using plates 

from two different lot numbers, and the observed inter-batch variation was substantial, 

making direct comparison unfeasible. As for the bone biomarker TRAP5b, the median 

plasma levels were slightly elevated in comparison to the synovial fluid levels (Figure 2).  



 

56 

Although, we did not detect any correlation between local and systemic levels of any of the 

cartilage markers, the two bone biomarkers, TRAP5b and NTX-I on the other hand displayed 

high positive correlations in plasma as well as in plasma versus urine samples (Figure 2, 

Table II). The lack of correlation between local and systemic levels of cartilage markers 

among the JIA patients in this study may be attributed to the possibility that systemic levels 

could be influenced by joints other than the one from which synovial fluid was obtained. It's 

important to note that these JIA patients had as many as 10 joints affected by arthritis at the 

time of sample collection, with a median of 2 affected joints. However, despite the range in 

the number of active joints, no correlation was found between the number of active joints and 

the levels of any biomarkers. This observation remained consistent even when comparing 

patients with only one affected joint to those with two or more affected joints. 

For the JIA patients, we also studied the impact of possible confounding factors that could 

influence the levels of degradation products. We observed an inverse relationship between 

the age at sampling of JIA patients and the levels of C2C in both plasma and urine, as well 

as with the levels of TRAP5b in synovial fluid and plasma. No other biomarker demonstrated 

a correlation with the age in these patients, and none of the biomarkers exhibited a correlation 

with disease duration, as detailed in Table III. Age-dependent fluctuations in TRAP5b levels 

have been previously reported in healthy children, with the highest peak occurring during 

infancy and puberty, regardless of gender [291]. 

Regarding gender distinctions, female JIA patients displayed median plasma C2C levels that 

were 1.4 times higher and plasma COMP levels that were 1.3 times higher compared to the 

male patients. However, no other variations in biomarker levels were identified between the 

sexes, as indicated in Table IV. Furthermore, we examined potential effects on biomarker 

levels based on the number of affected joints at the time of sampling, disease duration at the 

time of sampling, and whether patients were undergoing treatment. Notably, none of the 
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biomarkers showed a correlation with disease duration. Furthermore, patients with two or 

more affected joints at the time of sampling exhibited a 1.9-fold higher concentration of urine 

C2C. However, no additional disparities in biomarker levels were observed when comparing 

individuals with one affected joint to those with multiple affected joints. Additionally, there 

was no correlation found between the number of affected joints and biomarker 

concentrations, as outlined in Tables III and IV. Moreover, no variations in biomarker 

concentrations were detected between JIA patients receiving medication treatments and those 

who were untreated, as evidenced in Tables I and III. Due to small sample size, we didn’t 

compare the biomarkers in different JIA subtypes.  

In this study, we have demonstrated that JIA patients exhibit elevated levels of biomarkers 

associated with bone and cartilage degradation in comparison to healthy children. These 

findings suggest the potential utility of these biomarkers as valuable clinical tools for 

prognostic or diagnostic purposes in the context of joint damage. Specifically, our analysis 

of plasma samples highlights the feasibility of distinguishing between JIA patients and 

healthy individuals with a high degree of specificity and sensitivity, particularly when 

assessing C2C and TRAP5b. We also investigated the impact of gender, disease duration, the 

number of affected joints, and medication on biomarker levels within the JIA group. 

Interestingly, these factors did not significantly influence biomarker levels. Furthermore, we 

observed a strong correlation between local and systemic levels of bone markers, whereas 

cartilage markers displayed either weak or no correlation between synovial fluid and plasma 

levels. This suggests that these bone markers are well-suited for systemic measurements. 

 

Additionally, our data revealed a distinct molecular signature associated with joint 

destruction in JIA, offering valuable insights into the underlying destructive processes during 

disease progression. Future research studies should focus on establishing correlations 

between these biomarkers and radiological imaging findings, as well as their clinical 
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relevance in verifying joint destruction, thus further elucidating their potential clinical 

applications especially in early detection of joint destruction and response to therapy. 

 
 

5 CONCLUDING REMARKS 

To advance our knowledge of the intricacies of Juvenile Idiopathic Arthritis (JIA), this thesis 

has explored key aspects of the disease, from genetic risk factors to autoimmune responses, 

potential biomarkers, and distinct molecular signatures associated with joint degradation. The 

findings from these studies shed light on the multifaceted nature of JIA, ultimately providing 

valuable insights for both current clinical practice and future research directions. 

 

Genetic Risk Factors and Autoantibodies 

The first study delved into the genetic underpinnings of JIA, revealing notable associations 

between specific HLA alleles, such as HLA-DRB1*08:01 and HLA-DRB1*11, and the 

presence of anti-nuclear antibodies (ANA). These findings emphasize the importance of 

understanding the genetic factors contributing to autoimmunity in JIA, with potential 

implications for a change in subtyping patients. However, it is imperative to acknowledge 

the limitations of the study, such as its relatively small cohort size, and call for larger, more 

diverse cohorts and comprehensive data collection regarding ANA status and uveitis 

manifestation in patients and healthy controls to validate and expand these findings. 

 

In the second study, we explored the potential involvement of LACC1 polymorphisms in non-

systemic JIA. Notably, we discovered associations between LACC1 variants and not only JIA 

but also crohn's disease and ulcerative colitis. These findings raise intriguing questions about 

shared molecular mechanisms underlying seemingly distinct inflammatory conditions. As the 

role of LACC1 in JIA is still not fully understood, future research should delve deeper into 
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the molecular mechanisms and pathways connecting LACC1 polymorphisms and disease 

risk. 

 

Autoantibodies in JIA 

The third study investigated understanding autoantibodies in JIA, particularly the presence 

of anti-citrullinated protein/peptide antibodies (ACPA). By investigating the prevalence of 

anti-CCP antibodies and ACPA reactivities, the study revealed broader presence of ACPAs, 

surpassing not only RF-positive polyarthritis but also transcending the limits of detection by 

commercial ELISA tests. These findings challenge established assumptions about ACPA 

distribution. Additionally, distinctive patterns emerge concerning the specific types of 

ACPAs. Furthermore, the link between HLA-DRB1 SE alleles and ACPA presence in 

childhood highlights the genetic predispositions underlying ACPAs in JIA. 

 

Biomarkers for Joint Degradation 

In the fourth study, we shifted our focus to the joint degradation in JIA, aiming to identify 

and validate potential biomarkers that could facilitate early detection and tracking of joint 

damage. Our findings suggest that the biomarkers for cartilage and bone degradation could 

serve as valuable tools for prognostic and diagnostic purposes. We highlighted the capability 

of C2C and TRAP5b to distinguish JIA from healthy individuals with high specificity and 

sensitivity. Additionally, the study unveiled a distinct molecular signature associated with 

joint destruction in JIA, providing insights into the underlying mechanisms during disease 

progression. 

 

 

 



 

60 

6 FUTURE PERSPECTIVES 

While this thesis contributes new insights into JIA, there is ample room for future exploration 

and discovery. The next steps should involve: 

 

1. Validation and Expansion: Large-scale studies with more diverse and extensive cohorts 

are essential to validate the findings presented here. Such studies will provide a more 

comprehensive understanding of the genetic and autoimmune factors at play in JIA. 

 

2.  Molecular Mechanisms: Further research is needed to elucidate the molecular mechanisms 

linking genetic risk factors, autoantibody development, and joint degradation. This deeper 

understanding will inform the generation of targeted treatments. 

 

3. Clinical Implications: Future research should prioritize establishing links between 

identified genetics, autoantibodies, and their clinical importance to determine genuinely 

distinct patient subtypes that hold significance in both clinical practice and research 

investigations. Additionally, it's essential to explore associations between the identified 

biomarkers and radiological imaging results to validate their clinical relevance in early joint 

damage detection and treatment response. 

 

4. Precision Medicine: The insights gained from genetic and autoantibody studies underscore 

the potential for precision medicine based on genetic, immunological, and biomarker profiles 

tailored to specific JIA subtypes in future. 

 

5. Longitudinal Studies: Comprehensive, long-term studies are vital to understand the 

evolution of JIA over time and how these factors (specifically antibody levels and destruction 

biomarkers) impact and develop over the course of the disease. 
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In conclusion, this thesis signifies notable advancements in our ongoing pursuit to unravel 

the complexities of important pediatric autoimmune disease, JIA. These findings not only 

enhance our understanding of the characteristics of the disease but also set the stage for future 

research, offering the potential for improved diagnostics, treatment approaches, and, most 

importantly, enhanced well-being for children affected by JIA. 
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