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Abstract 

The objective of this report is to explore the balance between serum and synovial fluid 

levels of interleukin (IL)-18 in children with juvenile idiopathic arthritis (JIA). 

Blood samples were obtained from 81 children with JIA and 18 control children. 

Synovial fluid samples were collected from 16 children with oligoarticular JIA. 

Concentrations of IL-18 were determined using commercial kit. 

Patients with systemic JIA had higher serum levels of IL-18 than patients with other 

forms of JIA or control children, both during the active (median, range: 6240, 1600 – 

78750 pg/mL) and inactive (1615, 513 – 3270 pg/mL) phase of disease (ANOVA, 

P<0.05). Levels of IL-18 in sera of children with oligoarticular JIA (255, 89 – 4342 

pg/mL) were similar to the respective synovial fluid levels (217, 89 – 1245 pg/mL). 

Serum levels of IL-18 were proportional to the erythrocyte sedimentation rate and levels 

of C-reactive protein, but inversely proportional to the haemoglobin levels.  

IL-18 appears to be an important mediator of systemic JIA, while it seems of a lesser 

relevance in pathogenesis of other JIA forms. Therefore, inhibition of IL-18 might be a 

base for a successful biologic therapy of systemic JIA.  

 

Key words: Inflammation, interleukin-18, juvenile idiopathic arthritis  
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Introduction 

 

Juvenile idiopathic arthritis (JIA) comprises a heterogeneous group of clinical conditions 

with unknown aetiology. Pathogenesis of JIA is not fully understood but it seems that, in 

genetically susceptible individuals, various triggering factors (e.g. trauma, joint infection, 

hormone levels) may lead to the immune dysbalance and subsequent articular and 

systemic manifestations [1]. 

Several aspects of immune dysregulation in JIA have been described, including alteration 

of regulatory T cell numbers, as well as abnormal chemokine and cytokine production, 

especially IL-1β, IL-6 and TNF-α [2-5]. Among the cytokines, IL-18 should also be 

particularly interesting with respect to the pathogenesis of JIA. IL-18 stimulates a variety 

of inflammatory responses, enhances proliferation and activity of T cells and NK cells, 

and shifts helper T cell balance towards Th1 response [6,7]. We suspected that IL-18 is 

not only a prominent mediator of JIA, but that different forms of JIA could be associated 

with different levels of IL-18 as well. Therefore, to get an insight into role of IL-18 in 

JIA, we aimed to explore the serum levels of IL-18 both during the active and quiescent 

phases of the disease. 
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Materials and methods 

 

A total of 81 children (50 girls, 31 boys; median age 7, range 1 – 19 years), consecutively 

admitted at the Division of Paediatric Rheumatology between December 2002 and April 

2005 with the diagnosis of JIA, were included in the present study. Out of those 81 

children, 31 had oligoarticular JIA, 33 had polyarticular JIA, and 17 had the systemic 

form of JIA, in accordance to the ILAR criteria [8]. In addition, we included a control 

group of 18 randomly selected children (9 girls, 9 boys; median age 10.5, range 2 – 16 

years), who were admitted at the Division due to non-inflammatory conditions, during the 

same period. The study was approved by the Ethics Committee of the Zagreb University 

School of Medicine. 

Peripheral blood was obtained from each patient in both active phase of disease and, 

later, in clinical remission, which we, according to Walace and her co-workers, referred 

to as “inactive on medication” [9]. The criteria for inactive phase on medication were 

following: no active arthritis, fever, rash, hepatosplenomegaly, generalized 

lymphadenopathy, active uveitis, and serositis; normal erythrocyte sedimentation rate and 

C-reactive protein levels; during a minimum of six continuous months while receiving 

medication. In addition, synovial fluid samples were collected at the same time as the 

peripheral blood from 16 patients with the oligoarticular form of JIA. Routine laboratory 

tests were performed at the Department of Clinical Laboratory Diagnostics. Serum and 

synovial fluid concentrations of IL-18 were determined using commercially available kit, 

following the manufacturers’ recommendations (Human IL-18 ELISA Kit, Medical & 

Biological Laboratories Co., Naka-ku Nagoya, Japan). 
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Data were summarised using median and range. The groups were compared by ANOVA, 

followed by Student-Newman-Keuls post hoc test, while the bivariate relationships were 

analysed using Spearman’s ρ. Comparisons within the group (i.e. active phase vs. 

inactive on medication) were performed using Student’s t-test for dependent samples. 

The α-level was set at 0.05. MedCalc for Windows (MedCalc Software, Mariakerke, 

Belgium) was used for the analyses. 



 6 

Results 

 

During the active phase of JIA, children with systemic form of disease had higher serum 

levels of IL-18 than children with oligoarticular or polyarticular form (ANOVA and 

Student-Newman-Keuls post hoc test, F3,95 = 9.282, P < 0.001) (Table I). The same 

pattern was observed in the inactive phase: children with systemic JIA had the highest 

serum levels of IL-18 (ANOVA and Student-Newman-Keuls post hoc test, F3,91 = 54.651, 

P < 0.001). Serum levels of IL-18 in children with systemic JIA during the remission 

were significantly lower compared to the levels found in the active phase (Student’s t-test 

for dependent samples, t15 = -5.197, P < 0.001). On the other hand, synovial 

concentrations of IL-18 in 16 patients with oligoarticular JIA (median, range: 206, 23 – 

832 pg/mL; n = 16) did not differ significantly from serum levels of IL-18 in the same 

patients (median, range: 217, 89 – 1245 pg/mL) (Student’s t-test, P = 0.555). 

The serum levels of IL-18 in the active phase of all patients correlated well with several 

laboratory tests, commonly used to evaluate a status of JIA patient: erythrocyte 

sedimentation rate (ρ = 0.33, P = 0.001), C-reactive protein level (ρ = 0.39, P < 0.001), 

haemoglobin level (ρ = -0.35, P < 0.001), haematocrit (ρ = -0.37, P < 0.001), platelet 

count (ρ = 0.28, P = 0.014), and α2-globulin levels (ρ = 0.35, P = 0.002). Some 

associations were found to be significant even during the remission, although they were 

weaker when compared to the active phase: haemoglobin level (ρ = -0.22, P = 0.038), 

haematocrit (ρ = -0.25, P = 0.020), and platelet count (ρ = 0.25, P = 0.033). 
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Discussion 

 

Results of the present study point to the increased levels of IL-18 in the systemic form of 

JIA. Although the elevation of IL-18 levels has been reported in children with systemic 

JIA and patients with adult-onset Still’s disease [10,11], we have clearly shown that the 

serum levels of IL-18 in systemic JIA remain high even during the inactive phase on 

medication. In addition, the serum concentrations of IL-18 correlated well with several 

laboratory indicators of inflammation, both during active and, although to the lesser 

extent, inactive on medication phase of JIA. Taken together, the findings indicate that IL-

18 could contribute to the pathogenesis of the inflammatory process in systemic JIA, not 

only during the exacerbation, but also during the clinically silent phase of the disease. On 

the other hand, it could be inferred that IL-18 is not a major mediator of oligoarticular or 

polyarticular JIA. 

Furthermore, our study was, to the best of our knowledge, the first to determine the 

articular concentrations of IL-18 in active phase of JIA, at the beginning, or at the early 

stage of disease. As IL-18 is involved in the pathogenesis of articular damage in 

rheumatoid arthritis [12] and the elevated expression of IL-18 mRNA was described in 

affected joints of JIA patients [13], we expected to find abundant levels of IL-18 in the 

synovial fluid of the inflamed joints. Surprisingly, the serum levels of IL-18 in children 

with oligoarticular JIA were comparable to the synovial levels of the same cytokine, 

indicating that the pathogenesis of arthritis in oligoarticular JIA is probably mediated by 

other tissue factors, but not IL-18. 



 8 

We also have to note certain limitations of our work. First, number of patients with 

systemic JIA was relatively small. Furthermore, we focused on only one cytokine, while 

it is know that interactions between cytokine and chemokines are very complex and to 

fully understand the role of IL-18 in pathogenesis of JIA, relationship between IL-18 and 

other mediators should be explored. 

In spite of limitations, the data presented in the manuscript indicate that IL-18 could be 

involved in the systemic inflammation within the course of JIA. Increased levels of IL-18 

during the remission on medication of systemic JIA might imply that the inflammatory 

process is still active, although the patients’ erythrocyte sedimentation rates and C-

reactive protein levels were within the limits of the normal findings. Thus, monitoring of 

IL-18 levels could prove out to be a useful prognostic tool. Furthermore, our results 

suggest that IL-18 could be an excellent target for biologic therapy of systemic JIA. 



 9 

Acknowledgement 

 

We thank Roberto Antolović, PhD (PLIVA, Research Institute Ltd, Zagreb, Croatia) for 

his kind gift of IL-18 kits, Anita Lukić, MD (Zagreb University School of Medicine, 

Zagreb, Croatia) for critical revision of the manuscript, and Mrs Maja Rupčić and Ms 

Anđelka Đira (Zagreb University Hospital Centre, Zagreb, Croatia) for their technical 

assistance. 



 10 

References 

 

1. Sullivan KA (2005) Inflammation in juvenile idiopathic arthritis. Pediatr Clin 

North Am 52:335-357 

2. Mangge H, Vojinovic J, Schauenstein K (2002) Do chemokines spark 

autoimmunity in juvenile and adult rheumatic disease? Immunobiology 206:459-

471 

3. Wilkinson N, Jackson G, Gardner-Medwin J (2003) Biologic therapies for 

juvenile arthritis. Arch Dis Child 88:186-191 

4. de Kleer IM, Wedderburn LR, Taams LS, Patel A, Varsani H, Klein M, de Jager 

W, Pugayung G, Giannoni F, Rijkers G, Albani S, Kuis W, Prakken B (2004) 

CD4+CD25bright regulatory T cells actively regulate inflammation in the joints of 

patients with the remitting form of juvenile idiopathic arthritis. J Immunol 

172:6435-6443 

5. de Benedetti F, Martini A (2005) Targeting the interleukin 6 receptor: a new 

treatment for systemic juvenile idiopathic arthritis? Arthritis Rheum 52:687-693 

6. Gracie JA, Robertson SE, McInnes IB (2003) Interleukin-18. J Leukoc Biol 

73:213-224 

7. Gracie JA (2004) Interleukin-18 as a potential target in inflammatory arthritis. 

Clin Exp Immunol 136:402-404 

8. Petty RE, Southwood TR, Baum J, Bhettay E, Glass DN, Manners P, Maldonado-

Cocco J, Suarez-Almazor M, Orozco-Alcala J, Prieur AM (1998) Revision of the 



 11 

proposed classification criteria for juvenile idiopathic arthritis: Durban, 1997. J 

Rheumatol 25:1991-1994 

9. Wallace CA, Ruperto N, Giannini E, Childhood Arthritis and Rheumatology 

Research Alliance, Pediatric Rheumatology International Trials Organisation, 

Pediatric Rheumatology Collaborative Study Group (2004) Preliminary criteria 

for clinical remission for selected categories of juvenile idiopathic arthritis. J 

Rheumatol 31:2290-2294 

10. Kawashima M, Yamamura M, Taniai M, Yamauchi H, Tanimoto T, Kurimoto M, 

Miyawaki S, Amano T, Takeuchi T, Makino H (2001) Levels of interleukin-18 

and its binding inhibitors in the blood circulation of patients with adult-onset 

Still's disease. Arthritis Rheum 44:550-560 

11. Maeno N, Takei S, Nomura Y, Imanaka H, Hokonohara M, Miyata K (2002) 

Highly elevated serum levels of interleukin-18 in systemic juvenile idiopathic 

arthritis but not in other juvenile idiopathic arthritis subtypes or in Kawasaki 

disease: comment on the article by Kawashima et al. Arthritis Rheum 46:2539-

2541 

12. Liew FY, McInnes IB (2002) Role of interleukin 15 and interleukin 18 in 

inflammatory response. Ann Rheum Dis 61 Suppl 2:ii100-2 

13. Scola MP, Thompson SD, Brunner HI, Tsoras MK, Witte D, van Dijk MA, Grom 

AA, Passo MH, Glass DN (2002) Interferon-y:interleukin 4 ratio and associated 

type 1 cytokine expression in juvenile rheumatoid arthritis synovial tissue. J 

Rheumatol 29:369-378 

 
 



 12 

 

Table I. Serum concentrations of interleukin-18 (median, range) (pg/mL) in 81 children 

with juvenile idiopathic arthritis (JIA) and 18 control children, during the active phase 

and in inactive phase on medication. 

 

group n active phase inactive on medication 

oligoarticular JIA 31 255 (89 – 4342) 201 (76 – 842) 

polyarticular JIA 33 271 (126 – 3690) 208 (83 – 996) 

systemic JIA 17 6240 (1600 – 78750)* 1615 (513 – 3270)*† 

control 18 315 (176 – 439) 

* P<0.001 vs. the other groups during the same phase, ANOVA and Student-

Newman-Keuls test 

† P<0.001 vs. active phase, Student’s t-test for dependent samples 
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