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Abstract 
Patients with juvenile idiopathic arthritis (JIA) are a heterogeneous group that need to be better sorted 

to give a better possibility for determine treatment and prognosis. With the new disease criteria set by 

the International League Against Rheumatology (ILAR) more distinct subgroups of JIA have been formed 

and an international comparison between patients has become possible. As tumor necrosis factor α 

(TNF-α), a pro-inflammatory cytokine, is connected to the disease pathogenesis we measured the serum 

concentration of TNF-α in patients diagnosed with either oligo- or polyarticular JIA and in healthy, age 

and sex matched controls. The aim was to understand if it was possible to distinguish JIA subgroups 

based on the TNF-α concentration in serum. Oligoarticular JIA patients were found to have a significantly 

(p-value < 0.05) higher concentration of TNF-α when compared to controls.  

 

Background 
Juvenile idiopathic arthritis (JIA) is the diagnosis for arthritis lasting at least 6 weeks, with unknown 

etiology in children under the age of 16 years when all other conditions have been excluded. It is a 

heterogeneous group of patients with differences in symptoms and severity. To replace older 

incompatible classifications and to form more homogenous patient groups the International League 

Against Rheumatology (ILAR) has presented a new set of criteria[1]. ILAR defined 7 mutually exclusive 

JIA subgroups each diagnosis based on clinical symptoms and laboratory findings with additional 

exclusion factors. 

Oligoarthritis 

The diagnosis oligoarticular JIA is when fewer than five joints are affected with arthritis during the first 

six months of the disease. There are two subgroups of oligoarthritis: persistent or extended 

oligoarthritis. Persistent oligoarthritis does not involve more than four joints during the rest of the 

course of the disease, whereas extended oligoarthritis will affect an additional number of joints[1]. 

According to a Nordic study[2] the remission rate (remission defined as 12 months with no medication 

and no symptoms of the disease)  vary greatly between the pesistent and the extended subcategory. 

Where 65.9 % of the patients suffering from persistent oligoarthritis had achieved remission at the end 

of the study remission was only seen in 21.3 % of those suffering from extended oligoarthritis.  

Polyarthritis (RF+/-) 
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If five or more joints are affected with arthritis during the first six months of disease then it is a 

polyarthriticular JIA. There are two kinds of polyarthritis , rheumatoid factor (RF) negative or positive, 

depending on whether the patient is tested positive for RF on two or more occasions with at least 3 

months apart during the six first months of the disease[1]. RF are autoantibodies against the Fc part of 

host antibodies that are common in patients with rheumatoid arthritis but is also found in serum from 

patients with other diseases. The remission rate for polyarthriticular JIA is very similar in the Nordic 

study[2], 27,9 % for RF negative and 33,3 % for RF positive (remission defined in the same way as for 

oligoarthritis).  

Other 

There is also systemic JIA which is defined as an arthritis in one or more joints that has been preceded 

by a fever that has lasted for no less than two weeks and where at least one of the following symptoms 

are present: a non-fixed erythematous rash, generalized lymph node enlargement, hepatomegaly, 

splenomegaly or serositis (inflammation of serosal tissue, which is part of the pericardium, pleura, 

peritoneum and the lining of abdominal organs). Another type of JIA is psoriatic arthritis which is 

arthritis connected with psoriasis of the skin or arthritis associated with two of the followings : dactylitis 

(inflammation of an entire finger or toe), pitting of the nail or onycholysis (loosening of the nail from the 

nail bed) or a first-degree relative with psoriasis. Enthesitis related arthritis (with arthritis and enthestitis 

or only either) with some additional factors is also a subgroup of JIA. The seventh and last subgroup of 

JIA is undifferentiated arthritis which is the diagnosis for arthritic symptoms that satisfy none or more 

than one of the above subgroups[1].  

Tumor necrosis factor α (TNF-α) is an inflammatory cytokine that has been found to be important in the 

pathogenesis of JIA. Thus the local concentration of TNF-α has been correlated to the disease degree, 

where patients with a more spread disease (polyarhtritis) have a higher concentration of TNF-α in the 

synovial fluid[3]. However the same study did not find any correlation to the serum concentration of 

TNF-α.  

Treatment 

The most common medications in the Nordic countries are nonsteroidal anti-inflammatory drugs 

(NSAIDs) which 96,8 % of the JIA patients used, intra-articular injections of corticosteroids (74,1 %), 

disease-modifying antirheumatic drugs (DMARDs) in general (58,0 %) and the DMARD methotrexate 

specially (used by 48,4 % of the patients)[2].  

The Swedish pediatric society’s workgroup for child rheumatology (Svenska barnläkarföreningens 

arbetsgrupp för barnreumatologi) has designed a pharmacological care program for JIA patients with 

oligoarthritis, polyarthritis and systemic arthritis[4]. Although they are separate care programs they can 

be described as steps where first step is NSAIDs and intra-articular corticosteroids. If the diseases still is 

active the next step is to give methotrexate. If methotrexate does not give adequate disease reduction 

the last step is TNF-α-inhibition by monoclonal anti-TNF antibodies or soluble TNF receptors.  
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NSAIDs generally relieve pain and stiffness of joints but do not help with disease remission. Intra-

articular injections of corticosteroids cancel the inflammation of the synovium in many patients, though 

the inflammation can flare up with time[5]. Methotrexate inhibits the folate metabolism binding to the 

enzyme dihydrofolate reductase and thereby inhibits the synthesis of thymidine. It can also inhibit the 

enzyme 5-aminoimidazole-4-carboxamide ribonucleotide transformylase and inhibit the synthesis of all 

purines. This kills cells that are replicating rapidly and it is therefore also used in cancer treatment, but 

the mechanism which allows methotrexate to function anti-inflammatory is not properly understood. 

Etanercept is the most commonly used anti-TNF-α drug[2] and has proven to improve the condition in 

over 70 % of polyarticular JIA patients[6]. 

This study 

No significant difference in systemic TNF-α concentration have been found when comparing JIA 

subgroups[3]. This is still something that needs to be examined further as the referred study separated 

the JIA patients using the older EULAR classification criteria. In this study we set out to analyze the 

plasma concentration of TNF-α in patients separated into oligoarticular and polyarticular JIA according 

to the new ILAR criteria. The new JIA subgroups should be more distinct from each other and make it 

easier to distinguish differences in TNF-α concentration. This study also included healthy age and sex-

matched matched controls (previously never done) which should give a good baseline to compare the 

JIA results with.  

 

Materials and methods 
Subjects 

There were 17 aligoarticular and 9 

polyarticlar JIA patients and 25 

healthy controls. The mean age (and 

age range) in years for the 

oligoarticular patients was 0.3 (0.1-

14.0), for the polyarticular patients 

0.7 (0.2-9.0) and for the controls 6.3 

(1-16.3). The male to female ratio 

was 7/9 for oligoarticular, 1/9 for the 

polyarticular and 3/4 for the 

controls.  

All subjects were to have an active 

disease when the blood sample was 

taken. The blood was separated by 

centrifugation into plasma ans was taken from patients diagnosed with either oligo- or polyartucular JIA 

or from healthy controls which were to undergo elective minor surgery. The plasma samples were 

stored at -80°C.  

Table 1.Chemicals and solutions for TNF ELISA 

Capture Monoclonal anti-human TNF-α antibody 
R&D SYSTEMS,  Catalog #: MAB610 

Detection Biotinylated anti-human TNF-α  antibody 
R&D SYSTEMS, Catalog #: BAF210 
 
HRP-conjugated streptavidin  
Thermo Scientific, Cat. No. 34028 
 
1-Step Ultra TMB-ELISA substrate solution 
Thermo Scientific, Cat. No. 100 

Standard Recombinant human TNF-α 
R&D SYSTEMS, Catalog #: 210-TA-010 

Washing solution 0,05% Tween in PBS 

1 % BSA 1% BSA in PBS 

Tris buffer 20 mM Trizma base, 150 mM NaCl, pH 7.3 

Reaction stop 1 M H2SO4 
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TNF measure 

A sandwich ELISA was used to measure the amount of TNF-α in plasma samples from JIA patients and 

controls. A previously used protocol was modified to detect TNF-α in the plasma samples. The TNF 

standard and the capture antibodies were reconstituted in PBS and the detection antibodies were 

reconstituted in Tris buffer according to their corresponding manual. The final protocol was set up as 

follows with chemicals and solutions detailed in table 1: 

Coat a 96 well microtiter plate with 75 µl capture antibody diluted with PBS to 2 µg/ml per well. Place a 

lid placed on the plate and incubate it in a humidity chamber at room temperature (all incubation is 

done in this way) overnight.  

Wash the plate the next day with the washing solution 3 times. Block the plate with 100 µl 1 % BSA per 

well and incubate for 1 hour. Wash the plate again. Then add the standard, the samples and the positive 

control and incubate for 2 hours.  

The standard: Add 150 µl standard diluted with 1 % BSA to 0.25 ng/ml to the first well of each duplicate. 

For each of the duplicates then transfer 75 µl from the first well to the second well which already 

contain 75 µl 1 % BSA and mix with the pipette. Do this 4 more times to make the 6 step dilution series. 

The extra 75 µl in the last well are discarded.  

The samples: Add 150 µl of a sample diluted 1:4 with 1 % BSA to the first well of each duplicate. For each 

of the duplicates then transfer 75 µl from the first well to the second well which already contain 75 µl 1 

% BSA and mix with the pipette. Do this at least 4 more times. Discard the 75 µl extra from the last well.  

Positive control: Add 150 µl of a known TNF positive plasma sample diluted 1:4 with 1 % BSA to the first 

well of each duplicate. For each of the duplicates then transfer 75 µl from the first well to the second 

well which already contain 75 µl 1% BSA and discard 75 µl from the well. 

Wash the plate. Add 75 µl detection antibody diluted with Tris buffer to 300 ng/ml to each well and 

incubate for 2 hours. Wash the plate. Add 75 µl HRP-Streptavidin diluted 1:5000 with PBS to each well 

and incubate for 1 hour. Wash the plate. Add 75 µl TMB-substrate solution that is at room temperature 

to each well. Let the reaction continue for 1 hour before it is stopped with 75 µl H2SO4 to each well. 

Read the plate at 450 nm in a spectrophotometer. 

Detection limit for the ELISA is 30 pg/ml. All results with values under that limit were recorded as zero.  

Statistical analysis 

The results from the three groups were analyzed with a 1-way Mann-Whitney. A p-value < 0,05 was 

considered significant. 

Correlation with previous immunological analysis of the patients 

Blood and plasma samples from the JIA patients and controls had previously been analyzed for plasma 

levels of total IgG, IgM, C-reactive protein (CRP) and C3a. In addition, the cellular expression (MFI) of Fc 
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gamma receptor (FcγR) I, IIa, IIb and III and complement receptor (CR) 1 on CD14+ monocytes and FcRγ 

IIb and CR 1 and 2 on CD19+ B cells had been analyzed. For each group the TNF-α concentrations were 

tested towards each of the previous analyzes for correlation.  

Results 
As shown in figure 1 there was a trend 

of a wide spread of the plasma 

concentrations of TNF-α in the JIA 

groups. The healthy controls had mainly 

TNF concentrations below detection 

limit but two values were above 2000 

pg/ml, the highest concentration being 

2944 pg/. The mean concentration for 

the healthy controls was 273.12 pg/ml. 

Oligoarticular patients mostly clustered 

below 200 pg/ml, but one patient had 

the highest measured value in this test 

with 13696 pg/ml. The mean TNF 

concentration for the oligoarticular-

group was 969.65 pg/ml. Polyarticular 

patients had four out of five samples 

below detection limit, while one patient 

had a TNF concentration of 640 pg/ml. 

The mean concentration for the 

polyarticular-group was 157.78 pg/ml. 

The oligoarthritis-group’s mean TNF 

concentration was significantly higher than 

the healthy controls’ mean value (p-value < 

0.05). There was no significant difference between healthy controls and the polyarticular-group (p-value 

< 0.34) or between the oligoarticular- and the polyarticular-group (p-vaule < 0.22).  

To be certain that the higher concentrations were not false positive they were re-measured at least 

once.  

For each group no correlation was found between TNF-α level or any of the followings: total IgG, IgM, 

CRP, C3a levels or MFI values of FcγR I, IIa, IIb, III or CR 1 on CD14+ or FcγR IIb and CR 1 and 2 monocytes 

or CD19+ B cell.  

Discussion 
It was not expected that patient with oligoarticular disease should have a higher mean plasma 

concentration of TNF-α than those with polyarticular manifestations. As patients with polyarthritis have 

a greater number of joints involved one could assume that the systemic inflammation level should be 

Figur 1 The serum concentration of TNF-α for healthy controls, oligoarticular and 
polyarticular JIA measured in pg/ml. The bars represent the mean concentration for 
each group. p-value for Control-Poly < 0.05. Note that there are two jumps in the left 
axel. 
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higher and in connection also to higher TNF-α concentration. In a similar fashion the TNF-α 

concentrations did not correlate with the concentrations of CRP, which also can be associated with 

inflammation. Furthermore as TNF-α is secreted by macrophages and that the TNF-α concentration did 

not correlate with expression of the activating FcγR I or III on monocytes suggests that the increase of 

TNF in plasma is not caused by monocyte activation. 

A previous study[3] found no significant difference in serum concentration of TNF-α but in synovial fluid 

they found a significantly increase of TNF-α in the polyarticular patients. Another study[7] although not 

comparing the serum TNF-α concentration between JIA subgroups, they found a higher concentration of 

TNF in polyarticular patients. This is in contrast to the results in this study where oligoarticular JIA has 

the highest TNF level. This would suggest that TNF-α (although associated with JIA) is not associated 

with the severity of the disease. It is also possible that the disease subtypes have different mechanisms 

where oligoarticular JIA patients can get a great increased production of TNF-α whereas the arthritis in 

polyarticular JIA result in a lesser release of TNF-α systemically. The sample size of polyarticular JIA 

patients was smaller compared to the oligoarticular group and it is possible that this analysis of patients 

was not representive for polyarticular patients and that with additional polyarticular patients the 

difference between the disease subgroups would have been different. 

The occasional high concentration of TNF-α in the healthy controls could be explained that they were at 

a hospital scheduled for elective surgery meaning that they could have had an ailment that affected 

their TNF-α levels without our knowledge. 

With the present research TNF-α is not a suitable factor to be used in categorizing JIA subgroup patients. 

Perhaps with time a connection between TNF-α and disease severity and/or prognosis can be found but 

more realistically with more research more favorable markers should be discovered.  
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