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Abstract 
Oligoarticular juvenile idiopathic arthritis (oJIA) is an antigen-driven and lymphocyte-mediated 
autoimmune disorder with irregularity in the adaptive immune system. Auto reactive T cells, ac-
tivated by cartilage-derived auto antigens, produce pro-inflammatory cytokines as IFN-γ and IL-17. 
Failure of regulatory T cells leads to decreased anti-inflammatory cytokine IL-10 production and 
results in the loss of immune tolerance. This activation of innate and adaptive immunity stimu-
lates the release of pro-inflammatory cytokines IL-1, IL-6 and TNF-α. Thus, inhibition of these cy-
tokines is considered as an appropriate therapeutic strategy for oJIA. The aim of this study was to 
investigate whether the blockade of a single cytokine pathway in the present cytokine setting 
causes an unfavourable imbalance in the cytokine system or whether the blockade is sufficient to 
suppress the inflammatory condition. We examined the cytokine secretion after in vitro inhibition 
of IL-1 and TNF-α of patients with oJIA and healthy subjects. This single center cohort study con-
sisted of oJIA affected children and control subjects. Cytokine profiles from cell culture superna-
tants were examined with multiplex fluorescent bead immunoassay by flow cytometry. Adalimu-
mab prevents highly effective and very selective effect of the cytokine TNF-α. Due to its structure, 
the mode of action of etanercept is difficult to display. In addition, adalimumab and etanercept 
appear in vitro suppressive to IFN-γ. The efficiency of both substances is particularly supported by 
the increased secretion of anti-inflammatory cytokine IL-4. In contrast, anakinra unselectively in-
hibits the pro-inflammatory macrophage cytokines. To conclude, our observations suggest that 
inhibition of IL-1 or TNF-α may contribute to the unselective decline of other pro-inflammatory 
cytokines in oJIA patients. The selective anti-inflammatory effect of cytokine inhibitors is most 
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likely supported by an increase of IL-4 or IL-10. It still remains to be elucidated whether the re-
duced IFN-γ secretion is maybe causative for the increased susceptibility to infections with op-
portunistic pathogens. 
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1. Introduction 
Oligoarticular JIA refers to a group of chronic childhood arthropathies of unknown aetiology. This type of juve-
nile arthritis is regarded as T helper 1 (Th1) cell-mediated inflammatory disorder, mainly based on the abun-
dance of activated Th1 cells in the inflamed synovium and the pathogenetic role of pro-inflammatory cytokines 
that are produced by Th1 cell stimulated monocytes, macrophages and synovial fibroblasts [1]. Th1 cells also 
activate B cells to produce immunoglobulins, including rheumatoid factor (RF) and antinuclear antibodies 
(ANAs). ANAs, which are for the main part associated with early onset oligoarthritis, have been reported to 
react against different nuclear targets, none of which are specific for JIA. Although the precise mechanism leads 
to oJIA remains unclear, the overproduction of pro-inflammatory cytokines is thought to be responsible for the 
clinical manifestations of oJIA [2]-[4]. Modulation of these cytokines results in improvement of clinical out-
come, which strongly suggests that these cytokines play important roles in oJIA [5]. Primary roles in the patho-
genesis of oJIA have TNF-α and IL-1 which are produced by monocytes, macrophages and synovial fibroblasts. 
These cytokines are detected in synovial fluids or tissues of oJIA patients, and are known to stimulate mesen-
chymal cells to release tissue-destroying matrix metalloproteinases. Furthermore, IL-1 and TNF-α also embar-
rass synovial fibroblasts from producing tissue inhibitors of metalloproteinases. Altogether, these dual actions 
seem to lead to joint damage [6]. Self-molecules, (e.g. S100 proteins) indicating synovial tissue damage amplify 
inflammatory arthritis [7]. Serum concentrations of S100A8/S100A9 proteins correlate well with the disease ac-
tivity in children [8] [9].  

At present it is still uncertain whether TNF-α gene polymorphisms (SNPs) influence disease susceptibility and 
treatment of JIA patients. An association between some TNF-α SNPs and adult rheumatoid arthritis susceptibil-
ity, severity and clinical response to anti-TNF-α treatment has been reported [10]-[13]. Furthermore, associa-
tions between TNF-α SNPs and subtypes of JIA have been found [12] [13]. The most frequently studied TNF-α 
SNP is located at −308 position, where the presence of the rare A allele was associated with a major gene ex-
pression, high level of TNF-α expression, and more aggressive JIA phenotypes [14]-[16]. The presence of the 
allele −308A is associated to JIA and to a poor prognosis. In addition, the −308G genotype has been associated 
with better response to anti-TNF-α treatment in JIA patients, confirming adult data [17]. In some studies oli-
goarticular arthritis is significantly associated to the −238 SNP [10] [16] [18] [19].  

Moreover, blocking TNF-α or IL-1 with either a soluble receptor fusion protein or monoclonal antibodies 
ameliorates disease activity of oJIA. IL-6 is a multifunction cytokine that has a wide range of biological activi-
ties and shows markedly elevated levels in oJIA patients [20].  

Anakinra is a fully human IL-1 receptor antagonist, which blocks the biologic activity of naturally occurring 
IL-1, including inflammation and cartilage degradation associated with JIA, by competitively inhibiting the 
binding of IL-1 to the interleukin-1 type receptor, which is expressed in many tissues and organs. 

Adalimumab is a TNF inhibitor, constructed from a fully human monoclonal antibody which binds to TNF-α, 
preventing it from activating TNF receptors. TNF-α inactivation has proven to be important in downregulating 
the inflammatory reactions associated with autoimmune diseases and JIA. 

Etanercept is a genetically engineered fusion protein consisting of two identical chains of the recombinant 
extracellular human TNF-receptor p75 monomer fused with the Fc domain of a human IgG1. Etanercept binds 
both TNF-α and lymphotoxin alpha and inhibits their activity [21]. This decreases inflammation in disorders 
mediated by excess TNF-α.  

These biologics decrease a patient’s immune response and infections are a compelling concern in JIA patients 
treated with anti-IL-1 respectively anti-TNF-α agents [22]. The most common adverse effects reported for the 
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IL-1 receptor antagonist anakinra are injection site reactions which are often mild and transient [23] and an in-
crease in upper respiratory tract infections [24] [25]. Sharma and colleagues report other potential side effects 
including serious infections, neutropenia, nausea, influenza-like symptoms and production of anti-anakinra an-
tibodies [26]. Rates of infections vary considerably between studies. The serious infections include severe bac-
terial infections, varicella-zoster infections [27] and rare cases of invasive fungal infections especially in areas 
endemic to these diseases such as histoplasmosis [28]. Reactivation of infectious diseases such as hepatitis B 
[29] and tuberculosis [30], and the occurance of opportunistic infections are reported [31] [32]. It is recom-
mended that patients be tested for tuberculosis before starting treatment with TNF-α inhibiting drugs and an-
nually thereafter [33]. Further compelling concerns are the induction of autoimmunity and possible malignancies 
[34]-[36].  

We hypothesized that the enduring local inflammation in oJIA patients triggered by pathogen associated mo-
lecular patterns (PAMPS) such as LPS may correlate with levels of IL-1 and TNF-α yield of leukocytes. We 
therefore decided to investigate the cytokine secretion of peripheral leukocytes of oJIA patients after in vitro 
LPS stimulation as well as the cytokine levels of healthy individuals. Furthermore, we hypothesized that on the 
one hand, treatment with IL-1 and TNF-α inhibitors anakinra, adalimumab or etanercept may suppress inflam-
mation, but on the other hand, it may cause an unfavourable imbalance in the cytokine system. The current study 
compared cytokine secretion of peripheral leukocytes of oJIA patients with healthy individuals after in vitro LPS 
stimulation, respectively inhibition of IL-1 and TNF-α using anakinra, adalimumab or etanercept. 

2. Methods 
2.1. Patients and Samples 
This single center cohort study consisted of oJIA affected children and control subjects and was conducted in the 
period 2009-2011. All JIA patients fit the ILAR classification criteria for childhood arthritis and provided writ-
ten informed consent before enrolment. Peripheral venous blood was drawn from 10 patients of our pediatric 
rheumatological outpatient clinic and from 15 similar gender non-related young adults to serve as healthy con-
trols. The study protocol was approved by the institutional ethics committee (#837.169.08). 

2.2. Patient Demographics 
Ten oJIA patients were enrolled after consent. Comprehensive clinical information was collected at each oJIA 
patient visit, including history, physical examination (including presence of fever, rash and joint count), and 
clinical laboratory values [leukocytes, erythrocyte sedimentation rate (ESR), soluble IL-2 receptor (IL-2R), 
C-reactive protein (CRP) and complement activity (CH-50)]. Clinical status at each visit was graded according 
to a scoring system developed by our group to grade severity of systemic disease manifestations or arthritis. 
Each sample was classified as “flare” (active disease; score of 5 or above) or “quiescence” (inactive disease; 
score of 0). All but two patients were under antiphlogistic (Naproxene) therapy, dependent upon their clinical 
symptoms. Characteristics of the study subjects are shown in Table 1. 

2.3. Isolation and Culture of Peripheral Mononuclear Cells (PBMCs) 
Freshly isolated heparinized whole blood was overlaid on an equal volume of Lymphocyte Separation Medium 
(PAA-Laboratories GmbH, Pasching, Austria), and centrifuged at 800 ×g for 30 min. The mononuclear cell ring, 
which contained PBMC, was obtained from the interface using a Pasteur pipette without disturbing the upper 
layer cells. The PBMCs were centrifuged again at 250 ×g for 10 min. The pelleted cells were then resuspended 
in 5 ml phosphate buffered saline (DPBS, gibco, Paisley, UK). After washing, the pellets were suspended in 
RPMI 1640 medium containing 10% human AB-Serum, penicillin (100 U/ml), streptomycin (100 μg/ml) and 
glutamine (2 mM; all reagents from PAA, Germany). Next, 1 × 106 PBMCs/well were cultured in 200 µl of the 
RPMI 1640 for 24 h in round bottom 96 well plates (BRAND, Wertheim, Germany). 

2.4. Co-Culture of PBMC with Gram-Negative Bacterial Endotoxin, Lipopolysaccharide 
(LPS) 

PBMC samples (1 × 106/well) were incubated with 200 µl of RPMI 1640 with LPS (10 µg/ml; InvivoGen, San  
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Table 1. Patient demographics. 

Number of samples analyzed patients/controls 10:15 

Age at enrolment [median (range) years] 13.4 (0 - 26) 

Age at onset [median (range) years] 4.3 (0 - 12) 

Disease duration [median (range) years] 4.7 (1 - 11) 

Disease activity  

No or low activity [n] 9 

High activity/flare [n] 1 

Leukocytes (/nl) 7.94 (5.2 - 12.0) 

ESR (mm/h) 84 (3 - 92) 

CRP (mg/l) 18.5 (1 - 68) 

IL-2R (U/ml) 674.3 (435 - 1006) 

CH-50 (U/ml) 59.6 (42 - 85) 

Male/female 4:6 

HLA B27 positive 1 

ANA positive 5 

Patients on  

DMARDS 2 

NSAIDS 8 

Steroids 0 

 
Diego, USA) at 37˚C and 5% CO2. After 24 h of culture, the supernatants were obtained and kept at −20˚C until 
use in the cytokine ELISA. 

2.5. Inhibition of IL-1 or TNF-α in PBMC by Anakinra, Etanercept and Adalimumab 
The BMC (1 × 106/well) were incubated with 200 µl RPMI 1640 containing LPS (10 µg/ml) and anakinra (1 
µg/ml; Swedish Orphan Biovitrum AB, Stockholm, Sweden), etanercept (0, 1 µg/ml; Wyeth Pharma, Münster, 
Germany) respectively adalimumab (10 µg/ml; Abbott Laboratories, Chicago, Illinois, USA) for 24 h at 37˚C 
and 5% CO2. After 24 h, the supernatants were obtained and kept at −20˚C until use in the cytokine ELISA. 

2.6. Multiplex Fluorescent Bead Immunoassay (ELISA) for Determination of Cytokine  
Profiles 

Two-colour flow cytometry was applied to cell culture supernatants of oJIA patients and healthy control subjects, 
to investigate the concentrations of Interleukin (IL)-12p70, Interferon (IFN)-γ, IL-2, IL-4, IL-5, IL-6, IL-8, 
IL-10, IL-17A, IL-β, Tumor necrosis factor (TNF)-α and TNF-β. All cytokines were measured by commercial 
kits, Human Th1/Th2 11plex FlowCytomix Kit and Human IL-17A simplex Kit (BenderMedSystems GmbH, 
Vienna, Austria) according to the manufacturer’s instructions for the use of tubes. 

In order to evaluate the change of cytokine production, we formed the ratio of the values of stimulated cell 
cultures with biological and the values of unstimulated cell cultures. 

2.7. Statistical Analysis 
Mann-Whitney U test was used to compare data of healthy controls and oJIA patients. Only the values of p < 
0.05 were considered to be statistically significant in all analyses. Statistical analysis was performed with com-
mercial software (SPSS Statistics Software version 20.0; SPSS Inc.). 
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3. Results 
3.1. Pro-Inflammatory Macrophage Cytokines IL-1, IL-6 and TNF-α  
We examined the presence of twelve cytokines in leukocyte culture supernatants of 10 oJIA patients as well as 
15 healthy individuals by flow cytometry analysis (multiplex fluorescent bead immunoassay).  

In order to evaluate the change of cytokine production after LPS stimulation and inhibition by anakinra, 
etanercept or adalimumab, the ratio of the values of stimulated cell cultures with biologic and the values of un-
stimulated cell cultures was formed. 

We stated that LPS stimulated leukocytes of oJIA patients secrete more IL-6 than healthy individuals. In con-
trast, LPS induced IL-1 and TNF-α production was generally higher in the control group (Figure 1). Further-
more, in healthy individuals a significant inhibition of IL-1 could be achieved by anakinra, while oJIA patients 
showed changed IL-1 levels to a lesser extent. Adalimumab also reduces IL-1 levels, but only slightly and in 
healthy individuals. Etanercept did not alter IL-1 levels. By the use of adalimumab the complete inhibition of 
TNF-α was attained equally in oJIA patients and healthy. Although etanercept shows an inhibitory effect on 
TNF-α in the control group it still seems to reinforce TNF-α secretion in oJIA patients. Besides, we observed the 
decline of TNF-α by anakinra in healthy individuals and the decline of IL-6 in both groups. In leukocyte cultures 
of oJIA patients and healthy subjects a moderate decrease of IL-6 could also be documented during treatment 
with etanercept. While adalimumab has no effect on IL-6 in oJIA patients, it acts suppressive in the control 
group.  

3.2. Pro-Inflammatory T Cell Cytokines IL-2, IL-8, IL-12p70, IL-17A, TNF-β and IFN-γ 
As expected, we found after LPS stimulation no significant change in cytokine secretion concerning IL-2, IL-8, 
IL-12p70, IL-17A and TNF-β. Interestingly, stimulated leukocytes of healthy individuals secrete more IFN-γ 
than leukocytes of oJIA patients. We discovered that anakinra considerably inhibits IFN-γ in oJIA patients just 
as well as in healthy control subjects (Figure 2). For adalimumab we observed a similar effect. Etanercept also 
reduces IFN-γ levels, but only in the control group. 

3.3. Anti-Inflammatory T Cell Cytokines IL-4, IL-5 and IL-10 
Regarding IL-5 secretion there was no change whatsoever detectable. Likewise, in healthy control subjects we  

 

 
(a) 
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(b) 

 
(c) 

Figure 1. Representative bar diagrams showing the ratio of cytokine values of (a) IL-1, (b) IL-6 and (c) TNF-α in 
healthy controls (left) and oJIA patients (right). Blue filled bars: ratio of the values of LPS stimulated cell cultures 
and the values of unstimulated cell cultures. Green filled bars: ratio of the values of LPS stimulated cell cultures and 
the values of stimulated cell cultures with adalimumab. Purple filled bars: ratio of the values of LPS stimulated cell 
cultures and the values of stimulated cell cultures with etanercept. Yellow filled bars: ratio of the values of LPS 
stimulated cell cultures and the values of stimulated cell cultures with anakinra. 
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Figure 2. Representative bar diagrams showing the ratio of cytokine values of IFN-γ in healthy controls (left) and 
oJIA patients (right). Blue filled bars: ratio of the values of LPS stimulated cell cultures and the values of unstimu-
lated cell cultures. Green filled bars: ratio of the values of LPS stimulated cell cultures and the values of stimulated 
cell cultures with adalimumab. Purple filled bars: ratio of the values of LPS stimulated cell cultures and the values 
of stimulated cell cultures with etanercept. Yellow filled bars: ratio of the values of LPS stimulated cell cultures and 
the values of stimulated cell cultures with anakinra. 

 
found this for IL-4. By contrast, stimulated leukocyte cultures of oJIA patients presented an increase of IL-4, 
even in cell cultures with adalimumab, etanercept or anakinra (Figure 3(a)). 

LPS induced IL-10 production was generally higher in the control group. Furthermore, we observed in oJIA 
patients as well as in healthy controls a decrease of IL-10 in stimulated leukocyte cultures with anakinra. 
Adalimumab also reduces IL-10 levels, but only slightly and in oJIA patients (Figure 3(b)). On the contrary, 
etanercept seems to reinforce IL-10 secretion in both groups. 

4. Discussion 
Various types of immune cells, such as lymphocytes, macrophages and neutrophils, are involved in the devel-
opment of joint inflammation. Toll-like receptors (TLRs) are a key link between infection, injury, and inflam-
mation [37] Furthermore, a complex cytokine network is crucially implicated in the pathogenesis of oJIA. The 
enduring local inflammation in oJIA patients triggered by pathogen or damage-associated molecular patterns 
may correlate with levels of IL-1 and TNF-α yield of leukocytes which are considered to be the basis for the 
emergence of tissue and joint damage. The macrophage cytokines TNF-α and IL-1 play an important role in in-
flammation and immune function [38]. They promote an inflammatory cascade, critical in the host response to 
infections and local injury. Additionally, in high concentrations, they may lead to excess inflammation and or-
gan damage as seen in oJIA [39]. Cytokine inhibitors are thought to improve the patients clinical course by im-
pairing the ability of TNF-α or IL-1 to bind to their receptors, inactivating the sepsis cascade cytokines, inhibit-
ing production of inflammatory cytokines, and preventing further inflammation and damage to tissue or joints. 
However, this inhibition can potentially extend the susceptibility of patients to infections due to this downregu-
lation of the immune system [40] [41].  

The present study reveals selective alterations of leukocyte cytokine secretion of patients with oJIA compared 
to healthy control subjects after in vitro LPS stimulation and inhibition by anakinra, etanercept or adalimumab. 
Detectable imbalances of pro- and anti-inflammatory cytokines could give further hints for an improvement of  
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(a) 

 
(b) 

Figure 3. Representative bar diagrams showing the ratio of cytokine values of (a) IL-4 and (b) IL-10 in healthy con-
trols (left) and oJIA patients (right). Blue filled bars: ratio of the values of LPS stimulated cell cultures and the val-
ues of unstimulated cell cultures. Green filled bars: ratio of the values of LPS stimulated cell cultures and the values 
of stimulated cell cultures with adalimumab. Purple filled bars: ratio of the values of LPS stimulated cell cultures 
and the values of stimulated cell cultures with etanercept. Yellow filled bars: ratio of the values of LPS stimulated 
cell cultures and the values of stimulated cell cultures with anakinra. 



M. Kirchner et al. 
 

 
118 

therapeutic strategies for the treatment of oJIA.  
LPS stimulation causes an increased expression of peptide/MHC complexes and molecules for T cell activa-

tion on the cell surface of dendritic cells and activates this cell population through a MyD88- and TRIF-depen- 
dent pathway [42]. This pathway results in the clonal expansion and differentiation of CD4+ T cells and thereby 
provides an important link between innate and acquired immunity [43]. From our former studies we know, that 
oJIA patients compared to healthy subjects show significantly higher levels of pro-inflammatory cytokines. 
Furthermore, we observed higher concentrations of the anti-inflammatory cytokine IL-10 in patients with oli-
goarthritis, seronegative polyarthritis and enthesitis related arthritis compared to healthy subjects [44].  

In the course of our present study we also demonstrated that both, healthy and oJIA patients show a pro-in- 
flammatory cytokine secretion after LPS stimulation: In both groups we detected an increased IL-6, TNF-α, 
IL-1β and IFN-γ production compared to the unstimulated control approach. In addition, the cytokine levels of 
healthy were higher than those of the oJIA patients. Moreover, we noticed a significantly higher IL-6 secretion 
of LPS stimulated leukocytes of oJIA patients compared with that of healthy control subjects. This finding sup-
ports the proposed role of pro-inflammatory IL-6 in the pathogenesis of oJIA: As is known, the concentration of 
IL-6 in synovial fluid and serum is increased in patients with oJIA compared to healthy and even correlated with 
disease activity [45]-[47]. In contrast to the results of de Jager et al. we found compared to healthy a lower con-
centration of IL-1 and no significant difference in TNF-α secretion [45]. The increase of the t cell cytokine 
IFN-γ could be a correlate of activated CD4+ T cells after LPS stimulation. 

In consequence of LPS stimulation and TNF-α inhibition by adalimumab, the target cytokine TNF-α fell just 
below the detection limit. The cytokine levels of IL-1 and IFN-γ were also reduced. These results met for pa-
tients and healthy and probably reflect a decreased macrophage activity. This reduced amount of IFN-γ fits the 
observation, that TNF-α as a result of an increasing production of IL-12 and IL-18 normally leads to multiplied 
secretion of IFN-γ in children with oJIA [48].  

In our in vitro model, we demonstrated that blockade of TNF-α could result in a diminished IFN-γ production. 
IFN-γ is formed mainly by Th1 cells, activated monocytes and macrophages. Subsequently, the production and 
secretion of IL-1β is started, while the formation of anti-inflammatory Th2 cytokines IL-4 and IL-10 is inhibited 
the same time [49] [50]. Our results show that the inhibition of TNF-α leads to an increased concentration of 
IL-4 at oJIA patients. This could be mediated directly by the lack of effect of TNF-α, or may be the result of the 
reduced IFN-γ secretion [43].  

Under LPS stimulation, the inhibition of TNF-α by the receptor fusion protein etanercept caused in oJIA af-
fected children an increased concentration of TNF-α in vitro. This result is confirmed by the in vivo studies of 
Mohler et al.: the researchers found in mice after administration of a synthetic dimeric sTNFR: Fc (structurally 
similar to etanercept) and LPS stimulation an increase of the serum concentration of TNF-α [51]. Additionally, 
LPS stimulated leukocytes of both, patients and healthy individuals, produced less IL-6 and IL-1β after adminis-
tration of etanercept. We consider this as an indication of an effective suppression of inflammation, which is 
mediated by the cells of the innate immune system. An anti-inflammatory effect, which we have already seen in 
leukocyte cultures with adalimumab was the increased concentration of IL-4 (respectively IL-10) after LPS sti-
mulation and administration of etanercept. 

Adult studies have, for the most part, shown that TNF-α antagonists lead to an increased risk of opportunistic 
infections and serious infections, when compared to other disease-modifying antirheumatic drugs [52]-[54]. 
Despite the extensive use of biologics in pediatrics, it remains unclear whether there is a similarly increased risk 
of infections and what types of infections occur. To date, studies in children with oJIA treated with TNF-α inhi-
bitors have considered of small subject numbers, with outcomes mostly focused on drug efficacy or serious ad-
verse events [55]-[57]. Bracaglia et al. reported that JIA patients can frequently develop mild infections and, less 
commonly, severe infections when treated with etanercept or adalimumab [56]. As described above, we found as 
a consequence of LPS stimulation and TNF-α inhibition by adalimumab respectively etanercept, reduced levels 
of IL-1 and IFN-γ. Importantly, it is unknown whether JIA itself further contributes to an increased risk of infec-
tion. 

In addition to TNF-α, other pro-inflammatory cytokines of the innate immune system are involved in the pa-
thogenesis of oJIA. Lotito et al. detected higher concentrations of IL-1β in patients with oJIA than in their con-
trol group [47]. We confirmed this in our in vitro model. Even in the unstimulated cell culture approaches of 
oJIA patients we found higher amounts of IL-1β than in the approaches of healthy individuals. Thus, the cyto-
kine IL-1β is a potential target in therapeutic intervention of oJIA. Inhibition of IL-1β by the IL-1 receptor an-
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tagonist, anakinra, led after LPS stimulation to a reduced concentration of IL-1β in both, healthy and oJIA 
children. The concentration of the pro-inflammatory cytokine IL-6 was decreased by LPS stimulation in both 
groups, suggesting a similar role in the sequence of inflammatory events after administration of anakinra. The 
inhibition of IL-1β seems to suppress the activation of CD4+ Th1 cells: After LPS stimulation and administration 
of anakinra, a decrease of IFN-γ was observed. Unfortunately, based on our in vitro model it can not be dis-
played whether this leads to a real inhibition of T cells. The aforementioned suppression of pro-inflammatory 
cytokines by anakinra was supported in the group of oJIA patients by an increase of IL-4, in healthy individuals 
there was no detectable concentration of this cytokine. 

After LPS stimulation and administration of ankinra patients with oJIA showed an increase in the concentra-
tion of pro-inflammatory cytokine TNF-α. Here, the group of oJIA patients differed significantly from healthy 
individuals, which showed a reduced concentration of this cytokine after the administration of the IL-1 receptor 
antagonist. In both groups there was a lower concentration of IL-10. Thus, for oJIA patients as a result of IL-1β 
inhibition an increase of TNF-α can be documented.  

In our opinion, this must be seen as a state of persistent inflammation. In this context the group of healthy in-
dividuals showed decreasing pro-inflammatory cytokines. This is a further indication that the cytokine network 
of oJIA patients is fundamentally different from that of healthy subjects. 

5. Conclusions 
To conclude, our observations suggest that the selective inhibition of cytokines affects the entire cytokine net-
work of oJIA patients. We describe a shift from pro-inflammation to anti-inflammation, which is mediated by 
the fading of pro-inflammation and the rise of anti-inflammatory cytokines. However, the concentration of indi-
vidual pro-inflammatory cytokines remains elevated even after the administration of biologics. This could arise 
as an explanatory model for the emergence of drug-resistant disease conditions. Only the precise knowledge of 
the cytokine network of oJIA patients allows a targeted therapy. 

The allocation of specific cytokine patterns to individual subtypes of JIA allows appropriate control of these 
parameters in the course of the disease and provides an indication of which biologic drug should be used in 
therapy. For therapeutic follow-up individual measurements of cytokine concentrations are conceivable. For 
example, further prospective studies with larger patient populations, more frequent follow-up, and more tho-
rough assessment of mild and serious infections would significantly help clinicians better understand the impli-
cations of starting a patient with JIA on cytokine inhibitors, and ultimately help to improve prevention strategies 
and management. 

Further observational research using disease registries and cohort studies may provide additional evidence on 
the clinical benefits of various treatment pathways and safety issues over the long-term. Supporting research in 
the use of biomarker-based diagnostic and risk prediction tools may also help children with JIA to receive the 
most effective and safest choice of therapy. 
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