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Abstract
Background: Present data suggest that oligoarticular JIA is an 
autoimmune disorder with irregularity in both innate and adaptive 
immune responses, while sJIA shows distinct clinical and laboratory 
features, reflecting systemic inflammation. The activation of 
immunity stimulates the release of pro-inflammatory cytokines IL-1, 
IL-6 and TNF-α. Cytokine inhibition is considered as an appropriate 
therapeutic strategy for JIA. We investigated whether the blockade 
of a single cytokine pathway in the present cytokine setting causes 
an imbalance in the cytokine system.

Methods: This single center cohort study consisted of oJIA (n = 
10) and sJIA (n = 10) affected children and control subjects (n = 
25). We studied the cytokine secretion after LPS stimulation and 
in vitro inhibition of IL-1 and TNF-α by anakinra and adalimumab. 
Cytokine profiles from cell culture supernatants were examined with 
multiplex fluorescent bead immunoassay by flow cytometry.

Results: Adalimumab prevents highly effective and very selective 
the effect of TNF-α. Adalimumab and anakinra appear suppressive 
to IFN-γ. Anakinra unselectively inhibits the pro-inflammatory 
macrophage cytokines.

Conclusions: Our observations suggest that inhibition of IL-1 
or TNF-α may contribute to the unselective decline of other pro-
inflammatory cytokines in oJIA and sJIA patients. It still remains 
to be elucidated whether the reduced IFN-γ secretion is maybe 
causative for the increased susceptibility to infections with 
opportunistic pathogens.

Keywords
Oligoarticular Juvenile Idiopathic Arthritis, Systemic Juvenile 
Idiopathic Arthritis, Pro-/Anti-Inflammatory Cytokines, Cytokine 
Inhibition

disorder, mainly due the large number of activated Th1 cells and the 
abundance of pro-inflammatory cytokines in the inflamed joint [1]. 
This overproduction of pro-inflammatory cytokines is considered 
responsible for the clinical manifestations of JIA [2-4]. Th1 cells not 
only activate monocytes, macrophages and fibroblasts, but also B cells 
follow to produce immunoglobulins such as rheumatoid factor (RF) 
and antinuclear antibodies (ANA). In contrast, there are no signs of 
a T cell mediated, antigen-specific immune response in individuals 
with systemic-onset form of JIA (sJIA). The sJIA currently applies 
as auto-inflammatory disease, which goes back to an uncontrolled 
activation of the innate immune system [5]. The fact that modulation 
of pro-inflammatory cytokines results in improvement of clinical 
outcome of both JIA subtypes, underlines the important pathogenetic 
role of cytokines [6].

A primary role in the pathogenesis of oJIA play the macrophage 
cytokines interleukin-1 (IL-1) and tumor necrosis factor-alpha 
(TNF-α), which are detected in synovial fluids and or tissues of 
JIA patients, and are known to cause secretion of tissue-destructive 
matrix metalloproteinase. Furthermore, IL-1β and TNF-α inhibit 
production of matrix metalloproteinase inhibitors in synovial 
fibroblasts. This dual function favours joint damage [7]. Self-
molecules, indicating synovial tissue damage, such as the calcium-
binding proteins S100A8, S100A9 and S100A12 reinforce again 
the joint inflammation. Serum concentrations of S100A8/S100A9 
proteins correlate very well with the disease activity in JIA patients, 
particularly sJIA [8,9]. Recent researches indicate that IL-1β is the 
prominent cytokine of sJIA. SJIA patients who did not respond to 
an anti-TNF-α treatment, showed an improvement in clinical and 
laboratory parameters after administration of IL-1 receptor blockers 
[10]. In addition to IL-1β and TNF-α, the cytokine IL-6 appears to 
be pathogenetically effective in the JIA. Circulating IL-6 is increased 
in all JIA subtypes and IL-6 serum levels of patients with increased 
disease activity correlate very well with their CRP levels [11]. IL-1β 
and TNF-α create a pro-inflammatory environment that favours the 
release of IL-17 from Th17 cells in the joint, leading to an additional 
increase in IL-6 levels. Particularly high IL-6 levels, which correlate 
well with the extent of joint involvement, can be found in the synovial 

Introduction
The oligoarticular juvenile idiopathic arthritis (oJIA) refers to 

a heterogeneous group of chronic inflammatory joint diseases of 
childhood and adolescence of unknown aetiology. The oligoarticular 
subtype is described as a T helper cell-mediated inflammatory 
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Methods
Patients and samples

This single center cohort study consisted of oJIA respectively 
sJIA 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 written informed consent before 
enrolment. Peripheral venous blood was drawn from 20 patients of our 
pediatric rheumatological outpatient clinic and from 25 similar gender 
non-related young adults to serve as healthy controls. The study protocol 
was approved by the institutional ethics committee (#837.169.08).

Patient demographics

Ten oJIA patients and ten sJIA patients were enrolled after 
consent. Comprehensive clinical information was collected at each 
JIA 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 (Steinbrocker) to grade severity of arthritis. All 
patients were in stable remission or at least in controlled disease. 
Patients were under no therapy, antiphlogistic (Naproxene) and/
or immunosuppressive (Methotrexate) therapy dependent upon 
their clinical symptoms. None of the patients was treated with 
immunosuppressive pharmaceutics used in our in-vitro model. 
Characteristics of the study subjects are shown in table 1.

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).

Co-culture of PBMC with gram-negative bacteria endotoxin, 
lipopolysaccharide (LPS)

PBMC samples (1 × 106/well) were incubated with 200 μl of RPMI 

fluid of sJIA patients [12]. The cytokine macrophage inhibitory factor 
(MIF) is a constitutive element of the host antimicrobial defenses 
and stress response that promotes pro-inflammatory function of the 
innate and acquired immune systems. MIF plays an important role in 
the pathogenesis of acute and chronic inflammatory or autoimmune 
disorders [13]. Herenius et al. have revealed that anti-TNF-α therapy 
diminishes serum levels of chemokine chemerin and thus inhibits 
the recruitment of MIF-producing cells (macrophages, dendritic 
cells), decreases MIF concentrations as well and eventually reduces 
inflammation in rheumatoid arthritis patients [14]. Endogenous 
MIF has been shown to exert a permissive regulatory role in cellular 
responsiveness to key pro-inflammatory cytokines TNF-α and IL-1 
via up-regulation of cytokine receptor-dependent MAPK signaling 
independent of NF-κB [15].

The genetic basis of JIA is complex; the extent of associations with 
individual HLA genes varies greatly within the various subgroups. 
A few other genes, including macrophage inhibitory factor (MIF), 
TNF-α, IL-6 and IL-10 have also been discussed as disease relevant. 
Especially polymorphisms of the human MIF gene have been 
associated with increased susceptibility to or severity of juvenile 
idiopathic and adult rheumatoid arthritis. High amounts of IL-10 
mRNA within the joint are associated with a milder and non-erosive 
onset form of oJIA [16,17].

Inhibition of IL-1β or TNF-α with soluble receptor fusion 
proteins or monoclonal antibodies have a proven effect on disease 
activity of the JIA. Anakinra is a genetically engineered human 
interleukin-1 receptor antagonist. It binds competitively to the IL-1 
receptor without inducing a stimulatory signal [10]. Adalimumab is 
a human monoclonal antibody that binds to TNF-α and thereby an 
activation of the TNF-α receptor is prevented [18].

Notwithstanding the fact that the regulation of these cytokines 
results in a reduction of inflammation in patients with JIA, biologics 
are also responsible for a decreased immune response to infections 
which relates in particular those patients who are treated with IL-1 or 
TNF-α-blockers. Other possible side effects include the induction of 
autoimmunity and the occurrence of malignant tumors [19].

The persistent inflammation situation in JIA patients is most 
likely triggered by pathogen or damage associated molecular 
patterns (PAMPs, DAMPS). We therefore simulated this condition 
by LPS stimulation of leukocyte and investigated cytokines in oJIA-, 
sJIA patients and healthy after LPS stimulation and the addition of 
biologicals anakinra or adalimumab. In particular, we are interested 
in to which extent treatment with anakinra or adalimumab next to 
the desired anti-inflammatory effects may also affect the balance of 
the entire cytokine environment disadvantageous.

Table 1: Patient demographics.

Number of samples analyzed patients oligoarticular arthritis [n] 10 patients systemic arthritis  [n] 10 controls [n] 25
Age at enrolment [median (range) years] 13.4 (0 - 26) 12.2 (4 -17) 22.5 (19 - 30)
Age at onset [median (range) years] 4.3 (0 - 12) 3.1 (2 - 10)
Disease duration [median (range) years] 4.7 (1 - 11) 6.1 (4 - 10)
Disease activity (Steinbrocker)

I [n] 2 4
II [n] 7 6
III [n] 1 0

Leukocytes (/nl) 7.02 (5.23 - 8.95) 1.98 (0.83 - 3.28) 7.36 (5.57  - 12.9)
ESR (mm/h) 10,5 (2 - 32) 13.5 (3 - 35)
CRP (mg/l) 0.57 (0.24 - 4.5) 3.5 (1 - 9)
IL-2R (U/ml) 355.5 (212 - 572) 426 (328 - 822)
CH-50 (U/ml) 55.5 (48 - 60) 55.5 (53 - 58)
Male/female 3:7 4:6 12:13
HLA B27 positive 0 0
ANA positive 5 0
Patients on
DMARDS 2 2
NSAIDS 8 6
Steroids 0 2
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1640 with LPS (10 μg/ml; InvivoGen, San 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.

Inhibition of IL-1 or TNF-α in PBMC by anakinra 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) or LPS (10 μg/ml) and 
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.

Multiplex fluorescent bead immunoassay (ELISA) for 
determination of cytokine profiles

Two-colour flow cytometry was applied to cell culture 
supernatants of JIA patients and healthy control subjects, to investigate 
the concentrations of Interleukin (IL)-IL-1β, Interferon (IFN)-γ, 
IL-6, IL-10 and Tumor necrosis factor (TNF)-α. All cytokines were 
measured by commercial kit Human Th1/Th2 11plex FlowCytomix 
Kit (Bender MedSystems GmbH, Vienna, Austria) according to the 
manufacturer’s instructions for the use of tubes.

Statistical analysis

Mann-Whitney U test was used to compare data of healthy 
controls and JIA patients. Only the values of p < 0.05 were considered 
to be statistically significant in all analyses. Statistical analysis was 
performed with commercial software (SPSS Statistics Software 
version 23.0; SPSS Inc.).

Results
We examined the presence of twelve cytokines in leukocyte 

culture supernatants of 10 oJIA patients, 10 sJIA patients as well as 25 
healthy individuals by flow cytometry analysis (multiplex fluorescent 
bead immunoassay). Selected results are shown in table 2.

Pro-inflammatory macrophage cytokines IL-1, IL-6 and 
TNF-α

We stated that LPS stimulated leukocytes of oJIA patients secrete 
more IL-1 than leucocytes of sJIA patients or healthy individuals 
(Figure 1a). Upon LPS activation TNF-α secretion of oJIA leucocytes 
is much lower compared to control subjects and sJIA patients (Figure 
1b). Interestingly, stimulated leukocytes of sJIA patients secrete 
more IL-6 than leukocytes of healthy individuals or oJIA patients 

(Figure 1c). Furthermore, in healthy subjects and sJIA patients a 
low inhibition of IL-1 could be achieved by anakinra, while oJIA 
patients showed changed IL-1 levels to a higher extent (Figure 2a). 
Adalimumab also reduces IL-1 levels, but only slightly and in oJIA 
patients and the control group (Figure 3a). By the use of adalimumab 
the complete inhibition of TNF-α was attained equally in both 
patient groups and healthy (Figure 3b). Although anakinra shows an 
inhibitory effect on TNF-α in in sJIA patients and healthy individuals 
it still seems to reinforce TNF-α secretion in oJIA patients (Figure 
2b). No change in IL-6 concentration could be documented in oJIA 
patients during treatment with anakinra (Figure 2c). Healthy subjects 
and sJIA patients showed diminished IL-6 levels to a higher extent. 
While adalimumab has no significant effect on IL-6 in oJIA patients, 
it acts suppressive in sJIA patients and in the control group (Figure 
3c).

Anti-inflammatory cytokine IL-10

LPS stimulated leukocytes of healthy individuals and oJIA patients 
secrete even more IL-10 than leucocytes of sJIA patients (Figure 1d). 
Furthermore, we found in sJIA patients as well as in healthy controls 
a severe reduction of IL-10 in stimulated leukocyte cultures with 
anakinra (Figure 2d). Anakinra seems to act less suppressive in oJIA 
patients. Adalimumab also reduces IL-10 levels significantly, but both 
patient groups showed diminished IL-10 levels to a lesser extent than 
the control group (Figure 3d).

Pro-inflammatory T cell cytokine IFN-γ

Interestingly, stimulated leukocytes of healthy individuals 
secrete less IFN-γ than leukocytes of oJIA patients. We detected not 
any cytokine secretion of IFN-γ in sJIA patients (Figure 1e). We 
discovered that anakinra considerably inhibits IFN-γ in oJIA patients 
just as well as in healthy control subjects (Figure 3e). For adalimumab 
we observed a similar effect.

Discussion
A LPS-stimulation leads to increased expression of peptide/

MHC complexes and T cell activation molecules on the surface of 
dendritic cells and activates this population over a MyD88- and 
TRIF-dependent signaling pathway. This signaling cascade induces 
clonal expansion and differentiation of CD4-positive T cells and 
thereby provides a link between innate and adaptive immunity. 
From our previous studies we know that JIA patients compared to 
healthy subjects show significantly higher concentrations of pro-
inflammatory cytokines. In addition, we observed higher serum levels 
of spontaneous anti-inflammatory cytokine IL-10 in patients with 

Table 2: Median concentrations (pg/ml), minima and maxima of cytokines in patients with oJIA, sJIA and control subjects.

Recorded data (ELISA)

[median (range) pg/ml]

Patients oligoarticular arthritis [n] 10 Patients systemic arthritis  [n] 10 controls [n] 25

IL-1β                  unstimulated 34.0 (0 - 141.19) 76.04 (0 -719.15) 98.01 (0 -675.18)
IL-6                    unstimulated 92.0 (0 - 2626.06) 53.91 (0 - 14819.80) 349.99 (0 - 40579.92)
IL-10                  unstimulated 1.19 (0 - 4.75) 0.1 (0.1 - 27.42) 0.1 (0.1 - 179.28)
TNF-α                unstimulated 9.83 (0 - 32.26) 136.57 (0 - 2130.29) 64.96 (51.23 - 1065.6)
IFN-γ                 unstimulated 2.24 (0 - 9.24) 0.1 (0 - 0.1) 0.1 (0.1 - 22.59)
IL-1β               LPS stimulated 11001.26 (4713.39 - 27778.74) 1659.40 (365.85 - 7771.52) 1176.65 (0 - 2324.18)
IL-6                 LPS stimulated 12368.07 (8488.45 - 25293.46) 19684.29 (4620.57 - 29113.37) 12524.96 (2418.22 - 47511.88)
IL-10               LPS stimulated 789.88 (539.3 - 5786.66) 208.87 (0.1 - 802.3) 353.46 (3.58 - 663.24)
TNF-α             LPS stimulated 416.69 (81.71 - 6767.84) 1810.98 (373.02 - 7873.45) 1035.95 (405.05 - 5864.38)
IFN-γ              LPS stimulated 63.33 (7.96 - 368.58) 0.1 (0.1 - 260.99) 8.90 (0.1 - 259.50)
IL-1β               LPS & anakinra  8755.14 (3657.02 - 16271.48) 1152.88 (378.32 - 3152.67) 1002.11 (134.10 - 1605.97)

IL-6                 LPS & anakinra 9687.29 (4724.48 - 36326.38) 7595.17 (1384.23 - 32177.63) 5102.66 (468.64 - 1489779.84)
IL-10               LPS & anakinra 425.23 (119.11 - 3404.71) 15.44 (0 - 250.44) 72.74 (0 -212.0)
TNF-α             LPS & anakinra 466.33 (36.16 - 5806.20) 566.28 (0 - 3824.89) 296.02 (0 - 1716.59)
IFN-γ              LPS & anakinra 2.45 (0 - 177) 0.1 (0 - 14) 0.1 (0 - 22.13)
IL-1β        LPS & adalimumab 10225.845 (4424.78 - 25403.25) 1973.0 (680.54 - 4216.76) 531.11 (136.37 - 2583.18)
IL-6          LPS & adalimumab 12474.815 (6037.93 - 22902.13) 12272.84 (3068.83 - 32177.63) 3944.91 (1870.02 - 47511.88)
IL-10        LPS & adalimumab 676.965 (363.6 - 4341.47) 97.766 (0 - 455.72) 38.62 (0 - 480.76)
TNF-α      LPS & adalimumab 3.035 (0 - 22.04) 6.14 (0 - 26.45) 13.22 (0 - 746.46)
IFN-γ       LPS & adalimumab 19.085 (7.27 - 261.67) 0.1 (0 - 29.44) 0.1 (0 - 11.80)
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oligoarticular JIA, seronegative arthritis and enthesitis associated 
arthritis [20].

During the present study, we were able to show that after LPS 
stimulation all groups studied show a pro-inflammatory cytokine 
profile, although to varying degrees. In oJIA patients outweighed 
the cytokines IL-1β and TNF-α. Our findings that LPS stimulated 
leukocytes of oJIA patients secrete more IL-1 than leucocytes of sJIA 
patients or healthy individuals (Figure 1a) differ from those of another 
research group. Pascual et al. showed in their study that PBMC of sJIA 
patients release large amounts of IL-1β upon activation with PMA-
ionomycin [10]. One possible explanation for the varying results 

could be the fact that the types and amounts of cytokines produced 
may depend on stimulating reagents and treatments. It is known that 
different in vitro stimulations can have an effect on the results [21] 
and different stimulation protocols are often recommended by the 
manufacturer of reagents to obtain maximal cytokine production.

However, it is not ruled out that a sustained treatment with 
traditional synthetic disease modifying anti-rheumatic drugs affects 
cytokine levels. TNF-α production is stimulated by MIF which appears 
before TNF-α in the inflammatory cascade. Brennann-Bourdon et al. 
investigated in their cross-sectional study the association of MIF and 
TNF-α serum levels with methotrexate (MTX) and in combination 
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Figure 1: Connective dots showing the median cytokine values (pg/ml) before and after LPS stimulation of  IL-1β (a), TNF-α (b), IL-6 (c), IL-10 (d) and IFN-γ (e) 
in healthy controls (green), sJIA patients (red) and oJIA patients (blue). 
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with chloroquine (CLQ) and sulfasalazine (SSZ) in rheumatoid 
arthritis patients. They found that TNF-α serum levels were lower in 
the combination therapy group (MTX + CLQ + SSZ) in comparison 
with the monotherapy MTX group (16.7 pg/mL versus 13.6 pg/mL, 
p = 0.02). However, they did not find differences between DMARD 
therapies in MIF serum levels [22]. Therefore additional ex vivo data 
from patients using DMARD are required to clarify the effects of 
these drugs on cytokine levels.

However, in sJIA patients a significant increase in IL-6 has been 
shown. An enhanced IFN-γ production was found only at oJIA 
patients and healthy - not in sJIA patients. These results support 
the hypothesis that the cytokines TNF-α and IL-1β play a key role 
in the pathogenesis of oJIA and the cytokines IL-1β and IL-6 play a 
major role in the pathogenesis of sJIA. Lotito et al. also found higher 
concentrations of IL-1β at oJIA patients than in the control group 
[23]. In their study of the synovial fluid and synovial mononuclear 
cells of patients with oJIA and rheumatoid arthritis (RA) Caiello et al. 
analyzed the effects of IL-6 on the production of pro-inflammatory 
cytokines. They were able to show that IL-6 significantly increases 
the IL-1β secretion in combination with LPS or the endogenous Toll-
like receptor ligands S100A8. The co-operation of IL-6 and DAMPS 
amplifies inflammation and leads to a positive feedback between the 
cells of the innate immunity and the stromal cells of the affected joints 
[24]. There, Th1-cells, activated monocytes and macrophages secrete 
IFN-γ, IL-1 is subsequently produced and therefore the synthesis 
of IL-10 inhibited [25,26]. Interestingly, after LPS stimulation we 
detected significantly less anti-inflammatory cytokine IL-10 in sJIA 
patients than in leukocyte cultures of oJIA patients and healthy 
individuals. The high effectiveness of in vitro stimulation of IL-1β 
could explain the intense suppression of IL-10 in sJIA patients.

Furthermore, in healthy subjects and patients with sJIA only a 
minimal inhibition of IL-1β could be achieved by anakinra, while in 
oJIA patients a stronger effect was observed (Figure 2a). Anakinra 
by itself -unlike anti-cytokine antibodies- acts as interleukin-1 
receptor antagonist not directly on the concentration of the cytokine 
IL-1. Therefore unselective modulations of other cytokines are not 
unlikely. We observed a suppression of IL-6 (Figure 2c), TNF-α 

(Figure 2b) and IL-10 (Figure 2d) in healthy subjects and patients 
with sJIA. In contrast, in oJIA patients, a slightly elevated TNF-α 
secretion was documented. The reduction of IL-1β and TNF-α by 
anakinra apparently prevents the activation of CD4 positive T cells, 
and thus promoting the loss of IFN-γ secretion. The administration of 
anakinra or adalimumab resulted in a significant reduction of IFN-γ 
in the control group and in oJIA patients. Especially with anakinra a 
strong suppressive effect was observed regarding IFN-γ.

Adalimumab showed in the leucocyte cultures of healthy 
individuals and patients with oJIA also a suppressive effect on IL-1 
secretion. For sJIA patients, this could not be shown (Figure 3a). The 
same applies to IL-6, however, the suppressive effect was not observed 
in oJIA- but in sJIA patients and healthy. This suggests that IL-6 after 
administration of anakinra or adalimumab plays a role similar to IL-
1β in the sequence of inflammatory events. The complete inhibition 
of TNF-α by adalimumab could be demonstrated for all three study 
groups (Figure 3b). As a human monoclonal antibody adalimumab 
binds to TNF-α and directly prevents immediate and relatively 
selective efficacy of the cytokine. In oJIA patients high TNF-α levels 
normally lead as a result of increasing IL-12 and IL-18 production 
to an improved IFN-γ secretion [27]. After in vitro TNF-α-blockade 
the concentration of IFN-γ in patients and healthy individuals also 
fell off sharply. These results likely reflect the reduced macrophage 
activity. In addition, we observed a decrease in IL-10 secretion in the 
control group and in sJIA patients; in oJIA patients, however, the 
IL-10 concentrations remained nearly unaffected (Figure 3d). The 
therapeutic inhibition of inflammation via biologics is apparently not 
supported by up-regulation of anti-inflammatory cytokines.

Our studies on JIA patients show that the “selective” inhibition of 
a single cytokine influences the balance of the entire cytokine network. 
After administration of biologics the pro-inflammatory cytokines 
from macrophages - as intended - fell off in our experimental setup. 
However, as a side effect we observed also a significant decrease in 
the concentrations of the anti-inflammatory cytokine IL-10 and of 
the cytokine IFN-γ. This effect occurred in both anakinra as well 
as adalimumab. Several studies about clinical experience in use of 
biologics in children with JIA, have shown that biological agents 
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Figure 3: Connective dots showing the median cytokine values (pg/ml) under LPS stimulation before and after cytokine-blockade with adalimumab of  IL-1β (a), 
TNF-α (b), IL-6 (c), IL-10 (d) and IFN-γ (e) in healthy controls (green), sJIA patients (red) and oJIA patients (blue).
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can lead to clinical improvement only for a limited time, which is 
in accordance with our observation that an inhibition of a single 
cytokine can lead to a disturbance of the entire cytokine network, 
and therefore probably can lead to a disease flare. For example Lamot 
et al. assessed the long-term efficacy and tolerability of etanercept 
and infliximab in patients with JIA and observed that after initial 
improvement there is a flare in most of patients [28].

Conclusions
The results of our model confirm that TNF-α-antagonists are 

particularly suitable for the advanced treatment of oligoarthritis, while 
IL-1 antagonists are rather suitable for the treatment of systemic JIA. 
Although the use of biologics in pediatric rheumatology is considered 
relatively safe, our data help to understand how necessary is close 
monitoring with respect to unwanted and dangerous side effects. 
Studies from the adult rheumatology show that TNF-α -antagonists 
compared to other disease-modifying drugs pose an increased risk 
for opportunistic infections. Despite the intensive use of biologics in 
pediatrics there have been relatively few reports of serious infections 
in children and adolescents. According to BiKeR-index the infection 
rate is given as 2/100 patient-years for patients receiving etanercept 
[29]. It is unclear how the risk of infection for children displays at 
other biologics and what types of infections occur. However, so 
far there are only studies with a very low number of cases and the 
focus on treatment effectiveness for use of TNF-α-antagonists in 
polyarticular and systemic JIA. Bracaglia et al. reported that JIA-
patients can frequently develop mild infections and, extremely rare 
serious infections when treated with adalimumab [30]. Beukelmann 
et al. showed in their studies that the JIA harbours an increased risk 
of infection independently from therapy [31,32]. Other long-term 
observations in the context of cohort studies or registries for the use 
of biologics will be able to provide evidence of the clinical utility of 
various treatment approaches and related security issues [29].
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