
216 Central European Journal of Immunology 2008; 33(4)

Clinical immunology

Interleukin-6 and tumor necrosis factor 
alpha levels in the serum and synovial fluid in 
relation to bone mineral density and turnover 
in children with juvenile idiopathic arthritis

ANNA GÓRSKA1, OTYLIA KOWAL-BIELECKA2, MIROSŁAWA URBAN1, EDYTA PIETREWICZ1

1II Department of Children’s Diseases, Medical University of Białystok, Poland; 2Department of Rheumatology and Internal Medicine, Medical 
University of Białystok, Poland

Correspondence: Anna Górska, ul Jurowiecka 28/4, 15-101 Białystok, Poland. Email: agorska50@wp.pl 

Abstract
Aim of the study: To evaluate the relationships between levels of proinflammatory cytokines 

(TNF-α and IL-6) and bone metabolism in juvenile idiopathic arthritis (JIA) children. 
Methods: Twenty children with active JIA were included, 12 with polyarticular type of JIA and 8 

with oligoarticular onset. The control group consisted of 15 healthy children. TNF-α and IL-6 were me-
asured in the serum and synovial fluid using ELISA Quantikine kits (R & D Systems, USA). The levels 
of osteocalcin (N-MID Osteocalcin) and C-terminal type I alpha-collagen chain telopeptide (CTx) were 
determined in the Elecsys® 2010 system. Bone mineral density (BMD) was assessed by DXA method in 
the total bone (Total BMD, g/cm2) and in the L2-L4 vertebrae (SpineBMD, g/cm2) as Z-score. 

Results: In children with JIA, the mean serum IL-6 level was elevated as compared with the control 
group (34.5 pg/ml ± 31.9 and 1.4 ± 1.6 pg/ml, respectively, p<0.01). The level of TNF-α in JIA children 
was higher (9.3 pg/ml ± 3.9) in comparison with the control group (4.7 pg/ml ± 0.5), but the difference 
was not statistically significant. In both JIA forms, the level of IL-6 in synovial fluid was high (442.8 
pg/ml ± 162.2). The mean levels of N-MID Osteocalcin and CTx were increased as compared with the 
control group (96.3 ng/ml ± 54.0 and 70.2 ng/ml ± 48.3; 1.7 µg/dl ± 0.5 and 1.2 µg/dl ± 0.4, respective-
ly). A significant positive correlation was observed between ESR and serum IL-6 level (p<0.04) and the 
degree of articular damage (p<0.001). There was a trend toward negative correlation between serum 
IL-6 and TNF-α levels and bone mineral density (p=0.05 for both). 

Conclusions: Elevated levels of IL-6, TNF-α, N-MID osteocalcin, CTx and significant correlations 
between inflammatory parametrs, articular destruction and bone mass loss were observed in patients 
with JIA.
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Introduction
Juvenile idiopathic arthritis (JIA) is a disease closely re-

lated to osteoporosis, both local and generalized type [1, 2]. 
It is believed that the chronic immunologicaly-driven in-
flammatory process that underlies JIA has an undoubtful 
effect on osteoporosis incidence/contributes to the deve-
lopment of osteoporosis [3, 4]. Activation of the immune 

and inflammatory cells as well as enhanced production of 
pro-inflammatory cytokines, of which tumor necrosis fac-
tor alpha (TNF-α) and interleukin-6 (IL-6) are considered 
to play a major role, are responsible for bone destruction 
and periarticular osteoporosis in the early stage of the di-
sease [5, 6]. In adults with rheumatoid arthitis (RA) the 
involvement of cytokines in bone resorption and osteopo-
rosis is well documented, while in children with JIA the 
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reports are rare. The objective of the current study was 
to determine whether there is a relationship between the 
levels of TNF-α and IL-6 in the serum or synovial fluid 
and biochemical markers of bone turnover and bone mass 
in children with JIA [7, 8]. 

Material and Methods
The study involved 20 children and adolescents with ac-

tive JIA diagnosed  according to the ILAR criteria (Interna-
tional League Against Rheumatism of 1997), 12 boys and 
8 girls aged 6-17 years (mean – 12.1±4.4), including 12 with 
polyarticular JIA and 8 with oligoarticular onset. The mean 
duration of the disease was 8.9±4.3 years. Articular dama-
ge was graded based on X-ray examination as: 1° – lack 
or minimum changes (7 children), 2°° – moderate changes 
(7 children) and 3°° – advanced damage (6 children).

Blood for analysis was collected on an empty stomach, 
in the morning hours. The sera obtained after centrifuga-
tion were stored at a temperature of -70°C. Synovial fluid 
samples for Il-6 and TNF-α analysis were obtained from 
knee joints displaying clinical signs of active synovitis. 
The synovial fluid from knee effusions was drained using 
a sterile technique, and samples were separated and sto-
red at a temperature of -70°C. Quantitative enzyme-linked 
immunosorbent assay kits (Quantikine; R & D Systems, 
USA) were used to assess IL-6 and TNF-α levels. The 
lowest detectable concentration of IL-6 and TNFa were: 
0.50 pg/ml and 3.4 pg/ml, respectively. The levels of oste-
ocalcin (N-MID Osteocalcin), C-terminal type I alpha-
collagen chain telopeptide and fragment beta (βCTx) were 
determined in the Elecsys® 2010 system.

Dual Energy X-ray Absorptiometry (DXA) was used for 
densitometric examination. Bone mineral density (BMD) 
was assessed in the total bone (TB BMD, g/cm2) and in 
the L2-L4 vertebrae (SpineBMD, g/cm2) and expressed as 
Z-score for Spine BMD in relation to age and sex.

Findings concerning the cytokines and bone turnover 
markers were compared with the control group consisting 
of 15 healthy children matched for age and sex.

Statistical analysis was performed with U-Mann-
Whitney’s test and statistical packet Statistica 5.0 (Stat-
Soft). The p value of less than 0.05 were considered stati-
stically significant.

The study was approved by the Bioethics Committee, 
Medical University of Białystok. 

Results
Children with polyarticular JIA had significantly hi-

gher joint damage score, ESR and CRP values than chil-
dren with oligoarticular JIA.

In children with JIA, the mean serum IL-6 level was 
elevated as compared to the control group (34.5 pg/ml 
± 31.9 and 1.4 ± 1.6 pg/ml, respectively, p<0.01). Children 

with polyarticular JIA had significantly higher serum IL-6 
level than those with oligoarticular JIA (Table 1). The le-
vel of TNF-α in JIA children was higher (9.3 pg/ml ± 3.9) 
in comparison with the control group (4.7 pg/ml ± 0.5), the 
difference being statistically insignificant. No significant 
differences were observed between polyarticular JIA and 
oligoarticular JIA with respect to the serum TNF-α levels. 
Synovial fluid levels of IL-6 and TNF-α were higher than 
the serum levels in children with both oligoarticular and 
polyarticular forms of JIA with no difference between the 
oligoarticular and polyarticular groups (Table 1). 

The mean levels of N-MID Osteocalcin and βCTx in 
JIA patients (96.3 μg/ml ± 54.0 and 1.7 μg/dl ± 0.5, re-
spectively) were elevated as compared to healthy children 
(70.2 μg/ml ± 48.3 and 1.2 μg/dl ± 0.4, respectively), but 
these differences were not statistically significant. 

Although there were no significant differences in the 
total BMD between chidren with oligoarticular JIA and 
polyarticular JIA, children with polyarticular JIA tended 
to have a lower Z-score for Spine BMD than those with 
oligoarticular JIA.

The mean biomarkers of bone turnover and Z-score for 
Spine BMD and total BMD according to the clinical form 
of JIA are presented in Table 1. 

A significant positive correlation was observed be-
tween ESR and serum IL-6 level (r=0.498, p<0.05) and 
the degree of articular damage (r=0.697, p<0.001). ESR 
was negatively correlated with Z-score for Spine BMD 
(r=-0.556, p<0.01). There was also a borderline correla-
tion between the serum IL-6 levels and Z-score for Spine 
BMD (r=-0,443, p=0.05), and the serum TNF-α level and 
the total BMD (r=-0.487, p=0.05). No significant correla-
tions between IL-6 or TNF-α levels and the biomarkers of 
bone turnover were found (Table 2). 

Discussion
The relationship between the immune system and the 

osseous system has attracted researchers for the last 10 
years and even the term “osteoimmunology” has been pro-
posed [9]. Since the discovery of the three-molecule sys-
tem belonging to the TNF family: TRANCE (TNF-related 
activation cytokine) / RANKL (receptor activator of nucle-
ar factor – kB ligand) / OPGL (osteoprotegerin ligand), the 
major role in bone biology has been ascribed to immune 
cells, such as macrophages and T lymphocytes, believed 
to be involved in osteoclastogenesis [11, 12]. It is assumed 
that TNF-α and IL-6 produced by macrophages-monocytes 
in a microenvironment of bone tissue, through induction of 
the RANKL/RANK pathway, indirectly increase formation 
of osteoclasts and are the most potent stimulators of bone 
resorption. This can be the major mechanism operating in 
local and generalized osteoporosis [12, 13]. 

Our findings confirm the data reported by other au-
thors showing elevated levels of IL-6 and TNF-α in the 
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Table 1. Clinical parameters, cytokines levels, bone turnover markers, and  bone mineral density in children with oligoarticular 
(Group I) and polyarticular JIA (Group II)

JIA (n=20)

Parameters
Group I (n=8)

Mean (SD)
Group II (n=12)

Mean (SD)
p<

Age [years] 11.0±3.6 12.1±4.4 NS

Disease duration [years] 4.1±1.54 4.8±2.5 NS

Joint involvement degree 
(X-rays)

1o (n=7)

1.4±0.5 2.3±1.33 0.022o (n=7)

3o (n=5)

ESR/1h 30.1±6.8 59±23.8 0.001

CRP [mg/L] 7.8±2.6 15.6±4.8 0.01

N-MID Osteocalcin [μg/dl] 111.3±62.9 86.7±48.2 NS

CTx [ng/ml] 1.5±0.8 1.2±0.58 NS

IL-6 [pg/ml]
serum

16.2±27.8 49.2±36.2 0.01

TNF-α [pg/ml] 3.9±2.5 4.8±2.8 NS

IL-6 [pg/ml]
fluid synovium

442.8±162.2 487.5±107.5 NS

TNF-α [pg/ml] 10.3±4.3 8.3±4.4 NS

Z-score for SpineBMD -0.80±0.74 -2.00±1.33 0.05

Total BMD [g/cm2] 0.788±0.18 0.82±0.11 NS

serum and synovial fluid of patients with RA and JIA 
[14, 15]. Especially interesting is the finding of high IL-6 
values in synovial fluid in active arthritis, irrespective of 
the clinical form of JIA. In half of the patients, the level 
exceeded the upper measurable limits (547.49 pg/ml). This 
is an argument for a considerable involvement of these cy-
tokines, both in initiation and maintenance of the inflam-
matory process in joints, by intensifying their destruction 
and periarticular osteoporosis.

However, the effect of these cytokines on generalized 
bone mass loss is also likely [16, 17]. We found conside-
rable generalized loss of bone mass in patients with higher 
activity of JIA, which was manifested as significant corre-
lations between  ESR, serum IL-6 and  serum TNF-α level. 
Moreover,  in 6/20 patients with Z-score below -2.5, the 
serum cytokine levels were markedly higher as compared 
to the mean values in the whole group.

According to many literature data, progression of in-
flammatory symptoms in both RA and JIA is not only ac-
companied by increased cytokine production but also by 
enhanced bone turnover [18-20]. 

Our attempt to assess bone metabolism showed ele-
vated mean concentrations of the two biomarkers of bone 
turnover as compared to the control group. However, 
most researchers have observed reduced concentrations of 
N-MID Osteocalcin (bone formation marker) in patients 
with RA and JIA. In our study, reduced levels of osteocal-
cin were found in 5/20 patients with polyarticular JIA and 
disease duration >5 years. Ctx (bone resorption marker) 
that markedly exceeded the mean value for the whole gro-
up (above 2 μg/dl) was observed in 4/20 JIA children.

Concluding, our findings suggest a relationship betwe-
en the immune and osseous system in chronic inflammato-
ry process, which is manifested as significant correlations 

Table 2. Correlation between cytokines level and both bone turnover markers and bone mineral density

Parameters
IL-6 serum TNF-α serum IL-6 fluid synovium TNF-α fluid synovium

r p r p r p r p

N-MID Osteocalcin -0.071 NS -0.221 NS - 0.343 NS -0.223 NS

CTx 0.129 NS 0.146 NS 0.122 NS 0.109 NS

Z-score for SpineBMD -0.443 0.05 -0.276 NS -0.343 NS -0.223 NS

Total BMD -0.156 NS -0.487 0.05 -0.371 NS -0.290 NS

ESR 0.498 0.04 0.108 NS 0.138 NS 0.287 NS
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between the levels of cytokines, ESR and loss of bone 
mass in JIA patients. This indicates that the future therapy 
of RA and JIA should include not only antiinflammatory 
actions but also those inhibiting osteoclastogenesis. 
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