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Background: Juvenile idiopathic arthritis (JIA) consists of a heterogeneous group of disorders with, for the
most part, an unknown immunopathogenesis. Although onset and disease course differ, the subtypes of JIA
share the occurrence of chronic inflammation of the joints, with infiltrations of immunocompetent cells that
secrete inflammatory mediators.
Objective: To identify a panel of cytokines specifically related to the inflammatory process in JIA.
Methods: Using a new technology, the multiplex immunoassay, 30 cytokines were measured in plasma of 65
patients with JIA , of which 34 were paired with synovial fluid. These data were compared with plasma of 20
healthy controls and 9 patients with type I diabetes, a chronic inflammatory disease.
Results: Patients with JIA had, irrespective of their subclassification, significantly higher levels of tumour
necrosis factor a, macrophage inhibitory factor (MIF), CCL2, CCL3, CCL11, CCL22 and CXCL9 in plasma
than controls. In paired plasma and synovial fluid samples of patients with JIA, significantly higher levels of
interleukin (IL)6, IL15, CCL2, CCL3, CXCL8, CXCL9 and CXCL10 were present in synovial fluid. Cluster
analysis in all patients with JIA revealed a predominant pro-inflammatory cytokine cluster during active
disease and a regulatory/anti-inflammatory-related cytokine cluster during remission. Whether a
discrimination profile of various cytokines could help in the determination of disease classification was tested.
Conclusion: It is suggested that several cytokines (IL18, MIF, CCL2, CCL3, CCL11, CXCL9 and CXCL10) may
correspond to the activation status during inflammation in JIA and could be instrumental in monitoring
disease activity and outcomes of (new) immunotherapies.

uvenile idiopathic arthritis (JIA) consists of a heterogeneous
group of disorders with unknown aetiology. This autoimmune disorder is a major cause of chronic disability in
children. The underlying factors influencing susceptibility are
thought to include a combination of environmental interactions
and genes.1 Although onset and disease course may differ, the
subtypes of JIA share the occurrence of chronic inflammation
of the joints. Monocytes, macrophages, fibroblasts and T cells
within the inflamed microenvironment secrete many mediators
that interact directly with the surrounding tissue and tend to
have a pro-inflammatory character.2 3 The produced interleukins (ILs) regulate the production of inflammatory mediators
from the surrounding tissue, whereas secreted chemotactic
cytokines (chemokines) function as regulatory molecules that
attract and direct the differentiation of new potent inflammatory cells to the site of inflammation.4–7
Cytokine profiles in both plasma and synovial fluid are no more
than a reflection of the local inflammatory process. However,
detection of these mediators might serve as biomarkers for
disease diagnosis, prognosis and treatment outcome. Indeed,
analysis of individual mediators with ELISA and mRNA detection
has contributed to our understanding of the immune and
inflammatory reactions in JIA. Increased levels of pro-inflammatory cytokines and decreased production of the regulatory
cytokine IL10 have been reported as biomarkers for disease.8–12
Through the characterisation of cytokine pathways, new treatments have been developed using monoclonal antibodies that
block specific components of the immune system, and, consequently, modulate the inflammatory process. An immune
intervention based on blocking the biological effects of tumour
necrosis factor (TNF)a and IL1 is effective for the treatment of
JIA, whereas an antibody that blocks IL6 as well as several
chemokine-based interventions are under investigation.13–19

Owing to systemic intervention of the immune system, major
changes will occur in the cytokine milieu downstream of these
pro-inflammatory pathways. Circulating cytokines correspond
to the activation status of immunocompetent cells, and it could
be instrumental to monitor changes in this profile during
treatment. Intervention with monoclonal antibodies is not
without risk, as illustrated by the occurrence of serious side
effects such as drug-induced autoimmunity by accumulation of
cytokines (interferon (IFN)a) in blood after anti-TNFa treatment,20 21 as well as the dramatic side effects observed in
healthy volunteers after administration of a monoclonal antibody directed against CD28.22 23 These severe side effects after
administration of this antibody are partly due to an evolving
cytokine storm.24 Evaluating circulating cytokines and chemokines in plasma might help in identifying surrogate parameters
for disease activity, disease severity, risk of side effects and
treatment outcome.
Innovation in the technology for detection of proteins has led
to the development of particle-based multiplex immunoassays
(MIAs). This new technology allows individual and multiplex
analysis of up to a hundred different mediators in a single
sample volume of 50 ml.25–27 We have developed an MIA to
detect 30 human soluble mediators, all related to chronic
inflammation, in plasma and in synovial fluid.27 Using this
technology, we measured a panel of ILs, chemokines and
soluble adhesion molecule profiles in plasma and synovial fluid
of patients with oligoarticular, polyarticular and systemic JIA as
Abbreviations: CRP, C reactive protein; ESR, erythrocyte sedimentation
rate; IFN, interferon; IL, interleukin; JIA, juvenile idiopathic arthritis; MIA,
multiplex immunoassay; MIF, macrophage inhibitory factor; NK, natural
killer; OSM, oncostatin M; RANKL, receptor activator of nuclear factor k B
ligand; Th, T helper (cell); TNF, tumour necrosis factor
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Oligoarticular

Female/male
Age (range; years)
Disease duration
(range; years)
Active/non-active
disease
ESR (mm/h)
CRP (range; mg/l)
ANA positive*
RF positive
NSAID
MTX
Corticosteroids
Anti-TNFa

Polyarticular

Systemic

Plasma
(n = 30)

Synovial fluid
(n = 19)

Plasma
(n = 15)

Synovial fluid
(n = 6)

21/9
9.9 (3.0–15.1)
5.9 (0.4–14.0)

16/3
9.2 (2.1–17.0)
4.7 (0.4–14.0

8/7
10.7 (3.6–17.5)
2.7 (0.3–7.0)

20/10

19

13.2 (2–55)
22.9 (,1–90)
7 (23%)
0 (0%)
24 (80%)
12 (40%)
1 (3%)
0 (0%)

31.2 (7–104)
34.1 (3–90)
13 (68%)
0 (0%)
18 (95%)
8 (42%)
1 (5%)
0 (0%)

Plasma
(n = 20)

Diabetes
Synovial fluid
(n = 9)

Plasma
(n = 9)

7/2
13/7
10.1 (3.8–17.3) 9.5 (2.3–14.8)
4.4 (0.8–8.5) 4.7 (0.2–11.0)

4/2
10.6 (7.7–13.4)
5.9 (12.1–10.0)

4/5
10.4 (4.7–13.9)
6.8 (1.2–12.1)

8/7

9

13/7

6

46.7 (5–171)
45.0 (2–111)
2 (13%)
0 (0%)
14 (93%)
8 (53%)
4 (27%)
2 (13%)

43.0 (7–80)
35.2 (15–95)
2 (22%)
1 (11%)
8 (89%)
7 (78%)
2 (22%)
1 (11%)

13.9 (5–47)
29.5 (3–110)
8 (40%)
3 (15%)
19 (95%)
11 (55%)
2 (10%)
3 (15%)

63.1 (7–171)
33.0 (18–70)
0 (0%)
0 (0%)
6 (100%)
5 (83%)
4 (67%)
2 (33%)

ND
ND
ND
ND
0 (0%)
0 (0%)
0 (0%)
0 (0%)

ANA, antinuclear antibody; CRP, C reactive protein; ESR, erythrocyte sedimentation rate; NSAID, non-steroidal anti-inflammatory drug; MTX, methotrexate; RF,
rheumatoid factor; TNFa, tumour necrosis factor a.
*Determined by indirect immunofluorescence on Hep-2 cells.
Determined by IgM ELISA.

well as in plasma of healthy controls. We correlated plasma
cytokine levels with disease activity and used a mathematical
approach to assess the predictive value of cytokines and
chemokines for the diagnosis of JIA.

synovial fluid samples was reduced by treatment with
hyaluronidase (type IV-S, Sigma-Aldrich, St Louis, Missouri,
USA) at a concentration of 20 U/ml for 30 min at 37˚C,
followed by centrifugation.

MATERIALS AND METHODS

Multiplex immunoassay
All 30 antibody pairs and recombinant proteins used were
purchased from commercial sources as described previously.27
Thirty different carboxylated polystyrene microspheres were
purchased from Luminex Corporation (Austin, Texas, USA).
The capture antibodies were covalently coupled to the microspheres as described previously.25 27
Non-specific heterophilic immunoglobulins such as rheumatoid factor were pre-absorbed from all samples with protein-L
(Pierce, Rockford, Illinois, USA) as described earlier.27 To block
any residual of interfering antibodies, the samples were diluted
with 10%v/v normal rat and mouse serum (1:1 ratio; Rockland,
Gilbertsville, Pennsylvania, USA). Samples were run undiluted
and diluted 1:50 in high-performance ELISA buffer (Sanquin,
Amsterdam, The Netherlands).
Calibration curves from recombinant protein standards were
prepared using twofold dilution steps in serum diluent (R&D
Systems, Abingdon, UK) as described previously.27 Samples
were measured and blank values were subtracted from all
readings. All assays were carried out directly in a 96-well
1.2 mm filter plate (Millipore, Billerica, Massachusetts, USA) at
room temperature and protected from light. A mixture containing 1000 microspheres per mediator (total volume 10 ml/well)
was incubated together with a standard, sample or blank for
1 h at room temperature. Next, 10 ml of a cocktail of
biotinylated antibodies (16.5 mg/ml each) was added to each
well and incubated for an additional 60 min. Beads were then
washed with phosphate-buffered saline supplemented with 1%
bovine serum albumin and 0.5% Tween 20 at pH 7.4, after
incubating for 10 min with 50 ng/well streptavidin R-phycoerythrin (BD Biosciences, San Diego, California, USA) and
washing twice with phosphate-buffered saline, 1% bovine
serum albumin and 0.5% Tween 20 at pH 7.4. Fluorescence
intensity of the beads was measured in a final volume of 100 ml
high-performance ELISA buffer. Measurements and data
analysis of all assays were performed using the Bio-Plex system
in combination with the Bio-Plex Manager software V.4.0 using
five parametric curve fitting (Bio-Rad Laboratories, Hercules,
California, USA).

Participants
All children in this cross-sectional study were classified
according to the International League Against Rheumatism
criteria28 29 and divided into three major subgroups: (persistent)
oligoarticular JIA, polyarticular JIA (including five extended
oligoarticular JIA) and systemic JIA. Blood samples of 30
patients with oligoarticular JIA, 20 patients with polyarticular
JIA and 15 patients with systemic JIA, 20 sex- and age-matched
controls, and 9 patients with type I diabetes were obtained at
either the outpatient clinic of the University Medical Center
Utrecht, Utrecht, The Netherlands or Great Ormond Street
Hospital for Children, London, UK. The study had full ethical
approval at both centres. Patients with extended oligoarthritis
(.4 joints affected after 6 months of arthritis, at the time of
venepuncture) were included in the polyarticular JIA subgroup.
Furthermore, synovial fluid samples were obtained at the time
of a therapeutic joint aspiration from 19 patients with
oligoarticular JIA, 9 patients with polyarticular JIA and 6
patients with systemic JIA at both centres. Synovial fluid was
collected in sodium heparin tubes and prepared in the same
manner as the blood samples. Blood and synovial fluid were
centrifuged to remove cells. Cell-free plasma and synovial fluid
samples were stored frozen at 280˚C until analysis. Table 1
shows the general characteristics of the patients.
Active disease was defined by the presence of joint swelling
or limitation of movement with either pain on movement or
tenderness. Non-active disease (remission) was defined by the
absence of joint swelling or limitation of movement with either
pain on movement or tenderness.30 Fever and laboratory
evaluation of C-reactive protein (CRP) and erythrocyte sedimentation rate (ESR) levels were used as additional parameters
for disease activity in systemic JIA. Informed consent was
obtained either from parents or from the individuals directly if
they were >12 years.
Before each assay, all samples were centrifuged in a
polypropylene centrifuge tube containing a 0.22 mm nylon
membrane (Spin-X Column; Corning, Corning, New York,
USA) to remove debris. Furthermore, the viscosity of the
www.annrheumdis.com
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Oligoarticular JIA

Polyarticular JIA

Systemic JIA

Mediator

Controls

Remission

Active

Remission

Active

Remission

Active

Diabetes

IL1a
IL1b
IL2
IL4
IL5
IL6
IL10
IL12
IL13
IL15
IL17
IL18
TNFa
IFNc
OSM
MIF**
CCL2
CCL3
CCL5**
CCL11
CCL17
CCL18**
CCL22
CXCL8
CXCL9
CXCL10
OPG**
sRANKL
sCD54**
sCD106**

0.1 (0.0)
1.2 (0.6)
0.1 (0.1)
0.0 (0.0)
0.0 (0.0)
6 (7.6)
0.3 (0.3)
7.5 (2.4)
1.9 (1.6)
0.0 (0.0)
0.3 (0.2)
133 (29)
1.1 (0.6)
55 (104)
1.6 (0.4)
2.3 (0.4)
20 (10)
56 (15)
63 (0.4)
10 (2.9)
44 (24)
40 (5.2)
389 (52)
0.2 (0.1)
8.4 (3.0)
98 (36)
0.7 (0.5)
0.9 (0.4)
159 (5.9)
566 (31)

0.3 (0.3)
9.9 (8.7)
0.1 (0.1)
0.2 (0.1)
0.3 (0.3)
116 (101)
1.1 (1.0)
6.6 (4.1)
3.4 (3.1)
0.0 (0.0)
0.0 (0.1)
153 (51)
4.0 (3.6)
102 (594)
1.9 (1.2)
7.4 (2.3)
38 (10)
85 (39)
63 (7.5)
55 (26)
109 (47)
24 (5.0)
1378 (1009)
284 (263)
34 (29)
171 (65)
0.8 (0.5)
0.3 (0.1)
145 (10)
776 (177)

15 (7.5)
16 (6.3)
3.8 (2.3)
4.6 (1.9)
2.4 (1.0)
563 (405)*,
6.3 (2.2)
19 (4.2)
17 (7.4)
0.5 (0.3)
425 (241)1
172 (24)
15 (6.3)
201 (100)
328 (231)
6.6(1.1)
80 (18)
1416 (378)1,
142 (38)
80 (24)
107 (23)
49 (15.2)
1703 (385)
287 (249)
127 (54)*,
828 (216)1,
5.9 (2.6)
3.2 (2.8)
158 (24)
739 (63)

0.3 (0.2)
2.5 (1.6)
0.2 (0.2)
0.1 (0.1)
1.0 (0.6)
16 (7.0)
0.7 (0.4)
15 (12)
1.3 (1.0)
0.2 (0.2)
0.0 (0.0)
205 (268)
4.1 (2.1)
89 (39)
4.4 (3.2)
7.6 (1.8)
34 (12)
440 (225)
56 (12)
60 (24)
33 (8.8)
35 (6.6)
483 (129)
23 (15)
22 (11)
289 (119)
0.4 (0.2)
1.5 (0.9)
185 (134)
733 (63)

22 (21)
50 (38)
4.2 (3.9)
18 (17)
32 (31)
378 (236)`
50 (48)
20 (9.1)
48 (30)
2.2 (2.2)
100 (94)*
194 (60)
20 (17)
534 (242)
18 (12)
30 (10)1
50 (17)
1099 (749)1,
85 (13)
44 (16)
65 (16)
47 (23)
1430 (758)
71 (44)
102 (50)*,
442 (130)*,
2.4 (1.6)
30 (28)
173 (24)
984 (299)

1.1 (0.9)
0.7 (0.6)
0.1 (0.1)
0.0 (0.0)
0.0 (0.0)
7.2 (5.9)
0.5 (0.4)
4.3 (3.1)
0.3 (0.2)
0.2 (0.1)
1.3 (1.0)
770 (246)1
0.4 (0.3)
54 (34)
1.8 (0.5)
6.2 (6.9)
24 (10)
126 (45)
61 (9.2)
26 (13)
97 (31)
29 (8.5)
452 (112)
0.1 (0.5)
1.8 (0.9)
70 (29)
1.7 (0.5)
3.9 (3.4)
161 (14)
656 (58)

0.3 (0.2)
2.5 (1.3)
0.2 (0.1)
1.1 (1.1)
0.1 (0.1)
29 (13)
3.7 (2.4)
49 (22)`
3.6 (7.4)
0.5 (1.5)
0.0 (0.1)
5622 (1348)1,
2.9 (8.2)
101 (286)
2.8 (0.9)
15 (3.4)
8.8 (1.9)
881 (358)1,
74 (11)
6.3 (2.5)
44 (24)
42 (8.7)
1264 (911)
2.4 (1.9)
41 (24),
137 (45),
2.8 (2.2)
1.2 (0.7)
228 (44)
723 (104)

0.9 (1.6)
2.3 (13)
0.1(0.7)
0.1 (0.1)
1.8 (2.0)
22 (38)
1.2 (1.5)
16 (4.5)
0.9 (2.1)
0.3 (0.6)
0.3 (4.7)
108 (71)
1.6 (6.2)
70 (274)
0.1 (0.4)
3.7 (5.6)
69 (39)
168 (31)
49 (14)
15 (14)
61 (46)
36 (11)
233 (139)
104 (36)*
6.3 (10)
242 (105)
2.4 (1.5)
0.8 (1.3)
131 (27)
542 (91)

IFN, interferon; IL, interleukin; JIA, juvenile idiopathic arthritis; MIF, macrophage inhibitory factor; ND, not done; OPG, osteoprotergerin; OSM, oncostatin M; sRANKL,
soluble receptor activator of nuclear factor-k B ligand; TNF, tumour necrosis factor.
*All values (mean (SD)) are expressed in pg/ml (except for those marked **which are expressed in ng/ml).
Significant difference between controls and patients; p,0.01.
`Significant difference between disease activity of one specified subtype of JIA compared with all other patients with JIA; p,0.05.
Significant difference between disease activity of one specified subtype of JIA compared with all other patients with JIA; p,0.01.
1Significant difference between disease activity of one specified subtype of JIA compared with all other patients with JIA; p,0.001.
**Significant difference between controls and patients; p,0.001.
Significant difference between controls and patients; p,0.05.

Data analysis
Basic descriptive statistics were used to describe the patient
population. The differences in cytokine levels between different
subgroups of JIA and controls, as well as correlations between
soluble mediators and disease activity, were assessed using
bivariate logistic regression. Differences in both CRP and ESR
levels were determined by Student’s t test. A p value ,0.05 was
considered significant. Owing to large biological variability in
cytokine levels and non-Gaussian distribution, geometric
means were used to generate colour profile figures. To
investigate whether a single cytokine or chemokine or a
combination of multiple cytokines and chemokines contribute
to disease sub-classification and disease status, a cluster
analysis was performed. All statistical analyses were performed
using SPSS software V.12.0.1.

Patients with JIA had a completely different signature of
cytokine expression in plasma compared with controls and
patients with diabetes. Comparing all patients with JIA with
controls without stratifying for disease activity or JIA subtype
showed significantly higher expression in plasma of TNFa
(p,0.05), CCL3 (macrophage inflammatory protein 1a,
p,0.05), CCL22 (macrophage-derived chemokine, p,0.05),
CXCL9 (monokine induced by IFNc, p,0.05), macrophage
inhibitory factor (MIF, p,0.01), CCL2 (monocyte chemoattractant protein-1, p,0.01), and CCL11 (eotaxin, p,0.01),
whereas CXCL10 (IFNc inducible protein 10) showed a trend
towards significance (p = 0.053; fig 1). When patients with
diabetes were compared with controls, significantly higher
levels of CCL2 (p,0.05), CXCL8 (p,0.01) and CXCL10
(p,0.05) were found in plasma (table 2).

RESULTS

JIA, active and non-active disease

Cytokine signature in plasma

Next, the cytokine signatures in plasma of each JIA subtype
were compared with disease activity at the time when blood
was drawn. During remission, no significant differences were
found in plasma of children of the various groups of JIA
compared with controls except for significantly increased levels
of IL18 and osteoprotergerin in patients with systemic JIA and
MIF in all patients (table 2). It has to be noted that, although
not significant because of the large distribution even within
the population of patients with oligoarticular JIA during
(drug-free) remission, increased pro-inflammatory cytokines,

Controls versus JIA
Plasma concentrations of all mediators were measured in a
cross-sectional study of 65 children with JIA, 20 age- and sexmatched controls, as well as 9 patients with inflammatory
disease (diabetes). Although cytokine levels varied throughout
the whole population, no detectable or very low levels (,10 pg/
ml) of ILs were present in plasma of controls except for IL6,
IL18 and IFNc (table 2). Most chemokines were expressed
constitutively at detectable levels in plasma of controls.

www.annrheumdis.com
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600

**

120

280

480

30

90

210

360

20

60

140

240

10

30

70

120

60

50

*

0

CCL2

50

*

0

CCL11

**

48

40

40

4

36

30

30

3

24

20

20

2

12

10

10

1

0

0

MIF

CCL22

CXCL8

CXCL9

CXCL10

OPG

sRANKL

CXCL8

CXCL9

CXCL10

OPG

sRANKL

IFNc
IFNc

CCL18

TNFa
TNFa

CCL22

IL18
IL18

CCL18

IL17
IL17

CCL17

IL15
IL15

CCL17

IL13
IL13

CCL11

IL12
IL12

CCL5

IL10
IL10

CCL11

IL6
IL6

CCL5

IL5
IL5

CCL3

IL4
IL4

CCL3

IL2
IL2

CCL2

IL1b
IL1b

During active disease, as expected, the picture is totally
different. Significantly higher levels of IL6, IL12, CCL3, CXCL9
and CXCL10 were present in plasma of each subgroup of JIA

MIF

IL1a

A

IL1a

such as IL6, IFNc and CXCL8 (IL8), were often present in
plasma, suggestive of an ongoing subclinical inflammatory
process.

CXCL10

CCL2

CCL22

MIF

0

CCL3

p = 0.053

OSM

0

CXCL9

5

sCD106

0

TNFa

Figure 1 Cytokine and chemokine
concentrations in plasma of healthy controls
and patients with juvenile idiopathic arthritis
(JIA). Box and whisker plots with median
plasma concentrations from a cross-sectional
study of controls (blank bars) and patients
with JIA (grey bars). The results of each
individual are depicted and only for those
mediators that differed significantly between
patients with JIA and controls. *p,0.05,
**p,0.01. MIF, macrophage inhibitory
factor; TNF, tumour necrosis factor.

*

sCD54

350

**

40

0

Concentration (ng/ml)

150

OSM

Concentration (pg/ml)

*
*

OA

Remission
Active

PA

Remission
Active

Sys

Remission

OA

Plasma

sCD106

B

sCD54

Active

SF

PA

Plasma
SF

Sys

Plasma
SF
Cytokines and chemokines ⭐100

101

102

103

104

⭓105 (pg/ml)

Adhesion molecules ⭐102

103

104

105

106

⭓107 (pg/ml)

Figure 2 Cytokine, chemokine and soluble adhesion molecule profiles in plasma and synovial fluid (SF) of patients with juvenile idiopathic arthritis (JIA).
Using a multiplex immunoassay, levels of cytokines, chemokines and soluble adhesion molecules (pg/ml) were measured in plasma and SF of patients with
JIA. A colour profile of the geometric means was made to show differences between active and remission disease of each individual patient group (A) and
differences during active disease between plasma and SF (B). IFN, interferon; IL, interleukin; MIF, macrophage inhibitory factor; OA, oligoarticular JIA;
OPG, osteoprotergerin; OSM, oncostatin M; PA, polyarticular JIA; sRANKL, soluble receptor activator of nuclear factor k B ligand; SF, synovial fluid; Sys,
systemic JIA.
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Protein fingerprinting
Analysis of these data can be masked owing to the large
dynamic biological range of cytokine levels in a relatively small
patient population. Indeed, our data show that multiple
cytokines, such as TNFa, IFNc and CCL2, were higher in
plasma of patients with JIA during active disease, but this did
not reach statistical significance owing to the large variation
observed. To visualise these subtle differences, we digitised our
data using geometric means, creating colour profiles of each
mediator as described previously.25 27 These protein fingerprints
illustrate the higher level of many pro-inflammatory cytokines
such as IL6, IL12, TNFa, IFNc, CCL2, CCL3, CXCL9 and CXCL10
that were observed in all JIA subtypes during active disease.
Also, the extremely high IL18 levels in patients with systemic
JIA during both remission and active disease are clearly
illustrated (fig 2A).
Cytokine signatures in synovial fluid
In 34 children with active disease, cytokine levels in synovial
fluid were compared with paired plasma samples. Significantly

Table 3

higher levels of IL6, IL15, CCL2, CCL3, CXCL8, CXCL9 and
CXCL10 were found in synovial fluid compared with plasma of
all JIA subtypes, whereas levels of MIF, CCL5 and sCD54
(soluble intracellular adhesion molecule 1) were significantly
lower in synovial fluid of all JIA subtypes. CCL18 (pulmonary
and activation-regulated chemokine) levels were significantly
higher in synovial fluid of both oligoarticular and polyarticular
JIA, whereas patients with systemic JIA had higher IL1a levels
in synovial fluid. In addition, synovial fluid from patients with
oligoarticular JIA contained significantly increased levels of
IL10 (table 3). Subsequently, data of paired plasma and
synovial fluid from the subtype of JIA were digitised as
described above. Using this colour profile, a trend of lower
sCD106 (soluble vascular cell adhesion molecule 1) was
observed in synovial fluid of patients with JIA, especially
patients with systemic JIA, in whom synovial fluid values were
10-fold lower compared with plasma. Summarising, the profiles
found in synovial fluid from patients with oligoarticular and
polyarticular JIA were similar, whereas the profiles in synovial
fluid of patients with systemic JIA show a different pattern,
with higher levels of IL1, IL6 and IL18 (fig 2B).
Clinical discrimination using cytokine and chemokine
profiles
To examine whether cytokine profiles can help in stratifying
patients with JIA into a specific subclass, we performed both a
cluster analysis and a discrimination analysis. For the cluster
analysis, we divided the patients into two groups according to
their disease status at the time of sampling to see whether
particular cytokines cluster together. During remission, a

Cytokine levels in paired plasma and synovial fluid samples
Oligoarticular JIA

Polyarticular JIA

Systemic JIA

Mediator

Plasma

SF

Plasma

SF

Plasma

SF

IL1a
IL1b
IL2
IL4
IL5
IL6
IL10
IL12
IL13
IL15
IL17
IL18
TNFa
IFNc
OSM
MIF*
CCL2
CCL3
CCL5*
CCL11
CCL17
CCL18*
CCL22
CXCL8
CXCL9
CXCL10
OPG*
sRANKL
sCD54*
sCD106*

22 (10)
24 (8.9)
5.6 (3.3)
6.8 (2.7)
3.6 (1.5)
827 (591)
9.3 (3.1)
24 (5.5)
25 (10)
0.7 (3.8)
625 (347)
110 (26)
21 (8.9)
282 (144)
482 (336)
5.2 (1.4)
107 (23)
1907 (513)
174 (55)
106 (33)
102 (19)
55 (22)
1867 (504)
421 (365)
177 (77)
1091 (296)
8.7 (3.7)
4.6 (4.1)
110 (22)
748 (79)

17 (6.2)
10 (2.9)
5.1 (1.9)
4.9 (1.8)
20 (9.1)
2641 (541)1
52 (10)
93 (43)
10 (2.8)
19 (6.8)
27 (7.7)
118 (17)
10 (4)
176 (77)
194 (161)
0.3 (0.2)`
5455 (1816)1
3731 (1742)
0.7 (0.2)1
2068 (900)1
31 (6.3)
12 (1.3)1
1317 (250)
1884 (1348)`
2817 (844)`
4001 (959)`
4.5 (1.4)
16 (6.2)
75 (13)
658 (45)

40 (40)
81 (70)
7.7 (7.2)
32 (31)
58 (58)
572 (345)
91 (89)
25 (16)
57 (49)
4.1 (4.1)
186 (174)
135 (36)
36 (31)
253 (215)
30 (22)
24 (10)
74 (28)
1902 (1359)
96 (24)
70 (27)
71 (28)
69 (42)
869 (367)
124 (78)
154 (90)
455 (215)
4.2 (28)
55 (55)
113 (19)
813 (47)

11 (6.1)
15 (3.7)
2.7 (1.9)
4.1 (2.4)
18 (14)
2990 (1332)
25 (8.1)
77 (55)
13 (3.9)
12 (3.1)
8.0 (3.2)
68 (22)
13 (4.2)
163 (82)
3.5 (1.7)
1.7 (1.4)1
6129 (1516)`
7971 (3938)`
0.6 (0.2)1
781 (561)`
11 (3.3)
11 (2.1)1
820 (310)
1513 (1481)1
2266 (123.7)`
5128 (1759)1
5.8 (2.7)
12.4 (8.1)
57 (17)`
506 (182)

3.4 (1.7)
0.2 (0.2)
0.6 (0.4)
3.0 (3.1)
0.0 (0.0)
32 (11)
7.7 (6.1)
51 (41)
1.2 (0.8)
1.2 (0.8)
2.3 (2.3)
4147 (1682)
0.6 (1.6)
84 (56)
2.1 (1.1)
11 (1.9)
33 (23)
132 (84)
68 (12)
36 (27)
56 (33)
23 (10)
294 (125)
1.0 (0.9)
4.1 (2.2)
193 (75)
1.4 (1.1)
2.3 (1.1)
141 (6.7)
603 (154)

32 (8.3)
30 (9.2)
10 (3.3)
19 (5.2)
8.8 (1.9)
2645 (2193)`
13 (3.0)
67 (34)
21 (3.0)
14 (6.1)
14 (5.7)
1779 (1051)
54 (43)
171 (132)
19 (19)
2.0 (8.8)
245 (187)
6289 (1786)1
1.5 (0.6)1
53 (16)
27 (10)
75 (68)
112 (47)
2928 (2061)`
85 (19)`
2772 (1443)`
1.7 (1.3)
1.3 (2.4)
57 (23)`
67 (16)1

IFN, interferon; IL, interleukin; JIA, juvenile idiopathic arthritis; MIF, macrophage inhibitory factor; OPG,
osteoprotergerin; OSM, oncostatin M; sRANKL, soluble receptor activator of nuclear factor-k B ligand; SF, synovial fluid;
TNF, tumour necrosis factor.
*All values (mean (SD)) are expressed in pg/ml (except for those marked * which are in ng/ml).
Significant difference between plasma and synovial fluid of each specified subtype of JIA; p,0.05.
`Significant difference between plasma and synovial fluid of each specified subtype of JIA; p,0.01.
1Significant difference between plasma and synovial fluid of each specified subtype of JIA; p,0.001.
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compared with either controls or all children with non-active
disease (table 2). Furthermore, during active disease in patients
with both oligoarticular and polyarticular JIA, significantly
higher IL17 levels were found, whereas in patients with
polyarticular and systemic JIA significantly higher MIF levels
were found (table 2). In addition, although not significantly
higher, IL10 and CCL22 were found in all JIA groups, indicating
a possible switch towards a regulatory set of mediators during
active disease.
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number of cytokines with either a regulatory or an antiinflammatory function cluster together with either increased or
decreased levels in plasma (IL5, IL6, IL10, IL13, IL17, CCL22),
whereas during active disease, most of the pro-inflammatory
cytokines cluster (IL17, IL18, IFNc, MIF, CCL2, CCL3, CXCL9,
CXCL10). When a cluster analysis was performed using the
patients with diabetes, the increased pro-inflammatory cytokines CCL2 and CXCL8 cluster together.
Next, we performed a discrimination analysis using the three
major JIA subtypes. For accurate prediction, a backward
calculation using blinded samples was made (including the
controls) to see whether we could accurately classify them into
a specific subgroup of JIA (fig 3). Owing to the large biological
presence of cytokines, care should be taken to discriminate only
those based on one mediator. However, it appeared that MIF
levels in particular, can be used for discrimination, as overall
66% of all patients with JIA were predicted correctly. This was
especially the case for patients with oligoarticular JIA (80%
classified correct) but not for patients with polyarticular and
systemic JIA (only 35% and 23% predicted correctly, respectively). When the same analysis was made for patients in
remission, the best discriminative values were found for IL10
and IL17, although both were ,60% accurate throughout all
subgroups (fig 3).
Using this mathematical approach, IL18 can predict, with
93% accuracy, patients with active systemic JIA, when all
samples are tested blinded. The predictive value of IL18 is far
lower for patients with oligoarticular and polyarticular JIA. In
fact, IL18 levels were not superior to ESR or CRP levels in
determination of active disease in patients with oligoarticular
and polyarticular JIA. ESR and CRP were significantly
correlated with active disease for all patients with JIA
(p,0.05 for both ESR and CRP), but no correlation was found
for either parameter with IL18 in oligoarticular and polyarticular JIA (fig 4). IL18 does correlate with ESR and CRP levels in
patients with systemic JIA (fig 4), but not with other proposed
activation markers for systemic JIA such as ferritin31 (p = 0.350,
www.annrheumdis.com
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data not shown). Subsequently, we tested whether a discrimination profile of multiple cytokines could help in determining
JIA subclassification. From our data, a panel of the following
cytokines could be deducted for subtype analysis; IL18, MIF,
CCL2, CCL3, CCL11, CXCL9 and CXCL10. Figure 5 shows the
cytokine levels in plasma among each subtype of JIA that were
identified with the discrimination analysis. Significantly higher
levels of CCL2, CCL11 and CXCL10 were present in plasma of
oligoarticular JIA compared with the systemic form of JIA,
whereas CCL2 showed a trend towards significance (p = 0.055;
fig 5). IL18 levels in plasma of patients with systemic JIA were
significantly increased compared with both oligoarticular and
polyarticular JIA (fig 5).

Subgroup analysis
Since patient numbers are small, in this study we enrolled the
patients with extended oligoarticular JIA in the group of
patients with polyarticular JIA based on their clinical characteristics. In our study, five patients with extended oligoarticular JIA were present in the polyarticular group. When the
cytokine profile of these five patients with extended oligoarticular JIA was compared with the patients with persistent
oligoarticular JIA, no significant differences were found.
Although IL17 levels seem higher in patients with persistent
oligoarticular JIA compared with patients with extended oligoJIA (2395 (2322) vs 172 (450) pg/ml), this is mainly because of
one patient with extremely high levels of IL17 (7544 pg/ml).
When this patient is excluded from the analysis, the average
levels of IL17 of the patients with persistent oligoarticular JIA
are similar to patients with extended oligoarticular JIA (316
(174) vs 172 (450) pg/ml).
Furthermore, Ravelli et al32 suggested a hypothesis of a
homogenous group of patients with both oligoarticular and
polyarticular JIA which is characterised by antinuclear antibody
(ANA) positivity rather than joint course. To investigate
whether cytokines are involved in such a subgroup, we divided
the patients based on ANA positivity irrespective of joint course.
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Figure 3 Discrimination analyses of each
individual cytokine. All cytokines are ranked
on classification accuracy. Left panel, active
disease; right panel, remission. IL,
interleukin; MIF, macrophage inhibitory
factor.
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Figure 4 Correlations between interleukin
(IL)18 and erythrocyte sedimentation rate
(ESR) /C reactive protein (CRP). Correlations
between IL18 levels in plasma and ESR (left
panel) or CRP levels (right panel). (A)
Oligoarticular juvenile idiopathic arthritis
(JIA); (B) polyarticular JIA; (C) systemic JIA.
IFN, interferon; MIF, macrophage inhibitory
factor; OPG, osteoprotergerin; OSM,
oncostatin M; sRANKL, soluble receptor
activator of nuclear factor k B ligand; TF,
tumour necrosis factor.
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When we compared the cytokine signatures in plasma, there
were no significant differences between ANA-positive and
ANA-negative patients.

DISCUSSION
Characterisation of cytokine and chemokine profiles in plasma
and synovial fluid of patients with JIA, as well as genetic
profiling of the (innate) immune system, can provide knowledge
about the pathogenesis of this autoimmune disease. Indeed,
different genes involving cytokines and chemokines are
linked to JIA and result in functional changes in the cytokine
and chemokine profiles.33 Confirmation of linkage with disease
has been reported for IL6, TNFa, IL10 and MIF, whereas other
studies show a possible linkage for IL1 and IL4.11 12 34–36 In
addition, during the ongoing inflammatory process many
mediators are produced, resulting in increased levels of proinflammatory cytokines (ILs and chemokines).8–10 18 35–43

6

9

IL18 (pg/ml)

Monitoring changes in these cytokine signatures may function
as therapeutic and possibly even as prognostic biomarkers for
disease. In previous studies, individual cytokines, or at best,
combinations of a limited set of cytokines have been measured
in plasma and synovial fluid of patients with JIA using
conventional ELISA techniques. The MIA allows multiplex
analysis of up to a hundred different mediators in a single
sample and thus can be useful tool for measurement of
cytokines in small sample volumes, such as samples from
paediatric patients.26
We now report the profile of a full spectrum of cytokines,
chemokines, and soluble adhesion molecules in plasma and
synovial fluid of patients with JIA, measured in a single sample.
Even during apparent clinical remission, we detected increased
levels of several inflammatory proteins in plasma of patients
with JIA. However, the inflammatory profile is not completely
disease specific since patients with chronic inflammatory
www.annrheumdis.com
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Figure 5 Cytokine and chemokine
concentrations in plasma of different
subtypes of juvenile idiopathic arthritis (JIA).
The cytokines that have the best
discriminative value when each subtype of
JIA was compared with the whole study
population of patients with JIA are depicted.
Oligoarticular JIA (open bars), polyarticular
JIA (light grey bars), systemic JIA (dark grey
bars). *p,0.05, **p,0.01. CRP, C-reactive
protein; ESR, erythrocyte sedimentation rate;
IL, interleukin.
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diseases, such as patients with diabetes, also show moderately
increased cytokine profiles of CCL2, CXCL8 and CXCL10
(table 2). Using a cluster analysis, these cytokines were found
to be present for patients with both JIA and diabetes.
During active disease, cytokine concentrations in plasma of
patients with JIA increased 2–35-fold. In synovial fluid, which
originates from the compartment where the inflammatory
process takes place, high levels of IL6, IL15, CCL2, CCL3,
CXCL8, CXCL9 and CXCL10 are present. These cytokines
regulate T cell function and T cell proliferation, whereas the
chemokines have similar overlapping functions mainly based
on cellular recruitment of inflammatory T lymphocytes (T
helper (Th)1 cells) and monocytes to the site of inflammation.37 44 In contrast with high levels of Th1-attracting chemokines, two distinct Th2 markers, CCL11 and CCL22 were also
increased in synovial fluid of patients with oligoarticular and
polyarticular JIA, but not in systemic JIA. These chemokines
might play a role in controlling synovial inflammation, and
counterbalance the dominant inflammatory milieu by attracting regulatory T cells.45 Cluster analysis showed a distinct
inflammatory pattern of inflammatory proteins in combination
with increased levels of IL10 and CCL22 during active disease,
whereas a more regulatory and anti-inflammatory cluster was
observed, especially in oligoarticular JIA, during remission
(table 2). Furthermore, one particular cytokine, IL17, was
present in both clusters. This cytokine, which is increased in
plasma of patients with both oligoarticular and polyarticular
but not in patients with systemic JIA, is produced by a new
identified lineage of effector Th cells, named Th17.46 47 The
presence of IL17 may reflect the presence and/or involvement of
these cells in the immunopathogenesis of oligoarticular and
polyarticular JIA.
No differences were found when plasma levels of IL17 (or any
other cytokine) were compared between persistent and extended
oligoarticular JIA, nor could we detect differences between ANApositive and ANA-negative patients in this cross-sectional study.
However, a prospective study of patients with oligoarticular JIA at
onset of disease may be needed to address this properly.
Another novel aspect of the results in the perspective of the
current literature is that a spectrum of cytokines might be
useful (besides clinical assessment) in determining a set of
www.annrheumdis.com

0

**

CXCL10

discriminative parameters for JIA subgroup classification and
disease activity. Our data suggest that a combination of
cytokines (IL18, MIF, CCL2, CCL3, CCL11 CXCL9 and
CXCL10) can be used as a discriminative panel in JIA. In
contrast with JIA, in adult rheumatoid arthritis different
cytokines are relevant. A distinct but transient cytokine pattern
can be used for accuracy of disease classification in early
rheumatoid arthritis and consists of IL2, IL4, IL13, IL15 and
IL17.38
The clear difference in cytokine pattern between systemic JIA
and oligoarticular or polyarticular JIA underscores that
systemic JIA most probably has a different aetiopathology.
Besides different cytokine patterns, there is considerable
evidence for natural killer (NK) cell dysfunction in systemic
JIA compared with the other subtypes of JIA.18 33 48 We and
others observed high levels of IL18 in plasma of children with
systemic JIA.49 It is known that IL18 activates NK cells and thus
the chronic presence of high circulating levels of IL18 might
depress NK activity by either exhausting or lowering sensitivity
to IL18.50 Interestingly, the IL18 pathway uses similar routing
as IL1, and blocking the IL1 pathway results in good clinical
responses in systemic JIA.18
In our patient population, we found strikingly lower IL6
values in plasma of patients with systemic JIA compared with
patients with oligoarticular and polyarticular JIA, whereas
several studies show an increase in IL6 in systemic JIA.40 51–53
This could be due to the fact that circulating cytokines can be
bound to their soluble receptors and thus can result in an
underestimation of the true cytokine concentration. For
instance, specific binding of IL1, IL6 and IL18 to their soluble
receptors or their binding proteins is well documented.54
Moreover, since IL6 levels are negatively correlated with the
concentration of soluble receptors in JIA, one could hypothesise
that this binding is even more vigorous in synovial fluid.51 53
Furthermore, since we used a multiplex liquid-phase assay for
detection of cytokines instead of regular ELISA, binding
proteins for cytokines such as IL6 and IL18 can influence the
assay.55
The time of collecting the blood sample and stratifying
disease activity is important. Activities of a number of cytokines
have been demonstrated to be under under neuro-endocrine
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control and thus have a diurnal rhythm.56 57 These fluctuating
cytokine levels are extremely low or undetectable in healthy
people but might explain conflicting results in diseased
individuals.58 59 In this study, all samples were taken in the
morning, thus limiting this diurnal effect.
This cross-sectional study shows the power of the MIA to
analyse cytokine profiles in autoimmune disease. Obviously,
interpretation of cytokine analysis in plasma has to be done
with caution. This ‘‘cyto-omic’’ approach may help to assess the
role of these molecules in immunopathogenesis, but plasma
cytokines can never be more than a reflection of the complex
immune processes underlying the disease.
In conclusion, our data show a significant predominant proinflammatory cytokine signature in plasma and synovial fluid
of patients with JIA, especially during active disease.
Remarkably, even in remission, multiple inflammatory cytokines such as IL6 and IFNc still exceed the normal levels as
observed in healthy individuals. This may be of importance in
determining the treatment during apparent clinical disease
remission. We present a specific panel of cytokines (ILs and
chemokines) that can be useful to stratify different subtypes of
JIA and improve the design of cytokine-targeted treatment for
patients with autoimmune-mediated diseases. The clinical
value of this panel will have to be determined in future
prospective studies of well-defined and selected patient
populations.
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2006 issue (Reginster J-Y, Adami S, Lakatos P, Greenwald M,
Stepan JJ, Silverman SL. Efficacy and tolerability of oncemonthly oral ibandronate in postmenopausal osteoporosis: 2
year results from the MOBILE study. Ann Rheum Dis
2006;65:654–661). In the header row of table 1 ‘‘50 + 5 mg
monthly (n = 396)’’ should read ‘‘50 + 50 mg monthly
(n = 396)’’.

Furst DE, Breedveld FC, Kalden JR, Smolen JS, Burmester GR,
Sieper J, et al. Updated consensus statement on biological agents
for the treatment of rheumatic diseases, 2007. Ann Rheum Dis
2007;66(Suppl III):iii2-22
This article mistakenly identifies all three anti-TNF agents
(adalimumab, etanercept and infliximab) as having approval for
the indication of juvenile idiopathic arthritis of the polyarticular
type. Currently only etanercept holds this indication. The cited
references to support the statement (refs 60-62) are all
publications concerning etanercept.
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cytokine signatures in patients with juvenile idiopathic arthritis: a cross-sectional study. Ann Rheum Dis 2007;66:589–98). The
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The authors of the article ‘‘Long-term follow-up results after
autologous haematopoietic stem cell transplantation for severe
systemic sclerosis’’ published in Ann Rheum Dis 2008;67:98–104
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Schattenberg, W E Fibbe, J Larghero, E Gluckman, F W M B
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