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Abstract

Introduction: interleukin (il)-6 is a proinflammatory cytokine involved in systemic juvenile idio-
pathic arthritis (SJia). Since these patients are often treated with tocilizumab (tCZ), anti-il-6 receptor 
(il-6r) antibody, we investigated correlations between serum il-6 and soluble il-6r-levels and disease 
activity in SJia patients treated with or without tCZ. 

Material and methods: 164 serum samples were taken from 42 SJia patients treated with or without 
tCZ (69 and 95 samples, respectively). patients were assigned to three groups according to disease 
status: 1) systemic (patients with systemic features and/or arthritis), 2) arthritis (patients with arthritis 
but no systemic features), and 3) inactive (clinically inactive disease). disease activity was assessed 
using the Juvenile arthritis disease activity Score-27 (JadaS-27) at the time of blood collection.

Results: il-6 levels were highest in SJia patients with predominant systemic features, while serum 
sil-6r levels were highest in patients with persistent arthritis. Serum il-6 correlated with JadaS-27 
in patients treated with and without tCZ (r = 0.38 and r = 0.65, respectively), whereas serum sil-6r 
levels correlated with JadaS-27 in patients treated without (r = 0.30) but not with (r = −0.14) tCZ. 
the sil-6r/il-6 ratio negatively correlated with JadaS-27 in patients treated with and without tCZ  
(r = –0.49 and r = –0.56, respectively).

Conclusions: Serum il-6 levels correlated more strongly with disease activity parameters than 
did sil-6r levels and could be useful for monitoring disease activity in SJia patients. the sil-6r/il-6 
ratio might be a promising disease activity marker in both SJia patients treated with and without tCZ.

Key words: interleukin 6, interleukin 6 receptor, systemic juvenile idiopathic arthritis, juvenile 
idiopathic arthritis, tocilizumab, anti-interleukin 6 receptor antibody, correlation.
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Introduction
Juvenile idiopathic arthritis (JIA), a common rheu-

matic disease in children, is classified into seven subtypes 
according to the International League of Associations for 
Rheumatology criteria [1]. Systemic JIA (SJIA) is a sub-
type with unique characteristics. Quotidian fever, salmon 
rash, hepatosplenomegaly, and serositis are also manifes-
tations of SJIA, in addition to arthritis. Previous studies 
have classified SJIA as an autoinflammatory disease, and 

its pathogenesis has been reported to mainly involve innate 
rather than adaptive immunity [2], which contrasts with 
other JIA subtypes. Consistent with this, innate immunity 
cytokines, including interleukin (IL)-1β, IL-6, IL-18, inter-
feron γ, and tumour necrosis factor α, play major roles in 
the pathogenesis of SJIA. 

The proinflammatory cytokine IL-6 contributes to 
many autoimmune diseases and is especially important in 
SJIA. IL-6 is a 21 kDa glycoprotein that induces fever, leu-
kocytosis, thrombocytosis, anaemia of chronic disease, and 
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acute phase reactants, including C-reactive protein (CRP), 
erythrocyte sedimentation rate (ESR), and serum amyloid A 
[3]. IL-6 acts on numerous cell types, including B and 
T lymphocytes, hepatocytes, haematopoietic progen-
itor cells, macrophages, megakaryocytes, and neu-
ronal cells [4-6]. The IL-6 receptor (IL-6R) complex 
consists of an 80 kDa membrane-bound molecule 
(mIL-6R), a 50-55 kDa soluble molecule (sIL-6R) 
[7, 8], and a 130 kDa membrane-bound glycoprotein 
(mgp130) that acts as the signal transducer [8-10]. Com-
plex formation between IL-6 and sIL-6R initiates the 
IL-6 trans-signalling pathway, whereas IL-6/mIL-6R 
complexes activate the classic IL-6R signalling pathway 
[9, 11]. Binding of either complex to mgp130 induces 
homodimerisation and triggers a downstream signalling 
cascade [12, 13]. A previous study by De Benedetti et al. 
revealed that serum IL-6 levels increased in SJIA patients 
during active disease and decreased with remission [14]. 
Furthermore, Yilmaz et al. found that serum IL-6 was el-
evated during both active and inactive disease, and they 
detected higher serum IL-6 levels in patients with SJIA 
compared with other JIA subtypes [15]. However, there 
are conflicting data regarding whether sIL-6R levels in-
crease or decrease when SJIA is active [16, 17]. Over the 
past decade, the humanised anti-human IL-6R monoclonal 
antibody tocilizumab (TCZ) has been developed for SJIA 
treatment, and it was included in the 2013 update of the 
2011 American College of Rheumatology Recommenda-
tions for the Treatment of JIA [18]. Although some studies 
have investigated the relationship between TCZ treatment 
and serum IL-6 or sIL-6R levels, few have examined this 
in SJIA patients in the context of active and inactive dis-
ease. Therefore, in this study, we analysed the associations 
between serum IL-6 and sIL-6R levels and disease activity 
in SJIA patients treated with or without TCZ.

Material and methods
This study was approved by the Ethics Committee of 

Ramathibodi Hospital, Bangkok, Thailand, where the work 
was performed. The study was conducted in accordance 
with the ethical standards laid down in the Declaration of 
Helsinki (as revised in Brazil 2013), and written, informed 
consent was obtained from the patients’ parents or legal 
guardians. 

Patients and samples

This was a cross-sectional study. A total of 164 se-
rum samples were obtained from 42 SJIA patients in Ra-
mathibodi Hospital. Serum samples were obtained from 
each patient at three or four scheduled visits every two 
months between September 2012 and July 2013. Samples 
were assigned to one of three groups (see below) based 
on the patient’s health status at the time of sample collec-

tion. If the patient’s disease status changed between visits, 
they were assigned to different groups. Samples were not 
collected if the patient had an infection at the time of the 
visit or during the preceding week. Fifteen control serum 
samples (one each from 15 healthy subjects) were included 
for comparison. Serum samples from SJIA patients treat-
ed with or without TCZ were assigned in TCZ and non-
TCZ groups, respectively. TCZ was given to SJIA patients 
who were refractory to corticosteroid, or two conventional 
disease-modifying antirheumatic drugs. The dose of TCZ 
is 8 mg/kg/dose intravenous infusion every two weeks. 
The serum samples from SJIA patients treated with TCZ 
were collected around two months after the initial treat-
ment. Eighty-eight per cent of patients receiving TCZ had 
dramatic response to this medication, the inflammatory 
markers returned to normal, and systemic features subsid-
ed after the initial dose of TCZ. The rest of the patients, 
who were in the systemic group, started to respond to TCZ 
around 3-4 months after the initial dose.

Data collection

Baseline characteristics of SJIA patients included  
Juvenile Arthritis Disease Activity Score-27 (JADAS-27), 
active joint count, score for physician’s global assessment 
(PGA), score for parent’s or patient’s global assessment 
of overall well-being (PtGA), and medications. Peripher-
al blood samples were sent for quantification of IL-6 and 
sIL-6R levels, complete blood counts, and ESR. Clinical 
assessments of disease status were performed at the time of 
sample collection. Samples were assigned to one of three 
groups based on the patient’s clinical status: (1) systemic 
group: patients with active SJIA with systemic features 
(high-grade fever and at least one of the following: hep-
atosplenomegaly, serositis, salmon rash, and lymphade-
nopathy) with or without arthritis; (2) arthritis group: from 
patients with active SJIA with arthritis, but whose system-
ic features had subsided at least two months before each 
sample collection; and (3) inactive group: from patients 
whose systemic features and arthritis symptoms had sub-
sided. Patients in the inactive group, some of whom were 
receiving medication, had normal ESR and CRP levels. 
JADAS-27 [19] was calculated as the sum of four vari-
ables assessed at the time of blood sample collection as 
follows: the total number of active joints (27 joints were 
assessed), the ESR normalised to a 0-10 scale according 
to ([ESR mm/h – 20] / 10), the PGA score (range 0-10), 
and the PtGA score (range 0-10). Thus, the minimum and 
maximum JADAS-27 were 0 and 57, respectively. 

IL-6 and sIL-6R measurements

Serum was isolated from samples of 3-5 ml of blood 
and divided into two aliquots. One was stored at −80°C 
until analysis of sIL-6R, while the second was used for 
measurement of IL-6 levels on the day of blood collection. 
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IL-6 was quantified using an electrochemiluminescence 
immunoassay (Roche Diagnostics, Mannheim, Germany) 
that detects both free IL-6 and a complex of IL-6/sIL-6R. 
The lower limit of detection was 1.5 pg/ml, and the nor-
mal level in this study was ≤ 7 pg/ml. For measurement of 
serum IL-6R levels, the frozen sera were thawed to room 
temperature and analysed using an enzyme-linked immu-
nosorbent assay (eBioscience, San Diego, CA, USA) that 
detects free sIL-6R, and complexes of IL-6/sIL-6R and 
TCZ/sIL-6R. The sensitivity of this test was 0.01 ng/ml.

Statistical analysis

Baseline characteristics of SJIA disease activity and 
serum parameters were described as the median and inter-
quartile range (IQR) or number and percentage of samples. 
A mixed model analysis was performed to assess differ-
ences among groups. Correlations between disease activity 
parameters and serum IL-6 or sIL-6R levels were analysed 
by Spearman’s rank correlation test. Statistical significance 
was set at p < 0.05. Data were analysed with Stata version 
13 software (StataCorp, TX, USA).

Results
Of the 164 serum samples obtained, 69 and 95 were 

from patients treated with or without TCZ, respectively. 
Analysis of samples assigned to the three disease activity 
groups revealed that JADAS-27 scores were highest for 
patients in the systemic group (median [IQR] 18 [12.5]), 
followed by the arthritis group (5.9 [9.3]), and the inactive 
group (0 [0.8]) (Table 1). More patients in the systemic 
group than in the arthritis group received prednisolone, 
whereas the reverse was true for methotrexate treatment, 
consistent with standard treatment guidelines. The baseline 

characteristics of SJIA patients and serum parameters are 
shown in Table 1.

Serum IL-6 levels in SJIA patients treated with 
or without TCZ

Serum IL-6 levels were highest in the systemic group 
(median [IQR] 82.2 [102.3] pg/ml), followed by the ar-
thritis group (19.9 [63.3] pg/ml), and the inactive group 
(6.7 [21.9] pg/ml). Significant differences were seen between 
IL-6 levels in the systemic group and the arthritis group 
(p = 0.004), inactive group (p < 0.001), and healthy control 
group (2.8 [1.9] pg/ml; p = 0.001), as shown in Figure 1. 

TCZ treatment had no effect on the group order based 
on absolute serum IL-6 levels. Thus, for patients treat-
ed with or without TCZ, the highest levels were seen in 
the systemic group, followed by the arthritis and inactive 
group (Table 2). However, within the arthritis subgroup, 
serum IL-6 levels were significantly higher in patients 
treated with than in those treated without TCZ (median 
[IQR] 57.3 [119.9] vs. 3.9 [22.4] pg/ml; p < 0.001), where-
as no TCZ-related differences were seen between patients 
within the systemic or inactive groups (Table 2).

Serum soluble IL-6R levels in SJIA patients 
treated with or without TCZ 

Overall, serum sIL-6R levels were highest in the arthri-
tis group, followed by the inactive, systemic, and healthy 
control groups (Fig. 1). Levels in the arthritis group (me-
dian [IQR], 196.1 [971.6] ng/ml) and the inactive group 
(170.7 [1297.7] ng/ml), but not the systemic group (170.5 
[65.0] ng/ml), were significantly higher than the levels in 
the healthy control group (66.5 [26.9] ng/ml), as shown 
in Figure 1. 

Subgroup analysis showed that patients in the systemic 
and arthritic groups who did not receive TCZ had higher 

Table 1. Baseline characteristics of systemic juvenile idiopathic arthritis patients at the time of serum sampling

Characteristics Systemic 
n = 29 (16)

Arthritis 
n = 108 (36)

Inactive 
n = 27 (14)

Female (% of patients) 56.3 61.1 50.0

Age (years) 6.0 (4.75) 7.0 (6.0) 6.0 (8.3)

Active joint 6 (11) 2 (4) 0 (0)

PGA 4.0 (5.0) 1.5 (2.0) 0 (0)

PtGA 3.8 (6.6) 0.4 (3.0) 0 (0)

Haematocrit (%) 33.2 (5.3) 36.2 (3.7) 37.4 (3.8)

Platelet × 103 cells/ml 483 (227) 380 (152) 343 (131)

ESR (mm/h) 65 (52) 19 (33) 9 (9)

Prednisolone (%) 22 (76.0) 55 (51.0) 3 (11.1)

Methotrexate (%) 17 (58.6) 90 (83.3) 4 (14.8)

ESR – erythrocyte sedimentation rate (mm/h), PGA – physician’s global assessment score (scale 0-10), PtGA – patient’s or parent’s global assessment score 
(scale 0-10), data are expressed as the median (interquartile range) or the number (%) of samples
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serum sIL-6R levels than healthy controls (149.7 [72.5], 
95.6 [91.7], and 66.5 [26.9] ng/ml, respectively; p < 0.01). 
Moreover, within the TCZ-treated subgroup, serum sIL-6R  
levels were higher in samples from the arthritis and the 
inactive groups compared with the systemic group. In ad-
dition, sIL-6R levels were significantly higher for patients 
treated with than without TCZ for all three disease groups 
(p < 0.01) (Table 2). When the sIL-6R/IL-6 ratio was cal-
culated in patients treated with and without TCZ (Fig. 2), 
patients in the systemic group had sIL-6R/IL-6 ratio lower 
than patients in the arthritis and the inactive groups in both 
SJIA patients treated with and without TCZ. 

Correlations between disease activity and serum 
IL-6 and sIL-6R levels

Serum IL-6 levels were significantly correlated with 
JADAS-27 for patients treated both with and without TCZ 
(Table 3). In TCZ-untreated patients, serum IL-6 levels 
also correlated strongly (i.e. r > 0.6) with PGA and ESR 

but moderately (i.e. r = 0.4-0.6) with active joint counts 
and PtGA. In contrast, in TCZ-treated patients, serum IL-6 
levels correlated weakly (i.e. r < 0.4) with JADAS-27, 
active joint counts, PGA, and PtGA but showed no cor-
relation with ESR. Serum sIL-6R levels correlated weakly 
with JADAS-27, active joint counts, PGA, and PtGA in 
TCZ-untreated patients. In TCZ-treated patients, sIL-6R 
levels had no correlation with disease activity parameters, 
except negative correlation with ESR (Table 3). The rela-
tionships between sIL-6R/IL-6 ratio and JADAS-27 and 
ESR were negatively correlated in both SJIA patients treat-
ed with and without TCZ as shown in Figure 3. 

Discussion
This study focused on analysing serum IL-6 and  

sIL-6R levels in SJIA patients treated with or without 
TCZ. The results showed that both factors were higher in 
patients with active disease, including systemic features 

Se
ru

m
 I

L
-6

 (
pg

/m
l)

Se
ru

m
 s

IL
-6

R
 le

ve
ls

 (
ng

/m
l)

1,500

1,000

500

0

2,000

1,500

1,000

500

0
 Systemic Arthritis Inactive Healthy controls
 (n = 29) (n = 108) (n = 27) (n = 15)

 Systemic Arthritis Inactive Healthy controls
 (n = 29) (n = 108) (n = 27) (n = 15)
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Table 2. Serum IL-6 and sIL-6R levels in systemic juvenile idiopathic arthritis patients treated with or without tocili-
zumab

Group Serum IL-6 levels (pg/ml) Serum sIL-6R levels (ng/ml)

No TCZ
n

TCZ
n

No TCZ
n

TCZ
n

Systemic 23 (14) 85.1 (165.6) 6 (3) 79.0 (66.1) 23 (14) 149.7 (72.5) 6 (3) 218.7 (83.6)*

Arthritis 61 (24) 3.9 (22.4) 47 (17) 57.3 (119.9)* 61 (24) 95.6 (91.7) 47 (17) 1191.2 (856.5)*

Inactive 11 (9) 1.5 (1.1) 16 (5) 17.6 (22.2) 11 (9) 69.3 (114.8) 16 (5) 853.8 (1566.6)*

IL-6 – interleukin 6, sIL-6R – soluble interleukin 6 receptor, TCZ – tocilizumab, *p < 0.01 compared with no tCZ treatment, data are expressed as the median 
(interquartile range)
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Fig. 2. sIL-6R/IL-6 ratio in systemic juvenile idiopathic ar-
thritis (SJIA) patients treated with and without tocilizumab 
(TCZ). SJIA patient serum samples treated with and with-
out TCZ were classified by disease status and analysed for 
sIL-6R/IL-6 ratio. Data are the median, interquartile range, 
and minimum/maximum values of the indicated number of 
samples for each subgroup
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or/and arthritis, than in healthy controls. TCZ treatment 
also affected serum IL-6 and sIL-6R levels, with both be-
ing higher in patients treated with TCZ. Finally, serum 
IL-6 levels correlated more strongly than sIL-6R levels 
with disease activity parameters. 

IL-6 and TCZ treatment in SJIA patients

Serum IL-6 levels are increased in many immune- 
inflammatory diseases and have been shown to correlate 
with disease activity [20-24]. Previous work showed that 
high levels of IL-6 in both serum and synovial fluid af-
fected arthritis progression and correlated with clinical 
activity, including systemic features, growth retardation, 
and joint destruction [14, 25-29], suggesting that IL-6 af-
fects systemic features, autoantibody production, and the 
expression of acute phase reactants [30, 31]. In this study, 
we demonstrated that serum IL-6 levels reflected disease 
activity in SJIA patients, especially those with predom-
inant systemic features. This could be explained by the 
widespread expression of mgp130 and high IL-6 and  
sIL-6R levels in patients with systemic features, resulting 
in activation of trans-signalling and classic IL-6 signal-
ling pathways in multi-organ systems, not only in joints 
[4]. In 1991, De Benedetti et al. reported high serum IL-6 
levels in patients with active disease, but the presence 

of systemic features did not affect the levels [14], which 
contrasts with our findings in this study. We showed that 
serum IL-6 levels were higher in SJIA patients with pre-
dominant systemic features than in those with persistent 
arthritis but no systemic features. Differences in patient 
populations may explain the discrepancy between the two 
studies. In the De Benedetti et al. study, patients with and 
without systemic features had similar disease status based 
on ESR and CRP values, whereas patients with predom-
inant systemic features in this study had higher ESR and 
JADAS-27 – representative of more severe disease – than 
patients with persistent arthritis alone. We postulate that 
the regulation of IL-6 may differ in the two SJIA patient 
groups. 

Serum IL-6 levels were only significantly affected by 
TCZ treatment in patients in the arthritis group. Within 
this group, 42.9% and 57.6% of serum samples were from 
patients treated with prednisolone with and without TCZ, 
respectively (p = 0.09), and 79.6% and 86.4% were from 
patients treated with methotrexate with or without TCZ, 
respectively (p = 0.44). The total number of patients taking 
these medications was similar in both arthritis subgroups. 
Therefore, it is more likely that treatment with TCZ, rath-
er than methotrexate or prednisolone, is responsible for 
the difference in serum IL-6 levels between TCZ-treated 
and untreated patients within the arthritis group. IL-6 is 
eliminated via two pathways: IL-6R-mediated clearance, 
the main elimination pathway, and IL-6 degradation [32]. 
Binding of TCZ to IL-6R inhibits receptor-mediated clear-
ance of IL-6, leading to its accumulation in serum. This is 
the likely explanation for the higher serum IL-6 levels in 
TCZ-treated SJIA patients in this study. 

Soluble IL-6R and TCZ treatment in SJIA 
patients

We found that serum sIL-6R levels were significant-
ly higher in the arthritis and inactive patient groups com-
pared with the healthy control group. Previous studies have 
shown that IL-6R expression can be induced by IL-1β 
or IL-6, representing a positive feed-forward loop [33].  
IL-6R is upregulated in human bronchial epithelial cells by 
IL-1 and IL-6 [34], and sIL-6R production is induced by 
IL-6 [35]. Therefore, the increase in serum sIL-6R levels 
observed in SJIA patients could be a direct consequence of 
increased serum IL-6. 

In the TCZ-treated group, serum sIL-6R levels were 
lower in the systemic group compared to the arthritis and 
the inactive groups. When the sIL-6R/IL-6 ratio was cal-
culated, SJIA patients in the systemic group had the lowest 
sIL-6R/IL-6 ratio compared to the other groups, whether 
receiving TCZ or not. The reason that sIL-6R levels and 
sIL-6R/IL-6 ratio were lower in the systemic group is cur-
rently unknown. A possible hypothesis could be explained 
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Table 3. Correlations between disease activity parameters and serum IL-6, sIL-6R levels, and sIL-6R/IL-6 ratio

Parameters Spearman’s coefficients

Serum IL-6 levels Serum sIL-6R levels Serum sIL-6R/IL-6 ratio

No TCZ
(n = 95)

TCZ
(n = 69)

No TCZ 
(n = 95)

TCZ 
(n = 69)

No TCZ
(n = 95)

TCZ
(n = 69)

JADAS-27 0.65* 0.38* 0.30* –0.14 –0.56* –0.49*

ESR 0.66* –0.08 0.05 –0.64* –0.64* –0.34*

Active joint counts 0.44* 0.33* 0.22* –0.06 –0.38* –0.32*

PGA 0.65* 0.38* 0.32* –0.05 –0.56* –0.44*

PtGA 0.48* 0.38* 0.30* 0.09 –0.37* –0.36*

IL-6 – interleukin 6, JADAS-27 – Juvenile Arthritis Disease Activity Score-27, PGA – physician’s global assessment, PtGA – parent’s or patient’s global assessment, 

sIL-6R – soluble interleukin 6 receptor, sIL-6R/IL-6 ratio – sIL-6R divided by IL-6, ESR – erythrocyte sedimentation rate, *p < 0.05
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by the fact that most sIL-6R in the systemic group might 
have already formed IL-6/sIL-6R/mgp130 complexes on 
the cell membranes, leading to inflammatory signals and 
systemic inflammation, as presented in patients in the sys-
temic group. Because our sIL-6R ELISA could not detect 
IL-6/sIL-6R/mgp130 complexes, sIL-6R levels in the sys-
temic group were lower than expected. 

In another perspective, SJIA patients in the arthritis and 
the inactive groups did not have systemic features due to 
the blockage of sIL-6R by TCZ, resulting in the formation 
of TCZ/sIL-6R complexes. These TCZ/sIL-6R complexes 
caused a prolongation of the elimination half-life of sIL-6R. 
Consistent with this, sIL-6R levels began to increase upon 
commencement of TCZ treatment and remained high un-
til discontinuation [32]. Because TCZ/sIL-6R complexes 
could be detected by our sIL-6R ELISA, this could explain 
why high levels of sIL-6R were found in the arthritis and 
the inactive groups. However, further studies with larger 
sample sizes will be necessary to confirm this finding and 
this hypothesis.

Associations between SJIA disease activity and 
IL-6/sIL-6R

In SJIA patients treated without TCZ, serum IL-6 lev-
els showed good correlation with JADAS-27 and several 
parameters, including PGA and ESR, but only a moderate 
correlation with active joint counts. This was not unex-
pected, since the patients in this group had severe systemic 
features but only mild to moderate arthritis. 

In SJIA patients treated with TCZ, serum IL-6 levels 
also correlated with JADAS-27 and several parameters, 
including PGA and active joint counts, but there was no 
correlation with ESR. This may be because binding of 
TCZ to mIL-6R or sIL-6R blocks IL-6 signalling and pro-
duction of acute phase reactants by hepatocytes [36, 37]. 
In this scenario, ESR would be expected to decrease in 
TCZ-treated patients. In fact, acute phase reactants return 
to normal upon initiation of TCZ treatment, even though 
serum IL-6 levels remain high and arthritis remains ac-
tive. This observation is supported by the correlations 
between IL-6 levels with active joint counts and PGA in 
patients treated with TCZ (r = 0.33, p = 0.006 and r = 0.38, 
p = 0.001, respectively) were higher than correlations 
between ESR with active joint counts and PGA in the 
same group of patients (r = 0.25, p = 0.038 and r = 0.20,  
p = 0.102, respectively). Thus, acute phase reactants may 
not be good markers for disease activity assessment, es-
pecially SJIA patients receiving TCZ with persistent ar-
thritis but no systemic features. Serum IL-6 levels may be 
a useful marker of disease activity to complement clinical 
evaluation, especially in SJIA patients treated with TCZ. 

In contrast, sIL-6R levels correlated only weakly with 
disease activity parameters, particularly in patients receiv-
ing TCZ. Nevertheless, this study demonstrated that sIL-

6R was strongly negatively correlated with ESR in SJIA 
patients receiving TCZ. Because TCZ had blocked IL-6 
signalling and decreased production of acute phase reac-
tants, ESR levels had returned to normal. At the same time, 
patients receiving TCZ had the complexes of TCZ/sIL-6R 
that prolonged elimination half-life of sIL-6R and caused 
high levels of sIL-6R in the blood stream. Therefore, these 
two factors were inversely correlated in patients receiving 
TCZ with clinically inactive disease. On the other hand, 
SJIA patients in the systemic group still had high levels of 
ESR and low levels of sIL-6R; this could also cause an in-
verse correlation. Although sIL-6R levels in SJIA patients 
treated with TCZ were negatively correlated with ESR, 
they did not correlate with JADAS-27. Therefore, using 
sIL-6R levels as a marker of disease activity might not 
be suitable. Furthermore, this study demonstrated negative 
correlations between sIL-6R/IL-6 ratio and disease activity 
parameters such as JADAS-27 and ESR, so the sIL-6R/
IL-6 ratio might be a useful marker of disease activity in 
the future. However, further studies are needed to confirm 
this finding. 

The limitations of this study were 1) a small study 
population, especially in the systemic group treated with 
TCZ, and 2) a cross-sectional study design, which might 
not reflect changes in cytokine levels due to circadian 
rhythms in individual patients. Therefore, further studies 
with larger sample sizes and longitudinal study designs are 
recommended to verify these findings. 

Conclusions
Serum IL-6 levels were highest in SJIA patients with 

predominant systemic features, while serum sIL-6R lev-
els were highest in patients with persistent arthritis. TCZ 
treatment was associated with higher serum IL-6 and sIL-
6R levels. There is an interesting finding that sIL-6R lev-
els were lower in TCZ-treated patients with predominant 
systemic features than patients with only arthritis presen-
tation and clinically inactive disease. Serum IL-6 levels 
correlated with disease activity parameters in all patients, 
with the exception of ESR in patients treated with TCZ. 
In addition, ESR correlated poorly with active joint count 
and was not correlated with PGA in TCZ-treated patients. 
Therefore, our results suggest that serum IL-6 levels may 
be a better marker than acute phase reactants for moni-
toring disease activity in SJIA patients, especially those 
treated with TCZ. In addition, we found no correlation 
between serum sIL-6R levels and disease activity param-
eters in SJIA patients receiving TCZ, except an inverse 
correlation with ESR, indicating that it should not be 
used to follow disease activity in these patients. Lastly, 
a promising marker, the sIL-6R/IL-6 ratio, might be use-
ful for monitoring disease activity in both SJIA patients 
treated with and without TCZ.
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