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Abstract

Objectives: The imbalance between Th17 and T regulatory cells (Tregs) may be a key event in de-
velopment of autoimmunity. The problem is poorly explored in juvenile idiopathic arthritis (JIA) so far. 
In this study, peripheral blood (PB) and synovial fluid (SF) Tregs and Th17 cells from were assessed 
in untreated JIA children.

Material and methods: In 50 children with JIA the PB or SF percentages of Tregs and Th17 cells 
were assessed by flow cytometry, in comparison with PB Tregs and Th17 cells from 28 healthy controls. 
Additionally, in both groups the levels of proinfammatory cytokines, such as interleukin (IL)-1β, IL-6, 
IL-17, IL-21, IL-23 and tumor necrosis factor α (TNF-α) were assessed using ELISA method.

Results: The proportion of JIA PB Th17 cells was significantly higher than in the controls  
(p = 0.01). Serum levels of IL-1β, IL-6, IL-17, IL-23 were also significantly higher in JIA (p = 0.011, 
p = 0.007, p = 0.008 and p = 0.023, respectively). The highest serum IL-6 levels were observed in 
oligoarthritis JIA (p = 0.031). Synovial fluid IL-21 concentration was distinctly higher in polyarticular 
JIA. Synovial fluid levels of TNF-α, IL-1β and IL-6 were significantly higher than in JIA PB (p = 0.038, 
p = 0.013 and p < 0.001, respectively). There was a significant correlation between IL-6 and PB Tregs 
(p = 0.02).

Conclusions: The results of this comprehensive analysis indicate a role of Th17 cell activation in 
the pathogenesis of JIA.
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Introduction
Juvenile idiopathic arthritis (JIA) is the most common 

inflammatory arthropathy of the developmental age. Simi-
larly to adult rheumatoid arthritis (RA), a key pathogenetical 
role may have impaired function of T cells [1]. Additionally, 
in RA patients activation of cells secreting proinflammatory 
IL-17 cytokine (Th17), which are suppressed by regulatory 
T lymphocytes (Tregs), has also been shown [2, 3]. So far, 
there are only few reports concerning disturbances of Treg 
and Th17 cell population in children with JIA [4-10].

The lack of an appropriate balance between Th1/Th17 
cells and Tregs leads to overcome T cell tolerance to auto-
antigens. Activation of acquired immunological response, 
including interferon γ (IFN-γ) and IL-17, provides to acti-

vation of innate immunity with contribution of neutrophiles, 
macrophages or synoviocytes, and stimulates production 
of several other proinflammatory cytokines such as IL-1, 
IL-6 or TNF-α, chemokines and inflammatory mediators 
[1, 4, 5]. Interleukin 21 is essential for maintaining Th17 
cells, whereas IL-23 fulfills a role of Th17 phenotype sta-
bilization. In contrast, in the presence of IL-2 and IFN-γ 
differentiation of Th17 cells is inhibited. Factors inhibiting 
maturation and proliferation of Th17 cells include also IL-25 
and IL-27 [6-8].

Thus, imbalance between Th17 and Tregs may be 
a key event in development of autoimmunity. The prob-
lem is poorly explored in JIA children so far. It was found, 
that JIA peripheral blood (PB) Tregs are fully functional, 
whereas in sites of inflammation their supressory function 
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is impaired [9]. Recent data showed susceptibility of effec-
tor T cells in JIA SF to suppressive effect of both PB and 
SF Tregs. This low responsiveness of is probably due to 
high activity status of T cells in JIA SF [10].

In this study we assessed Th17 and Tregs in different 
compartments (PB and SF), in association with proinflam-
matory cytokine levels, for the first time in treatment naÏve 
JIA children.

Material and methods

Patients and the controls

Fifty newly diagnosed children with JIA, not treated 
before with either disease-modyfing drugs or other agents. 
Fourty girls and 10 boys, aged between 2 and 17 years, 
entered the study. All patients and their parents were 
informed about the aim of the study and their informed 
consents were obtained. The control group consisted of 28 
healthy children. The study was approved by the Ethical 
Committee of Medical University of Lodz, Poland (deci-
sion No RNN/416 /10/KB).

Majority of the study group comprised children with 
oligoarthritis type of JIA onset (31 patients, 62%), where-
as 16 children (32%) represented polyarticular and only 
3 (6%) systemic disease. The type of onset was defined 
according to ILAR criteria (2001) [11]. Activity of JIA 

was established based on the JADAS-27 scale criteria [12]. 
Low, intermediate and high stages of the disease activity 
have been distinquished accordingly. In the study group 
28 (53%) children had a low, 9 (18%) a medium and 13 
(26%) a high the disease activity (Table 1). All the exam-
ined patients children had a normal renal function.

Patient samples

Peripheral blood samples were obtained during routine 
laboratory tests. Additionally, in JIA childrens with articu-
lar effusion SF was obtained during diagnostic punction. In 
these samples T cell subpopulations and concentrations of 
proinflammatory cytokines were investigated and results 
were compared with respective PB data.

Assessment of Th17 cell and Tregs

Subpopulations of Th17 cells and Tregs were assessed by 
flow cytometry, using FACScanto II cytometer (Becton-Dick-
inson; San Jose, CA, USA). For IL-17 cells detection 20 µl of 
anti-CD25 (FITC-conjugated; Becton Dickinson, San Jose, 
CA, USA) and anti-CD4 (APC-conjugated; Becton Dickin-
son, San Jose, CA, USA) monoclonal antibodies were added 
to 50 µl of the whole blood. Then, samples were incubated 
for 20 min at room temperature, in the dark. After incubation 
“lyze-no wash” procedure was performed. Then, cells were 
washed in PBS and centrifuged (5 min/250 g) and incubated 

Table 1. Clinical and laboratory characteristics of the juvenile idiopathic arthritis (JIA) group

Clinical parameters N (%)

total number of JIA patients 50 (100)

sex
girls 40 (80)

boys 10 (20)

JIA onset

oligoarthritis 31 (62)

polyarticular 16 (32)

systemic 3 (6)

JIA activity

low 28 (56)

medium 9 (18)

high 13 (26)

laboratory parameters Mean values ± SD or N (%) of positivity

white blood cell (WBC) count 11.2 G/l

platelets (PLT) count 385 G/l

C-reactive protein (CRP) 8.5 mg/l

rheumatoid factor (RF) – positive 7 (14)

anti-nuclear antibodies (ANA) – positive 16 (32)

anti-CCP antibodies – positive 4 (8)
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as well as medians and range values were estimated. Nor-
mality of data distribution was tested by the χ2 test, than 
parametric non-parametric Mann-Whitney U tests was im-
plemented. Consequently, correlations between analyzed 
parameters were done by the Spearman rang test. The  
p values < 0.05 was considered as a statistically signifi-
cant.

Results

Th17 cell and Tregs in peripheral blood  
of juvenile idiopathic arthritis children

The proportion of JIA PB Th17 cells was significantly 
higher than in healthy children (1.7 ±2.3% vs. 0.5 ±0.8%; 
p = 0.01). However, there were not statistically significant 
differences in the rates of PB Tregs between JIA children 
and healthy controls (21.9 ±14.5% vs. 19.8 ±14.3%; p > 
0.05 (Fig. 1).

The percentage of PB Th17 did not significantly dif-
fer between particular types of JIA onset (oligoarthritis vs. 
polyarticular vs. systemic: 1.8 ±2.4%, 1.4 ±2.2% and 1.5 
±1.6%, respectively; p > 0.05). There was significantly 
higher rate of Tregs in polyarticular (25.8 ±18.17%) than 
in systemic (9.9 ±6.7%) type of onset (p = 0.01). The mean 
Tregs percentage in oligoarthritis was 17.7 ±11.5% (vs. 
polyarticular or systemic JIA – p > 0.05). However, small 
number of systemic JIA patients assessed in our study urge 
a caution in interpretation of this part of statistical data.

There were no relationships between PB Th17 and 
Treg cell frequency and JIA activity. The mean ratios for 
low vs. intermediate vs. high activity were 1.8 ±1.9% vs. 
2.4 ±4.1% vs. 1.0 ±1.0% for Th17 cells (p > 0.05) and 

Fig. 1. Differences between interleukin IL-17 secreting 
(Th17) cells and T-regulatory cells (Tregs) in peripheral 
blood (PB) from juvenile idiopathic arthritis (JIA) patients 
and PB of healthy children (Ctrl)
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for 20 min with FIX/Perm buffer (at room temperature, in 
the dark). Afterward, cells were washed in PBS and centri-
fuged (5 min/250 g), then re-suspended in FIX/-Perm buffer 
and incubated for 15 min (at room temperature, in the dark). 
After subsequent washing up and re-suspension in PBS, 20 
µl of anti-IL-17A PE-conjugated monoclonal antibody (BD 
Bioscience, San Jose, CA, USA) was added and cells were 
incubated for 30 min (at room temperature, in the dark). After 
that, cells were washed twice, re-suspended with PBS, and the 
fluorescence was measured using flow cytometry. Cells with 
CD4+/CD25–/IL–17+ immunophenotype were recognized 
as IL-17 lymphocytes. The percentage of T17 cells among 
population of mononuclear cells, gated based on side scatter 
(SSC) and forward scatter distribution (FSC), was calculated.

Tregs were assessed using Human Treg Flow Kit 
(FOXP3 AlexaFluoor 488/CD4 PE-Cy5/CD25PE)  
(BioLegend, San Diego, CA, USA). The peripheral whole 
blood sample (100 µl) was treated according to standard 
‘lyze-no wash’ procedure. Then, they were incubated with 
20 µl of anti-CD4/anti-CD25 monoclonal antibody cocktail 
(for 20 min, at room temperature, in the dark). Afterward, 
cells were washed in the BioLegend cell staining buffer 
and centrifuged (5 min/250 g). Cells was then washed, 
re-suspended and incubated for 20 min with BioLeg-
end FIX/Perm buffer (at room temperature, in the dark). 
This procedure was repeated twice. After spinning down 
the cells and discarding the supernatant, the sample was 
re-suspended again in FOX3 FIX/Perm. Then, 5 µl of Al-
exa Fluor 488 anti-human FOXP3 antibody was added and 
incubated for 30 min (at room temperature, in the dark). 
After that, cells were washed twice, re-suspended with 
cell staining buffer, and the fluorescence was measured 
using flow cytometry. Cells expressing CD4+/CD25high+/
FOXP3+ were determined as Tregs. The percentage of 
Tregs among mononuclear cells, which were gated based 
on SSC and FSC distribution, was calculated.

Cytokine and other parameter assessment

Additionally, serum and SF concentrations of IL-1β, 
IL-6, IL-17, IL-21, IL-23, and TNF-α in both JIA children 
and the controls were evaluated by ELISA method (R&D; 
Minneapolis, MN, USA and BioVendor; Brno, Czech Re-
public, respectively).

Finally, in all JIA children particular laboratory param-
eters were measured, such as blood morphology, including 
white blood cell (WBC) and platelet (PLT) counts, eryth-
rocyte sedimentation ratio (ESR), serum C-reactive protein 
(CRP) levels, rheumatoid factor (RF), antinuclear antibod-
ies (ANA), anti-cyclic citrullinated peptide (anti-CCP) an-
tibodies (Table 1), all by routine methods.

Statistics

The data obtained was analyzed by the STATISTICA 
10.0 software. Mean values and standard deviations (SD), 
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significant correlation between IL-6 serum concentrations 
and JIA PB Tregs (R = 0.31, p = 0.020).

Levels of TNF-α, IL-1β and IL-6 were significantly 
higher in SF than in JIA serum (p = 0.038, p = 0.013 and  
p < 0.001, respectively). In contrast, concentrations of 
IL-21 and IL-23 were higher in JIA serum than in SF  
(p > 0.05) (Table 2).

Th17 cells and Tregs and indicators  
of inflammatory process in juvenile idiopathic 
arthritis

In JIA PB, but not in SF, a significant relationship be-
tween Tregs and platelet levels was observed (p = 0.028). 
There was no significant correlation between Tregs and 
other indicators of inflammatory process (WBC count, 
ESR, CRP levels). Similarly, no correlations were found 
between Th17 cells and indicators of inflammation.

Discussion
This is a the first study performed on a big group of 

previously treatment naïve JIA children, showing correla-
tions between Th17 cells, Tregs or proinflammatory cy-
tokines in PB and SF. Suppressor function of Tregs may 
be impaired in rheumatoid process, but the data are not 
fully clear. de Kleer et al. [13] reported decrease percent-
age of PB Tregs in JIA children. Similar results showed 
Stelmaszczyk-Emmel et al. [14] in 12 patients with oli-
goarthritis and polyarticular type of onset. In contrast, Han 
et al. [15] reported increase in Treg levels in RA patients. 
In this study, we did not find statistically significant dif-
ferences in the proportion of PB Tregs in children with JIA 
compared with the healthy controls. In contrast, PB Th17 
cells ratios in JIA patients were significantly higher than 
in healthy children, what was in concordance with results 
of Omoyinmi et al. [16].

Table 2. Serum and synovial fluid (SF) concentrations of proinflammatory cytokines in children with juvenile 
idiopathic arthritis (JIA) and healthy controls (Ctrl)

Cytokines
(pg/ml)

Serum SF

JIA
n = 50

mean ± SD

Ctrl
n = 29

mean ± SD

JIA vs. Ctrl
p

n = 18
mean ± SD

Serum vs. SF
p

TNF-α 7.0 ±3.2 5.8 ±5.9 > 0.05 13.5 ±14.5 0.038

IL-1β 2.6 ±1.7 1.9 ±0.5 0.011 11.6 ±26.0 0.013

IL-6 62.6 ±98.2 11.8 ±4.9 0.007 2962.2 ±1273.3 < 0.001

IL-17 1.4 ±1.2 0.6 ±0.4 0.008 1.95 ±1.0 > 0.05

IL-21 656.5 ±2157.1 152.7 ±126.5 > 0.05 206.08 ±253.9 > 0.05

IL-23 93.5 ±139.6 23.5 ±43.2 0.023 62.74 ±97.1 > 0.05

19.9 ±13.2% vs. 19.6 ±10.6% vs. 19.8 ±19.2% for Tregs  
(p > 0.05), respectively.

Th17 cell and Tregs in synovial fluid of juvenile 
idiopathic arthritis children

Synovial fluid samples were obtained from 18 JIA pa-
tients (83% with oligoarthritis and 17% with polyarthritis). 
The percentages of Th17 cells in PB and SF were com-
parable (3.1 ±1.8% vs.1.7 ±1.1%; p > 0.05), whereas the 
mean rates of PB Tregs were distinctly higher than in SF 
(21.1 ±13.5% vs. 8.3 ±10.5%; p = 0.035).

The percentage of SF Th17 cells was also higher in 
oligoarthritis children, however, there was not statistically 
significant difference in comparison to polyarthritis (1.7 
±1.8% vs. 0.8 ±0.9%, respectively; p > 0.05). In oligoar-
thritis JIA the rate of Tregs in SF was significantly higher 
than in polyarticular type of onset (16.0 ±11.1% vs. 2.1 
±0.7%; p = 0.003).

There was no significant correlation between SF Th17 
cells frequency and JIA activity. Synovial fluid Treg ra-
tios were distinctly lower in high JIA activity (6.2 ±2.1%) 
than in children with low (15.9 ±17.2%) or medium (15.8 
±12.3%) activity of the disease (p < 0.05).

Proinflammatory cytokines: correlation with the 
disease parameters, Th17 and Treg cells

Serum levels of IL-1β, IL-6, IL-17 and IL-23 were 
found significantly higher in JIA than in controls (p = 
0.011, p = 0.007, p = 0.008 and p = 0.023, respectively) 
(Table 2).

The highest serum levels of IL-6 were observed in JIA 
oligoarthritis (p = 0.031). In turn, SF IL-21 concentra-
tion was distinctly higher in polyarticular subtype of the 
disease. Significantly higher levels of TNF-α, IL-1β and 
IL-6 in JIA SF, as compared to JIA PB were observed (p = 
0.038, p = 0.013 and p < 0.001, respectively). There was 
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confirms our data obtained in polyarticular and oligoar-
ticular type JIA onset. Also Agarwal et al. [22] reported 
elevated levels of IL-17 in SF of patients with both ERA 
and polyarticular type of JIA onset. On the other hand, 
de Jager et al. [23] observed elevated IL-6 levels in both 
JIA PB and SF, although in children with active disease  
SF IL-6 was significantly higher than in serum.

Moreover, in our study we examined correlation be-
tween the serum concentrations of proinflammatory cy-
tokines and the percentages of Th17 and Tregs in PB and 
SF. We found a significant correlation in PB between IL-6 
concentration and Treg percentage.

In addition, in children with JIA the correlation of 
the percentage regulatory and Th17 cells in PB and SF 
with basic laboratory indicators of inflammation such as 
WBC, PLT, ESR, CRP was analysed. In PB, a significant 
relationship between the percentage of Tregs and platelets 
levels was observed. However, in the synovial fluid no sig-
nificant correlation was shown.

In summary, in JIA children the ratio of PB Th17 cells 
is significantly higher than in healthy subjects. Juvenile 
idiopathic arthritis SF concentrations of TNF-α, IL-1β, 
IL-6 and IL-17 are higher then in serum of JIA children, 
what can be responsible for the persistent inflammation in 
involved joints. We found correlation between PB Treg 
ratios and serum IL-6 levels, what may confirm the role 
of that cytokine on Th17 phenotype differentiation. These 
disturbances of Tregs, Th17 cells and inflammatory cyto-
kines in treatment naive JIA children may play a signifi-
cant role in development of autoimmunization and further 
course of the disease. In conclusion, these results argue for 
activation of Th17 cells in PB and SF in children with JIA, 
which may be responsible for the development of autoim-
munity and the explosion of local, chronic inflammation 
in the joints.
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