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Abstract

Objectives To measure regulatory T cell (Treg) levels in the peripheral blood of children with juvenile idiopathic
arthritis (JIA) and analyse the association of this measure with disease activity, quality of life, adjustment of treatment,
and hospitalisation.

Methods We conducted a two-phase study (cross-sectional and prospective), including consecutive children with
a JIA diagnosis according to ILAR criteria. Our independent variables were Tregs, Th1, Th2, and cytokines in peripheral
blood, and our dependent variables in the cross-sectional phase were arthritis category, JIA activity, and patient-
reported outcomes. To test associations, we used Spearman’s correlation coefficient and the Mann-Whitney U test.

In the prospective phase, we explored the probability of treatment adjustment and hospitalisation for JIA during
follow-up according to Tregs levels at baseline, using Cox proportional regression.

Results Our sample included 87 participants (median age 11 years, 63.2% girls). Tregs were not associated with
most variables of interest. However, we found that higher Tregs concentration was associated with lower erythrocyte
sedimentation rate (ESR) and better subjective disease status and course, while higher IL.-10 and TGF-3 levels were
associated with lower ESR, less pain, and better subjective disease status We found no association between Tregs and
treatment adjustments or hospitalisation.

Conclusions Higher baseline Treg levels in the peripheral blood of children with JIA may be associated with reduced
disease activity and better quality of life, though were not informative on the inflammatory progression on the
follow-up.

Significance and innovations
- Treg levels were inversely associated with lower inflammatory markers (ESR) and better disease status and
course as perceived by participants and their parents.
- We found no differences in Treg and cytokine levels according to category of JIA.
- Tregs were not predictive of further treatment optimisation or escalation during prospective follow-up.
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Introduction

Juvenile idiopathic arthritis (JIA) refers to different forms
of chronic arthritis of unknown origin with onset before
age 16. While rare, JIA is the most common childhood
rheumatic disorder. One systematic review estimated
global incidence and prevalence of JIA in European chil-
dren at 8.3 per 100,000 and 32.6 per 100,000, respectively
[1]. The 2001 International League of Associations for
Rheumatology (ILAR) classification, accepted worldwide
[2], includes seven JIA categories. However, some studies
suggest it does not fully align with the pathophysiological
evidence [3, 4]. Efforts are ongoing to revise ILAR criteria
to define more homogeneous clinical groups, incorporat-
ing laboratory markers and clinical attributes [5].

Modern treatment strategies have markedly improved
the outcomes of chronic pain, disability, and quality of life
in children with JIA, but there is still room for improve-
ment [6, 7]. Ten years after disease onset, less than 50% of
children with JIA achieve drug-free remission [8], though
the numbers vary across studies according to the defini-
tion of remission [9-11]. Some studies have found that
drug-free remission is more common in oligoarticular
JIA, and less common in polyarticular and enthesitis-
related arthritis (ERA) categories [12, 13]. Certain clinical
variables at diagnosis (such as JIA category, joint counts,
and pattern of joint involvement) can help to predict
subsequent outcomes (mainly remission, disability, and
articular damage), though with only moderate accuracy
[14, 15]. Consequently, there is a need to identify more
accurate predictors.

Different pathogenic mechanisms involved in JIA
cause an imbalance between regulatory and effector
cells [16, 17], but these mechanisms are not fully under-
stood. Recent discoveries related to biomarkers, genet-
ics, proteomics, and microbiomics could help clinicians
to establish a more personalised prognosis and treatment
for individuals with JIA [3, 4, 18—20]. Regarding cellular
involvement in the disease, there is consistent evidence
of an association between effector T cells and JIA patho-
physiology, as exemplified by the role of reactive oligoclo-
nal T cell receptor subsets in pro-inflammatory responses
and disease activity [16, 17, 21]. Moreover, there is major
interest in evaluating the role of regulatory T cells (Tregs,
a subset of T helper (Th) cells) in the pathogenesis of
autoimmune disease. Tregs are characterised by CD4,
CD25, and CD127 markers and are highly enriched for
forkhead box P3 (FOXP3) expression. They prevent aller-
gies, maintain self-tolerance, and control immune reac-
tions [22]. Research has demonstrated the potential role
of Tregs in some rheumatic diseases, such as systemic
lupus erythematosus (SLE) [23], rheumatoid arthritis
[24], autoimmune myositis [25], and systemic sclerosis
[26]. In JIA, some studies have assessed plasma and syno-
vial Treg levels, but the combined evidence is insufficient
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to draw robust conclusions about their implication in
the disease owing to small simple size and varied results
across different studies [27, 28]. Interestingly, some data
suggest T cells can display effector and regulatory func-
tion, and this plasticity may play an important role in the
pathogenesis of JIA [29, 30]. Evidence on the regulatory
mechanism in JIA may help us to better understand the
variability among JIA categories and to establish more
accurate prognoses.

We aimed to measure Treg levels in the peripheral
blood of children with JIA and analyse the association
of this measurement with JIA category, disease activ-
ity, quality of life, and subsequent outcomes during
follow-up.

Materials and methods

Our study comprised two phases. In the first phase, we
performed a cross-sectional assessment in patients with
JIA to gauge differences in Tregs and cytokines according
to JIA categories and other disease features. In the sec-
ond phase, we conducted prospective follow-up to evalu-
ate whether Tregs could predict treatment adjustment or
hospitalisation. Our study was carried out in two hospi-
tals in south-eastern Spain.

We included consecutive children with a JIA diagno-
sis according to the ILAR criteria [2] when they attended
the rheumatology clinics of participating hospitals during
the recruitment period (February 2019 to July 2020). The
follow-up period for all participants was until February
2022. Our only exclusion criterion was refusal to partici-
pate in the study. The ethics committees of both hospitals
approved the study (reference number 2018-7-3-HCUVA
for the Clinical Research Ethics Committee of Virgen de
la Arrixaca hospital, and reference number 190,626 for
the Drug Research Ethics Committee of Alicante Health
Department — General Hospital). We obtained written
informed consent from participants or their parents in
accordance with Spanish legislation. Our study meets the
Declaration of Helsinki criteria.

Baseline visit

Primary variables

Our independent variables were the percentage of Treg,
Thl, and Th2 populations measured by flow cytom-
etry in peripheral blood. T cell subsets were analysed
in fresh samples within 24 h of blood collection and
stained as previously described [31]. Briefly, we detected
Tregs by performing surface staining with CD3:APC,
CD4:FITC, and CD25:PE-Cy7 followed by intracellu-
lar staining with FoxP3:PE or its corresponding isotype
control. To quantify Thl and Th2 peripheral responses,
we performed surface staining using CD3:APC and
CD4:FITC antibodies followed by intracellular stain-
ing with T-bet: PE, Gata3:BV421, or their respective
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isotype controls. We purchased all antibodies from Bec-
ton Dickinson, acquired tubes using a FACS Canto II
flow cytometer, and analysed data with Flow]Jo cell analy-
sis software (Becton Dickinson). We described Tregs as
CD3*CD4*CD25%FoxP3*, Th1 as CD3*CD4*T-bet", and
Th2 as CD3*CD4%Gata3*; and we expressed values for
Treg, Thl, and Th2 peripheral responses as the percent-
age of total CD37CD4* cells (Th cells). Supplementary
Fig. 1 shows a representative gating strategy used in this
study.

We also measured a panel of pro- and anti-inflam-
matory cytokines (interferon-gamma (IFN-y), interleu-
kin (IL)-4, IL-6, IL-10, and transforming growth factor
beta (TGF-)) in serum samples of all participants using
enzyme-linked immunosorbent assays (ELISAs). Serum
samples for ELISA determinations were obtained after
gradient centrifugation of peripheral blood and stored
at —20 °C. We used Quantikine Human ELISA kits from
R&D Systems (Minneapolis, MN), following the manu-
facturer’s instructions for all assays. All samples were
tested in triplicate and read in an automated microplate
reader. Standard curves were generated for each plate,
and the average zero standard optical densities were sub-
tracted from the rest of standards, controls, and samples
to obtain a corrected concentration for all cytokines.

Secondary variables
Our secondary variables at baseline included clinical and
laboratory data, disease activity, and functional status.

For clinical variables, we recorded JIA category accord-
ing to ILAR classification [2]. In view of the clinical
heterogeneity in JIA and recent reclassification propos-
als based on genetic and phenotypic features, we also
explored the following groups: systemic JIA, oligoarticu-
lar-persistent JIA, oligoarticular-extended JIA, rheuma-
toid factor (RF)-negative polyarticular JIA, RF-positive
polyarticular JIA, ERA, psoriatic JIA, and undifferenti-
ated JIA [3]. Moreover, we subclassified cases accord-
ing to the age of onset (<six years (early) versus >six
years (late)) [5]. Furthermore, we recorded age, sex, cur-
rent and previous treatments (including intra-articular
agents), presence of extra-articular manifestations, and
current joint counts. Laboratory variables of interest
were the acute-phase reactants C-reactive protein (CRP)
and erythrocyte sedimentation rate (ESR), as well as
blood counts. To obtain the clinical and laboratory data,
we reviewed medical records, conducted face-to-face
interviews with participants and parents on the day of
enrolment, performed physical examinations, and took
blood samples.

To determine disease activity and functional status, we
used Wallace criteria and the Juvenile Arthritis Disease
Activity Score (JADAS). The JADAS comprises four vari-
ables: physician global assessment, parent/participant
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global assessment, active joint count (different versions of
the instrument test 71, 27, or 10 joints; we used all three
versions), and acute-phase reactant (we used the versions
that include ESR and CRP [32], and also the three-vari-
able JADAS without an acute-phase reactant [33]).

To record quality of life, we used the Juvenile Arthritis
Multidimensional Assessment Report (JAMAR), which
groups the main patient-reported outcomes (PROs) rele-
vant to JIA and provides clinicians with a complete over-
view of patients’ status. [34]. This questionnaire includes
15 measures: functional ability on a scale of 0 to 30; pain
intensity on a 10-cm visual analogue scale (VAS); qual-
ity of life on the Paediatric Rheumatology Quality of Life
Scale (PRQL), with a total score ranging from 0 to 30
(0 to 15 for physical health and 0 to 15 for psychosocial
health); overall patient wellbeing on a 10-cm VAS; pain
or swelling in joints; morning stiffness; extra-articular
symptoms; level of disease activity on a 10-cm VAS; dis-
ease status (remission, continued activity, or relapse); dis-
ease course (much improved, slightly improved, stable,
slightly worsened, much worsened) since last visit; drugs;
side effects; difficulties with medication; school problems
related to JIA; and a question about satisfaction with the
disease outcome.

Follow-up assessment

After the enrolment visit, we reviewed each partici-
pant’s electronic case reports over the follow-up period.
The outcome variables of interest were the occurrence of
treatment adjustment or hospitalisation. Treatment opti-
misation was considered when treating clinical decided
any dose reduction (with no specific threshold in mg/kg/
day) or suspension of glucocorticoids, disease-modifying
drugs, or biological therapies. Treatment intensification
was defined as administration of intra-articular injec-
tions, any dose increase, or initiation of glucocorticoids,
disease modifying drugs, or biological therapy.

We only counted hospitalisations due to disease activ-
ity and not due to infectious complications, drug toxicity,
or other concurrent complications, according to elec-
tronic discharge reports.

The follow-up period was from date of enrolment until
the outcome or end of follow-up (28 February 2022).

Statistical analysis

For quantitative variables, including the indepen-
dent variable (Tregs, expressed as percentage of total
CD3*CD4" cells in peripheral blood), we reported
medians and interquartile ranges (IQRs) because the
Kolmogorov-Smirnov test showed a non-normal distri-
bution. For categorical variables, we reported absolute
and relative frequencies. As there are no available refer-
ence values for Tregs, we also categorised this variable at
its median (below or above 1.67%) and in its terciles (T1:
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below 1.29%; T2: 1.29-2.18%; T3: above 2.18%) to assess
associations.

To study the association of Treg levels with other
clinical and laboratory variables, we used Spearman’s
rank correlation coefficient for quantitative variables,
the Mann-Whitney U test for binary variables, and the
Kruskal-Wallis H test for multicategorical variables.
Spearman’s coefficient ranges from —1 to 1. There are
several possible approaches to linking grades with a

Table 1 Demographic and clinical characteristics of the study
population (n=87) at baseline
Variables

Demographic characteristics
Sex (female)

Current age in years, median (IQR)
JIA characteristics

Data®

55 (63.2%)
11(7;15)

Disease duration at the last visit, median (IQR) 2(5;,9

JIA category

Systemic 6 (6.9%)
Oligoarticular, persistent 39 (44.8%)
Oligoarticular, extended 6 (6.9%)
Polyarticular RF negative 16 (18.4%)
Polyarticular RF positive 3(3.4%)
Psoriatic 7 (8.0%)
ERA 6 (6.9%)
Undifferentiated 4 (4.6%)
Extra-articular manifestations 24 (27 6%)
Uveitis 10 (11.5%)
Psoriasis 8(9.2%)
Others® 6 (6.8%)
Treatment

No current treatment 29 (33.3%)
Conventional synthetic DMARDs 42 (48.3%)
Biological DMARDs 40 (46.0%)
Laboratory data

ESR (mm/h), median (IQR)" 6(2;13)

CRP (mg/dL), median (IQR)?
Disease activity state

Remission (by Wallace criteria)
Remission (by JADAS27-ESR< 1)¢
Remission (by JADAS27-CRP < 1)¢
Quality of life

0.08 (0.05;0.22)

69 (79.3%)
42 (50.6%)
45 (52.3%)

PRQL - JAMAR, median (IQR)* 1(0;5)
Physical (JAMAR), median (IQR) 1(0;3)
Psychosocial (JAMAR), median (IQR) 0(0;2)

Satisfaction with disease outcome (JAMAR)® 75 (90.4%)
?Data shown as frequencies and percentages, unless specified otherwise

bInflammatory bowel disease and more than one type
This analysis included 83 participants
9This analysis included 86 participants

CRP: C-reactive protein; DMARDs: disease modifying anti-rheumatic drugs;
ERA: enthesitis related arthritis; ESR: erythrocyte sedimentation rate; IQR:
interquartile range; JADAS: Juvenile Arthritis Disease Activity Score; JAMAR:
Juvenile Arthritis Multidimensional Assessment Report; JIA: juvenile idiopathic
arthritis; PRQL: Pediatric Rheumatology Quality of Life Scale; RF: rheumatoid
factor
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weak, moderate, or strong relation; for this study we used
the following cutoff points [35]: 0.00-0.09, no correla-
tion; 0-10-0.39, weak correlation; 0.40-0.69, moderate
correlation; 0.70—0.89, strong correlation; 0.90-1.00, very
strong correlation.

In the longitudinal phase of the study, we registered the
occurrence of the outcomes of interest (treatment opti-
misation, treatment escalation, hospitalisation due to
disease activity) and calculated their incidence rate. The
index date was the date of enrolment in the study, and the
final date was when the outcome occurred or the end of
follow-up (28 February 2022). We used a Cox regression
model to define the associations of the baseline levels of
Tregs, other T cells, and cytokines with the different out-
comes as hazard ratios (HRs) with their 95% confidence
intervals (CIs). Where we found multiple variables with a
significant association, we used multivariable adjustment,
unless there was a close association with other covariates.

We performed the statistical analyses with SPSS statis-
tical software v25 (IBM, Armonk, NY), defining the level
of significance as P<0.05.

Results
Our study included 87 children. All the children we
approached agreed to participate.

Baseline visit
Clinical characteristics
Table 1 shows participants’ clinical and laboratory data.
The median age was 11 years (IQR 7 to 15), 63.2% were
girls, and the most common JIA category was oligoar-
ticular-persistent (44.8%) (Fig. 1). At baseline, 79.3% of
participants were in remission according to the Wallace
criteria. Participants’ and parents’ perception of disease
activity was remission in 62.7% of cases, persistent activ-
ity in 20.5%, and relapse in 16.9%. The vast majority of
participants were satisfied with disease course (90.4%).
The median levels of T cells and cytokines were: Tregs,
1.67% (IQR 0.96-2.58); Th1, 1.15% (IQR 0.42-2.07); Th2,
1.20% (IQR 0.74-1.86); IFN-y, 4.34 pg/mL (IQR 3.23-
8.39); IL-6, 13.73 pg/mL (IQR 10.74-17.23); IL-4, 3.66
(IQR 3.20-4.31); IL-10, 7.17 pg/mL (4.19-9.54); TGE-f,
5.95 pg/mL (4.33-7.25).

Association between tregs and variables of interest at
baseline

Tables 2 and 3 show the associations of out indepen-
dent variables with quantitative and qualitative depen-
dent variables, respectively. We found no associations
between Treg levels and sex, age, or JIA category accord-
ing to ILAR criteria (Fig. 1); nor was there an association
with JIA category according to the five-group reclassifi-
cation (p=0.733). We found no differences in Treg lev-
els when we compared oligoarticular-persistent versus
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Fig. 1 Level of regulatory T cells (as % of total CD3*CD4") according to
JIA category, represented as mean and 95% confidence interval. ERA: en-
thesitis-related arthritis; Oligo Ext: oligoarticular-extended arthritis; Oligo
Pers: oligoarticular-persistent arthritis; Psor: psoriatic arthritis; RF- Poly:
rheumatoid factor-negative polyarticular arthritis; RF+Poly: rheumatoid
factor-positive polyarticular arthritis; Syst: systematic arthritis; Undiff: un-
differentiated arthritis
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oligoarticular-extended plus RF-negative polyarticular
JIA, versus psoriatic plus enthesitis related arthritis, and
oligoarticular extended plus negative RF polyarticular
plus psoriatic and enthesitis related arthritis reported no
differences among groups (p=0.340, p=0.965, p=0.204
respectively). No other group comparisons were possible
because there were very few individuals in some catego-
ries. Treg levels were similar in patients with early disease
onset and late disease onset (1.68% (IQR 1.05-2.90) ver-
sus 1.67% (IQR 0.77-2.50); p=0.561).

Interestingly, our results suggest that high levels of
Tregs are associated with lower ESR levels and better
perception of course and status of the disease accord-
ing to the JAMAR questionnaire; while the anti-inflam-
matory cytokines IL-10 and TGEF-p are associated with
lower ESR levels, less pain, and better perception of dis-
ease status.

Follow-up assessment

Outcomes during follow-up and Tregs as predictors

Table 4 presents the results at the end of follow-up. There
were 28 treatment intensifications and 31 optimisations.
The most common category of intensification was initia-
tion of a biological drug (21%), while the most common
category of optimisation was suspension of a biologi-
cal drug (29%). The median length of follow-up was 26
months (IQR 12-32) for optimisation and 26 months

Table 2 Correlation between levels of peripheral T cells (%) and cytokines (pg/mL) and continuous variables of interest at baseline
visits, expressed as Spearman’s rank correlation coefficient with its p value in parenthesis

Treg Th1 Th2 IFN-y IL-6 IL-4 IL-10 TGF-B

Ageatonset  —0033(0.766) —0.051(0.644) 0.155(0.160) —0.093 (0402)  —0.109(0.325) —0.070 (0.524) 0.002 (0.982) 0.030
(0.784)

ESR (mm/hr)  —0.247 (0.025) 0029 (0.801)  —0.017(0.884)  0.004 (0.970) 0.111(0326) -0.119(0.292) —0.257 (0.021) —0.267
(0.017)

CRP (mg/dL)  —0.150(0.172) -0.159(0.151)  —0.010(0.929) —0.075(0.500)  —0.066 (0.553) —0.247 (0.024) —0.147(0.185)  —0.200
(0.069)

Active joints  —0.058 (0.593) —0.027(0.808)  —0.146 (0.186) —0.049 (0.660) 0.009 (0.932) —0.302(0.005) —0.078(0483) —0.111
(0.314)

JADAS27-ESR 0084 (0456) —0.063(0578)  —0.150(0.183) —0.100(0379)  —0.033(0.772) —0214(0.056) —0.141(0.213) —0.211
(0.060)

JADAS27-CRP  —0.048 (0.664) —0.086(0.439)  —0.148(0.181) —0.105(0.346)  —0.049 (0.660) —0.159(0.152)  —0.095 (0.395) —0.167
(0.132)

VAS - pain —-0.161(0.149)  —0.142 (0210)  —0.073(0.522) —0.166(0.142)  —0.126 (0.267) —0.031(0.785) —0.220 (0.050) —0.327
(JAMAR) (0.003)
VAS -wellbe-  —0.048 (0.667) —0.056 (0.624) 0.030(0.789) -0.072(0.528)  —0028(0.803) —0.140(0215) —0.121(0285) —0.174
ing (JAMAR) (0.122)
VAS - activity 0034 (0.761) —0.101(0374)  —0.151(0.181) —0.123(0277)  —0.090(0427) —0.123(0278) —0.064(0.576) —0.172
(JAMAR) 0.127)
PRQL (JAMAR) -0.132(0.237) —0.025(0.825)  —0.019(0.865) —0.086 (0.449) 0.002 (0.989) —0.171(0.129) —0.177 (0.087) —0.298
(0.007)

PhQL JAMAR) -0.141(0.207) —0.041(0.717)  —0.065(0.570) —0.111(0326)  —0.037 (0.747) —0.232(0.039) -0.071(0.532) —0.305
(0.006)

In bold, statistically significant results

CRP: C-reactive protein; ESR: erythrocyte sedimentation rate; IFN-y: interferon gamma; IL: interleukin; JADAS: Juvenile Arthritis Disease Activity Score; JAMAR:
Juvenile Arthritis Multidimensional Assessment Report; PhQL: Physical Quality of Life; PRQL: Pediatric Rheumatology Quality of Life Scale; TGF-f: transforming

growth factor beta; Treg: regulatory T cell; VAS: visual analogue scale
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Table 3 Association between levels of peripheral T cells (%) and cytokines (pg/mL) and categorical variables of interest at baseline

visits
Treg Th1 Th2 IFN-y IL6 L4 IL10 TGF-B

Sex

Female 170 (1.00;2.53) 100 (041;  121(0.74; 424 (335;808) 1351 (1063; 380(3.14; 6.85 (4.09; 562 (4.23;
1.93) 1.88) 17.80) 459) 9.16) 6.86)

Male 1.78 (1.05;3.03) 1.26 (0.46; 1.18(0.73; 4.90(3.10;880) 15.34(11.00; 362 (3.24; 8.06 (4.48; 6.12 (5.07;
2.08) 1.57) 16.95) 4.08) 9.73) 7.65)

p value 0.197 0.464 0516 0974 0.713 0.685 0.155 0.080

JIA category

Systemic 1.85(1.41;2.77) 0.65(042; 1.30(0.98; 39(3.08;6.17) 1244 (10.99; 459 (3.78; 7.85 (5.74; 6.19 (5.31;
1.69) 1.78) 17.89) 5.10) 9.74) 7.46)

Oligoarticular 1.96(1.23;2.73) 1.15(047; 1.07 (0.73; 465 (3.15;8.19) 13.73 (10.66; 3.61(3.20; 744 (481; 6.23 (4.19;

(persistent) 1.97) 1.83) 17.47) 4.07) 9.26) 749)

Oligoarticular 1.35(0.92;1.84) 258(0.29; 145 (0.83; 8.36(3.60;9.69) 17.99 (10.79; 4.58 (3.58; 522 (391; 5.07 (4.29;

(extended) 2.97) 3.19) 18.15) 6.05) 7.76) 591)

Polyarticular 1.72(0.75;3.03) 0.61(0.21; 1.49 (0.55; 4.00 (3.20; 14.28 (1042, 4.00 (3.14; 548 (3.58; 6.05 (3.66;

(RF-negative) 1.79) 241) 10.30) 16.87) 5.20) 9.63) 7.65)

Polyarticular 0.82(0.39;NC)  1.1(0.23;NC) 0.79(0.66;NC) 3.86(3.60;NC) 13.29(1044;NC) 3.14(3.00;NC) 3.54(3.36;NC) 4.33(2.99;

(RF-positive) NC)

ERA 1.99 (1.65;3.08) 2.08 (0.35; 1.19 (0.55; 8.30(3.04;9.07) 1648 (10.54; 3.50(2.74; 842 (7.50; 6.28 (5.29;
242) 1.70) 17.23) 4.70) 9.86) 7.96)

Psoriatic 1.50 (1.06; 1.87) 1.20 (0.60; 1.28 (0.83; 4.04 (3.50;8.80) 13.55(12.06; 3.60 (3.26; 6.66 (5.24; 5.59 (5.07;
2.36) 1.89) 16.95) 4.28) 7.75) 6.80)

Undifferentiated 1.24(0.75;2.71) 0.73(0.12; 0.91 (0.66; 3.56 (2.64;7.01) 11.91(8.50;16.18) 347 (3.17; 563 (343; 5.06 (3.86;
1.87) 1.30) 3.78) 9.87) 6.16)

p value 0.687 0.834 0.887 0.777 0911 0.332 0.544 0.400

Intra-articular

injections

No 1.70(0.89;2.81) 0.57(0.21; 1.20(0.67; 3.78(3.05;4.33) 12.35(10.29; 397 (3.27; 722 (3.74; 5.82 (4.30;
1.17) 1.63) 14.62) 5.10) 9.63) 7.24)

Yes 1.72 (1.06; 2.56) 1.38 (0.45; 1.18 (0.74; 4.90 (3.50;8.80) 14.29 (10.68; 3.62 (3.20; 7.16 (4.22; 591 (4.36;
2.36) 1.89) 17.26) 4.30) 9.35) 7.18)

p value 0.963 0.016 0.671 0.019 0.040 0.363 0.501 0.757

Systemic therapy

No treatment 1.99(1.29;2.86) 0.60(0.21; 1.28(0.74; 4.00(3.05;7.75) 125(10.20; 16.80) 3.91 (3.26; 831(5.22; 6.28 (4.80;
1.88) 1.90) 4.40) 10.04) 7.63)

csDMARD only 1.65(0.69;246) 1.21(0.29; 1.13(0.80; 3.91(3.08;9.02) 13.80(10.30; 3.67(3.23; 7.05(3.77; 551 (3.60;
1.92) 1.80) 15.90) 4571) 9.40) 7.03)

bDMARD only 148 (1.05;2.15) 1.31(047; 1.07 (0.65; 4.90(3.21;13.5) 14.20(10.6;186) 3.95 (3.50; 5.94 (4.48; 5.26 (4.29;
3.63) 2.03) 5.10) 7.26) 6.25)

¢sDMARD and 1.87(0.93;3.09 1.26(0.57; 1.09(0.74; 4.70(3.98;8.26) 14.20(12.20; 324 (3.02; 762 (3.92; 6.00 (4.35;

bDMARD 2.21) 1.76) 18.20) 3.80) 9.19) 7.23)

p value 0.711 0425 0.933 0464 0.498 0.070 0481 0.326

Remission (Wal-

lace criteria)

No 1.58(1.03;239) 1.21(0.39; 1.10(0.72; 480 (3.09;8.32) 14.69(10.28; 3.26 (3.03; 6.99 (4.15; 5.75(4.19;
2.33) 1.40) 17.06) 4.08) 8.53) 7.00)

Yes 1.78(1.01;2.66) 1.05(0.44; 1.22(0.74; 4.20(3.35;8.38) 13.58(10.93; 3.80(3.23; 7.26 (4.18; 6.05 (4.33;
1.99) 1.91) 17.22) 4.49) 9.60) 7.23)

p value 0.746 0.944 0.449 0.781 0.939 0.056 0.679 0.520

Status of disease

(JAMAR)

Remission 2.09(1.30;298) 1.26(0.53; 1.32(0.74; 4.55(3.67;882) 14.06(11.97; 3.80(3.28; 8.04 (5.08; 6.30 (4.88;
247) 1.91) 17.25) 4.40) 9.70) 7.57)

Continued activity 1.04 (0.66; 1.78) 0.88 (0.38; 0.79 (0.69; 4.28(2.98;8.03) 14.28(10.33; 3.60 (3.07; 422 (3.63; 433(3.28;
1.61) 1.34) 16.71) 4.19) 7.28) 5.95)

Relapse 1.66 (1.45;3.05) 1.29(0.40; 1.15(0.70; 5.00(3.40;858) 14.61(10.82; 3.17 (3.00; 7.12 (6.06; 5.75 (5.00;
2.74) 2.14) 18.07) 4.75) 9.64) 7.62)
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Table 3 (continued)
Treg Th1 Th2 IFN-y IL6 L4 IL10 TGF-B
Sex
p value 0.0367 0.500 0.498 0.393 0.761 0.232 0.0217 0.0067
Course of dis-
ease (JAMAR)
Much improved  2.15(1.36;3.39) 147 (0.67; 1.09 (0.74; 7.75(3.70;9.60) 15.40 (12.26; 3.80(3.28; 8.54(5.17; 6.80 (5.07;
2.58) 2.08) 18.14) 4.40) 10.24) 7.66)
Slightly improved  1.66 (1.64;3.26) 1.26 (0.36; 1.12(0.58; 540 (3.08;8.94) 13.58(10.62; 3.40 (2.80; 8.06 (6.68; 5.75 (5.24;
2.32) 2.03) 16.48) 5.50) 9.63) 8.44)
Stable 1.41(0.77;2.17) 0.96 (0.38; 1.22(0.74; 4.11(3.12;5.30) 13.51(10.30; 3.75(3.15; 5.94 (3.68; 5.14(3.82;
142) 1.74) 16.14) 4.23) 8.51) 6.21)
Slightly worsened 129 (1.01;1.89) 1.39 (048; 1.35(0.75; 4.60 (3.39; 15.68 (10.61; 3.34(2.95; 6.05 (3.67; 548 (4.17;
3.31) 2.60) 10.01) 18.84) 5.30) 7.39) 6.29)
Much worsened  NC NC NC NC NC NC NC NC
p value 0.04511 0.276 0.886 0.219 0.525 0627 0.050 0.068

Data expressed as medians (interquartile range). In bold, statistically significant results. # All comparisons within pairs of categories also yielded significant results.
t1In single comparisons, Tregs in the “much improved” category were significantly higher than in “stable” or in “slightly worsened”, while were not different to those

that “slightly improved”

bDMARD: biological disease-modifying antirheumatic drug; csDMARD: conventional synthetic disease-modifying antirheumatic drug; ERA: enthesitis related
arthritis; IFN-y: interferon gamma; IL: interleukin; JADAS: Juvenile Arthritis Disease Activity Score; JAMAR: Juvenile Arthritis Multidimensional Assessment Report;
NC: not calculated (due to very low numbers in this category); PhQL: Physical Quality of Life; PRQL: Pediatric Rheumatology Quality of Life Scale; RF: rheumatoid
factor; TGF-f: transforming growth factor beta; Treg: regulatory T cell; VAS: visual analogue scale

Table 4 Association between baseline levels of peripheral T-cells
and cytokines and treatment changes during follow-up

OPTIMISATION INTENSIFICATION

HR (95% CI) p value HR (95% ClI) p value
Tregs 0.76 (0.53;1.11) 0.140 1.03(0.73; 1.44) 0.882
Thilcells 1.06(091;1.22) 0455 00(0.84;1.19)  0.989
Th2 cells 0.74(048; 1.13) 0.162 1.19(0.95; 1.47) 0.128
IFN-y 1.02(095;1.09) 0659 1.00(0.92;1.08)  0.997
IL-6 1.01 (0.99; 1.03) 0.454 0.99 (0.94; 1.04) 0.687
IL-4 0.84 (0.60; 1.19) 0319 1.08 (0.79; 1.49) 0.621
IL-10 092(0.81;1.05) 0223 099(0.87;1.14) 0928
TGF-B 0.79 (0.64; 0.98) 0.031 1.03(0.84; 1.25) 0.812

Optimisation: reduction or cessation of glucocorticoids, disease-modifying
drugs, or biological therapy; Intensification: intra-articular injections; increase
or initiation of glucocorticoids, disease modifying drugs, or biological therapy

Cl: confidence interval; HR: hazard ratio; IFN-y: interferon gamma; IL: interleukin;
TGF-B: transforming growth factor beta; Th: T helper; Tregs: regulatory T cells

(14-31) for intensification. There were no hospitalisa-
tions due to disease activity, and we found no associa-
tion between baseline Tregs and therapy intensification
(indicative of disease worsening) or optimisation (indica-
tive of disease remission).

Discussion

Previous studies have examined the role of Tregs in JIA
aetiopathogenesis, mainly in oligoarticular and polyar-
ticular categories, focusing on their frequency and ability
to control inflammatory response [27, 28, 36—38]. Here,
we examined the association between Tregs and relevant
variables in clinical practice, such as inflammatory mark-
ers, disease activity, and PROs, to establish whether Tregs
may be a useful marker in routine care. After analysing
Tregs and cytokines in 87 children with all categories

of JIA in a real-life setting, we found no associations for
most variables of interest. However, Tregs and cytokines
related to immune modulation (IL-10 and TGF-p) were
inversely associated with ESR, and IL-10 and TGE-p were
also inversely associated with pain. Interestingly, higher
levels of Tregs, IL-10, and TGF- were associated with a
subjective perception of better disease status, and higher
Tregs levels with better disease course. Furthermore, we
were able to include a prospective evaluation to analyse
the potential predictive role of Tregs for further treat-
ment adjustments, though we found no relation.

Quality of life and other PROs are important tools in
JIA. They reflect patients’ and parents’ perception of the
disease and treatments, helping clinicians to make treat-
ment decisions and improve therapeutic compliance [39,
40]. In this sense, one novel finding was the link between
subjective perception of disease activity by participants
or their parents (e.g., pain, physical quality of life, disease
status, disease course) and levels of IL-10 and TGEF-f.
This suggests that an increased Treg population is asso-
ciated with upregulated TGF- and IL-10 production in
peripheral blood, likely leading to clinical wellbeing in
children with JIA. Conversely, Th2 response (IL-4 lev-
els) was inversely associated with CRP, active joints at
baseline, and physical function measured by the JAMAR
questionnaire. As Th2 response counteracts inflamma-
tion driven by Thl, our findings could reveal the anti-
inflammatory pathway for children with JIA in remission
[41]. Further research is needed to clarify these results.

Our study included a long follow-up of participants’
disease activity outcomes, assessed as subsequent hospi-
talisations and treatment adjustment. To the best of our
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knowledge, there are no similar analyses of Tregs in the
JIA literature. No hospitalisation occurred in the follow-
up period, and changes in treatment (optimisation and
intensification) were unrelated to Treg levels. However,
higher TGF-p concentration was associated with lower
rates of optimisation therapy. We consider this a mean-
ingful result because TGF-} promotes stability and devel-
opment of Tregs [42]. The attending physician did not
have access to participants’ Treg and cytokine levels, so
decisions to optimise or intensify treatment were made
on clinical grounds. A possible explanation for the lack
of association between Tregs and treatment adjustment
is that Tregs were measured at a single time point. Future
studies should assess whether repeated measures could
better reflect the immune system status and predict
outcomes.

One strength of our study was the detailed clinical
profiling of participants. We recorded variables related
to disease onset, baseline situation, and follow-up. Par-
ticipants shared their insights of the disease through
structured and validated questionnaires. However, we
must acknowledge some limitations. We were unable to
include synovial fluid analysis and had to use peripheral
blood results as a surrogate marker of the joint process.
Most participants were in remission with ongoing treat-
ment when they were included the study, which ham-
pered adequate differentiation between disease activity or
remission, and may have masked potential influences of
therapies. Recruitment of treatment-naive patients with
recent disease onset would be of utmost interest. Nev-
ertheless, we found relevant associations related to ESR
levels and participant-reported outcomes. Our sample
only included children with JIA, and no control groups.
In our study, percentage of Tregs in peripheral blood
(1.68%) was lower than previously reported in healthy
people (5-10%) [43], in line with previous research [27].

Despite cumulative data suggesting a key role of Tregs
as immune modulators in several inflammatory condi-
tions (including JIA), we were unable to confirm this
hypothesis, though we found weak associations with ESR
levels and participant-reported disease status. Moreover,
peripheral Tregs were not predictors of subsequent treat-
ment adjustment (neither escalation nor optimisation).
Our findings do not support using peripheral Treg levels
as an indicator of disease activity in JIA in clinical prac-
tice. Future research should focus on the local function of
Tregs (in synovial tissue).

Conclusion

According to our data, higher Treg levels in the periph-
eral blood of children with JIA may be associated with
reduced disease activity and better quality of life, but they
were not predictive of inflammatory course during fol-
low-up. However, with future advancements in artificial

Page 8 of 10

intelligence and big data, Tregs may become a valuable
measure for such purposes.

Abbreviations

CRP C-reactive protein

a Confidence interval

ELISA Enzyme-linked immunosorbent assays
ERA Enthesitis-related arthritis

ESR Erythrocyte sedimentation rate

FOXP3 Forkhead box P3

HRs Hazard ratios

IFN y-Interferon-gamma

IL Interleukin

ILAR International League Associations of Rheumatology
IQR Interquartile range

JADAS  Juvenile Arthritis Disease Activity Score

JAMAR  Juvenile Arthritis Multidimensional Assessment Report
JIA Juvenile idiopathic arthritis

PROs Patient-reported outcomes

PRQL Quiality of life on the Paediatric Rheumatology Quality of Life Scale
RF Rheumatoid factor

TGF B-Transforming grow factor beta

Th T helper cells

Tregs Regulatory T cells

VAS Visual Analogue Scale

Acknowledgements

The authors are very grateful to Isabel Bafos for her help with patient
recruitment; and to Paloma Vela MD PhD, Silvia Gdmez BSc, and Rocio Cafio
PhD for their kind involvement in facilitating this study. We also thank Julia
Turner for revising the manuscript.

Author contributions

NQ, RF and MA designed the study; NQ, PMC and PB performed data
collection; NQ, PB and OJ ran laboratory analyses; NQ and MA analysed and
interpreted the data; NQ wrote the initial draft of the manuscript, which as
approved in its final version by all coauthors.

Funding

This work was supported by a research grant from the Valencian Society

of Rheumatology (Beca de Investigacion de la Fundacion Valenciana de
Reumatologia, 2019) and Alicante Institute for Health and Biomedical
Research (ISABIAL) (VIIl Convocatoria de Ayudas para el Apoyo y Fomento de
la Investigacion de ISABIAL, EXP2021 —0443).

Data availability
The datasets used and/or analysed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and informed consent

The study protocol was approved by the Ethics Committee of the Hospital
Clinico Universitario Virgen de la Arrixaca, Murcia, Spain (2018-7-3-HCUVA)
and Hospital General Universitario de Alicante, Spain (190626). All parents/
guardians or patients (as appropriate) provided informed consent to
participate in the study.

Consent for publication
Not applicable.

Competing interests
No potential conflict of interest is reported by the authors.

Author details

1Rheumatology Unit, Hospital Universitario Vinalopo, Servicio de
Reumatologia, C/ Tonico Sansano Mora 14. ZIP: 03293, Elche, Alicante,
Spain

%Paediatric Rheumatology Department, Virgen de la Arrixaca Clinical
University Hospital, Murcia, Spain



Quilis et al. Pediatric Rheumatology

(2024) 22:69

*Alicante Institute for Health and Biomedical Research (ISABIAL), Dr Balmis
General University Hospital, Alicante, Spain

“Clinical Medicine Department, Miguel Hernandez University, San Juan
de Alicante, Spain

*Rheumatology Department, Dr Balmis General University Hospital,
Alicante, Spain

SLiver and Digestive Diseases Networking Biomedical Research Centre
(CIBERehd), Carlos Ill Health Institute, Madrid, Spain

’Clinical Medicine Department, Institute of Research, Development and
Innovation in Health Biotechnology of Elche (IDIBE), Miguel Herndndez
University, San Juan de Alicante, Spain

Received: 13 May 2024 / Accepted: 20 July 2024
Published online: 01 August 2024

References

1.

Thierry S, Fautrel B, Lemelle I, Guillemin F. Prevalence and incidence of juve-
nile idiopathic arthritis: a systematic review. Joint Bone Spine. 2014,81:112-7.
https://doi.org/10.1016/}.jbspin.2013.09.003.

Petty RE, Southwood TR, Manners P, Baum J, Glass DN, Goldenberg J, He X,
Maldonado-Cocco J, Orozco-Alcala J, Prieur A-M, Suarez-Almazor ME, Woo P.
International League of Associations for Rheumatology, International League
of Associations for Rheumatology classification of juvenile idiopathic arthritis:
second revision, Edmonton, 2001. J Rheumatol. 2004;31:390-2.

Eng SWM, Duong TT, Rosenberg AM, Morris Q, Yeung RSM. REACCH OUT

and BBOP Research Consortia, the biologic basis of clinical heterogeneity in
juvenile idiopathic arthritis. Arthritis Rheumatol. 2014;66:3463-75. https://doi.
org/10.1002/art.38875.

Rezaei E, Hogan D, Trost B, Kusalik AJ, Boire G, Cabral DA, Campillo S,
Chédeville G, Chetaille A-L, Dancey P, Duffy C, Duffy KW, Eng SWM, Gordon

J, Guzman J, Houghton K, Huber AM, Jurencak R, Lang B, Laxer RM, Morishita
K, Oen KG, Petty RE, Ramsey SE, Scherer SW, Scuccimarri R, Spiegel L, Stringer
E, Taylor-Gjevre RM, Tse SML, Tucker LB, Turvey SE, Tupper S, Wintle RF, Yeung
RSM, Rosenberg AM. BBOP Study Group, associations of clinical and inflam-
matory biomarker clusters with juvenile idiopathic arthritis categories. Rheu-
matology (Oxford). 2020;59:1066-75. https://doi.org/10.1093/rheumatology/
kez382.

Martini A, Ravelli A, Avcin T, Beresford MW, Burgos-Vargas R, Cuttica R, llowite
NT, Khubchandani R, Laxer RM, Lovell DJ, Petty RE, Wallace CA, Wulffraat NM,
Pistorio A, Ruperto N. Pediatric Rheumatology International Trials Organiza-
tion (PRINTO), toward new classification criteria for juvenile idiopathic arthri-
tis: first steps. Pediatr Rheumatol Int Trials Organ Int Consensus J Rheumatol.
2019;46:190-7. https://doi.org/10.3899/jrheum.180168.

Ravelli A, Consolaro A, Horneff G, Laxer RM, Lovell DJ, Wulffraat NM, Akikusa
JD, Al-Mayouf SM, Antén J, Avcin T, Berard RA, Beresford MW, Burgos-Vargas R,
Cimaz R, De Benedetti F, Demirkaya E, Foell D, Itoh Y, Lahdenne P, Morgan EM,
Quartier P Ruperto N, Russo R, Saad-Magalhaes C, Sawhney S, Scott C, Shenoi
S, Swart JF, Uziel Y, Vastert SJ, Smolen JS. Treating juvenile idiopathic arthritis
to target: recommendations of an international task force. Ann Rheum Dis.
2018;77:819-28. https://doi.org/10.1136/annrheumdis-2018-213030.
Giancane G, Muratore V, MarzettiV, Quilis N, Benavente BS, Bagnasco F, Alongi
A, Civino A, Quartulli L, Consolaro A, Ravelli A. Disease activity and damage in
juvenile idiopathic arthritis: methotrexate era versus biologic era. Arthritis Res
Ther. 2019;21:168. https://doi.org/10.1186/513075-019-1950-7.

Shoop-Worrall SIW, Kearsley-Fleet L, Thomson W, Verstappen SMM, Hyrich

KL. How common is remission in juvenile idiopathic arthritis: a systematic
review. Semin Arthritis Rheum. 2017;47:331-7. https://doi.org/10.1016/j.
semarthrit.2017.05.007.

Wallace CA, Ruperto N, Giannini E. Childhood Arthritis and Rheumatology
Research Alliance, Pediatric Rheumatology International Trials Organization,
Pediatric Rheumatology Collaborative Study Group, preliminary criteria for
clinical remission for select categories of juvenile idiopathic arthritis. J Rheu-
matol. 2004;31:2290-4.

Consolaro A, Bracciolini G, Ruperto N, Pistorio A, Magni-Manzoni S, Malattia C,
Pederzoli S, Davi S, Martini A, Ravelli A. Paediatric Rheumatology International
Trials Organization, Remission, minimal disease activity, and acceptable
symptom state in juvenile idiopathic arthritis: defining criteria based on the
juvenile arthritis disease activity score. Arthritis Rheum. 2012,64:2366-74.
https://doi.org/10.1002/art.34373.

20.

21.

22.

23.

24.

25.

26.

27.

Page 9 of 10

Consolaro A, Negro G, Chiara Gallo M, Bracciolini G, Ferrari C, Schiappapietra
B, Pistorio A, Bovis F, Ruperto N, Martini A, Ravelli A. Defining criteria for
disease activity states in nonsystemic juvenile idiopathic arthritis based on

a three-variable juvenile arthritis disease activity score. Arthritis Care Res
(Hoboken). 2014;66:1703-9. https://doi.org/10.1002/acr.22393.

Ravelli A, Martini A. Remission in juvenile idiopathic arthritis. Clin Exp Rheu-
matol 24 (2006) S105-110.

Shenoi S, Wallace CA. Remission in juvenile idiopathic arthritis: cur-

rent facts. Curr Rheumatol Rep. 2010;12:80-6. https://doi.org/10.1007/
$11926-010-0085-2.

Rypdal V, Arnstad ED, Aalto K, Berntson L, Ekelund M, Fasth A, Glerup M,
HerlinT, Nielsen S, Peltoniemi S, Zak M, Rygg M, Rypdal M, Nordal E. Nordic
Study Group of Pediatric Rheumatology (NoSPeR), Predicting unfavor-

able long-term outcome in juvenile idiopathic arthritis: results from the
nordic cohort study. Arthritis Res Ther. 2018;20:91. https://doi.org/10.1186/
$13075-018-1571-6.

Guzman J, Henrey A, Loughin T, Berard RA, Shiff NJ, Jurencak R, Huber AM,
Oen K, Gerhold K, Feldman BM, Scuccimarri R, Houghton K, Chédeville G,
Morishita K, Lang B, Dancey P, Rosenberg AM, Barsalou J, Bruns A, Watanabe
Duffy K, Benseler S, Duffy CM, Tucker LB. ReACCh-Out investigators, Predict-
ing which children with juvenile idiopathic arthritis will not attain early
remission with Conventional Treatment: results from the ReACCh-Out cohort.
J Rheumatol. 2019;46:628-35. https://doi.org/10.3899/jrheum.180456.
Spreafico R, Rossetti M, van Loosdregt J, Wallace CA, Massa M, Magni-
Manzoni S, Gattorno M, Martini A, Lovell DJ, Albani S. A circulating reservoir of
pathogenic-like CD4+T cells shares a genetic and phenotypic signature with
the inflamed synovial micro-environment. Ann Rheum Dis. 2016,75:459-65.
https://doi.org/10.1136/annrheumdis-2014-206226.

Rossetti M, Spreafico R, Consolaro A, Leong JY, Chua C, Massa M, Saidin S,
Magni-Manzoni S, Arkachaisri T, Wallace CA, Gattorno M, Martini A, Lovell DJ,
Albani S. TCR repertoire sequencing identifies synovial Treg cell clonotypes in
the bloodstream during active inflammation in human arthritis. Ann Rheum
Dis. 2017;76:435-41. https://doi.org/10.1136/annrheumdis-2015-208992.
van Dijkhuizen EHP, Del Chierico F, Malattia C, Russo A, Pires Marafon D, Ter
Haar NM, Magni-Manzoni S, Vastert SJ, Dallapiccola B, Prakken B, Martini A,
De Benedetti F, Putignani L, Model Driven Paediatric European Digital Reposi-
tory Consortium. Microbiome Analytics of the gut microbiota in patients
with juvenile idiopathic arthritis: a longitudinal Observational Cohort Study.
Arthritis Rheumatol. 2019;71:1000-10. https://doi.org/10.1002/art.40827.
Orczyk K, Smolewska E. The potential importance of MicroRNAs as Novel
indicators how to manage patients with juvenile idiopathic arthri-

tis more effectively. J Immunol Res. 2021,2021:9473508. https://doi.
0rg/10.1155/2021/9473508.

Rosina S, Natoli V, Santaniello S, Trincianti C, Consolaro A, Ravelli A. Novel
biomarkers for prediction of outcome and therapeutic response in juvenile
idiopathic arthritis. Expert Rev Clin Immunol. 2021;17:853-70. https://doi.org/
10.1080/1744666X.2021.1945441.

Fischer J, Dirks J, Haase G, Holl-Wieden A, Hofmann C, Girschick H, Morbach
H.IL-21+CD4 +T helper cells co-expressing IFN-y and TNF-a accumulate in
the joints of antinuclear antibody positive patients with juvenile idio-

pathic arthritis. Clin Immunol. 2020;217:108484. https://doi.org/10.1016/j.
lim.2020.108484.

Sakaguchi S, Miyara M, Costantino CM, Hafler DA. FOXP3 +regulatory T cells
in the human immune system. Nat Rev Immunol. 2010;10:490-500. https://
doi.org/10.1038/nri2785.

Shan J, Jin H, XuY, Cell Metabolism T. A New Perspective on Th17/Treg Cell
Imbalance in systemic Lupus Erythematosus. Front Immunol. 2020;11:1027.
https://doi.org/10.3389/fimmu.2020.01027.

Jiang Q, Yang G, Liu Q Wang S, Cui D. Function and Role of Regulatory T
Cells in rheumatoid arthritis. Front Immunol. 2021;12:626193. https://doi.
0rg/10.3389/fimmu.2021.626193.

Feng M, Guo H, Zhang C, Wang Y, Liang Z, Zhao X, Qin Y, Wu Y, Liu G, Gao C,
Luo J. Absolute reduction of regulatory T cells and regulatory effect of short-
term and low-dose IL-2 in polymyositis or dermatomyositis. Int Immunophar-
macol. 2019;77:105912. https://doi.org/10.1016/j.intimp.2019.105912.

Frantz C, Auffray C, Avouac J, Allanore Y. Regulatory T cells in systemic sclero-
sis. Front Immunol. 2018;9:2356. https://doi.org/10.3389/fimmu.2018.02356.
Stelmaszczyk-Emmel A, Jackowska T, Rutkowska-Sak L, Marusak-

Banacka M, Wasik M. Identification, frequency, activation and function

of CD4+CD25(high)FoxP3 +regulatory T cells in children with juvenile
idiopathic arthritis. Rheumatol Int. 2012,32:1147-54. https://doi.org/10.1007/
500296-010-1728-3.


https://doi.org/10.1016/j.jbspin.2013.09.003
https://doi.org/10.1002/art.38875
https://doi.org/10.1002/art.38875
https://doi.org/10.1093/rheumatology/kez382
https://doi.org/10.1093/rheumatology/kez382
https://doi.org/10.3899/jrheum.180168
https://doi.org/10.1136/annrheumdis-2018-213030
https://doi.org/10.1186/s13075-019-1950-7
https://doi.org/10.1016/j.semarthrit.2017.05.007
https://doi.org/10.1016/j.semarthrit.2017.05.007
https://doi.org/10.1002/art.34373
https://doi.org/10.1002/acr.22393
https://doi.org/10.1007/s11926-010-0085-2
https://doi.org/10.1007/s11926-010-0085-2
https://doi.org/10.1186/s13075-018-1571-6
https://doi.org/10.1186/s13075-018-1571-6
https://doi.org/10.3899/jrheum.180456
https://doi.org/10.1136/annrheumdis-2014-206226
https://doi.org/10.1136/annrheumdis-2015-208992
https://doi.org/10.1002/art.40827
https://doi.org/10.1155/2021/9473508
https://doi.org/10.1155/2021/9473508
https://doi.org/10.1080/1744666X.2021.1945441
https://doi.org/10.1080/1744666X.2021.1945441
https://doi.org/10.1016/j.clim.2020.108484
https://doi.org/10.1016/j.clim.2020.108484
https://doi.org/10.1038/nri2785
https://doi.org/10.1038/nri2785
https://doi.org/10.3389/fimmu.2020.01027
https://doi.org/10.3389/fimmu.2021.626193
https://doi.org/10.3389/fimmu.2021.626193
https://doi.org/10.1016/j.intimp.2019.105912
https://doi.org/10.3389/fimmu.2018.02356
https://doi.org/10.1007/s00296-010-1728-3
https://doi.org/10.1007/s00296-010-1728-3

Quilis et al. Pediatric Rheumatology

28.

29.

30.

31.

32.

33.

34.

35.

(2024) 22:69

Haufe S, Haug M, Schepp C, Kuemmerle-Deschner J, Hansmann S, Rieber N,
Tzaribachev N, Hospach T, Maier J, Dannecker GE, Holzer U. Impaired sup-
pression of synovial fluid CD4 +CD25- T cells from patients with juvenile idio-
pathic arthritis by CD4 +CD25 +Treg cells. Arthritis Rheum. 2011,63:3153-62.
https://doi.org/10.1002/art.30503.

Bending D, Giannakopoulou E, Lom H, Wedderburn LR. Synovial Regulatory
T Cells Occupy a Discrete TCR Niche in Human Arthritis and require local
signals to stabilize FOXP3 protein expression. J Immunol. 2015;195:5616-24.
https://doi.org/10.4049/jimmunol.1500391.

Henderson LA, Volpi S, Frugoni F, Janssen E, Kim S, Sundel RP, Dedeoglu F,

Lo MS, Hazen MM, Beth Son M, Mathieu R, Zurakowski D, Yu N, Lebedeva T,
Fuhlbrigge RC, Walter JE, Nee Lee Y, Nigrovic PA, Notarangelo LD. Next-gen-
eration sequencing reveals restriction and clonotypic expansion of Treg Cells
in Juvenile Idiopathic Arthritis. Arthritis Rheumatol. 2016;68:1758-68. https://
doi.org/10.1002/art.39606.

Juanola O, Moratalla A, Gutiérrez A, Sempere L, Zapater P, Giménez P, Aimenta
I, Peiré G, Gonzalez-Navajas JM, Such JF, Francés R. Anti-TNF-alpha loss of
response is associated with a decreased percentage of FoxP3+T cells and

a variant NOD2 genotype in patients with Crohn's disease. J Gastroenterol.
2015;50:758-68. https://doi.org/10.1007/500535-014-1020-5.

Nordal EB, Zak M, Aalto K, Berntson L, Fasth A, Herlin T, Lahdenne P, Nielsen

S, Peltoniemi S, Straume B, Rygg M. Validity and predictive ability of the
juvenile arthritis disease activity score based on CRP versus ESR in a nordic
population-based setting. Ann Rheum Dis. 2012;71:1122-7. https://doi.
0rg/10.1136/annrheumdis-2011-200237.

McErlane F, Beresford MW, Baildam EM, Chieng SEA, Davidson JE, Foster

HE, Gardner-Medwin J, Lunt M, Wedderburn LR, Thomson W, Hyrich KL.
Childhood arthritis prospective study (CAPS), validity of a three-variable
Juvenile Arthritis Disease Activity score in children with new-onset juvenile
idiopathic arthritis. Ann Rheum Dis. 2013;72:1983-8. https://doi.org/10.1136/
annrheumdis-2012-202031.

Filocamo G, Consolaro A, Schiappapietra B, Dalpra S, Lattanzi B, Magni-
Manzoni S, Ruperto N, Pistorio A, Pederzoli S, Civino A, Guseinova D, Masala
E, Viola S, Martini A, Ravelli A. A new approach to clinical care of juvenile idio-
pathic arthritis: the Juvenile Arthritis Multidimensional Assessment Report. J
Rheumatol. 2011,38:938-53. https://doi.org/10.3899/jrheum.100930.
Schober P, Boer C, Schwarte LA. Correlation coefficients: appropriate use and
interpretation. Anesth Analgesia. 2018;126:1763. https://doi.org/10.1213/
ANE.0000000000002864.

36.

37.

38.

39.

40.

41.

42.

43.

Page 10 of 10

Bending D, Pesenacker AM, Ursu S, Wu Q, Lom H, Thirugnanabalan B, Wed-
derburn LR. Hypomethylation at the Regulatory T cell-specific Demethylated
Region in CD25hi T cells is decoupled from FOXP3 expression at the Inflamed
Site in Childhood Arthritis. J Immunol. 2014;193:2699-708. https://doi.
0rg/10.4049/jimmunol.1400599.

de Kleer IM, Wedderburn LR, Taams LS, Patel A, Varsani H, Klein M, de

Jager W, Pugayung G, Giannoni F, Rijkers G, Albani S, Kuis W, Prakken B.
CD4+(CD25bright Regulatory T cells actively regulate inflammation in the
joints of patients with the Remitting form of Juvenile Idiopathic Arthritis. J
Immunol. 2004;172:6435-43. https://doi.org/10.4049/jimmunol.172.10.6435.
Grose RH, Millard DJ, Mavrangelos C, Barry SC, Zola H, Nicholson IC, Cham WT,
Boros CA, Krumbiegel D. Comparison of blood and synovial fluid th17 and
novel peptidase inhibitor 16 Treg cell subsets in juvenile idiopathic arthritis. J
Rheumatol. 2012;39:2021-31. https://doi.org/10.3899/jrheum.111421.

Luca N, Feldman BM. Pediatric rheumatology: improving the assessment of
children with JIA. Nat Rev Rheumatol. 2011;7:442-4. https://doi.org/10.1038/
nrrheum.2011.99.

Berard R, Laxer RM. Improving the quality of care in children with juvenile
idiopathic arthritis: a step in the right direction. J Rheumatol. 2011;38:789-90.
https://doi.org/10.3899/jrheum.110047.

Chen Z, Andreev D, Oeser K, Krljanac B, Hueber A, Kleyer A, Voehringer D,
Schett G, Bozec A. Th2 and eosinophil responses suppress inflammatory
arthritis. Nat Commun. 2016;7:11596. https://doi.org/10.1038/ncomms11596.
Stockis J, Colau D, Coulie PG, Lucas S. Membrane protein GARP is a receptor
for latent TGF-( on the surface of activated human Treg. Eur J Immunol.
2009;39:3315-22. https://doi.org/10.1002/€ji.200939684.

Pesenacker AM, Wedderburn LR. T regulatory cells in childhood arthritis—
novel insights. Expert Rev Mol Med. 2013;15:e13. https://doi.org/10.1017/
erm.2013.14.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1002/art.30503
https://doi.org/10.4049/jimmunol.1500391
https://doi.org/10.1002/art.39606
https://doi.org/10.1002/art.39606
https://doi.org/10.1007/s00535-014-1020-5
https://doi.org/10.1136/annrheumdis-2011-200237
https://doi.org/10.1136/annrheumdis-2011-200237
https://doi.org/10.1136/annrheumdis-2012-202031
https://doi.org/10.1136/annrheumdis-2012-202031
https://doi.org/10.3899/jrheum.100930
https://doi.org/10.1213/ANE.0000000000002864
https://doi.org/10.1213/ANE.0000000000002864
https://doi.org/10.4049/jimmunol.1400599
https://doi.org/10.4049/jimmunol.1400599
https://doi.org/10.4049/jimmunol.172.10.6435
https://doi.org/10.3899/jrheum.111421
https://doi.org/10.1038/nrrheum.2011.99
https://doi.org/10.1038/nrrheum.2011.99
https://doi.org/10.3899/jrheum.110047
https://doi.org/10.1038/ncomms11596
https://doi.org/10.1002/eji.200939684
https://doi.org/10.1017/erm.2013.14
https://doi.org/10.1017/erm.2013.14

	﻿Peripheral blood regulatory T cells and disease activity, quality of life, and outcomes in children with juvenile idiopathic arthritis
	﻿Abstract
	﻿Significance and innovations
	﻿Introduction
	﻿Materials and methods
	﻿Baseline visit
	﻿Primary variables
	﻿Secondary variables


	﻿Follow-up assessment
	﻿Statistical analysis
	﻿Results


