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Th17/1 and ex-Th17 cells are detected ety

in patients with polyarticular juvenile arthritis
and increase following treatment
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Abstract

Background A better understanding of the pathogenesis of polyarticular juvenile idiopathic arthritis (polyJIA)

is needed to aide in the development of data-driven approaches to guide selection between therapeutic options.
One inflammatory pathway of interest is JAK-STAT signaling. STAT3 is a transcription factor critical to the differentia-
tion of inflammatory T helper 17 cells (Th17s). Previous studies have demonstrated increased STAT3 activation in adult
patients with rheumatoid arthritis, but less is known about STAT3 activation in polyJIA. We hypothesized that Th17
cells and STAT3 activation would be increased in treatment-naive polyJIA patients compared to pediatric controls.

Methods Blood from 17 patients with polyJIA was collected at initial diagnosis and again if remission was achieved
(post-treatment). Pediatric healthy controls were also collected. Peripheral blood mononuclear cells were isolated
and CD4 +T cell subsets and STAT activation (phosphorylation) were evaluated using flow cytometry. Data were ana-
lyzed using Mann-Whitney U and Wilcoxon matched-pairs signed rank tests.

Results Treatment-naive polylJIA patients had increased Th17 cells (CD3 +CD4 +interleukin(IL)-17 4+) compared

to controls (0.15% v 0.44%, p < 0.05), but Tregs (CD3 +CD4+CD25 + FOXP3 +) from patients did not differ from con-
trols. Changes in STAT3 phosphorylation in CD4+T cells following ex vivo stimulation were not significantly different
in patients compared to controls. We identified dual IL.-17 +and interferon (IFN)y +expressing CD4 +T cells in patients,
but not controls. Further, both Th17/1 s (CCR6 +CD161 +IFNy +I1L-17 +) and ex-Th17s (CCR6+CD161 + IFNy +1L-17"9)
were increased in patients’ post-treatment (Th17/1: 0.3% v 0.07%, p <0.05 and ex-Th17s:2.3% v 1.4%, p <0.05). The
patients with the highest IL-17 expressing cells post-treatment remained therapy-bound.

Conclusions Patients with polyJIA have increased baseline Th17 cells, potentially reflecting higher tonic STAT3
activation in vivo. These quantifiable immune markers may identify patients that would benefit upfront from path-
way-focused biologic therapies. Our data also suggest that inflammatory CD4 +T cell subsets not detected in con-
trols but increased in post-treatment samples should be further evaluated as a tool to stratify patients in remission
on medication. Future work will explore these proposed diagnostic and prognostic biomarkers.
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Background

Juvenile idiopathic arthritis (JIA) is the most common
childhood rheumatic disease affecting approximately
1:1000 children [1]. The polyarticular JIA (polyJIA) sub-
type is the most clinically similar to adult rheumatoid
arthritis (RA), yet its pathogenesis remains poorly under-
stood. Untreated, JIA can cause pain, lead to joint dam-
age, and result in disability. Fortunately, therapeutics for
JIA have greatly expanded, and there are now options
that span a variety of mechanisms. This has made inactive
disease the treatment goal for all patients [2]. Data and
expert consensus support achieving the goal of inactive
disease, regardless of the specific choice of medication(s)
or their mechanism [3]. While many patients respond
promptly and well to the initiation of treatment, this
approach can, and does, lead to instances of failure of a
cascade of empirically selected agents prior to arriving at
the therapeutic that allows for development of clinically
inactive disease. However, there are currently insufficient
data to guide selection amongst therapeutic options in
a directed manner [4]. Identification of biomarkers that
could be detected at diagnosis, distinguish molecularly
between subsets of patients with clinically similar dis-
ease, and allow for targeted therapeutic recommenda-
tions is the apex of arthritis treatment.

One targetable inflammatory pathway of interest
that might stratify patients into molecular groups is the
interleukin(IL)-6/signal transducer and activator of tran-
scription 3 (STAT3) pathway, for which an anti-cytokine
pathway biologic therapy has been approved for polyJIA
[5]. IL-6/IL-6 receptor (R) engagement and activation of
gpl130 signaling leads to Janus kinase (JAK)-mediated
activation of STAT3 [6]. The importance of this pathway
in human immunobiology has been clearly demonstrated
by rare inborn errors of immunity, wherein defects of
IL-6/STAT3 signaling result in phenotypically similar
primary immune deficiencies [7], and gain-of-function
leads to early-onset, multiorgan autoimmunity, includ-
ing inflammatory arthritis indistinguishable from JIA
[8]. Detection of elevated IL-6 in the serum of patients
with RA [9, 10] was an important initial observation on
the way to the development of IL-6/IL-6R inhibition
[11]. Increases in STAT3 and activated (phosphorylated)
STAT3 are correspondingly reported in peripheral blood
and synovial fluid of patients with RA at baseline [12, 13].
IL-6 is also elevated in the serum of patients with pol-
yJIA [14], although similar STAT3 studies have not been
reported.

The IL-6/STAT3 inflammatory pathway is an impor-
tant factor in the differentiation of different subsets
from naive CD4+T cells [11]. IL-6 driven STAT3 acti-
vation influences the development of T helper 17 (Th17)
cells [15], at the expense of T regulatory (Treg) cell
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development. Th17 cells are key for host defense against
extracellular fungi and play an important role in immune
homeostasis, the understanding of the depth of which
is continually evolving [16]. Despite their beneficial
role, Th17 cells are also a contributing factor in chronic
inflammation, including in RA and JIA [17, 18]. The bal-
ance of pro- and anti-inflammatory T cells can be influ-
enced by targeted IL-6 pathway blockade [19-22], even
in the setting of genetically driven IL-6/STAT3 pathway
activation [23].

Detection of polyJIA patients with enhanced IL-6/
STAT3 pathway activation may distinguish a subset for
whom application of directed biologic therapy may pro-
vide targeted treatment. We aimed to profile STAT3 acti-
vation and T cell subsets in polyJIA patients before and
during treatment.

Methods

Patients and samples

Patients were included if they were diagnosed with active
polyarticular juvenile idiopathic arthritis [24], regardless
of seropositivity, and were treatment-naive. Patients were
considered treatment-naive if they had not received any
prescribed therapy for at least 3 months prior to enroll-
ment; patients receiving over-the-counter non-steroi-
dal anti-inflammatories were not excluded. Peripheral
blood samples were collected from patients at the time
of enrollment and, whenever possible, after achiev-
ing remission [25]. Peripheral blood mononuclear cells
(PBMC) were isolated from samples collected in anti-
coagulant tubes using density gradient centrifugation
(Ficoll Paque Plus, Sigma) and cryopreserved for batched
analysis.

Flow cytometry

T helper 17 cell staining

Up to 1.2X10%6 reanimated PBMCs were stimulated
overnight (14 h) using phorbol 12-myristate 13-acetate
(PMA, 50 ng/mL) and calcimycin (500 ng/mL) in the
presence of brefeldin A at 1:1000 dilution (GolgiPlug, BD
Biosciences). Stimulated cells were first stained using fix-
able viability dye (Zombie Yellow, Biolegend) and surface
markers for 25 min at room temperature followed by a
PBS wash, then fixed and permeabilized (Cytofix/Cytop-
erm, BD Biosciences) on ice for 20 min. Permeabilized
cells were then stained for 1 h at room temperature with
intracellular antibodies.

T regulatory cell staining

Up to 1.2X 1076 reanimated PBMC were stained first
for surface markers for 20 min at room temperature,
then fixed and permeabilized using the Foxp3/Tran-
scription Factor Staining Buffer Set (eBioscience), per
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manufacturer’s instructions. Permeabilized cells were
then stained with intracellular antibodies for 30 min at
room temperature.

Phospho-STAT staining

Up to 1.2Xx10"6 reanimated PBMC were either left
unstimulated or stimulated with IL-6 (10 ng/mL), IFN«
(50 ng/mL), or IL-27 (10 ng/mL) for 30 min. Cells were
fixed for 10 min at 37 °C (Cytofix, BD Biosciences) and
permeabilized for 30 min on ice (Perm Buffer III, BD
Biosciences), then stained for both surface markers and
intracellular molecules for 1 h at room temperature.

T cell plasticity staining

Up to 1.2X 10”6 reanimated patient PBMCs were stimu-
lated overnight (14 h) with PMA (50ng/mL) and calcimy-
cin (500 ng/mL) in the presence of brefeldin A at 1:1000
dilution (GolgiPlug, BD Biosciences). Stimulated cells
were first stained using fixable viability dye (Zombie Yel-
low, Biolegend) and surface markers for 20 min at room
temperature followed by a PBS wash, then fixed and per-
meabilized (Foxp3/Transcription Factor Staining Buffer
Set (eBioscience), per manufacturer’s instructions. Per-
meabilized cells were then stained with intracellular anti-
bodies for 30 min at room temperature.

A table of antibodies used for flow cytometry is
included in Supp. Methods. Cells were filtered before
analysis on a BD LSRFortessa. Data were collected using
BD FACSDiva and analyzed using Flow]Jo v10.6.

Statistical analysis

Data was analyzed using GraphPad Prism. Mann—Whit-
ney U test was used to compare groups. Paired samples
were analyzed using Wilcoxon matched-pairs signed
rank test. P<0.05 was considered significant.

Results

Patients

Treatment-naive samples were collected from 17 patients
with polyJIA [24] with active disease receiving no more
than over-the-counter anti-inflammatory treatment. All
subjects had new-onset disease except for one, who was
enrolled at the time of a flare three months after discon-
tinuation of prior therapy. Characteristics of the patients
are described in Table 1. A post-treatment sample was
also collected from 10 patients who had achieved remis-
sion [25]. Therapeutic recommendations, including spe-
cific agents and time of treatment discontinuation, were
made by each patient’s primary rheumatologist, and were
not influenced by participation in the study. Two patients
received methotrexate only, 3 patients a biologic only,
and 5 patients both methotrexate and a biologic (Table
I). A time course of events including sample collection(s),
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Table 1 Patient characteristics (n=179)

Demographics

Mean (range)

Age, years 106 (3-179)
# (%)
Sex
Male: Female 4(24):13 (76)
Race
White 14 (82)
Black 3(18)
Ethnicity
Hispanic 9 (53)
Non-Hispanic 8 (47)
Laboratory Findings
# (%)
RF€ (n=16) 4(25)
Anti-CCP (n=14) 3901
ANA 9(53)
HLAB27 (n=11) 0
ESR 5(29)
CRP (n=14) 7(50)
Treatment (n=10°)
# (%)
MTX only 2(20)
Biologic only 3(30)
Both 5(50)

2 unless otherwise stated
b at sample collection

€ RF, rheumatoid factor; CCP, cyclic citrullinated peptide; ANA, antinuclear
antibodies; HLA B27, human leukocyte antigen B27; ESR, erythrocyte
sedimentation rate; CRP, C reactive protein; MTX, methotrexate

9 all CCP + individuals were also RF +

€ with pre- and post-treatment samples and clinical remission

remission, medication discontinuation and follow-up are
represented in Supplementary Figure 1. Pediatric healthy
controls (PC) were recruited from siblings of patients in
rheumatology clinic without clinically apparent inflam-
matory disease.

T helper 17 cells

Th17 cells [26] were identified as CD3+ CD4 +1L-17+T
cells (Supplementary Figure 2). Significantly higher fre-
quencies of Th17 cells were detected in the peripheral
blood of treatment-naive polyJIA patients (0.4 +0.07%)
compared to pediatric controls (0.15+0.05%, p<0.05,
Fig. 1A). The frequencies of Th17 cells in matched
treatment-naive and post-treatment samples from
polyJIA patients were overall similar (Fig. 1B), with
two notable exceptions whose Th1l7 cells markedly
increased. CD4 + T cells from polyJIA patients did not
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Fig. 1 Treatment-naive polyJIA patients have altered CD4 +T cell subsets. A PBMCs from healthy pediatric controls (PC) and treatment-naive
polyJIA patients (TN) were analyzed for IL-17 producing CD3+CD4+(Th17) T cells after overnight stimulation with PMA + calcimycin.
Treatment-naive patients had more Th17 cells (PC 0.15+0.05% v TN 0.4 +0.07%, *p < 0.05, Mann-Whitney U test). B Samples from polyJIA patients
that had achieved remission on medication post-treatment (PT) were also analyzed for Th17 cells and compared to the treatment-naive frequencies
for that same patient without significant differences, but with two notable outliers (Wilcoxon matched-pairs signed rank test). C T regulatory

cells (Tregs=CD3+ CD4 +CD25 + FOXP3 +) identified ex vivo from treatment-naive patients were not different from healthy pediatric controls
(PC6.3+0.8% v TN 7.1 £0.7%, Mann-Whitney U test). D Paired analysis of patients'treatment-naive and post-treatment samples did not reveal
differences in Treg frequencies after treatment (Wilcoxon matched-pairs signed rank test). Black bars represent mean + SEM. PBMCs, peripheral
blood mononuclear cells; IL, interleukin; PMA, phorbol 12-myristate 13-acetate

show significant differences in production of other
inflammatory cytokines compared to pediatric con-
trols (Supplementary Figure 3). Further characteriza-
tion within the Th17 subset revealed no differences in
expression of pro-inflammatory cytokines associated
with the Th17 lineage (IL-21, IL-22) [27], or in TNFa« or
interferon(IFN)y production (Supplementary Figure 4)
between polyJIA patients and pediatric controls.

T regulatory cells

The frequencies of CD3+CD4+ CD25+ FOXP3+ Tregs
[28, 29] in the peripheral blood of patients with polyJIA
were also determined (Supplementary Figure 5). No
significant differences in Treg frequencies between treat-
ment-naive polyJIA patients and pediatric controls were
detected (Fig. 1C), nor were there significant changes
in Treg frequencies in polyJIA patients post-treatment
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(Fig. 1D). Within the Treg compartment we did not
observe differences in expression of markers associated
with Treg suppressive function (HELIOS, CD39, and
CD73) [30-32] between polyJIA patients and pediatric
controls (Supplementary Figure 6).

STAT activation analysis

To determine the activation status (i.e. phosphorylation)
[6] of STAT3 in CD4+ T cells from patients with polyJIA,
peripheral blood samples were stimulated with IL-6, an
inflammatory cytokine that activates STAT3 through
a gpl30-dependent receptor, IFNa, an inflammatory
cytokine that activates STAT3 independent of gp130, and
IL-27, which also signals using gp130, but is considered
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to have anti-inflammatory effects (Supplementary Fig-
ure 7). Cytokine stimulation resulted in phosphorylation
of STAT3 (pSTAT3) compared to unstimulated cells, but
neither increased baseline (unstimulated) pSTAT3 nor
hyper-phosphorylation of STAT3 following stimulation
was detected in CD4+ T cells from polyJIA patients com-
pared to pediatric controls (Fig. 2A). Further, in pooled
analysis of all samples, the increase in newly activated
(phosphorylated) STAT3 in stimulated samples com-
pared to unstimulated samples, determined using Over-
ton subtraction [33], trended lower in polyJIA patients
compared to pediatric controls following inflammatory
cytokine stimulation, but was not significant (Fig. 2B).
Decreases in ex vivo activation of STAT1 and STAT5
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Fig. 2 STAT3 activation after ex vivo stimulation of CD4 +T cells from polyJIA patients. A PBMCs were left unstimulated (gray) or stimulated
ex vivo for 30 min with IL-6 (purple), then activated/phosphorylated (p)STAT3 measured using flow cytometry. Histograms depict representative
results from one experiment showing pSTAT3 in CD3+CD4 +T cells from a healthy pediatric control (PC) and both treatment-naive (TN)

and post-treatment (PT) samples from 3 polyJIA patients (Pt 1-3). Black

numbers represent the MFI of pSTAT3 in unstimulated cells and the purple

numbers the MFI after IL-6 stimulation. B Samples were treated as in (A). Data represent the %pSTAT3 + cells in a stimulated sample distinct
from when unstimulated, generated using Overton subtraction. Cells from treatment-naive patients demonstrate less ex vivo response to cytokine

stimuli than those from healthy pediatric controls, although not achievi
IL-6: PC85+1.9% vTN 76 +2.4%, IFNa: PC 77 +1.5% v TN 69+3.9%, and
cells; IL, interleukin; MFI, mean florescence intensity; IFN, interferon

ng significance (Mann-Whitney U test). Black bars represent mean + SEM.
IL-27:PC66£2.1% v TN 64+ 3.8%. PBMCs, peripheral blood mononuclear
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following inflammatory cytokine stimulation were also
not significant (Supplementary Figure 8).

T cell plasticity

A population of dual-cytokine expressing (IL-
17+1FNy+) CD4+T cells not present in pediatric
controls could be detected in samples from patients
with polyJIA (Fig. 3A). Though the overall frequencies

A Unstimulated
10.01%

0%

IL-17
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of these IL-17+IFNy+cells were not significantly
increased in polyJIA patients compared to pediatric
controls (Fig. 3B), it was noted that these cells sharply
increased in post-treatment samples from two patients
(Fig. 3C). These were the same two patients noted
to have elevated post-treatment Th17 cells (Fig. 1B).
Transdifferentiation of Th17 cells into Th17/1 cells,
expressing both IL-17 and IFNy, or ex-Th17 cells,
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Fig. 3 Dual-cytokine expressing CD4 +T cells are detected in a subset of polyJIA patients. A PBMCs were left unstimulated or stimulated

overnight with PMA + calcimycin and CD3 +CD4+T cells analyzed for cytokine production. Representative examples from an unstimulated sample
and stimulated samples from a healthy pediatric control (PC) and a polyJIA patient (Pt 2), both treatment-naive (TN) and post-treatment (PT), are
shown. Percentages of CD3+CD4 +T cells producing IL-17 or IFNy or both are represented in the quadrants. B Samples were treated as in (A).

Dual IL-17 and IFNy expressing CD4 +T cells can be detected in a subset of treatment-naive polyJIA patients, but not healthy pediatric controls (PC
0.04+0.01% v TN 0.09+0.02%, Mann-Whitney U test). C Paired analysis of patients’treatment-naive and post-treatment samples revealed that some
of the outlying IL-17 expressing CD4+T cells in post-treatment samples also co-express IFNy (Wilcoxon matched-pairs signed rank test). Black bars
represent mean + SEM. PBMCs, peripheral blood mononuclear cells, PMA, phorbol 12-myristate 13-acetate; IL, interleukin; IFN, interferon
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producing IFNy but no longer producing IL-17, is
implicated in the acquisition of Th1l7 pathogenicity
found in association with inflammatory diseases [16]
(Fig. 4A). Given the finding of dual-cytokine express-
ing CD4+T cells in some polyJIA patients, we further
investigated T cell plasticity. Th17/1 and ex-Th17 cells
were distinguished from Th17 cells in peripheral blood
samples from patients with polyJIA by their expression
of CCR6 and CD161 [18] (Supplementary Figure 9).
Th17/1 cells (Fig. 4B) and ex-Th17 cells (Fig. 4C) were
detectable in polyJIA patient samples. Both Th17/1
cells (treatment-naive: 0.07+0.02% v post-treatment
0.3+0.1%, p<0.05) and ex-Th17 cells (treatment-naive
1.4+0.4% v post-treatment 2.3+0.5%, p<0.05) were
significantly increased in post-treatment samples. The
two patients with increased post-treatment Th17 cells
(Fig. 1B) and dual-cytokine expressing CD4+T cells
(Fig. 3A) also had the highest frequencies of Th17/1
cells (Fig. 4B). These two individuals (both female, aged
4 (seronegative) and 14 (RF+ CCP +) years at diagno-
sis) achieved remission, but, remained therapy-bound
across >4 years of follow-up, despite multiple attempts
at therapy discontinuation.

Naive
CD4

T cell IL-17+

Th17/1

0.5

%CCR6+ CD161+ IL-17+ IFNy+

0.0-

TN PT

%CCR6+ CD161+ IFNy+
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Discussion

Activity of the IL-6/STAT3 inflammatory pathway may
be able to stratify patients with polyJIA and distinguish
a subset for which targeted anti-cytokine therapy is indi-
cated. We evaluated peripheral blood from treatment-
naive polyJIA patients and found significantly elevated
frequencies of Th17 cells compared to healthy pediatric
controls; Treg cell frequencies did not differ. We also
detected a decreased response to ex vivo inflammatory
cytokine stimulation in PMBCs from treatment-naive
patients compared to controls, although this trend was
not significant. Finally, evaluation of samples collected
on therapy after clinical remission revealed, on average,
significantly elevated post-treatment frequencies of both
Th17/1 and ex-Th17 cells in polyJIA patients compared
to their matched treatment-naive samples. Elevations
in post-treatment Th17, Th17/1 and ex-Th17 cells were
notable in two patients who remain therapy-bound years
after remission.

Investigators have reported elevated Treg cells in
the synovial fluid of patients with oligoarticular JIA,
not concurrently found in the peripheral blood [34-
37]. But, whether patients with polyJIA, particularly
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Fig. 4 Evidence of altered CD4+T cell plasticity in post-treatment samples from patients with polyJIA. A Naive CD4 +T cells differentiate

into numerous effector subsets and can become Th17 cells implicated in autoimmunity. One model of CD4 +T cell plasticity proposes
transdifferentiation of homeostatic Th17 cells into pathogenic IFNy-expressing Th17/1 cells or ex-Th17 cells. PBMCs were left unstimulated

or stimulated overnight with PMA + calcimycin and CD3 +CD4 +T cells analyzed for cytokine production. Cells were additionally surface

stained with CCR6 and CD161 to identify transitioned cells. B Treatment-naive (TN) polyJIA patients had detectable Th17/1 cells, but Th17/1

cells were significantly higher in post-treatment (PT) samples (TN 0.07 £0.02% v PT 0.3 £0.1%, *p < 0.05, Wilcoxon matched-pairs signed rank

test). C There were more previously IL-17 expressing ex-Th17 cells in samples from post-treatment polyJIA patients than in the same patients
when treatment-naive (TN 1.4+0.4% v PT 2.3+ 0.5%, *p < 0.05, Wilcoxon matched-pairs signed rank test). Black bars represent mean + SEM. PBMCs,
peripheral blood mononuclear cells, PMA, phorbol 12-myristate 13-acetate; IFN, interferon, IL, interleukin
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treatment-naive patients, have altered peripheral Treg
cells compared to pediatric controls has not been clear
[38—41]. We expected to find reduced frequencies of Treg
cells, identified by CD25 and FOXP3, in peripheral sam-
ples from treatment-naive polyJIA patients compared to
pediatric controls, or between patients from their treat-
ment-naive to post-treatment samples, but we found no
differences (Fig. 1). While Treg cells are classically identi-
fied by the expression of FOXP3, there are subsets of cells
among FOXP3-expressing T cells, including cells that
have developed inflammatory characteristics [42, 43]. It
was our goal to identify peripheral Treg cells in order to
subset polyJIA patients, however, to identify and track
peripheral cells which are genuinely regulatory will likely
require additional stratification, if not functional evalua-
tion. These types of evaluations are important to dissect
pathogenesis, but less feasible as a real-time evaluation
tool.

Peripheral Th17 cells have been evaluated in various
cohorts of patients with JIA compared to pediatric con-
trols. Elevated peripheral Th17 cells were detected in
systemic-onset JIA and in mixed JIA populations (oli-
goarticular and polyJIA) [41, 44—46], even though sam-
ples were collected during different levels of disease
activity and on a spectrum of therapies. However, other
investigations reported no differences in peripheral Th17
cells in oligoarticular JIA [47], enthesitis-related arthri-
tis [48] and other mixed JIA cohorts [37, 49, 50]. With
respect to the local inflammatory environment, the
preponderance of available evidence suggests that the
synovial compartment of patients with JIA is enriched
for Th17 cells when directly compared to the periph-
eral blood of the same individuals [37, 41, 47-49, 51].
Depending on a variety of uncontrollable clinical factors,
intra-articular sampling for diagnostics/therapeutics is
not routinely done at the time of diagnosis of JIA, and
rarely in patients with polyJIA. Since synovial fluid is not
reliably available for analysis to guide therapeutic recom-
mendations, we determined the peripheral levels of Th17
cells in a large, treatment-naive poly JIA cohort of 17
patients (Fig. 1), and found, on the whole, Th17 cells to
be significantly elevated. Further, there is a spectrum of
frequencies of Th17 cells amongst treatment-naive poly-
JIA patients. This may provide an opportunity to distin-
guish patients with the strongest evidence of IL-6/STAT3
activation, to select anti-IL-6R therapeutics as a tailored
approach to treatment.

One easily detected measure of STAT3 activation is
phosphorylation at tyrosine 705. We assessed ex vivo
STAT3 activation in CD4+T cells using this parameter.
We found that patients with polyJIA had a trend toward
decreased newly activated STAT3, particularly after IL-6
stimulation, but this finding was not significant (Fig. 2).
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Others have also found no difference in phosphorylated
STAT3 after IL-6 stimulation in samples from polyJIA
patients compared to controls [52]. Interestingly, sam-
ples from patients with the rare inborn error of immunity
STAT3 gain-of-function, the result of genetic mutations
in STAT3 that lead to higher transcriptional capacity
than wild-type STAT3, also have decreased phosphoryla-
tion of STAT?3 after ex vivo inflammatory cytokine stimu-
lation [23]. Since inflamed patients with polyJIA would
be expected to have higher activation of the IL-6/STAT3
inflammatory pathway, we had expected to see increases
and were surprised by our finding, although this has also
been reported in patients with RA [12, 53]. Decreases in
newly phosphorylated STAT?3 after stimulation may actu-
ally reflect higher baseline activation of STAT3 preserved
in treatment-naive samples. Further, decreased respon-
siveness of patient CD4+T cells to ex vivo stimulus
may result from compensatory mechanisms due to tonic
STAT3 activation in vivo [54]. Additionally, as this is only
one measure of STAT3 activation, it may be that other
ways to measure activation may reveal increases. How-
ever, the idea that the IL-6/STAT3 inflammatory pathway
is at a higher state in vivo in our patients with polyJIA is
support by the findings of increased frequencies of Th17
cells (Fig. 1).

It is increasingly clear that CD4+T cells marked by
expression of IL-17 are a heterogeneous population
with both homeostatic and inflammatory properties
[16]. However, the true complexity of the roles of IL-17
expressing CD4+T cells in human autoimmune disease,
both in the blood and at local site of inflammation, are
still being unraveled. The plasticity of Th17 cells results
in the shifting of classic Th17 cells into dual-cytokine
expressing cells (IL-17+IFNy+), termed Th17/1 cells, as
well as ex-Th17 cells, which no longer express IL-17, but
retain markers that identify them as prior Th17 cells [18].
How these subtypes may function in the pathogenesis
of JIA is not known, as little work thus far has evaluated
these subtypes in JIA patients. In one report, investigators
found that ex-Th17 cells were not elevated in the periph-
eral blood of patients with oligoarticular JIA compared to
controls, but were elevated in synovial fluid compared to
peripheral blood of these patients [47]. Others reported
elevated Th17/1 cells in the synovial fluid of patients with
JIA [55]. Noting the presence of dual-cytokine express-
ing CD4+ T cells in polyJIA patients not really detectable
in controls (Fig. 3), lead us to evaluate further for Th17/1
and ex-Th17 cells in patient samples. We found that fre-
quencies of both Th17/1 and ex-Th17 cells increased in
samples from patients on treatment following remission
compared to their treatment-naive baseline (Fig. 4). This
finding is contrary to prior work reporting decreases
in ex-Th17 cells in patients with oligoarticular JIA on
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treatment [56]. This discrepancy might be explained by
differences in the inherent disease processes (peripheral
analysis in oligoarticular versus polyJIA) or the method-
ology of the analysis, as the prior work compared differ-
ent treatment-naive and post-treatment individuals, but
we were able to compare the changes in ex-Th17 cell fre-
quencies in matched treatment-naive and post-treatment
samples from the same patients. The presence of circulat-
ing and intra-articular Th17/1 and ex-Th17 cells must be
evaluated in additional cohorts of patients with JIA.

It was notable to us that two polyJIA patients had
markedly high elevations of post-treatment IL-17 secret-
ing cells: Th17 cells (Fig. 1B), dual-cytokine expressing
cells (Fig. 3C), and Th17/1 cells (Fig. 4B). Review of the
clinical course of these individuals compared to the other
patients in the polyJIA cohort revealed that they have
remained therapy-bound >4 years after attaining clini-
cal remission on medication, by which we mean repeated
attempts to wean their medications have led to prompt
return of arthritis (Supplementary Figure 1). Current
guidelines for treatment of polyJIA do not include rec-
ommendations for treatment withdrawal [57], as there is
insufficient evidence that clinical parameters can guide
these decisions and effective biomarker-based strategies
have not yet been developed [58-60]. A subset of patients
with JIA are likely destined to remain on treatment for
best outcomes, but sustained, drug-free, inactive disease
is possible for some [61]. The capacity to use a biomarker
to distinguish between these subsets of patients would be
a remarkable addition to the treatment arsenal of pedi-
atric rheumatologists. We are interested in further pur-
suing the idea that a detectable peripheral rise in IL-17
expressing CD4+ T cells, either as Th17 cells or as a shift
into dual-cytokine expressing Th17/1 cells, marks a sub-
set of polyJIA patients who will remain therapy-bound in
order to retain a clinically inactive disease state.

Our study has several limitations. It is a single-institu-
tion study of a small cohort of patients with one subtype
of JIA, although it is a large cohort of treatment-naive
samples. The study was purely observational, as we had
no influence on the recommendations for treatment or
withdrawal made by the patients’ primary rheumatolo-
gists. Additionally, study of cells circulating in the periph-
ery of patients does not address the tissue inflammatory
environment, but it does allow for serial assessments in
an accessible sample type.

Conclusion

We detected elevated frequencies of Th17 cells in periph-
eral blood samples from patients with treatment-naive
polyJIA compared to pediatric controls, reflective of acti-
vation of the IL-6/STAT3 inflammatory pathway in these
patients. In matched samples from the patients following
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remission post-treatment, frequencies of Th17/1 and
ex-Th17 cells were increased compared to the treatment-
naive baselines. Our findings present the opportunity to
explore peripheral blood Th17, Th17/1 and ex-Th17 cells
as potential biomarkers to guide selection of therapeutic
agents and treatment withdrawal decisions.
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