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Purpose: The goal is to investigate the specific contribution of fibroblast-like synoviocytes
(FLS) to the inflammatory milieu of the synovium in juvenile idiopathic arthritis (JIA) through
detection of secreted proteins.
Experimental design: Expression of 89 cytokines and chemokines is determined on unpro-
cessed synovial fluid from controls and JIA patients using antibody arrays. Supernatants from
pure cell cultures of FLS grown from synovial fluids or tissues from JIA and controls are also
examined for protein expression. Ingenuity Pathway Analysis (IPA) is revealed top pathways
and upstream regulators of significant proteins.
Results: Protein studies is revealed that JIA FLS release pro-inflammatory cytokines and
chemokines, including IL-4, IL-6, IL-17, CXCL1, and CXCL6, and lose expression of important
regulator signals, such as IL-10 and TIMP2. Of the 84 proteins differentially expressed between
controls and JIA in the synovial fluid, 1/3 (29 proteins) are differentially expressed in the cell
culture supernatants of JIA and control FLS. ELISA of cell culture supernatants and synovial
fluid confirmed seven key proteins.
Conclusion and clinical relevance: JIA FLS are central to perpetuation of inflammation in JIA,
including trafficking of inflammatory cells and effects on the extracellular matrix. These cells
express key disease-specific chemokines that, with further refinement, may allow us to tailor
therapy appropriately.
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1 Introduction

Juvenile idiopathic arthritis (JIA) is the most common
rheumatic disease of childhood [1,2]. Despite recent progress,
we still lack understanding of the pathogenesis of this dis-
ease, thereby halting evolution of targeted therapies. Al-
though there are similarities, rheumatoid arthritis (RA) and
JIA are distinct entities [3]. The pivotal role of the synovial
fibroblast-like synoviocytes (FLS) in RA has been elegantly
investigated [4]. RA FLS are known to be major contribu-
tors to cartilage destruction through release of matrix metal-
loprotease 3 (MMP3), with relative decreased expression of
tissue inhibitors of metalloproteases (TIMPs). RA FLS are
perpetuators of inflammation through release of interleukin
(IL)-6 and granulocyte-monocyte- colony stimulating factor
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Clinical Relevance

In this study, we utilized antibody arrays for rapid
detection of multiple inflammatory mediators in cell
culture supernatants and neat synovial fluid from pa-
tients with juvenile idiopathic arthritis (JIA) and or-
thopedic controls. This enabled comparison of the
protein content of these samples, shedding light on

proteins significantly contributed by the fibroblast-
like synoviocytes, key players in inflammatory arthri-
tis. Further understanding of the contributions of
these cells to the perpetuation of inflammation may
have long-term benefits for targeted treatment of in-
flammatory arthritis.

(GM-CSF), in addition to key regulators of cell trafficking
through release of chemokines, such as CXCL1 [5]. These
aggressive cells are thought to be partially transformed. They
display loss of contact inhibition and are able to proliferate
in an anchorage-independent manner, express several onco-
genes, and exhibit loss of apoptosis with an increase in pro-
survival signal NF-�B [4, 6]. Although RA and JIA are both
destructive arthropathies and display Th1 cytokine profiles,
they are clinically quite different diseases. Various subtypes
and variable outcomes are seen in JIA, whereas a relatively ho-
mogeneous phenotype and a poor outcome are typical of RA
[3]. The role played by the FLS in these two diseases may be
distinct. We posit these cells may have an equally important
role in the pathogenesis of JIA as joint gatekeepers, perpet-
uators of inflammation as well as mediators of joint damage
and remodeling.

This is the first analysis of the proteins secreted by JIA FLS
in culture and confirmatory examination of the correspond-
ing proteins in synovial fluid. Work has been done on the
proteomic profile of synovial fluid from JIA [7–17], yet we do
not have an understanding of the contribution attributable
to the FLS in the disease. JIA FLS proved to be active, ag-
gressive cells in the disease process, with profuse release of
inflammatory cytokines, chemokines and loss of control over
destructive mediators. This paper clarifies the importance of
JIA FLS in the disease process and highlights unique features
of these cells that must be taken into consideration when de-
veloping specific therapies for JIA.

2 Materials and methods

2.1 Selection of samples

Synovial fluid and tissues were obtained from our IRB-
approved tissue and fluid single-center repository that was
established in 2001. Informed consent was obtained from
each participant for their sample to be included in the repos-
itory. All patients undergoing medically necessary arthrocen-
tesis are offered inclusion in the repository. Appropriate sam-
ples were identified by chart review. We used four biological
replicates from both persistent oligoarticular JIA and con-
trols selected from the repository. The first available sam-
ple from each patient, from steroid-naı̈ve joints, was used.

Control samples were obtained from remnant synovial fluid
and tissue obtained from orthopedic procedures performed
on non-arthritic joints. Clinical information on the sampled
patients is shown in Table 1.

2.2 Cell culture

All samples were processed immediately upon collection.
Tissue was finely minced, digested for 30 min at 37�C in
phosphate-buffered saline (PBS) containing 0.1% trypsin.
Minced tissue and released cells were then re-suspended in
Dulbecco’s modified Eagle medium (DMEM)/15% fetal calf
serum (FCS), filtered to remove debris and the cells were col-
lected by centrifugation. Synovial fluid was centrifuged and
cells were re-suspended in cell media. Cells isolated from ei-
ther synovial fluid or tissue were then plated in 6-well plates
with 15% fetal bovine serum/Dulbecco’s modified Eagle’s
medium. Initial primary cultures were passaged into T-75
flasks and, at confluence, were passaged 3–6 more times,
and then harvested at confluence. It is well established that
by the third passage, FLS are the predominant cell type in
culture [18]. We have previously published confirmation of
the phenotype of these FLS grown in culture through cell
staining and gene expression [19]. Due to the scarcity of con-
trol samples, some control FLS were grown from synovial
tissue while others were grown from synovial fluid. All JIA
FLS were obtained from synovial fluid. All cell culture su-
pernatant samples were taken in 10 mL volumes in Falcon
15 mL conical centrifuge tubes at room temperature before
cells were harvested. Supernatants were then centrifuged at
1500 rpm for 5 min at room temperature to remove any de-
bris. Cell supernatant samples were then distributed into 1
mL aliquots in 1.5 mL Eppendorf microcentrifuge tubes and
stored at −20�C until use in assays.

2.3 Antibody arrays and proteomic analysis

Using cell culture supernatants and synovial fluid sam-
ples, antibody arrays were completed using RayBiotech
Membrane-based Antibody Arrays (Human Cytokine Ar-
ray C5 AAH-CYT-C5 and Human Inflammation Array
AAH-INF-C3) using RayBiotech protocols. Both cell culture
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Table 1. Clinical information on samples

Sample Source of
FLS

Joint Diagnosis Duration
of disease

Age of
patient

Gender
of patient

Concurrent
medications

Used for

C1 Synovial
tissue

R knee Skeletal
dysplasia

N/A 15 y.o. Male None A-CS, E-CS

C2 Synovial
fluid

Knee Torn
meniscus

N/A >16 y.o. Female Unknown A-SF, E-SF

C3 Synovial
tissue

L hip Hip
dysplasia

N/A 4 y.o. Female None A-CS, E-CS

C4 Synovial
fluid

R knee ACL tear N/A 17 y.o. Male None A-SF, E-SF

C5 Synovial
fluid

R knee Discoid
meniscus

N/A 7 y.o. Female None A-SF, E-SF

C6 Synovial
fluid

R knee Discoid
meniscus

N/A 15 y.o. Male None A-CS, E-CS

C7 Synovial
fluid

R knee ACL tear N/A 15 y.o. Male None A-CS, E-CS

C8 Synovial
fluid

R knee ACL tear N/A 16 y.o. Female None A-SF, E-SF

J1 Synovial
fluid

R knee Oligo JIA 9 months 14 y.o. Female None A-CS

J2 Synovial
fluid

R knee Oligo JIA 10 months 12 y.o. Female None A-CS

J3 Synovial
fluid

R knee Oligo JIA 3 months 6 y.o. Male Methotrexate,
naproxen,
folic acid

A-SF, E-SF,
E-CS

J4 Synovial
fluid

L knee Oligo JIA
(ex-
tended)

6 weeks 11 y.o. Female Naproxen,
doxycycline

A-SF, E-SF,
E-CS

J5 Synovial
fluid

L knee Oligo JIA 1 month 12 y.o. Male Naproxen A-SF, E-SF

J6 Synovial
fluid

L knee Oligo JIA 6 months 17 y.o. Male Naproxen A-CS

J7 Synovial
fluid

L knee Oligo JIA 7 years 12 y.o. Male Naproxen A-SF, E-SF

J8 Synovial
fluid

L knee Oligo JIA 12 years 14 y.o. Female Naproxen A-CS

J9 Synovial
fluid

L knee Oligo JIA 14 years 15 y.o. Female Naproxen E-CS

J10 Synovial
fluid

L knee Oligo JIA
(psori-
atic)

1 month 3 y.o. Female Naproxen E-CS

A-CS = used for arrays of cell culture supernatants
E-CS = used for ELISA of cell culture supernatants
A-SF = used for arrays of synovial fluids
E-SF = used for ELISA of synovial fluids

supernatants and synovial fluid samples protein concen-
trations were calculated using a Bradford assay. Once the
amount of protein was determined, all samples were diluted
to 500 ug/mL as per RayBiotech instructions. Membrane ar-
rays were first blocked using a BSA blocking solution pro-
vided by manufacturer for 30 min at room temperature. Ei-
ther cell culture supernatant or synovial fluid samples were
incubated in 1 mL aliquots per membrane overnight at 4�C.
Membranes were then washed using 2 mL of TBST solu-
tion provided by manufacturer for 5 min at room temper-
ature for five washes after sample incubations. Each mem-
brane was then incubated with diluted biotinylated antibody

cocktail that was prepared by pipetting 2 mL of Blocking
Buffer into each vial of antibody and incubated at room
temperature for 2 h. After incubations membranes were
washed as previously described. HRP-streptavidin was pre-
pared in blocking buffer by diluting it 1:1000 and incubated
on each membrane for 2 h at room temperature. Membranes
were washed again as previously described. Membranes were
transferred, printed side up, onto a sheet of blotting paper
lying on a flat surface to remove excess wash buffer by blot-
ting the membrane edges with another piece of paper. Mem-
branes were then transferred and placed, printed side up,
onto a plastic sheet provided by manufacturer and 500 �L of
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the Detection Buffer mixture (a 1:1 mixture of buffers pro-
vided) onto each membrane and incubated for 2 min at room
temperature. To ensure that our cell culture media did not in-
terfere with our array signal, one inflammatory array and one
cytokine array were incubated with only prepared cell culture
media. There was no detectible evidence that the serum con-
tained any of the proteins of interest (Supporting Data). Films
of membrane arrays were scanned and intensities of protein
signals were measured using ImageJ. Each spot was outlined
using ImageJ software and readout was set to intensity mea-
surement. All intensity measurements were normalized to
positive controls. Each membrane contained Positive Control
Spots that were a controlled amount of biotinylated antibody
printed onto the array and were used for normalization and to
orientate the arrays. Negative Control Spots are buffer printed
(no antibodies) and used to measure the baseline responses.
They were also used for determining the level of non-specific
binding of the samples. Blank Spots had nothing printed and
were used to measure the background response. Statistical
data (average, standard error, and p-value) were calculated
using SigmaStat.

2.4 Image J

The integrated density of each dot is measured by outlin-
ing it and using the Analyze/Measure command in Im-
ageJ. This method requires background correction of the
image, which can be done using the Process/Subtract Back-
ground command in ImageJ. Profile plots are obtained for
each row of dots (Analyze/Plot Profile) before and after back-
ground correction. After correcting the background, "Inte-
grated Density" was enabled in Analyze/Set Measurements.
This created a circular selection that was dragged over the
dots. "M" (Analyze/Measure) was pressed to measure in-
tensity. This step was repeated for each dot. Data was ex-
ported into Excel for calculations. Statistical data was calcu-
lated using SigmaStat. A standard t-test was performed to
determine significance (p < 0.05). To account for 89 compar-
isons, false discovery rate and corrected p-value for multiple
testing was calculated using Benjamini-Hochberg (p < 0.048)
[20].

2.5 Enzyme-linked immunosorbent assay (ELISA)

Using cell culture supernatants and synovial fluid samples,
ELISAs were completed using Quantikine Colormetric ELISA
kits from R&D Systems. For each sample, 500 �g of to-
tal protein sample was incubated on the manufacturer pro-
vided 96-well plates. All assays were carried out following
the manufacturer protocols. Each plate contained a standard
curve created by using a recombinant protein provided by the
manufacturer in serial dilutions according to manufacturer
protocols. Each standard and sample were plated in tripli-
cate. Additionally, controls including primary antibody only

controls, primary and secondary antibody only controls, and
dilution buffer controls incubated with primary antibody were
used to measure background and specificity. A detailed pro-
tocol is as follows: 100 �L of Assay Diluent (manufacturer)
was added to each well plus 100 �L of Standard, sample,
or control. The plates were incubated overnight at 4�C. Af-
ter incubations, each well was aspirated and washed using
wash buffer provided by manufacturer. Plates were washed
by filling each well with 400 �L of wash buffer using a squirt
bottle. After the last wash, any remaining Wash Buffer was
removed by aspirating the wells then the plate was inverted
and blotted against clean paper towels. After wash, 200 �L
of Conjugate (manufacturer) was added to each well and in-
cubated for 2 h at room temperature. The plates were then
washed as previously described. and 200 �L of Substrate So-
lution (manufacturer) was added to each well and incubated
for 20 min at room temperature, protected from light. Af-
ter incubations, 50 �L of Stop Solution (manufacturer) was
added to each well. The color in the wells changed from blue
to yellow. Last, we determined the optical density of each
well within 30 min, using a microplate reader set to 450
nm. Wavelength correction was set to 540 or 570 nm to cor-
rect for optical imperfections in the plate. Quantikine kits
were as follows: IL-6 D6050, IL-10 D1000B, IL-17 D1700, IL-4
D4050, CXCL1 DGR00, CXCL6 DGC00, and CXCL8 D8000C.
All data were analyzed using Excel. Averages were obtained
for each sample group using Excel, while other statisti-
cal data (standard error, and p-value) were calculated using
SigmaStat.

3 Results and discussion

3.1 JIA synovial fluid contains an abundance

of proteins

Of the 89 proteins tested by the arrays, 84 proteins were
differentially expressed in the synovial fluid between the
controls and the JIA samples. Among this extensive panel
of proteins tested on the synovial fluid, there were several
important findings, including a decrease in osteoprotegerin
(OPG) and TIMP-1 in the JIA synovial fluid. Not surpris-
ingly, JIA synovial fluid had increased levels of tumor necro-
sis factor (TNF-�), sTNFR1, vascular endothelial growth fac-
tor (VEGF), interferon (IFN�), IL-1� and IL-1�. Chemokines
and cytokines, including CX3CL1, which attracts T cells and
monocytes, CCL18, which recruits the adaptive immune sys-
tem, CCL26, which is stimulated by IL4, and CCL1, which
is secreted by activated T cells and attracts monocytes, nat-
ural killer cells, immature B cells and dendritic cells, were
all increased in JIA synovial fluid. Interestingly, CCL20, the
ligand that recruits Th17 cells through CCR6, was signifi-
cantly higher in the synovial fluid from JIA when compared to
controls.
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Figure 1. Antibody Arrays. (A) Log10 Average expression of differentially expressed proteins in the cell culture supernatants comparing
controls and JIA. (B) Log10 Average expression of differentially expressed proteins in the synovial fluids comparing controls and JIA. ˆ
designates significantly significant by Benjamini and Hochberg method (p < 0.048). n = 4 controls and 4 JIA biological replicates.

3.2 JIA FLS display a distinct inflammatory cytokine

repertoire

The characteristics of these important indigenous cells have
not been explored, so we examined the proteins secreted
into the supernatants of a pure culture of FLS from both
JIA and control subjects and compared them to the find-
ings in synovial fluid. To determine which of these pro-
teins were contributed, at least in part, by the FLS, we
tested cell culture supernatants from control and JIA FLS
by antibody arrays. There were many proteins that were
differentially expressed in the synovial fluid when we com-
pared JIA with controls. Some proteins did not reach signif-
icance in the comparison of FLS cell culture supernatants,
indicating that these proteins are contributed by various
other cell sources in the joint. Of the 84 differentially ex-
pressed synovial fluid proteins, 29 proteins were differen-
tially expressed by the FLS in cell culture (Fig. 1). The
remaining 55 proteins did not reach significance when
the cell culture supernatants were compared (Supporting
Data). JIA FLS preferentially secrete pro-inflammatory pro-
teins that play a central role in immunomodulation (Fig. 1).
Additionally, there is decreased secretion of the anti-
inflammatory cytokine IL-10 as compared to controls. This

profile was confirmed in synovial fluid, demonstrating that
FLS are truly inflammatory cells making significant contri-
butions to disease pathogenesis in JIA.

ELISA was used to confirm these differences in both the
cell culture supernatants and synovial fluid samples for IL-6,
IL-4, IL-17, and IL-10 (Fig. 2). These data revealed that JIA
FLS are secreting IL-6, IL-4, and IL-17 in larger amounts than
control FLS in culture, which is reflected in the relationship
of these proteins in the synovial fluid. IL-10 production is
decreased in JIA FLS and the synovial fluid from JIA. ELISA
data correlated with antibody array findings, with validation
of the relative expression.

This is the first study to identify cytokines produced by a
pure culture of JIA FLS. Serum levels of cytokines have been
investigated in JIA [7,21] yet synovial fluid profiles may reflect
more accurately the condition in the inflamed joint. Synovial
fluid from patients with JIA revealed presence of IL-2, IL-4,
IL-6, IL-12, IL-15, IL-17, CCL17, and CXCL9 [7], consistent
with our findings in JIA FLS cell culture supernatants and
synovial fluid, however, there were no control synovial fluid
samples tested for comparison in the published study. IL-4 is
known to be elevated in JIA, especially in remitting oligoar-
ticular disease [22], which in turn may influence remission in
oligoarticular JIA. It is possible that synovial FLS play a dual
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Figure 2. ELISAs of cell culture supernatants and synovial fluid samples from fibroblast-like synoviocytes (FLS) from juvenile idiopathic
arthritis (JIA) and controls. IL-6, IL-17, and IL-4 have higher levels in JIA, both in cell culture supernatants and synovial fluid samples. IL-10
demonstrates lower levels in JIA in both the cell culture supernatant and the synovial fluid. P-values � 0.005. n = 4 controls and 4 JIA
biological replicates, each run in triplicate.

role in the homeostasis of the inflamed synovium. In sum,
FLS may play both roles, i.e. pro- and anti-inflammatory, de-
pending on disease state and other local influences.

3.3 JIA FLS display increased chemokine production

JIA FLS express higher levels of the several members of
the C-C family of chemokines, which recruit monocytes,
macrophages, T cells and neutrophils, and the C-X-C fam-
ily of chemokines, which recruit and activate myeloid cells
(Fig. 3). We have shown CXCL6 to be one of the most highly
differentially expressed genes between control and JIA FLS
with 70-fold higher expression in JIA on the RNA level [19]. Al-
though not significantly different on the antibody arrays of the
cell culture supernatants, CXCL6 protein level was higher in
the JIA cell culture supernatant when tested by ELISA, likely
due to higher sensitivity of this method (Fig. 4). JIA FLS also
highly secreted XCL1 (lymphotaxin), which is chemotactic for
T cells and NK cells, and ICAM1, which allows leukocytes to
transmigrate into tissues. The majority of these chemokines
remained significantly increased in the synovial fluid anal-
ysis, implying an influential role of JIA FLS in controlling
trafficking into the joint. Three proteins, CXCL5, CXCL10,

and CXCL13, had decreased secretion in cultured JIA FLS,
but were increased in JIA synovial fluid, indicating an alterna-
tive cell source for these chemokines. XCL1, CCL16, CCL25,
CCL27, and CXCL11 were increased in cell culture super-
natants of JIA FLS, but due to differences in antibody array
map, were not tested in synovial fluid (Fig. 3). Confirmation
of FLS as major sources of CXCL1 and CXCL6 was done by
ELISA (Fig. 4). ELISA was used to confirm the relationships
of CXCL8 on both cell culture supernatants and synovial fluid
samples (Fig. 4).

JIA FLS may contribute to the inflow of inflammatory
cells into the joint space via secretion of a large number
of chemokine ligands (Fig. 3). The contribution of FLS to
inflammatory cell trafficking has been shown in RA, although
likely through different sets of chemokines. In line with the
findings in RA synovial tissue [23], JIA FLS had increased ex-
pression of CXCL1, CXCL9, XCL1 (lymphotaxin), and CCL7.
In contrast, RA synovial tissue shows expression of CXCL5,
CXCL8, CXCL10, and CXCL13 [23], all of which we found de-
creased in JIA FLS at the protein level. CXCL12 was increased
in JIA FLS, but is reportedly decreased in RA synovial tissue
[23], suggesting differences in pathways utilized for cell traf-
ficking. CXCL8 has been observed in RA synovial tissue [23],
but specifically in many cell types from the RA joint, including
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Figure 3. Antibody Arrays. (A) Log10 Average expression of differentially expressed proteins in the cell culture supernatants com-
paring controls and JIA. (B) Log10 Average expression of differentially expressed proteins in the synovial fluids comparing controls
and JIA. ˆ designates significantly significant by Benjamini and Hochberg method (p < 0.048). n = 4 controls and 4 JIA biological
replicates.

dendritic cells, synovial macrophages, neutrophils, and syn-
ovial fibroblasts [23–28], in addition to synovial fluid of JIA
[21], but had the largest fold-change decrease in expression
in cultured JIA FLS. When tested on synovial fluid there was
no significant difference in expression, suggesting that there
are likely other cell sources of CXCL8 in JIA as well. Distinct
chemokine profiles imply that therapeutic targets aimed at
chemokine ligands are likely to have varying degrees of effi-
cacy in JIA as compared to RA.

JIA FLS are likely influenced by and are influencing Th17
cells. Th17 cells and IL-17 are present in increased levels in the
synovial fluid of patients with JIA [8,29,30]. Importantly, Th17
cells express CCR2 and CCR6. The CCR2 ligands are CCL7,
CCL8, CCL13, and CCL16, are being secreted by JIA FLS in
culture and are increased in JIA synovial fluid (CCL16 was
not tested in synovial fluid), underscoring the high likelihood
that there is cross-talk in the joint between the JIA FLS and
the Th17 cells.

The Th17 cells in the joint could be influencing the FLS
to release CXCL1 and CXCL6, thereby directing trafficking
of neutrophils into the joint space with the help of the FLS.
IL-17 is also secreted by JIA FLS, which may be working in

an autocrine manner to stimulate the FLS to then release
CXCL1 and CXCL6. Additionally, IL-17 increases expression
of IL-6 by JIA FLS [8], which may occur in a paracrine manner
from Th17 cells in the synovial fluid or by autocrine signal-
ing, thereby resulting in perpetuation of the inflammatory
response.

The increase in T cells expressing CCR5 and CXCR3 seen
in the inflamed joint in JIA has been attributed to selective
recruitment [31]. JIA FLS release CCL16, the chemokine lig-
and for CCR5, and CXCL9 and CXCL11, ligands for CXCR3,
suggesting FLS contribution to the recruitment of these cells
into the joint. CXCL9 remained significantly more highly ex-
pressed in JIA synovial fluid. CCL16 and CXCL11 were not
tested on synovial fluid.

3.4 Dysregulated pathways reveal that FLS are

“master traffickers”

To uncover connections between these dysregulated pro-
teins, we looked at the top pathways uniting our proteins
using QIAGEN’S Ingenuity Pathway Analysis (IPA, QIAGEN

C© 2016 The Authors. Proteomics–Clinical Application Published by WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim. www.clinical.proteomics-
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Figure 4. ELISAs of cell culture supernatants and synovial fluid samples from fibroblast-like synoviocytes (FLS) from juvenile idiopathic
arthritis (JIA) and controls. CXCL1 and CXCL6 have higher levels in JIA. CXCL8 has higher levels in JIA cell culture supernatants but no
difference in levels in the synovial fluid. P-values � 0.005. n = 4 controls and 4 JIA biological replicates, each run in triplicate.

Redwood City, www.qiagen.com/ingenuity). The top canoni-
cal pathways these proteins are involved in are (i) Granulocyte
adhesion and diapedesis (p-value = 3.1 × 10−32), (ii) Agran-
ulocyte (mononuclear leukocyte) adhesion and diapedesis (p-
value = 1.48 × 10−29), (iii) Hematopoiesis from pluripotent
stem cells (p-value = 2.81 × 10−21), (iv) Role of cytokines in
mediating communication between immune cells (p-value =
2.19 × 10−20) and (v) Communication between innate and
adaptive immune cells (p-value = 4.89 × 10−18). The activity
of these pathways highlights the central role the FLS play in
directing traffic and influencing the inflammatory milieu of
the joint.

3.5 Proteins are unified by upstream regulation

through nuclear factor kappa-light-chain-

enhancer of activated B cells (NF-�B)

We used IPA to investigate the upstream regulators of dys-
regulated proteins in the FLS. The top six upstream regula-
tors for the FLS include transcription regulators JUN, EZH2,

RELA, IRF3, NFKB1A, and the NFKB complex. Of the top
six upstream regulators of the proteins expressed by JIA FLS
in culture, four were involved in NF-�B signaling. This high-
lights the importance of NF-�B signaling in the pathogenesis
of JIA, as has been established in RA [32]. NF-�B is a major
inflammatory regulator and has a role in activation and prolif-
eration of RA FLS and the development of the Th1 helper sub-
set [32–34]. TNF has been shown to induce a TNFR2/NF-�B-
dependent proinflammatory program in Tregs derived from
JIA synovial fluid [35], but ours is the first work to show the
activity of NF-�B signaling in JIA FLS.

3.6 Limitations of study

One of the strengths of our work is also one of its limitations.
While the protein findings in cell culture supernatants can
certainly be attributed to the cells in question (FLS) we are
also limiting our ability to observe the behavior of these cells
within the inflammatory milieu containing other cells of the
inflamed synovial membrane. FLS could, in fact, exhibit a

C© 2016 The Authors. Proteomics–Clinical Application Published by WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim. www.clinical.proteomics-
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different phenotype in situ in the joint. Of particular inter-
est would be the interaction between the FLS and Th17 cells
in JIA. Through paired examination of the synovial fluid,
however, we are able to demonstrate that FLS are secret-
ing cytokines and chemokines and hence contributing to the
inflammatory milieu of the joint space. Additionally, we do
have a small sample cohort, however, there were detectible
differences between controls and JIA. FBS was not removed
from samples before antibody arrays were done. This should
not influence the detectible differences since all samples, con-
trols and JIA, were treated exactly the same way and FBS does
not contain any of the studied proteins, as demonstrated by
us (Supporting Data) and others [36].

4 Concluding remarks

The present study demonstrates a central role for FLS in
JIA. These cells seem pivotal in perpetuating inflammation
and directing cell traffic into the joint. With prolific outpour-
ing of cytokines and chemokines, they are influencing the
inflammatory response, making them potential therapeutic
targets.

This is the first study to look at a large panel of proteins in
synovial fluid and released from a pure culture of FLS in JIA.
JIA FLS are performing many essential activities in common
with RA, albeit through different messengers. It is essential to
delineate this distinction when developing targeted therapies,
such as anti-chemokine agents, likely to be efficacious in JIA.
In vitro experiments blocking upstream regulators could also
give great insight into disease pathogenesis and provide the
basis for new therapeutic modalities. Through select protein
analysis of pure culture of FLS and the corresponding pro-
teins in synovial fluid, we have shown that JIA FLS are major
contributors to inflammatory response and “master traffick-
ers” into the joint in juvenile idiopathic arthritis. Knowledge
of the key disease-specific chemokines may allow us to tailor
therapy appropriately.
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