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A B S T R A C T

Juvenile idiopathic arthritis (JIA) is a heterogeneous and multifactorial group of chronic arthritis with an onset before the age of 16 years. The pathogenesis of this

disease is poorly understood, which makes the distinction among subtypes unclear, delays diagnosis and optimal therapeutic management. MicroRNAs (miRNAs) are

small non-coding RNAs that play a critical role in the regulation of immune responses. Their expression is tightly controlled to ensure cellular homeostasis and

function of innate and adaptive immune cells. Abnormal expression of miRNAs has been associated with the development of many inflammatory and autoimmune

diseases. In this review, we gather results published on miRNAs expression profiles in JIA patients with the aim to identify miRNAs that can be used as diagnostic

biomarkers and provide information on disease activity and progression. We also focus on miRNAs deregulated in different forms of JIA to shed light on common

pathways potentially involved in disease pathophysiology.

1. Juvenile idiopathic arthritis

Juvenile idiopathic arthritis (JIA) is a heterogeneous group of

chronic childhood arthritis persisting for> 6weeks. JIA represents the

most common rheumatic disease with an onset before the age of

16 years. The prevalence of this autoimmune disorder of unknown

origin is between 16 and 150 cases per 100,000 children [1,2]. The

International League of Associations for Rheumatology (ILAR) has

identified 7 subtypes of JIA based on the number of affected joints,

serologic features and the presence of systemic signs and symptoms [3].

Categories of JIA include oligoarticular JIA, rheumatoid factor (RF)-

negative polyarticular JIA, RF-positive polyarticular JIA, systemic JIA

(sJIA), enthesitis-related arthritis (ERA), psoriatic arthritis and un-

differentiated JIA. The oligoarticular subtype characterized by four or

fewer joints affected during the first 6 months of symptoms represents

nearly 50% of cases in Europe, while polyarticular JIA with five or more

arthritic joints accounts for 25 to 40% [4]. The other forms of JIA are

less common in Europe. SJIA involves a fever lasting> 2weeks that

can be associated with generalized lymphadenophaty, evanescent er-

ythematous rash, hepatomegaly, splenomegaly or serositis. Psoriatic

arthritis is defined by the presence arthritis and psoriasis or some

psoriatic features like nail pitting, onycholysis, dactylitis or psoriasis in

a first-degree relative. ERA corresponds to arthritis supplemented with

inflammation at the ligamentous or tendinous attachments to the bone.

Finally, undifferentiated arthritis includes all forms of arthritis that

does not fulfill any of the criteria mentioned above, or fits more than

one category. This classification is still under revision and discussions

continue on its robustness, as there is a lack of specific markers (clinical

and/or biological) discriminating between JIA subtypes.

Little is known about the cause and pathophysiology of JIA. The

literature describes JIA as a multifactorial disease for which some

specific susceptibility genes have been identified [5]. They can be di-

vided into two groups: HLA genes and non HLA-related genes. HLA

class I (HLA A-2 and HLA B27) and HLA class II (HLADRB1 and HLA DP)

alleles have been associated with JIA, indicative of a role of T lym-

phocytes in these diseases. Several non-HLA candidate genes have also

been identified in JIA cases, including MIF, PTPN22, SLC11A6, WISP3

and tumor necrosis factor (TNF)-α [6]. The autoreactive immune re-

sponse in JIA is a consequence of a deregulation of innate and adaptive

immunity, which is assumed to be triggered by an adaptive reaction

towards self-antigens. Indeed, antigen-presenting cells like monocytes

and dendritic cells (DCs) play a critical role in synovial inflammatory

reaction [7–9]. Impairments in their distribution [10–12] as well as in

their cytokine production [13–16] are described in cases of JIA. They

are responsible for the accumulation of activated memory T cells in the

joints [17], resulting in exacerbated immune response and tissue da-

mage. While genetic specificities determine the susceptibility to de-

velop the disease, the interaction with environmental features seems to

be involved in the initiation of the autoimmune reaction. These en-

vironmental triggers are largely unknown and might include specific
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infectious agents or vaccinations. For example, after vaccination with

meningoccocus C, some polyarticular JIA patients showed an increased

proinflammatory immune response towards vaccine antigens [18].

Also, several reports show that JIA is more prevalent in rural than

urban environments [19,20]. However, further work on large cohorts is

needed to validate these hypotheses and to identify specific factors that

contribute to the initiation and development of the pathology.

Epigenetic mechanisms are known to play a major role in the reg-

ulation of biological processes, including immune reactions. Over the

past several years, a growing interest in microRNAs (miRNAs) has been

shown. They regulate gene expression and it has become clear that

alterations in their expression profiles can contribute to the develop-

ment of pathological conditions like cancers and autoimmune diseases

[21,22]. In 2007, the first evidence of a linkage between miRNAs and

the pathogenesis of adult form of arthritis, rheumatoid arthritis (RA),

was found [23]. Since then, the abnormal expression of multiple

miRNAs has been documented in the blood and inflamed joints of RA

patients, some of them reflecting the pathological state of tissues and

disease activity [24–28]. Concerning juvenile arthritis, it was only in

2014 that the first report on miRNAs quantification was published [29].

The aim of the present review is to provide a state of the art of the

findings on miRNAs in JIA and to document on their role in the pa-

thogenesis of this heterogeneous group of diseases, as well as on their

potential as biomarkers and therapeutic tools.

2. Overview of miRNAs in biological networks

MiRNAs are non-coding, endogenously generated and single-

stranded RNAs of approximately 22 nucleotides. According to the latest

miRNA database, 2588 miRNAs have been identified in humans [30].

They exhibit highly regulated patterns of expression, specific of each

cell types and changing according to cellular differentiations [31].

MiRNAs predominantly act as negative regulators of the expression of

target genes by translational repression or cleavage of messenger RNA

(mRNA). Under certain conditions, miRNAs have been reported to up-

regulate the translation of target mRNAs [32]. It is estimated that>

60% of human protein coding genes contain at least one miRNA

binding site [30]. MiRNAs are essential for the maintenance of cellular

homeostasis and normal function. They have a key role in many phy-

siological systems [33,34], as they allow the rapid or transient change

of gene expression profiles in response to intracellular or extracellular

signals [35].

2.1. Biogenesis of miRNAs

The biogenesis of miRNAs starts in the nucleus where they are

transcribed from genes, mainly by RNA polymerase II [30]. Some

miRNA genes are transcribed individually, but a large fraction of them

are present in the genome with expression patterns and arrangements

that suggest they are transcribed as polycistronic primary transcripts

[36]. The primary transcript of miRNA gene (pri-miRNA) is usually

hundreds to thousands of nucleotides long and has one or more hairpin

loop structures. MiRNA precursors can be processed either in a cano-

nical or a non-canonical biogenesis pathway [37,38]. In the canonical

miRNA pathway, the pri-miRNA is cleaved in the nucleus by the RNase

III endonuclease Drosha, along with a double-stranded-RNA-binding

protein called DiGeorge syndrome critical region protein 8 (DGCR8).

The pri-miRNA then becomes a 60 to 70 nucleotides stem-loop inter-

mediate called pre-miRNA. In the alternative pathway named non-ca-

nonical miRNA biogenesis, miRNA precursors designated as mirtrons

do not contain the stem-loop structure and the flanking single stranded

segments essential for the binding of the Drosha/DGCR8 micro-

processor. Therefore, they bypass Drosha processing and go through a

splicing of 5’cap and polyA tails after which they become pre-miRNAs

and can enter the canonical miRNA processing pathway. The pre-

miRNA is then exported from the nucleus into the cytoplasm by

Exportin-5 and its RAN-GTP cofactor, where it is cleaved by RNase III

Dicer and becomes an unstable, asymmetric miRNA/miRNA duplex of

19-22 nucleotides [30,39]. This duplex is composed of a guide RNA

sequence and a passenger RNA. After the processing by an helicase, the

guide sequence also called the active strand is selectively loaded into

ribonucleoprotein (RNP) complexes to generate RNA-induced silencing

complexes (RISC). This active strand incorporated in RISC is therefore

able to act as a mature miRNA, while the passenger miRNA is usually

released and rapidly degraded [30].

2.2. MiRNAs mode of action

After being loaded on RISC, the mature miRNA can interact with its

target mRNA on complementary binding sites originally thought to be

located only in 3′ untranslated regions (UTRs). Publications then

showed that miRNAs are also able to interact with complementary se-

quences located on 5’UTR of mRNA, as well as on their promoter or

coding sequence (CDS) regions [40–42]. These interactions involve a

continuous and perfect base pairing of 2-8 nucleotides of the miRNA,

representing the “seed” region. Target recognition is followed by the

catalytic action of proteins forming the RISC complex. Among them,

Argonaute (Ago) 2 has been found to cleave mRNA by endonuclease

activity. Other proteins of the Ago family can induce mRNA dead-

enylation and inhibition of translation [30,43]. Alternatively, repressed

mRNA may be accumulated in specific intracellular compartment called

GW/P bodied, along with miRNAs and associated proteins [30].

While miRNA-mediated silencing mechanisms are well known, their

actions as posttranscriptional upregulators are less documented. An

emerging group of studies reveals that the degree of complementarity

between miRNA and the target mRNA dictates the translation outcome

[44–46]. Indeed, if perfect base pairing usually leads to mRNA cleavage

or decay, partial base pairing can have a different effect on gene ex-

pression. Not only can it induce mRNA deanylation and translation si-

lencing, but it might also up-regulate mRNA expression in response to

specific sequences, cofactors or cellular conditions. Postranscriptional

up-regulation can either be performed directly by miRNPs, or in-

directly, after a regulatory effect on miRNA-mediated inhibition [47].

Vasudevan and his colleagues identified a translation activation of

tumor necrosis factor-α (TNF-α) induced by miR-369-3p [32]. TNF-α is

a cytokine playing an important role in immune reactions [48]. It ap-

pears that upon cell cycle arrest, the AU-rich elements (AREs) located

on the 3’UTR of TNF-αmRNA become translation activation signals and

recruit AGO2 and fragile X mental retardation- related protein 1 (FXR1)

that are associated with miRNPs. This association is directed by miR-

369-3p [32]. The versatility of miRNP function in response to specific

cellular conditions has only recently begun to be characterized, and a

deeper investigation of regulatory switches that dictate repression

versus stimulation is required.

2.3. MiRNAs in body fluids

MiRNAs biogenesis and function is tightly regulated in every cell

type. In some tissues, miRNAs show a specific and unique distribution

profile. A regulation has also been observed concerning the expression

of extracellular miRNAs. Circulating RNAs were identified for the first

time in 1972 when intact RNAs were detected in plasma, suggesting

that specific structures were preventing their degradation from ribo-

nucleases [49]. Since then, miRNAs have been found in fluids such as

serum, saliva and urine [50–52]. Weber and his team analyzed the

expression of miRNAs in 12 human body fluids: plasma, urine, saliva,

tears, breast milk, colostrum, amniotic fluid, bronchial lavage, pleural

fluid, peritoneal fluid, cerebrospinal fluid and seminal fluid [53]. They

identified similarities among several of them, like miRNA distribution

in plasma and saliva, sign of existing exchanges between these two

fluids. Amniotic fluid did not show resemblance with the other fluids

tested, probably because of the filtration process occurring in the
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placenta that limits the transport of molecules from the amniotic fluid

to the rest of the body. Interestingly, the highest amounts of miRNA

were found in tears. MiRNAs have also been detected in the synovial

fluid (SF) of patients with arthritis [54].

Extracellular miRNAs are protected against enzymatic degradation

by their inclusion in extracellular vesicles (exosomes, microparticules

and apoptotic bodies), or their association with either RNA-binding

proteins or lipoprotein structures [55]. Their stability allows them to be

taken up by distant cells and therefore be involved in cell-to-cell

communication. However, mechanisms controlling miRNA regulation

and their release from cells are yet to be elucidated.

3. MiRNAs and the immune response

By the role they exert in the regulation of proliferation, maturation,

differentiation and activation of immune cells, miRNAs are crucial for

the function of both innate and adaptive immune systems [22,56–58].

The first evidence of miRNAs being involved in immune responses was

reported in 2004, when Chen and his team identified 3 miRNAs (miR-

142a, miR-181a and miR-223) expressed in specific mouse hemato-

poietic cells. They showed that the expression of these miRNAs is

tightly regulated during hematopoiesis and lineage commitment, which

allows them to efficiently participate in the control of immune system

[59].

MiRNAs mode of action is highly efficient and versatile. Their ca-

pacity to induce rapid changes in gene expression makes them essential

actors in the interplay between immune cells and pathogens

[58,60,61]. Cells of the innate immune system, including granulocytes,

monocytes and DCs, represent the first elements involved in the defense

against invading microorganisms [62]. These cells express on their

membrane pattern recognition receptors (PRRs) including tool-like re-

ceptors (TLRs), nucleotide-binding oligomerization domain (NOD)-like

receptors (NLRs), C-type lectin-like receptors (CLRs) and retinoic acid-

inducible gene (RIG)-I-like-receptors (RLRs). PRRs can recognize and

bind to a wide range of pathogen- associated molecular patterns

(PAMPs), which results in the triggering of intracellular signaling

pathways that leads to the initiation of an inflammatory response

[63,64]. Significant changes have been observed in the expression of

various miRNAs in response to PAMPs or cytokines stimulation [65].

For example, lipopolysaccharide (LPS)-mediated inflammatory re-

sponse is associated with the over-expression of miR-146a/b and miR-

155, as well as miR-125b down-regulation in human monocytes. MiR-

146 acts as a negative regulator of TLR4, TLR2 and TLR5 signaling

pathways by inhibiting the translation of tumor necrosis factor re-

ceptor-associated factor 6 (TRAF6) and IL-1 receptor-associated kinase

1 (IRAK1) [66]. Antigens from bacteria and viruses can activate TLR4,

TLR2, TLR3 or TLR9 on macrophages and induce an increase of miR-

155 in these cells [66–68]. MiR-155 targets suppressor of cytokine

signaling protein 1 (SOCS1), Fas-associated death domain protein

(FADD), TNF receptor superfamily-interacting serine-threonine kinase

1 (Ripk1) and IkappaB kinase epsilon (IKKepsilon), which results in the

up-regulation of TNF-α [67]. Moreover, this miRNA participates in the

control of inflammatory cytokines production such as IL-1β during DCs

activation [69]. Like miR-146a, the expression of miR-155 is associated

with DCs maturation [69–71]. Finally, miR-125b directly binds to TNF-

α transcripts to inhibit their translation. The lower expression of this

miRNA is therefore in accordance with elevated levels of TNF- α [68].

Evidence of miRNAs significance in adaptive immunity became

apparent after experiments in which Dicer was conditionally in-

activated in mice T and B lymphocytes, thereby disrupting miRNA

synthesis [72]. In immature thymocytes, Dicer depletion results in

aberrant T cells development with reduced T cells number both in

thymus and peripheral lymphoid organs, followed by impaired T helper

(Th) cells differentiation and cytokines production [72,73]. Dicer-de-

ficient B cell progenitors undergo a blocking at the pro- to pre-B cell

transition affecting antibody production and diversity [74]. MiR-146a

and miR-155 not only regulate innate immunity, they are also critical in

the adaptive immune system. They represent two of the most studied

miRNAs in autoimmune disorders like RA and illustrate the complex

role of miRNAs in immune responses. Concerning miR-146a, an up-

regulation of its expression has been observed in Th1, while it is down-

regulated in Th2 cells [75]. MiR-146a shows high expression in reg-

ulatory T cells (Tregs) where it targets signal transducer and activator

of transcription (STAT)-1 and therefore regulates Tregs-mediated sup-

pression of interferon (IFN)-γ production by Th1 [76]. Evidence shows

that miR-146a knockout in mice leads to an increase of the transcrip-

tion of genes regulated by NF-κB, which in turns induces myeloid sar-

comas and lymphomas development [77]. MiR-155 on the other hand

targets c-maf, Pu.1 and activation-induced cytidine deaminase (AID),

which are essential for lymphocyte homeostasis and normal function

[78,79]. In miR-155 knockout mice, defective T- and B- mediated im-

munity is observed, including impaired Th1 and Th2 polarization with

increased.

Th2 differentiation, lower number of Tregs cells, reduced germinal

center response and decreased numbers of IgG class-switched cells

[80–83].

Taken together, these data clearly illustrate the importance of

miRNAs in the development of immune cells as well as in their function

in innate and adaptive immune responses. Proper miRNAs expression is

essential in order to avoid inappropriate inflammation or autoimmune

reaction. Autoimmunity occurs when the immune system fails to re-

cognize self antigens and trigger an immune response against them,

which results in cellular and tissue damages [84]. Tolerance to auto-

antigens is ensured by checkpoints in central and peripheral lymphoid

organs. Under normal circumstances, these checkpoints induce the

destruction or silencing of autoreactive T and B lymphocytes [85]. The

persistence of self-reactive cells in peripheral lymphoid tissues can

provoke the development of autoimmune diseases. Immune tolerance

breakdown is in some cases the result of a deregulation of miRNAs

expression [86]. For example, experiments on mice indicated that miR-

146a knockout in Treg cells disrupted immune tolerance mechanisms,

resulting in the development of immune disorders [76]. Depending on

autoimmune diseases, distinct mechanisms can be involved with spe-

cific deregulated miRNA expression patterns.

4. JIA and miRNAs

Since 2007, the literature gathers numerous studies on miRNAs

dysregulated in the blood and inflamed joints of RA patients, which is

the most common form of arthritis in adulthood [26,56,87–89]. It was

not until 2014 that the first studies identifying miRNAs with altered

expression in patients with JIA were published [29]. Analyses were

mainly performed on serum and plasma samples, as well as on mono-

nuclear cells isolated from blood samples (Table 1). The following

sections gathers data on miRNAs that are abnormally expressed in JIA,

comparing them with results obtained on healthy donors and RA pa-

tients. The study of miRNAs deregulated in JIA and RA allow the

identification of disturbed mechanisms shared by two different forms of

rheumatic disorders, while miRNAs with impaired expression only in

JIA samples reveal information on pathways specifically involved in JIA

pathogenesis.

4.1. MiRNAs from body fluids

4.1.1. MiRNA markers in serum

Kamiya et al. performed a real-time RT-PCR to quantify the ex-

pression of miR-223, miR-146a, miR-155, miR-132 and miR-16 in the

serum of children with sJIA, polyarticular JIA and healthy donors.

Their aim was to investigate the potential of these circulating miRNAs

as disease biomarkers that could replace invasive biopsy [90]. They

showed that miR-223 is significantly up-regulated in sera of patients in

the active phase of JIA compared to inactive phase and healthy
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controls. They also found that levels of miR-223 are correlated to ery-

throcyte sedimentation rate (ESR) and matrix metalloproteinase-3

(MMP-3) in polyarthritis, and associated to ESR in sJIA. As mentioned

above, miR-223 has a crucial role in the regulation of the differentiation

of myeloid cells. It has been reported that miR-223 is also elevated in

RA sera compared to healthy donors and is involved in the differ-

entiation of osteoclasts, therefore impacting on joint erosion [91].

Filkova and her team revealed that the high expression of miR-223 in

the serum of RA patients is linked to C-reactive protein (CRP) levels

[92]. Thus, in JIA as in RA, serum miR-223 levels are considered as

potential biomarkers for disease activity [90,92].

Kamiya et al. also quantified miR-146a and miR-155 expression in

JIA sera. As previously specified, these two miRNAs display important

functions in the immune system. However, no significant difference was

observed in the serum expression of these two miRNAs between JIA

patients and healthy subjects [90]. MiR-155 expression levels were

slightly higher in the serum of sJIA than in polyarticular serum.

Moreover, a correlation was detected between serum miR-146a and

MMP-3 in polyarticular JIA patients. Contrary to JIA, studies in RA sera

have reported a higher expression of miR-155 in healthy controls than

in RA patients [92,93]. MiR-155 as well as miR-146a concentrations in

RA serum increase during disease progression and become significantly

different in established RA compared to early cases of RA [92].

The quantification of miR-132 expression in JIA sera showed an

increase in sJIA compared to polyarticular JIA. No significant changes

were observed compared with healthy controls [90]. MiR-132 is known

for its anti-inflammatory effect as it targets p300 transcriptional co-

activator and inhibits the expression of IFN-β, Interferon-stimulated

gene 15 (ISG15), Interleukin (IL)-1β and IL-6 [94]. Kamiya et al. did not

find any correlation between miR-132 and MMP-3 or ESR. Similar re-

sults were obtained in RA studies, with the same levels of miR- 132

between patients and healthy individuals, as well as an absence of as-

sociation between the expression of this miRNA and disease activity

[92].

Finally, Kamiya et al. could not evidence differences in miR-16

expression between sJIA, polyarticular JIA and healthy donors [90].

However, they reported a mild correlation of miR-16 with MMP-3 in

both forms of JIA. Among other functions, this miRNA is involved in

apoptosis by targeting B-cell lymphoma 2 (Bcl-2) [95]. It has also been

studied in RA patients, where reports show that it targets TNF-α [96].

Serum levels of miR-16 in early RA are low and increase with the

progression of disease [92]. Like miR-223 expression in serum, miR-16

level might be a predictor for disease outcome in case of RA [97].

4.1.2. MiRNA markers in plasma

Ma et al. quantified the expression of the five same miRNAs (miR-

223, miR-146a, miR-155, miR-132 and miR-16) in the plasma of chil-

dren suffering from oligoarticular JIA, polyarticular JIA, juvenile an-

kylosing spondylitis (JAS) as compared with healthy subjects [98].

Using a microarray analysis, they selected these miRNAs because of

their differential expression between groups and performed a validation

study using quantification by RT-qPCR. Their aim was to identify novel

biomarkers for JIA that are correlated with specific disease character-

istics. Analyses revealed an up-regulation of miR-16, miR-146a and

miR-223 levels in oligo- and poly-arthritis compared to JAS and healthy

donors. Moreover, miR-16 was more elevated in polyarticular JIA than

in the oligoarticular subtype. Concerning miR-132 and miR-155, they

were down-regulated in polyarthritis compared to JAS and healthy

individuals. Results with oligoarthritis showed that miR-132 was under-

expressed in JIA compared with controls and JAS, while miR-155 is

higher in healthy donors and equally expressed in JAS and oligoar-

thritis.

Ma et al. also considered clinical variables and cytokine con-

centrations in order to evaluate the potential of plasma miRNAs as

markers of JIA progression. They found that miR-16 expression levels

correlate with Juvenile Arthritis Magnetic Resonance Imaging Score

(JAMRIS) on the hip (JAMRIS-hip) and with the 27-joints Juvenile

Arthritis Activity Score (JADAS-27). MiR-146a was correlated with

JAMRIS-hip, the limited joint count (LTC) and the 10-joints/27-joints/

71-joints JADAS (JADAS-10/27/71). Cytokines analysis indicated a

positive correlation of plasma miR-16 and IL-6 concentration, while a

negative correlation was observed between miR-146a and TNF-α.

Down-regulation of TNF-α by miR-146a is well described, as this

miRNA targets TRAF6 [66]. MiR-16 has been reported to modulate LPS-

induced production of IL-6, IL-1α and IL-8 via the targeting of silencing

mediator for retinoid and thyroid hormone receptor (SMRT) [96,99].

These results suggested that expression levels of miR-146a and miR-16

in JIA plasma might be considered as potential markers for disease

activity. Ma et al. could not find any relevant correlation between

biological or clinical parameters of patients and miR-155, miR-132 or

miR-223 expression in plasma.

Studies in RA plasma did not show any difference between miR-16,

miR-223 and miR-155 expression between RA patients and healthy

subjects, while miR-132 has been reported to be down-regulated in RA

plasma compared to controls [54]. There are some conflicting results

concerning miR-146a expression in RA plasma. Murata et al. identified

an equal expression between RA and controls [54], while Wang et al.

demonstrated that miR-146a is more expressed in plasma samples of

healthy subjects as compared to established RA [93]. This discrepancy

can be explained by variations in type of samples, patients medical

history, disease progression, as well as differences in the sensitivity of

methods used for miRNAs quantification. Murata et al. also analyzed

miRNAs expression profile in SF and they found similar levels of miR-

155 in plasma and SF of RA patients, while miR-16, miR-223, miR-132

and miR-146a were up-regulated in their plasma. Concerning clinical

variables, they identified an inverse correlation between tender joint

counts (TJC) and plasma miR-16, miR-223, miR-146a and miR-155.

Plasma miR-16 was also inversely correlated to disease activity score of

28 joints (DAS28) index. Contrary to their expectation, no correlation

was observed between SF miRNAs expression and disease activity [54].

Like in JIA, the usefulness of plasma miR-16 as a biomarker for disease

activity in RA is highlighted [87,98].

Using a microarray profiling followed by a RT-qPCR, Sun and his

team selected 4 miRNAs (miR-26a, miR-145, miR-181a and miR-1237)

differentially expressed between sJIA plasma and healthy controls

[100]. They compared their expression levels to those from other

rheumatic diseases in order to identify miRNAs specific of sJIA. Their

results indicated that miR-26a and miR-145 were up-regulated in sJIA

Table 1

List of miRNAs differentially expressed in JIA compared to healthy controls.

Localization Up–regulation Down–regulation

Serum miR–223 [90]a

Plasma miR–16 [98]

miR–26a [98] a

miR–132 [98]a

miR–146a [98]

miR–145 [98]

miR–155 [98]

miR–223 [98]

PBMC miR–16 [117]a

miR–19a [108]

miR–21 [108]a

miR–99a [117]

miR–100 [117]

miR–125a [117]

miR–133a [117]

miR–146a/b [108,117]a

miR–150 [108,117]a

miR–155 [29]a

miR–181c [117]

miR–223 [117]a

a Also abnormally expressed in rheumatoid arthritis.
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plasma in comparison to healthy subjects as well as patients with JAS,

systemic lupus erythematosus (SLE), Kawasaki disease (KD) and He-

noch-Schönlein purpura (HSP). The two other miRNAs (miR-181a and

miR-1237) had irregular expressions in the four rheumatic disorders

and were not JIA-specific. Sun et al. were particularly interested in miR-

26a expression as this miRNA was specifically up- regulated in sJIA

plasma and less expressed in oligo- and poly-arthritis. MiR-26a is in-

volved in the regulation of cell proliferation and differentiation [101].

It has an anti-inflammatory action as it inhibits osteoclast formation

and it has been reported to reduce arthritis severity in rats by targeting

TLR-3 on their macrophages [102,103]. High expression of this miRNA

is also observed in RA plasma compared to controls [87]. Sun et al.

hypothesized that miR-26a in the plasma could be a marker for in-

flammatory severity in sJIA patients as there is a positive correlation

between its expression and IL-6 plasma levels. This cytokine is highly

produced during peaks of fever that occur often in sJIA [104]. Con-

cerning other clinical variables like ESR, CRP, TJC or swollen joint

count (SJC), no correlation was observed in sJIA or RA patients

[100,105].

Although miR-145 expression in JIA plasma was not studied in

depth by Sun et al., their team showed that this miRNA is up-regulated

in oligoarticular JIA compared to polyarticular JIA, sJIA and healthy

controls [100]. A study on RA synovial fibroblasts showed that miR-145

targets semaphorin 3A (SEMA3A) and therefore promotes the positive

action of VEGF on survival, migration and invasion of fibroblast-like

synoviocytes [106]. Another report highlights the role of miR-145 in

chondrocyte homeostasis regulation and describes the potential in-

volvement of this miRNA in cartilage destruction in osteoarthritis (OA)

[107]. These functions have not been however studied so far in the

context of JIA.

4.2. Intracellular miRNAs

Studies have been conducted on miRNAs isolated from all periph-

eral blood mononuclear cells (PBMC) in JIA patients. RT-qPCR analyses

revealed that miR-21 and miR-19a levels are down-regulated in sJIA

PBMC compared to healthy controls [108]. MiR-21 plays a key role in

the triggering of inflammation and participates in the maturation and

differentiation of T lymphocytes [109,110]. This miRNA down-reg-

ulates Bcl16 and promotes the activation of STAT3, which is a tran-

scription factor involved in Th17 cells differentiation [111]. Studies in

RA patients showed that miR-21 gene expression levels are also low

[111]. They further indicated that the expression of STAT5 and phos-

phorylated STAT5 proteins decreased when STAT3 expression was ac-

tivated. Mir-19a negatively regulates TNF-α and SOCS3 expression and

increases IFN-α and STAT3 transduction [108,112]. The reduced ex-

pression of miR-19a in sJIA PBMC seems to be responsible for the high

expression levels of SOCS3, TNF-α and IL-6 observed by Li et al. (2016).

A report shows that miR-19a is down-regulated in RA synovial cells

where it regulates TLR2 expression [112]. Altogether, Li et al. (2016)

results indicate that miR-19a and miR-21 are involved in JAK/STAT

signaling pathway and might participate in its activation [108].

Lashine et al. (2014) characterized miR-155 expression in PBMC of

juvenile SLE, juvenile familial Mediterranean fever (FMF) and RF-po-

sitive polyarticular JIA patients. They observed an increase of miR-155

expression in JIA PBMC compared to healthy controls, while a down-

regulation of this miRNA was identified in SLE and FMF patients in

comparison to controls. It has previously been reported that miR-155 is

a regulator of cyclic adenosine monophosphate (cAMP) regulatory

element binding protein (CREB) mRNA expression [113]. The activa-

tion of CREB increases protein phosphatase 2A (PP2Ac) levels. This

protein is involved in several immune pathogenesis via the regulation

of IL-2 and IL-17 levels [114,115]. However, Lashine et al. could not

detect any significant difference between PP2Ac expression in JIA

PBMC compared to healthy PBMC. MiR-155 expression level in JIA

PBMC is comparable to the level in RA PBMC. Indeed, increased

concentrations are observed in both diseases compared to PBMC of

healthy donors [116].

A study on miRNAs expression in blood monocytes revealed that

miR-125a-5p and miR-181c are elevated in the active phase of sJIA

compared to inactive sJIA and healthy controls [117]. Authors also

analyzed miR-125a-5p in monocytes of polyarticular JIA patients and

identified a low expression level, similar to the one in the inactive phase

of sJIA. MiR-125a-5p and miR-181c are involved in monocytes polar-

ization and regulate the expression of cytokine genes in macrophages

[118,119]. Do and his team studied the effect of these two miRNAs on

CD163, a scavenger receptor with anti-inflammatory function, which is

expressed on myeloid cells [120,121]. Their results indicate that miR-

181 family directly targets CD163 mRNA for degradation, while miR-

125a-5p acts indirectly, by down-regulating IL-10 receptor subunit

alpha (IL-10RA), which is necessary for IL-10-mediated expression of

CD163. To our knowledge, these miRNAs have never been character-

ized in RA blood monocytes. However, a report shows that miR-125a-

5p levels are increased in RA plasma and can activate NF-κB signaling

pathway in B cells [105,122]. MiR-181 has been studied in other au-

toimmune disorders like primary Sjögren syndrome, where an up-reg-

ulation is observed in patients PBMC [123], as well as in psoriasis cases,

where a down-regulation of its expression in PBMC is identified [124].

Levels of miR-146a/b and miR-150 were quantified in sJIA mono-

cytes [108,117]. Results indicate that their expressions are more ele-

vated in sJIA than in controls PBMC. These microRNAs are well char-

acterized in RA PBMC where they are up-regulated compared to healthy

donors [125,126]. A study on CD14+ primary monocytes and human

THP-1 cell line revealed that miR-146a induces a decrease in M1-type

macrophage markers including IL-12, IL-6, CD86, TNF-α and iNOS,

while it increases the expression of M2-type macrophage markers such

as CCL12, CCL22, Arg1 and CD206 [108]. MiR-150 plays an important

role in hematopoietic cell differentiation and regulates macrophages

inflammatory response [127,128]. This non-coding gene has been

shown to promote endothelial cells and monocytes migration by tar-

geting CXCR4 [129,130]. Elevated levels of miR-146b and miR-150 in

RA have been associated with infiltration of IL-17 cells, which exerts

their pro- inflammatory role in the synovium [126].

Mir-16 and miR-223 are up-regulated in sJIA monocytes compared

to controls [117]. MiR-16 has been reported to be associated with high

levels of ferritin in sJIA patients. This miRNA is also over-expressed in

RA PMBC where it is correlated to CRP values, ESR and TJC [92,116].

Concerning miR-223 expression in RA PBMC, it seemed to be moder-

ately elevated [54]. This miRNA is often located in sites of inflamma-

tion as well as in peripheral circulation of RA patients [87].

Schulert and his team highlighted a difference of the expression of

miR-99a, miR-100 and miR-133a between monocytes from patients

with new-onset of sJIA and children with established sJIA, with a

higher expression of miR-99 and miR-100 in active established arthritis

and a down-regulation of miR-133a compared to controls [117]. They

hypothesized that these miRNAs are involved the immune dysregula-

tion observed in sJIA. The literature shows that miR-99a and miR-99b

target mTOR, which is involved in cell proliferation and differentiation

[131]. By targeting bone morphogenetic protein receptor type II

(BMPR2), miR-100 has been suggested to exert a negative effect on

osteogenic differentiation [132]. MiR-99a and miR- 100, both from the

same miRNA family, have been reported to promote a Treg differ-

entiation and to down-regulate Th17 polarization [133]. A study on RA

and OA macrophages showed that the expression of miR-99a and miR-

100 is higher in OA patients [134]. In the blood, miR-99 expression is

slightly higher in RA patients than in healthy controls, while miR-100

reaches statistical difference and is over-expressed in RA blood [135].

Concerning miR-133a, an involvement in the regulation of inflamma-

some activation has been described [136]. Indeed, this work showed

that the over-expression of miR-133a increases the cleavage of Caspase-

1 p10 and IL-1β p17. This cleavage is followed by the suppression of

mitochondrial uncoupling protein 2 (UCP2). Moreover, this miRNA
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targets Runt-related transcription factor 2 (Runx2), a protein essential

for osteoblast differentiation and therefore bone formation [137]. MiR-

133a is also down-regulated in fibroblasts isolated from OA than in RA

[138]. Further studies aiming to determine the role of miR-99a, miR-

100 and miR-133a in JIA and RA pathogenesis are required.

5. Conclusions

JIA includes a complex and heterogeneous group of childhood

rheumatisms involving immune impairments, many remaining to be

elucidated. Studies have tried to characterize the pathophysiological

mechanisms responsible for JIA. Over the past few years, reports on

miRNAs in the immune system regulation have brought to light several

pathways deregulated in autoimmune disorders. So far, JIA studies

have investigated miRNAs levels in blood and shown that they re-

present potential indicators of early disease events. They might there-

fore be used as diagnosis biomarkers. Since modulation of miRNAs

expression also reveals information concerning mechanisms responsible

for disease development and progression, we have used miRNAs de-

scribed in JIA blood to highlight pathways that might be involved in

disease pathophysiology (Fig. 1).

This review highlights mechanisms shared by JIA and RA, with

miRNAs commonly deregulated in these two rheumatic disorders. With

miR-223 highly expressed in the serum of patients, impairing the dif-

ferentiation of myeloid cells and leading to immune system deregula-

tion, as well as miR-26a, which is up-regulated in plasma and regulates

osteoclasts formation, two pathways responsible for the bone erosion

observed in these diseases are potentially identified. The down-reg-

ulation of an anti-inflammatory miRNA such as miR-132 in JIA and RA

plasma participates to the exacerbated inflammation in the joints. T

lymphocytes have been reported to play a key role in the pathogenesis

of autoimmune disorders like JIA [139]. It is therefore not surprising to

detect abnormal expression of miR-21 in JIA and RA PBMC, as it is a

miRNA involved in the regulation of T cells maturation and differ-

entiation. In the same manner, miR-155, miR-146 and miR-150, which

are deregulated in JIA and RA PBMC, have been associated to IL-17

accumulation, a cytokine produced by Th17 cells. Impairments in

monocyte functions are highlighted with the aberrant expression of

miR-150 expression that deregulates their migration. Some miRNAs are

correlated to disease activity and can thus be used as predictors of

disease outcome. It is the case for miR-16 expression in the plasma and

PBMC of patients, as well as miR-223 levels in serum and PBMC.

Interestingly, several miRNAs are only deregulated in JIA, while

having similar expression in RA and healthy controls. Indeed, miR-16,

miR-223 and miR-155 expression is the same in RA and healthy plasma,

when miR-16 and miR-223 are increased in JIA, and miR-155 is down-

regulated in comparison to controls. These miRNAs differentially ex-

pressed between two rheumatic diseases represent potential diagnosis

biomarkers. Moreover, the identification of miRNAs with aberrant ex-

pression specifically in JIA patients will help to understand JIA pa-

thophysiology. Indeed, this disorder involves mechanisms and con-

sequences that are different from the adult form of arthritis as JIA

patients have a maturing skeleton with incomplete ossification, as well

as an immune system that is still undergoing modifications. Levels of

miR-145 in JIA plasma, as well as miR-19a, miR-125a-5p, miR-181c,

miR-99a, miR-100 and miR-133a in PBMC from JIA patients are de-

regulated. To our knowledge, the expression of these miRNAs has not

been characterized in the same biological compartments for RA

Fig. 1. Mechanisms targeted by miRNAs

deregulated in JIA that might be involved in

disease pathophysiology. Myeloid, lym-

phoid cells and fibroblast-like synoviocytes

(FLS) are known to have a prominent role in

JIA pathophysiology. Aberrant expression

of miRNAs has an impact not only on the

cells containing these non-coding genes, but

also on surrounding cells. They can affect

their functions and lead to imbalanced im-

mune responses. MiR-21 and miR-19a par-

ticipate in the maturation and differentia-

tion of T lymphocytes. The down-

regulation of their expression observed in

JIA might lead to Th17 accumulation and

thus to inflammatory reaction. Th17 polar-

ization may be further promoted by the up-

regulation of miR-155, miR-146 and miR-

150, as their expression has been correlated

to IL-17 levels. MiR- 99a and miR-100 po-

sitively regulate Treg differentiation.

Therefore, over expression of these miRNAs

might impact Treg frequencies in JIA joints.

Concerning monocytes, miR-150 and miR-

223 target genes involved in their migration

and differentiation. Their up-regulation in

JIA might promote monocyte migration to

the joints. The abnormal expression of miR-

125a- 5p, miR-181c, miR-146a, miR-133a

and miR-132 might disturb the polarization

of macrophages infiltrating JIA joints to-

wards pro- versus anti-inflammatory acti-

vation, or apoptosis response. Up-regulation

of miR-26a might reduce inflammation and

osteoclast formation to counteract local

pathogenic events. Finally, the over-

expression of miR-145 and miR-16 may be

involved in the survival, migration and in-

vasion of FLS, as well as in their apoptosis.
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patients. Therefore, data are insufficient to perform a comparison with

JIA patients.

Not only are miRNAs essential for the understanding of the immune

deregulation occurring in JIA and the diagnosis of this disease, they can

also be useful for the prediction of the response to treatments and the

development of therapies. However, further studies are needed to

characterize miRNAs expression in JIA joints and elucidate their role in

the pathogenesis of this disease. Moreover, before considering a ther-

apeutic application, it is necessary to decipher molecular mechanisms

and pathways regulated by these non-coding genes.
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Differential accumulation of monocyte and dendritic cell subsets in inflamed synovial fluid 

discriminates between juvenile idiopathic arthritis and septic arthritis 
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Abstract  

Despite their distinct etiology, several lines of evidence suggest that innate immunity plays a 

pivotal role in both juvenile idiopathic arthritis (JIA) and septic arthritis (SA) 

pathophysiology. Indeed, monocytes and dendritic cells (DC) are involved in the first line of 

defense against pathogens and have a critical role in initiating and orchestrating the immune 

response. 

The aim of this study was to compare the number and phenotype of monocytes and DCs in 

peripheral blood and synovial fluid samples from patients with JIA and SA to identify specific 

cell subsets and activation pathways associated with pathophysiology mechanisms that could 

be used as biomarkers to discriminate between these diseases. 

The number of classical, intermediate and non-classical monocytes in the synovial fluid and 

the number of classical monocytes in peripheral blood tended to be higher in patients with SA 

than in those with JIA, although this difference was not significant. Moreover, whereas the 

number of conventional (cDC), plasmacytoid (pDC) and inflammatory (inflDC) DCs in blood 

was comparable between groups, the number of CD141
+
 cDCs and CD123

+
 pDCs in the 

synovial fluid was significant higher in patients with JIA than with SA. CD14
+
 inflDCs 

represented the major DC subset in the synovial fluid of both groups without significant 

difference. Finally, analysis of the activation of the different DC subsets showed higher 

expression of HLA-DR on CD1c
+
 cDCs and CD14

+
 inflDCs in blood of patients with JIA. 

Conversely, PDL2 expression in CD141
+
 cDCs and CD123

+
 pDCs from blood and in CD1c

+
 

and CD141
+
 cDCs from synovial fluid was higher in patients with SA. Our results suggest 

that monitoring CD141
+
 cDC and CD123

+
 pDC numbers in synovial fluid and HLA-DR 

and/or PDL2 expression in DC subsets might help to discriminate between SA and JIA. 
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1. Introduction 

Septic arthritis (SA) and juvenile idiopathic arthritis (JIA) are the two most frequent arthritis types in 

childhood l#mA SA is a bacterial infection of a joint space, mostly caused by bacteremia in pediatric 

cases lWmA The main causative agent is Staphylococcus aureus in childhood, and Kingella kingae in 

infants and toddlers lam; however, in most cases the infectious agent remains unknown. SA is an 

orthopedic emergency, and delay in diagnosis and treatment may result in irreversible joint damage. 

JIA is the most common chronic rheumatic disorder in childhood, and is classified in seven subtypes, 

depending on the number of affected joints, serological features, and systemic symptoms. 

Oligoarticular JIA is the most common subtype l[mA The exact etiology and pathophysiology of JIA 

remain unknown, but several genetic and environmental factors have been associated with this 

disorder lEmA  

Despite their distinct etiology, several lines of evidence suggest that the innate immunity plays a 

pivotal role in JIA and also SA pathophysiology. Dendritic cells (DCs) and monocytes are the main 

immune cells implicated in the innate immune response. They are involved in the first line of defense 

against pathogens and have a critical role in initiating and orchestrating the inflammatory response 

through the production of pro-inflammatory cytokines and chemokines. DCs are key players in 

initiating the immune response and maintaining tolerance. They sample antigens from the environment 

and present them as peptide-MHC complexes to effector T cells in lymphoid organs. In peripheral 

blood (PB), DCs are divided in three main subsets: two myeloid or conventional DCs (cDCs; 

BDCA1/CD1c
+
 cDCs and BDCA3/CD141

+
 cDCs), and plasmacytoid DCs (pDC) characterized by 

CD123 (IL-3R) expression. BDCA3/CD141
+
 cDCs predominantly respond to TLR3 ligands (including 

poly I:C) that trigger the production of CXCL-10/IP-10, CCL5, IFN-β and IFN-λ, and type III IFN 

with anti-viral properties. They also produce IL-12 upon co-stimulation by inflammatory cytokines. 

BDCA1/CD1c
+
 cDCs secrete a broader repertoire of proteins, including IL-1β, IL-12, IL-6, TNF-α, 

CXCL8/IL-8, CCL3, CCL4, CCL5 and CXCL-10 upon TLR3 stimulation [6-8]. On the other hand, 

pDCs selectively express endosomal TLR7 and TLR9 that detect nucleic acids from viruses, bacteria, 

and dead cells. TLR7 or TLR9 binding triggers a downstream signaling cascade that results in the 
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secretion of IFN-α, IFN-β [9] and IFN-λ [10, 11]. These three DC populations are found also in all 

lymphoid organs, and represent resident DCs. Previous studies showed a deficiency of blood DCs, 

particularly myeloid DCs and pDCs, in patients with JIA compared with healthy controls l#W1!#amA 

Furthermore, low levels of blood pDCs in JIA are associated with poor treatment response l#amA 

Synovial fluid (SF) of inflamed joints also is enriched in myeloid DCs that strongly express 

maturation markers, suggesting that they might participate in the initiation and maintenance of 

inflammation l#amA A population of synovial inflammatory DCs (infDCs; CD1c
+
CD14

+
CD16

-
) has 

been identified in inflamed SF samples of patients with rheumatoid arthritis (RA) l#[mA This subset 

differentiates from circulating monocytes recruited to the inflammation site, and plays a role in RA 

pathogenesis by inducing GM-CSF, IL-17 and IFN-γ production by CD4
+
 T cells [15]. 

Human PB monocytes are a heterogeneous cell population that includes classical (CD14
++

CD16
-
), 

intermediate (CD14
++

CD16
+
), and non-classical (CD14

+/-
CD16

++
) monocytes. They represent 

approximately 85%, 5%, and 7% of all blood monocytes, respectively l#DmA Classical monocytes 

display high phagocytic activity, while non-classical cells are poorly phagocytic in vitro, and patrol 

healthy tissues through long-range crawling on the resting endothelium. This patrolling behavior is 

dependent on the integrins LFA-1 and ICAM1 and is required for rapid tissue invasion at the infection 

site in a CX3CR1-dependent manner [17]. After extravasation, non-classical patrolling monocytes 

rapidly differentiate into macrophages, and acquire tissue repair functions [18]. Classical monocytes 

are recruited to inflamed tissues in a CCR2-dependent manner, where they initiate the immune 

response and differentiate into inflDCs [19]. This heterogeneity suggests specialized functions. Indeed, 

in vitro activation of highly purified non-classical monocytes by stimulation with TLR-7/8 results in 

increased release of IL-1β and TNF-α cytokines. Conversely, purified classical monocytes respond 

more readily to TLR-2/4 activation by producing cytotoxic metabolites (ROS, NO) and pro-

inflammatory cytokines, particularly IL-6 and IL-8 lWF1!W#mA CD14
++

CD16
+
 intermediate monocytes 

exhibit an intermediate phenotype between classical and non-classical monocytes and play a major 

role in antigen presentation. In response to lipopolysaccharides, they mainly produce TNF-α and IL-

1β. Both intermediate and non-classical monocytes are increased in PB of children with sepsis 
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compared with healthy donors lWWm1 and high numbers of intermediate monocytes are often observed 

in PB and SF of patients with autoimmune arthritis lWaKWDmA In active arthritis, the levels of pro-

inflammatory cytokines are generally higher in SF than in PB lW"mA 

Depending on their localization and the nature of stimuli, DCs and monocytes can undergo distinct 

modifications of their phenotype and function. As SA and JIA have different etiology (infectious 

condition and auto-reactive immune response, respectively), we hypothesized that variations in the 

number and/or activation status of myeloid cell subtypes could help to differentiate between these 

conditions. Indeed, some biological parameters (e.g., synovial leukocyte count and platelet numbers) 

differ significantly in SA and JIA, but there is a large overlap zone and none of them allows 

discriminating between these conditions lWYmA As previous studies investigated the heterogeneity of PB 

and/or SF DC or monocyte subsets in JIA or SA always by comparing with healthy controls or 

patients with RA, but never between these rheumatic diseases, we performed an in-depth phenotypic 

characterization of DC and monocyte subsets in PB and SF samples of patients with SA and JIA to 

identify cell subsets that are associated with a pathophysiology mechanism and that could be used as 

disease-specific biomarkers.  
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2. Materials and methods 

 

2.1 Patients 

Children, aged from 6 months to 15 years, presenting with acute arthritis requiring arthrocentesis were 

included if they met the diagnostic criteria for JIA or SA. Patients with JIA fulfilled the International 

League of Associations for Rheumatology classification criteria and were prospectively recruited from 

the Pediatric Department at Montpellier University Hospital. Patients with systemic JIA, or who took 

steroids, biological therapy or disease-modifying anti-rheumatic drugs in the month preceding the 

arthrocentesis, and patients treated with antibiotics for more than 24h before arthrocentesis were 

excluded. Children with arthrocentesis contraindication (platelet count below 50 000/mm
3
, reduced 

prothrombin, prolonged activated partial thromboplastin time) were excluded. For patients with SA, 

disease was confirmed either bacteriologically after culture according to the French national 

guidelines, or using a specific PCR assay for K. kingae. Informed consent was obtained by all patients 

(their parents or guardians) in accordance with the procedures approved by the local human ethics 

committee (Comité de Protection des Personnes Sud Méditerranée I) (2014-A01561-46). 

 

2.2 Laboratory assays 

Total white blood cells (WBC) and platelets counts, C-reactive protein (CRP) dosage, antibody 

analyses, and medical records were collected as part of the routine diagnostic evaluation of JIA/SA at 

the Department of Immunology (CHU Montpellier). 

 

2.3 Reagents 

The V450-conjugated anti-CD3, Alexa Fluor
®
700-conjugated anti-CD3, BV650-conjugated anti-CD4, 

FITC-conjugated anti-CD4, BV605-conjugated anti-CD11b, BV421-conjugated anti-CD11c, BV650-

conjugated anti-CD14, PE-Cy
TM

7-conjugated anti-CD14, Alexa Fluor
®
700-conjugated anti-CD16, 

BV421-conjugated anti-CD16, PE-CF594-conjugated anti-CD16, phycoerythrin (PE)-conjugated anti-
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CD19, Alexa Fluor
®
700-conjugated anti-CD19, Alexa Fluor

®
700-conjugated anti-CD20, V500-

conjugated anti-CD45, BV786-conjugated anti-NKp46, Alexa Fluor
®
700-conjugated anti-CD56, PE-

conjugated anti-CD64, PE-Cy
TM

7-conjugated anti-CD86, PerCP-Cy5.5-conjugated anti-CD123, 

BV711-conjugated anti-CD141, BV786-conjugated anti-PDL2, and PECF594-conjugated anti-CD163 

antibodies were from BD Biosciences. The APC-Cy7-conjugated anti-HLA-DR antibody was 

purchased from Beckman Coulter. The PE-conjugated anti-CD1c, APC-conjugated anti-CD303, and 

APC-conjugated anti-SLAN antibodies were from Miltenyi Biotech. The FITC-conjugated anti-

CD192 antibody was purchased from R&D Systems. All antibodies were used according to their 

manufacturer’s recommendations. 

 

2.4 Flow cytometric immunophenotyping  

Granulocytes, T and B lymphocytes and natural killer (NK) cells staining was performed using 50µl of 

fresh, heparin-treated whole blood and antibodies against CD4, CD45, CD3, CD19, CD16, and CD56. 

DCs (PDL2, CD141, CD14, CD11b, CD45, CD11c, CD4, CD123, CD86, CD16, CD3, CD19, CD20, 

CD56, HLA-DR, CD1c, CD303) and monocytes (NKp46, CD11b, CD45, CD16, CD14, CD163, 

CD64, HLA-DR, CD3, CD19, CD56, CD192, SLAN) were characterized using 300 µl of fresh, 

heparin-treated whole blood. After labeling with the relevant antibodies, erythrocytes were gently 

lysed by adding the EasyLyse
TM

 solution (Dako). Synovial cell fractions were recovered by 

centrifugation (300g, 10min) of heparin-treated SF samples. One million cells from SF were stained 

using the same antibodies as for the whole blood samples after Fc receptor blocking with Fc Block 

(BD Biosciences). 

For monocyte characterization, debris and doublets were excluded by SSC/FSC gating followed by 

selection of DAPI-negative CD45
+
 viable leucocytes. Contaminating granulocytes (HLA-

DR
neg

CD16
high

) and lineage-positive cells (CD3, CD19 and CD56) were excluded from the monocyte 

gate. The three monocyte populations were gated within HLA-DR-positive cells. The percentage of 

classical (CD14
++

CD16
-
), intermediate (CD14

+
CD16

+
) and non-classical (CD14

dim
CD16

+
) monocytes 
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are given within the gated monocytes, after exclusion of double negative cells. For DC 

characterization, cells were plotted according to their size and granularity followed by doublet 

exclusion. Lineage-negative cells were first selected, and then CD4 and HLA-DR double-positive cells 

were gated to delineate the two major DC subsets: cDCs
 
(CD11c

++
HLA-DR

++
CD123

low
CD1c

+
CD303

-
) 

and pDCs (CD11c
low

HLA-DR
++

CD123
high

CD303
+
). Cell numeration was performed by addition of 

known numbers of fluorescent beads (Flow-Count
TM

 Fluorosphere, Beckman Coulter) before cell 

acquisition. This allowed calculating the absolute cell number for each cell subsets. All data were 

acquired using a BD-LSR Fortessa Cell Analyzer (BD Biosciences). Color compensation analyses 

were performed using the DIVA software, and all data were analyzed with FlowJo (Tree Star, 

Ashland, OR, USA). 

 

2.5 Hierarchical Clustering Analyses 

Cell counts and expression level of markers (mean fluorescence intensity, MFI) were analyzed using 

the Perseus software to perform non-supervised hierarchical clustering analysis [29]. The two-sided 

unpaired t-test was performed with a false discovery rate (FDR) cut-off of 5%. The selected markers 

were used to build the heatmaps. 

 

2.6 Statistics 

For each cell subset, data are presented as the mean ± SEM of the total cell counts per milliliter of 

blood/SF and were compared using the Student’s t or Mann Whitney test, according to their 

distribution. In parallel, data were compared using multivariate linear regression models to consider 

the age difference between groups. The capacity of markers to discriminate between JIA and SA was 

assessed using the receiver operating curve (ROC) analysis with estimation of the area under the curve 

(AUC)!values [30]. As age was significantly different between patients with JIA and SA, the AUC 

value estimates were calculated only for parameters that remained significant after adjusted for age. 
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Analyses were performed with a bilateral alpha level of 0.05 using the SAS software, version 9.4 

(SAS Institute, Cary, NC, USA). 

 

3. Results 

3.1 Clinical and biological parameters of children with arthritis 

In total, we included 16 children (n= 7 with oligoarticular JIA, n=1 with enthesitis-related arthritis, and 

n=8 with SA caused by K. kingae infection) (Table 1). Children with SA were significantly younger 

than patients with JIA (1.1±0.1 versus 8.9±1.3). Therefore, when variables were significantly different 

between SA and JIA, we performed linear regression analyses with age-adjusted data. The age-

adjusted analysis did not confirm the significant difference in WBC and platelet counts between 

groups (SA vs JIA), and only the age-adjusted CRP mean value remained different (Table 1). 

 

3.2 Differential accumulation of T cells in patients with JIA compared with patients with SA 

As previous works showed that WBC counts in PB or SF samples do not discriminate between JIA 

and SA lWYm1 we quantified the main immune cell types in both body fluids by flow cytometry (Table 

2). Our results revealed that B and NK cell numbers in PB were significantly higher in SA than in JIA 

samples, but not the age-adjusted values. In SF, T cell numbers were significantly higher (3-fold) in 

JIA than SA, while NK cell and granulocyte numbers were significantly higher (10-fold) in SA than in 

JIA. However, only the age-adjusted T cell counts in SF remained significantly different between 

groups. 

 

3.3 Differences in monocyte and DC subsets discriminate between JIA and SA 

To determine whether innate immune cells could better discriminate between patients with JIA and 

SA, we immunophenotyped the monocyte and DC subsets using multi-parametric flow cytometry. All 
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three main monocyte subsets (CD14
++

CD16
-
 classical, CD14

++
CD16

+
 intermediate, and CD14

+
CD16

++
 

non-classical) were present in PB samples, whereas non-classical monocytes were barely detectable in 

SF samples (Fig. S1). We could quantify CD1c
+
 and CD141

+
 cDCs, CD123

+
 pDCs, and CD14

+
 

inflDCs in both fluids (Fig. S2).  

Analysis of all cytometric data by non-supervised hierarchical clustering (Fig. 1A) clearly 

differentiated samples in two major clades that stratified patients in two groups (JIA and SA). Then, 

analysis using an FDR cut-off of 5% to include only cell counts that were differentially expressed 

between JIA and SA samples (Fig. 1B) showed a clear separation between SA and JIA using nine SF 

(black) and four PB (red) parameters, suggesting a pattern of disease-related changes mainly within 

joints. The counts of the majority of the immune cell subsets that discriminated between diseases 

(10/13) were higher in SA than in JIA samples. Indeed, only the counts of total T cells, CD123
+
 pDCs 

and CD141
+
 cDCs were higher in JIA than in SA SF samples. Overall, these data suggest that 

monocytes and granulocytes are over-represented in SA, while T cells and DCs are predominant in 

JIA. 

Comparison of the data on the different monocyte subsets showed that in PB samples, only classical 

monocytes were significantly higher in SA than in JIA (Fig. 1C). In SF samples, all three monocyte 

subtypes were significantly higher in SA than JIA, suggesting their accumulation in this condition 

(Fig. 1D); however, the difference was not significant after age-adjusted analysis. The total count of 

monocytes (sum of all subsets) also was significantly higher in SA than in JIA (in PB samples: 231 ± 

44 in JIA versus 431 ± 267 in SA, p=0.05; in SF samples: 225 ± 195 in JIA versus 3187 ± 4776 in SA, 

p<0.004); however, comparison of the age-adjusted values did not confirm this difference. 

 

Although CD141
+
 cDCs were barely detectable in PB samples from both groups (Fig. S2), we could 

easily quantify them in SF samples from patients with JIA and their number was significantly higher 

than in patients with SA (Fig. 1E). Similarly, pDCs were significantly higher in SF samples from 

patients with JIA than with SA. As previously reported in adult forms of arthritis, CD14
+ 

inflDCs were 
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barely detectable in PB samples from both groups, but represent the major DC subset in SF (Fig. S2). 

However, CD14
+ 

inflDCs cell count was not different between groups. Altogether, these data 

demonstrated a significant accumulation of CD141
+
 cDCs and CD123

+
 pDCs in the SF of patients 

with JIA that was confirmed by comparison of the age-adjusted values (Table 3).  

 

3.4 Specific activation markers on monocyte and DC subsets discriminate between SA and JIA 

As monocytes and DCs regulate the T-cell responses against foreign and self-antigens, we analyzed 

their activation status by monitoring the expression levels of the co-stimulatory HLA-DR and CD86 

and of the inhibitory PDL2 receptor in the four DC subsets, and of HLA-DR, CD163, SLAN, CD64 

and CCR2 in the three monocyte subsets in PB and SF samples. Non-supervised hierarchical 

clustering analysis of the MFI data grouped samples in two major clades that stratified patients in JIA 

and SA (Fig. 2A). Analysis only of the MFI values that were significantly different between groups 

using an FDR cut-off of 5% (Fig. 2B) showed a clear separation between SA and JIA using 12 SF and 

17 PB parameters. The majority of the activation markers that discriminated between diseases (19/29) 

was more strongly expressed in SA than in JIA, and included both monocyte and DC markers in both 

PB and SF. The ten markers with higher expression in JIA than SA were mostly activation markers 

expressed by circulating monocytes (SLAN and HLA-DR) and DCs (HLA-DR and CD86). Analysis 

of the differences (with FDR correction) in expression levels of activation markers in the monocyte 

subsets showed that CD64 expression in the three subsets was higher in SA than in JIA in both fluids 

(Fig. 2C). Conversely, SLAN expression was significantly increased in the three subsets in JIA 

compared with SA, but only in PB samples (Fig. 2D). However, the analysis with age-adjusted values 

did not confirm these differences. CCR2 and CD163 were similarly expressed in both JIA and SA 

groups (data not shown). The expression level of HLA-DR was significantly higher in intermediate 

CD14
++

CD16
+
 monocytes from PB and SF!and in non-classical monocytes from PB samples of 

patients with JIA compared with those with SA. Conversely, HLA-DR expression was higher in non-

classical monocytes from SF samples of patients with SA (Fig. 2E). Overall, expression of HLA-DR, 

SLAN and CD64 in monocyte subsets was different between JIA and SA; however, after age-
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adjustment, only CD64 MFI in classical monocytes from SF samples remained significantly higher in 

SA than in JIA.  

HLA-DR expression level in PB was significantly higher in CD1c
+
 and CD141

+
 cDCs, and in CD14

+
 

inflDCs in patients with JIA, whereas in SF it was significantly higher in CD1c
+
 cDCs and 

CD123
+
pDCs in patients with SA (Fig. 2F). The age-adjusted value confirmed the significant 

differences between groups for CD1c
+
 and CD14

+
 infDCs in blood (Table 3). CD86 expression was 

significantly increased in CD1c
+
, CD141

+
 cDCs and CD14

+
 infDCs from PB samples of patients with 

SA and in CD14
+
 infDCs from SF samples of patients with JIA (Fig. 2G). Analysis with age-adjusted 

values confirmed the significant difference of CD86 expression in CD141
+
 cDCs (Table 3). PDL2 

expression level was significantly increased in all four DC subsets from SF and PB samples of patients 

with SA compared with JIA. The age-adjusted values confirmed the significant increased expression 

of PDL2 in CD141
+
 cDCs and CD123 pDCs in the PB and in CD1c

+
 and CD141

+
 cDCs in SF.  

Overall, these data suggest that DC activation markers are increased in PB and SF, whereas the 

inhibitory PDL2 is decreased in patients with JIA compared with patients with SA.! 

 

3.5 pDC numbers and HLA-DR or PDL2 expression in DCs discriminate between JIA and SA 

Among all the parameters (cell counts and MFI) that were significantly different between diseases 

after age-adjustment, seven biomarkers displayed an AUC value >0.95 in the ROC curve analysis 

(data not shown), suggesting that they could be used to discriminate between JIA and SA. In PB, they 

were: i) HLA-DR expression in CD14
+
 infDCs; and ii) PDL2 expression in CD141

+
 cDCs and 

CD123
+
 pDCs. In the SF, they were: i) PDL2 expression on CD1c

+
 and CD141

+
 cDCs; and ii) the 

number of CD123
+
 pDCs and T cells. These data suggest that monitoring DC subsets in SF samples 

and/or HLA-DR or PDL2 expression in DCs from PB or SF samples may be a convenient and rapid 

strategy to discriminate between diseases at diagnosis. 
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4. Discussion 

Many different biomarkers can be used for the diagnosis of JIA subtypes, particularly the systemic 

forms [31]. Conversely, studies that compared the clinical and biological characteristics of JIA and SA 

are scarce, and they did not identify any reliable marker to discriminate between these diseases lWY1!

aWmA The present study is the first through comparison of various immune cell subsets in two different 

body fluids from patients with these two juvenile arthritic forms. Our results show that monitoring the 

phenotype and activation status of DC and monocyte subsets allows discriminating between SA and 

JIA. 

 

As WBC counts in PB and SF are not sufficient to discriminate between SA and JIA lWYm1 we first 

quantified T, B, NK cells and granulocytes in these body fluids. Our results showed that in SF 

samples, the mean number of granulocytes was 10-fold higher in patients with SA than with JIA, and 

the mean count of T cells was 3-fold higher in patients with JIA than with SA. Massive granulocytes 

recruitment in the inflammatory site was previously reported in patients with sepsis laamX however, in 

our study, the multivariate linear regression model analysis with age-adjusted values confirmed only 

the T cell increase in JIA. It was previously reported that in JIA, activated T cells accumulate in the 

synovial membrane, forming clusters around antigen-presenting cells (e.g., DCs) la[1!aEm1 and might 

trigger the autoreactive immune response. However, the large overlap between values in SA and JIA 

does not allow using them as diagnostic markers. Therefore, we immunophenotyped the main 

monocyte and DC subsets. We found that all three monocyte subsets were increased in SF, but only 

classical monocytes in PB samples of patients with SA compared with JIA. These results were not 

confirmed by the age-adjusted analyses. Conversely, the accumulation of CD141
+
 cDCs and 

CD123
+
pDCs in the SF of patients with JIA was confirmed also after adjustment for age.  

 

The expansion of both intermediate and non-classical
 
monocytes was previously observed in PB of 

patients with juvenile sepsis lWWmA!Moreover, CD16
+
 monocytes are increased in various infectious and 
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inflammatory diseases (e.g., AIDS, asthma, chronic infections, notably sepsis) [36], as well as in 

metabolic and autoimmune disorders (e.g., obesity, multiple sclerosis, and rheumatoid arthritis) [21]. 

Our study did not find any difference in the number of intermediate and non-classical
 
monocytes in PB 

samples. Conversely, they accumulated in the SF of patients with SA compared with JIA. Moreover, 

in PB, HLA-DR expression in these CD16
+
 subsets was reduced in SA, as previously described in 

sepsis la"1!WWm1 and was associated with higher CD64
+
 expression. Higher HLA-DR expression in 

synovial intermediate monocytes was also observed in patients with enthesitis-related JIA lW[m1 in 

agreement with our results. CD64 is a high-affinity FcγRI receptor with restricted isotype-specificity 

that is expressed on macrophages, monocytes, neutrophils, and eosinophils. A previous study 

suggested that CD64 expression on monocytes could be used to assess the IFN type I status in patients 

with systemic lupus erythematosus (SLE) [38], and could be included in the diagnostic work-up of 

sepsis and infection in adults [39-41], and in children [42-44]. Consistent with the study by Hofer et al 

that described SLAN as a marker of CD16
+ 

monocyte subsets in PB [45], we found that SLAN was 

mainly expressed in blood CD16
+
 monocytes, particularly in JIA. Interestingly, in SF samples, SLAN 

expression was comparable in all monocyte subsets and between diseases. The analysis after 

adjustment for age, confirmed the higher expression of CD64 in blood monocytes in SA, but not of 

HLA-DR and SLAN in JIA. 

In blood, we did not observe any significant difference in the count of the three main DC subsets 

between forms of juvenile arthritis. This is consistent with the recent study by Throm et al. showing no 

PBMC difference in treatment-naive patients with JIA and matched controls using mass cytometry 

[46]. Conversely, in SF, we observed a significant accumulation of CD141
+
 cDCs and pDCs in JIA 

compared with SA, as previously reported when comparing with PB l#amA Maturation of blood DCs 

was demonstrated by the significant upregulation of HLA-class II molecules in the two conventional 

myeloid subsets and in CD14
+ 

inflDCs in JIA compared with SA. Moreover, CD86 co-stimulatory 

molecules were upregulated in CD141
+
 cDCs in SA PB and in CD14

+ 
inflDCs in SF samples of 

patients with JIA. These results highlight the potent activation of CD14
+ 

infDCs in SF of patients with 

JIA and their potential role in sustaining the autoimmune response. They also suggest that DC 
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maturation might be different in SA and JIA, leading to substantial functional heterogeneity in the T-

cell response polarization. Blood CD141
+
 DCs excel at cross-presentation of cellular antigens, 

immune complexes and antigens specifically targeted to late endosomes. This DC subset can polarize 

CD4
+
 T cells towards the Th1 phenotype, particularly after TLR3 binding, and induces Th2 

polarization more potently than CD1c
+
 cDCs. A recent study reported that in the inflamed synovial 

joint of patients with RA, CD141
+
 cDCs are significantly enriched, can activate CD4

+
 and CD8

+
 T 

cells, and contribute to the synovial joint inflammation [47]. Conversely, pDCs, in which MHC class 

II and co-stimulatory molecules are expressed at lower level, are less efficient at priming T cells [48]. 

In addition, pDCs can induce tolerogenic immune responses by inducing regulatory T cells [49- 52], 

and their increase is associated with RA remission [53]. Tissue infiltration by pDCs has been 

described in skin lesions of patients with SLE, psoriasis, and systemic sclerosis lE[1!EEm1 in the salivary 

glands of patients with Sjörgren’s disease lEDm1 and in muscle and skin of patients with juvenile 

dermatomyositis lE"mA In these autoimmune diseases, CD123
+
 pDCs are the major source of type I IFN 

and are implicated in inflammation initiation and in the transition to chronic disease [581!Ekm. 

Finally, we found that PDL2 expression was significantly increased in all four DC subsets isolated 

from SF and PB samples of patients with SA compared with JIA. As all enrolled patients with SA had 

K. kingae infection, we cannot exclude that our results may be pathogen-specific. Therefore, the 

analysis of new patients with infection by other bacteria, for instance S. aureus, will be necessary to 

extend our results. Although it was initially thought that PDL2 expression was restricted to antigen-

presenting cells, such as macrophages and DCs [60], recent findings have shown that its expression 

can be induced in many immune and non-immune cell types, depending on the micro-environmental 

stimuli [61-64]. Particularly, PDL2 expression is increased in circulating monocytes and CD4
+
 T 

lymphocytes in patients with septic shock [65]. PDL2 expression is regulated mainly through the NF-

κB and signal transducer and activator of transcription-6 (STAT-6) pathways [66, 67]. The most 

potent PDL2 inducers are Th2 cytokines, particularly IL-4. The increased PDL2 expression on all DC 

subsets in SA suggests a feed-back mechanism of T-cell activation because PDL2/PD-1 interaction 

results in the suppression of TCR-induced PI3K/AKT activation and the subsequent reduction of T-
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cell survival, cytokine production, and proliferation. Overall, these data show that in PB and SF 

samples of patients with JIA, the expression of DC activation markers is differentially modulated, 

while that of the inhibitory PDL2 molecule is decreased, compared with patients with SA. 

In summary, infectious and autoimmune diseases have often been associated with altered 

monocyte or DC numbers, suggesting their pathogenic role in these pathologies. Our results 

indicate the involvement of monocytes as the first line of defense against pathogens in K. 

kingae SA, and suggest a DC role in the polarization of the T-cell immune response in JIA. 

The functional consequences of the differential activation of monocytes and DCs in these 

diseases need to be further investigated.  

 

5. Conclusion 

Overall, our study shows that, independently of patients age, both monocyte and DC (particularly, 

CD141
+
 cDCs and CD123

+
 pDCs) numbers might be used to discriminate SA and JIA, but only in SF. 

Conversely, activation markers could be monitored in both PB (HLA-DR expression on CD14
+
 

infDCs, CD86 expression on CD141 cDCs, and PDL2 expression on CD141
+
 cDCs and CD123

+
 

pDCs) and SF (PDL2 expression on CD1c
+
 and CD141

+
 cDCs). In conclusion, our study contributes 

to the identification of new markers to discriminate between JIA and SA that may help clinical 

decision-making.  
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Table 1  

Characteristics of the enrolled patients 

 JIA SA       

Sex (F-M) 6-2 5-3       

AAN 

(positive-negative) 

5-2        

Anti-CCP 

(positive/negative) 
2-3        

RF 

(positive/negative) 
0-5        

 Mean ± SEM/µl (Min-Max)  p  Adjusted Mean ± 

SEM/µl 
p Correlation 

with age 

 JIA SA  JIA SA  r2 p  

Age (year) 8.9 ± 1.3 (4.5-14.4) 1.1 ± 0.1 (0.7-1.4) <0.001 NA NA NA NA NA 

CRP (mg/ml) 15.9 ± 13.7 (0.3-70.3) 27.0 ± 4.5 (14.6-47.4) 0.09 0.24 ± 1.82 134 ± 1.49 <0.01 0.01 0.99 

Platelets (x10
3
/ml) 331.9 ± 19.3 (270.0-

413.0) 

411.1 ± 20.8 (342.0-

503.0) 

0.02 368.6 ± 25.9 374.4 ± 25.9 0.90 -0.47 0.02 

WBC (x10
6
/ml) 7.4 ± 0.7 (5.5-10.9) 14.0 ± 1.6 (7.6-19.6) < 0.01 7.4 ± 1.9 13.9 ± 1.9 0 .07 -0.43 0.03 

F=female; M=male; JIA=juvenile idiopathic arthritis; SA= septic arthritis; SEM = Standard error; 

AAN = Anti-nuclear antibodies; CCP = cyclic citrullinated peptide; RF= Rheumatoid factor; CRP= C-

reactive protein; WBC = white blood cells; r2= coefficient correlation; p = p value 

Table 2  

Immune cell counts in peripheral blood and synovial fluid samples 

  Mean ± SEM/µl (Min-Max) Adjusted Mean ± SEM/µl Correlation with age 

  Peripheral Blood 

 JIA SA p value JIA SA p value r2 p-value 

T cells 1508 ± 199 (614-2304) 2361 ± 421 (886-4445) 0.09 1720 ± 499 2150 ± 499 0.63 -0.36 0.09 

B cells 429 ± 80 (196-891) 844 ± 140 (310-1376) 0.02 577 ± 166 696 ± 166 0.69 -0.42 0.06 

NK cells 197± 26 (80-321) 396 ± 55 (214-619) < 0.01 204 ± 66 388 ± 66 0.14 -0.41 0.06 

Granulocytes 2321 ± 221 (1676-3446) 3240 ± 577 (1438-6694) 0.16 2529 ± 666 3031 ± 666 0.67 -0.02 0.92 

 Synovial Fluid 

T cells 1521 ± 262 (630-2866) 539 ± 104 (217-1125) < 0.01 1886 ± 273 174 ± 273 < .001 -0.32 0.15 

B cells 56 ± 18 (9-131) 69 ± 14 (20-140) 0.37 87 ± 22 39 ± 22 0.23 -0.23 0.31 

NK cells 110 ± 22 (22-188) 584 ± 162 (87-1352) 0.01 136 ± 177 558 ± 177 0.20 -0.58 < 0.01 

Granulocytes 2571 ± 1815 (274-15231) 26981 ± 6240 (2453-47324) < 0.01 3836 ± 7037 25716 ± 7037 0.10 -0.39 0.08 
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Table 3 

Mean fluorescence intensities of activation markers in monocytes and DC subsets and cell count for 

DC subsets that discriminate between JIA and SA. 

 

 

  

Peripheral Blood 

Mean ± SEM (Min-Max) Adjusted Mean ± SEM Correlation 

with age 

 JIA SA p value JIA SA p value r2 p value 

CD1c
+
 cDC (counts) 44839 ± 1961 (39438-54470) 31206 ± 1931 (23817-37915) < 0.001 47393 ± 2611 28288 ± 2891 < 0.01 0.04 0.87 

MFI HLA-DR CD14
+
 InfDC 49126 ± 2469 (41076-58990) 30024 ± 1829 (23554-37088) < 0.001 48668 ± 3162 30644 ± 3501 0.01 0.43 0.05 

MFI CD86 CD141
+
 cDC 5885 ± 872 (3180-9149) 8742 ± 975 (4397-12108) 0.05 4706 ± 1234 10088 ± 1366 0.04 -0.06 0.78 

MFI PDL2 CD141
+
 cDC 2919 ± 646 (978-5959) 10335 ± 1057 (8114-16097) < 0.001 3157 ± 1217 10063 ± 1348 0.01 < 0.001 0.99 

MFI PDL2 CD123
+
 pDC 221 ± 44 (78-436) 998 ± 91 (839-1513) < 0.001 243 ± 98 973 ± 109 < 0.01 0.32 0.16 

 Synovial Fluid 

 Mean ± SEM (Min-Max)  Adjusted Mean ± SEM  Correlation 

with age 

 JIA SA p value JIA SA p value r2 p value 

CD141
+
 cDC (counts) 15 ± 5 (1-41) 2 ± 1 (0-8) 0.02 24 ± 4 -7 ± 4 < 0.01 -0.36 0.10 

CD123
+
 pDC (counts) 26 ± 6 (6-52) 3 ± 1 (0-7) < 0.01 31 ± 6 -2 ± 6 0.01 -0.27 0.23 

MFI PDL2 CD1c
+
 cDC 1493 ± 171 (1016-2543) 3560 ± 520 (1793-5908) < 0.01 1218 ± 586 3835 ± 586 0.02 -0.24 0.29 

MFI PDL2 CD141
+
 cDC 3464 ± 706 (1780-7675) 23845 ± 2106 (17308-36390) < 0.001 3222 ± 2408 24087 ± 2408 < 0.01 -0.09 0.69 

MFI CD64 CD14
++

CD16
-
 10951 ± 1380 (6095-15314) 19799 ± 2604 (12849-35004) < 0.01 8178 ± 3023 22572 ± 3023 0.02 -0.06 0.79 
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Fig. 1 Stratification of patients with JIA and SA and differences in monocyte and DC counts A) 

Heatmap of log2 transformed cell counts in peripheral blood (red names) and synovial fluid (black 

names) by multi-parametric flow cytometry. In the color scale, red indicates relative higher and green 

relative lower cell numbers. The dendrogram shows the results of the non-supervised hierarchical 

clustering analysis; in the heatmap: rows, cell subsets; and columns, individual patients with SA (blue) 

and JIA (orange). B) Heatmap showing markers that were significantly differentially expressed 

between patients with SA and JIA. The dendrogram shows the results of the non-supervised 

hierarchical clustering analysis using an FDR cut-off of 5%. Direct comparison of the counts of C) 

classical monocytes in blood (PB), D) classical, intermediate and non-classical monocytes in synovial 

fluid (SF), and E) CD141
+
 cDCs and CD123

+
 pDCs in synovial fluid (SF) samples of patients with 

JIA (n=8) and SA (n=8); * p <0.05 ** p <0.01; *** p <0.001 (two-sided t or Mann-Whitney test, 

according to data distribution. Data not adjusted to the age of patients). 
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Fig. 2 Stratification of patients with JIA and SA and differences in the mean fluorescence intensities 

(MFI) of activation markers in each cell subsets A) Heatmap of log2 transformed MFI obtained by 

multi-parametric flow cytometry analysis. Red indicates relative higher expression and green relative 

lower expression of the markers found in circulating (red names) and synovial (black names) cell 

subsets. The dendrogram shows the results of the non-supervised hierarchical clustering analysis; in 

the heatmap: rows, cell subsets; and columns, individual patients with SA (blue) and JIA (orange). B) 

Heatmap showing the activation markers that were differentially expressed in patients with SA and 

JIA. The dendrogram shows the results of the non-supervised hierarchical clustering analysis using an 

FDR cut-off of 5%. Direct comparison of the expression of C) CD64, D) SLAN, and E) HLA-DR in 

classical, intermediate and non-classical monocytes in the blood (PB) and synovial fluid (SF) of 

patients with JIA (n=8) and SA (n=7). Direct comparison of the expression of F) HLA-DR, G) CD86, 

and H) PDL-2 in CD1c
+
 and CD141

+
 cDCs, CD123

+
 pDCs, and CD14

+
 infDCs in blood (PB) and 

synovial fluid (SF) samples of patients with JIA (n=8) and SA (n=7); * p <0.05 ** p <0.01; *** p 

<0.001 (two-sided t or Mann-Whitney test, according to data distribution. Data not adjusted to the age 

of patients). 
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FigS1: Representative staining of the classical (CD14
++

CD16
-
) (1), intermediate 

(CD14
++

CD16
+
) (2) and non-classical monocytes (CD14

+
CD16

++
) (3) in (A) peripheral blood 

and (B) Synovial fluid of patients with JIA or SA. 
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FigS2: Representative staining of CD1c
+
cDC (1), CD14

+
InfDC (2), CD141

+
cDC and 

CD123
+
pDC in the peripheral blood (A) or synovial fluid (B) from JIA and SA patients. 
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89.4-%(!*8-P4&%.48&!87!-4LM>'!78,!+4%C&8'4'A!!

F(416)4N!p/4()!'),3-!-4LM>'!+4+!&8.!+4'*,4-4&%.)!P).v))&!O>!%&+!?@>1!'I&8=4%(!7(34+!-4LM>'!+4+A!p)!

4+)&.474)+!%!#k!-4LM>KP%')+!'4C&%.3,)!v4./!#[! R-4LK"#EF1!-4LK#EFKE91!-4LK#[D%KE91!-4LKD"k[KE91!

-4LK[YFFKE91!-4LK[D[DKE91!-4LKD"YWKE91!-4LK[[#k%1!-4L[[#kP1!-4LK[DD"KE91!-4LK#EEKE91!-4LaakK

a91! -4LKa[WKE9! %&+!-4LKD"#DKE9T! %&+! E! R-4LKD"a[Ka91! -4LKDY[#Ka91! -4LKD"D[KE91! -4LKYFDa! %&+!

-4LKWkFkT!-4LM>'!'4C&474*%&.(I!39K!%&+!+8v&K,)C3(%.)+! 4&! ?@>!*8-9%,)+!v4./!O>1! ,)'9)*.4=)(IA!U/)!

*8-P4&%.48&!87!-4LKD"D[KE91!-4LK#EE!%&+!-4LK#[D%KE9! 4&!'I&8=4%(! 7(34+!I4)(+)+!%&!%,)%!3&+),! ./)!

*3,=)!87!#!RkE]!B@!FAk"Y!.8!#T1!+4'*,4-4&%.4&C!?@>!7,8-!O>!*/4(+,)&!R9eFAFF#"TA!

8&5+614:&54N!p)!9,898')! 78,! ./)! 74,'.! .4-)!%! *8-P4&)+!:3%&.474*%.48&!87! a!-4LM>'! 4&! ./)! 'I&8=4%(!

7(34+!78,!+4%C&8'4&C!?@>!%&+!O>!%.!./)!8&').!87!./)!+4')%')1!v/4*/!-%I!./)&!%((8v!9,89),!*%,)A!!

!

"#$%&'()*!<:FG@R#'10(5:6(#/%),%:):4R#P:&</%S(%R#4=5&0:/6#E61:*! !
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U/)!+4%C&8'.4*!87! %*3.)!%,./,4.4'! %-8&C!*/4(+,)&! 4'! */%(()&C4&C!P)*%3')!87! ./)! ,4'S!87! 284&.!+%-%C)!

%&+! ./)!%P')&*)!87! ,)(4%P()!+4%C&8'.4*!-%,S),'! ./%.! *83(+!+4'*,4-4&%.)!P).v))&!+477),)&.! 78,-'!87!

23=)&4()!%,./,4.4'!%.!8&').1!()%=4&C!284&.!%'94,%.48&!%!,):34,)-)&.!4&!*%')!87!4&4.4%(!%,./,4.4'!(%'.4&C!()''!

./%&!D!v))S'A!O)9.4*!%,./,4.4'!RO>T!4'!./)!-8'.!7,):3)&.!*%3')!87!%*3.)!%,./,4.4'!%-8&C!*/4(+,)&!3&+),!

./)!%C)!87!#D!I)%,'1!%&+!-8'.!*8--8&(I!,)'3(.'!7,8-!/)-%.8C)&83'!'9,)%+!87!P%*.),4%!78((8v4&C!%!

P%*.),4%-4%A! U/)! -%4&! P%*.),4%! ,)'98&'4P()! 78,! %*3.)! %,./,4.4'! 4'! !"#$%&'()())*+, #*-.*+! l#m1! P3.!

/012.''#,/012#.!9,)+8-4&%.)'!P)(8v!./)!%C)!87![!I)%,'! lWmA!$3,4&C!O>1!/8'.! 4&7(%--%.8,I!*)(('!%&+!

P%*.),4%! ,)()%')! 9,8.)8(I.4*! )&<I-)'! ./%.! 4&+3*)! *%,.4(%C)! +)'.,3*.48&A! ! @'8(%.48&! 87! ./)! *%3'%.4=)!

%C)&.! 4'! ./)! C8(+! '.%&+%,+! 78,! O>! +4%C&8'4'! P3.! ,)-%4&'! 4&! DF]! 87! *%')'! )4./),! 4&*8&*(3'4=)! 8,!

4-98''4P()!.8!9),78,-!lamA#

U/)! ')*8&+! -8'.! *8--8&! ).48(8CI! )&*83&.),)+! 4&! */4(+,)&! /8'94.%(4<)+! 78,! %,./,4.4'! 4'! 23=)&4()!

4+489%./4*! %,./,4.4'! R?@>TA! ?@>! 4'! %!-3(.47%*.8,4%(! 4&7(%--%.8,I! %&+! ,%,)! +4')%')! 87! 3&S&8v&! ).48(8CI!

./%.! 9),'4'.'! 78,! -8,)! ./%&! D! v))S'! l[1EmA! U,)%.-)&.! 89.48&'! 78,! ?@>! 4&*(3+)! &8&K'.),84+%(! %&.4K

4&7(%--%.8,I! +,3C'1! 4&.,%K%,.4*3(%,! 4&2)*.48&'! 87! C(3*8*8,.4*84+'1! +4')%')! -8+47I4&C! %&.4K,/)3-%.4*!

+,3C'!R$V>L$OT!%&+!P48(8C4*%(!./),%9)3.4*'!(4S)!.3-8,!&)*,8'4'!7%*.8,!4&/4P4.8,'!lD1"mA!!

>(./83C/!O>!%&+!?@>!/%=)!+477),)&.!).48(8C4)'!%&+!4&=8(=)!+477),)&.!.,)%.-)&.'!%&+!9,8C&8')'1!./)I!

-4C/.! '/%,)! *(4&4*%(! '4-4(%,4.4)'! %.! +4')%')! 8&').A! @&! *%')! 87! &8&K*8&*(3'4=)! 4+)&.474*%.48&! 87! ./)!

*%3'%.4=)!%C)&.! 4&!O>1!./)!+4%C&8'4'!*%&!P)!*/%(()&C4&C!%.! 4&4.4%(!9,)')&.%.48&A! @&+))+1!*8&=)&.48&%(!

4&7)*.483'! P48-%,S),'! %,)! *8&.,8=),'4%(! v/)&! 3')+! 78,! O>! +4%C&8'4'A! O),3-! ()=)(! 87! JBU!

R9,8*%(*4.8&4&T!()=)(!4'!&8.!')&'4.4=)!78,!I83&C!9%.4)&.'!v4./!O>!%&+!BLJ!R*K,)%*.4=)!9,8.)4&T!-4C/.!&8.!

P)! ,)(4%P()! 78,!"+,-#../!"+,-/#! 4&7)*.48&1! ./)!-8'.! 7,):3)&.!).48(8C4*%(!%C)&.'!P)78,)![!I)%,'! lY1kmA!

`4&%((I1!-8,9/8(8CI! %&%(I'4'! %&+! *83&.! 87! ./)! 98(I&3*()%,! &)3.,89/4('1! '3*/! %'! ./)! 8P'),=%.48&! 87!

*I.89(%'-4*!=%*38(%.48&!%&+!.8H4*!C,%&3(%.48&!78,-%.48&1!/%=)!P))&!9,898')+!%'!%&!)%,(I!-%,S),!87!

4&7)*.48&A!M)=),./)()''1!./)!')&'4.4=4.I!87!./)')'!%&%(I')'! 4'!'.4((!+)P%.%P()!%&+!%=%4(%P4(4.I!87!)H9),.!
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*I.8(8C4'.!4&!*(4&4*%(!,83.4&)!4'!87.)&!(%*S4&C!l#FmA!U/),)78,)1!*3,,)&.!3&-).!-)+4*%(!&))+!4&!9)+4%.,4*!

%,./,4.4'!4'!./)!4+)&.474*%.48&!87!'9)*474*!+4%C&8'.4*!P48-%,S),'A!!

V4*,8LM>'!R-4LM>'T!%,)!'/8,.!&8&K*8+4&C!LM>!%&+!4&=8(=)+!4&!./)!,)C3(%.48&!87!-3(.49()!P48(8C4*%(!

9%./v%I'!PI!98'.K.,%&'*,49.48&%((I! ,)9,)''4&C! ./)!)H9,)''48&!87!9,8.)4&K)&*8+4&C!C)&)'A!U/)I!/%=)!

S)I! 73&*.48&'! 4&! ./)! ,)C3(%.48&! 87! %(-8'.! )=),I! *)((3(%,! 9,8*)'')'! 4&=)'.4C%.)+! '8! 7%,A! >(.),)+!

)H9,)''48&!87!-4LM>'!/%'!P))&!+)'*,4P)+!4&!+4')%')'1!4&*(3+4&C!*%&*),!%&+!4--3&)!+4'8,+),'!'3*/!%'!

,/)3-%.84+!%,./,4.4'!RL>T!l##w#EmA!d)*%3')!87!./)4,!'9)*474*4.I!%&+!'.%P4(4.I1!%'!v)((!%'!./)4,!+).)*.%P()!

9,)')&*)!4&!P8+I!7(34+'1!-4LM>'!%,)!9,898')+!%'!+4%C&8'.4*!P48-%,S),'!78,!+4')%')'A!

@&! 23=)&4()! %,./,4.4'1! ./)! 4-9(4*%.48&! 87! -4LM>'! ,)-%4&'! /8v)=),! 988,(I! )H9(8,)+A! L)*)&.(I1! 7)v!

'.3+4)'! /%=)! 4+)&.474)+! -4LM>'! v4./! %P&8,-%(! )H9,)''48&! )4./),! 4&! ./)! 9(%'-%! 8,! '),3-1! 8,! 4&!

*4,*3(%.4&C!-8&8*I.)'!4'8(%.)+!7,8-!?@>!9%.4)&.'!l#DwW#mA!M8&)!87!./)!'.3+4)'!/%=)!)H9(8,)+!-4LM>'!

)H9,)''48&! +4,)*.(I! 4&.8! ./)! 4&7(%-)+! 284&.'1! &8,! *8-9%,)+! v4./! O>! .8! 4+)&.47I! )%,(I! +4%C&8'4'!

-%,S),'A!U/)!9,)')&.!'.3+I!%4-'#%.!4+)&.47I4&C!%!-4LM>KP%')+!'4C&%.3,)!78,!./)!+477),)&.4%(!+4%C&8'4'!

87!./)!.v8!78,-'!87!23=)&4()!%,./,4.4'!-8'.!)&*83&.),)+!4&!*(4&4*%(!9,%*.4*)A!
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Q(),&*4##

J1</5#41P'(+)4#/5*#4/<36(#3%(3/%/):&5"!!

C=5&0:/6#E61:*#/5*#4(%1<#4/<36(4#U(%(#&P)/:5(*#E%&<#3/):(5)4#U:),#AB@#V5W7XY#/5*#C@#V5W7XY"#.,(#

+,:6*%(5#+,/%/+)(%:4):+4#/%(#41<</%:Z(*#:5#./P6(#7#/5*#8&(4&)!'399()-)&.%,I!-%.),4%('A#p)!'.3+4)+!

8&)! )H9(8,%.8,I! *8/8,.! R?@>g! &ekX! O>g! &e"T! %&+! %! =%(4+%.48&! *8/8,.! R?@>g! &ekX! O>g! &ekT! R8&(4&)!

'399()-)&.%,I!-%.),4%('!`4C3,)!O#TA!@&!./)!)H9(8,%.8,I!*8/8,.1!v)!4&*(3+)+!W!+477),)&.!'I&8=4%(!7(34+!

'%-9()'! 9,8*)''4&C! R*)&.,473C%.48&! 8,! &8.! #E!-4&3.)'! %.! aFFCT! .8! )=%(3%.)! ./)! ,8P3'.&)''! 87! ./)!
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!
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c'4&C! %!-4LM>!p/8()! U,%&'*,49.8-)! >''%I! RpU>T! %''8*4%.)+! v4./! %! &)H.KC)&),%.48&! '):3)&*4&C!
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'399()-)&.%,I!-%.),4%('TA!

#

<:FG@#(2)%/+):&5#/5*#[1/5):E:+/):&5#!

U8.%(!LM>'1!4&*(3+4&C!'-%((!LM>'1!v),)!)H.,%*.)+!7,8-!#FF!y(!87!O`!3'4&C!%!-4LM)%'I!O),3-zJ(%'-%!

S4.!v4./!%!x4%*3P)!Rx@>tGMT!%**8,+4&C!.8!./)!-%&37%*.3,),;'!4&'.,3*.48&A!`8,!)%*/!'%-9()!)(3)&.!!W!

y(! v),)! 3')+! .8! 9),78,-! -4LM>! :3%&.474*%.48&! PI! LUK:JBL! 3'4&C! ./)! U%:-%&! -4*,8LM>! %''%I!

%99,8%*/! R>99(4)+! N47)U)*/&8(8C4)'TA! >! +).%4()+! +)'*,49.48&! 87! LUK:JBL1! 9,)%-9(474*%.48&! %&+!

&8,-%(4<%.48&!4'!%=%4(%P()!4&!8&(4&)!'399()-)&.%,I!-%.),4%('!%&+!`4C3,)!OaA!!
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C)/):4):+/6#/5/6=4:4#
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8&(4&)!'399()-)&.%,I!-%.),4%('TA!

# #
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')9.4*! %&+! 4&7(%--%.8,I! 23=)&4()! %,./,4.4'! 4&! O`! R74C3,)! #>T1! '3CC)'.4=)! 87! '9)*474*! +4')%')K,)(%.)+!

*/%&C)'! 4&!-4LM>!)H9,)''48&!v4./4&! 4&7(%-)+!284&.'A!O>!%&+!?@>!8=),%((!9%..),&'!v),)!/8v)=),! ()''!

*()%,(I!')9%,%.)+!4&!./)!JB>!87!OGA!U8!4+)&.47I!-4LM>'!+477),)&.(I!)H9,)'')+!P).v))&!O>!%&+!?@>!v4./!

'.%.4'.4*%(!'4C&474*%&*)1!v)!*%,,4)+!83.!W!+477),)&.!=8(*%&8!9(8.'!78,!O`!%&+!OG!R8&(4&)!'399()-)&.%,I!

74C3,)!OW>!%&+!dTA!U/)!./,)'/8(+!v)!3')+!.8!'*,))&!39K!8,!+8v&K,)C3(%.)+!-4LM>'!v%'!78(+!*/%&C)!

{WAF!%&+!9K=%(3)!|FAFEA!j4),%,*/4*%(!*(3'.),4&C!R74C3,)!#d!%&+!BT!'/8v)+!./%.!./)!-4LM>!'4C&%.3,)!4&!

P8./! P8+I! 7(34+'! +4'.4&C34'/)+! ./)! W! C,839'! 87! 9%.4)&.'1! &)=),./)()''! v4./! %! -3*/! -8,)!

+4'*,4-4&%.4&C!9,874()!4&!./)!O`!./%&!4&!./)!OGA!@&!O`1![#k!-4LM>'!%,)!+477),)&.4%((I!)H9,)'')+!P).v))&!

O>!%&+!?@>1!%C%4&'.!#kY!-4LM>'!4&!OGA!p/)&!./)!9K=%(3)!./,)'/8(+!v%'!(8v),)+!R9|FAF#T1!#[#!-4LM>'!

v),)!4+)&.474)+!4&!O`!'%-9()'!R8&(4&)!'399()-)&.%,I!.%P()!O#T!%&+!&8&)!4&!OG!'%-9()'A!

#

@#D7#<:FG@;P/4(*#4:H5/)1%(#:5#4=5&0:/6#E61:*#*:4):5H1:4,(4#AB@#E%&<#C@"#

U8! ,)+3*)! ./)! (4'.! 87! #[#! -4LM>'! +477),)&.(I! )H9,)'')+! 4&! ./)! O`! 87! 9%.4)&.'! v4./! ?@>! %&+! O>! .8!

98.)&.4%(!P48-%,S),'!3')73(! 4&!*(4&4*1!&)v! 74(.),!*,4.),4%!v),)!3')+A!p)!)'.%P(4'/)+!%! (4'.!87!-4LM>'!

./%.!v),)!8&(I!+).)*.)+!4&!8&)!87!./)!W!C,839'!87!+4')%')!v4./!%!./,)'/8(+!87!%.!()%'.!#FF!BJV'1!%&+!
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'/8v4&C!%!78(+!*/%&C)!}[!8,!|KW!P).v))&!?@>!='!O>A!p)!4+)&.474)+!W#!-4LM>'!+477),)&.4%((I!)H9,)'')+!

4&!./)!O`!87!9%.4)&.'!v4./!?@>!*8-9%,)+!v4./!O>1!#D!-4LM>'!v),)!39,)C3(%.)+!%&+!E!-4LM>'!v),)!

+8v&K)H9,)'')+! R.%P()! aTA! j4),%,*/4*%(! *(3'.),4&C! v%'! 9),78,-)+! %&+! '/8v)+! %! 9),7)*.!

+4'*,4-4&%.48&! 87! ./)! .v8! +4')%')! C,839'! R74C3,)! W>TA! >-8&C! ./)! -4LM>'! +8v&K)H9,)'')+! 4&! ?@>!

*8-9%,)+!.8!O>!'%-9()'1!./)!-8'.!'4C&474*%&.(I!,)+3*)+!v),)!-4LKDY[#Ka91!-4LKWkFk!%&+!-4LKYFDa!

v4./!BJV!&3-P),'! ()''!./%&!8,!):3%(!.8!EF! 4&!?@>!'%-9()'1!v/4*/! 4'!./)!+).)*.48&! (4-4.! 78,!-4LM>'!

v/)&! 3'4&C! LUK:JBL! -)./8+'! R74C3,)! WdTA! U/)! -8'.! 8=),K)H9,)'')+! -4LM>'! 4&! ./)! ?@>! '%-9()'!

*8-9%,)+!.8!O>!v),)!-4LK#EFKE91!-4LK"#EF!%&+!-4LK[[#"!v4./!+477),)&*)!BJV'!C,)%.),!./%&!#FFF!
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#

@5#:5*(3(5*(5)#+&,&%)#0/6:*/)(4#),(#*:/H5&4):+#3&)(5):/6#&E#7\#<:FG@4"#

@&! 8,+),! .8! =%(4+%.)! ./)! *(4&4*%(! ,8P3'.&)''! 87! ./)! *%&+4+%.)! '4C&%.3,)! 87! W#!-4LM>'! +477),)&.4%((I!

)H9,)'')+!P).v))&!P8./!9%./8(8C4)'1!v)!9),78,-)+!!jUt!G+C)O):!%&%(I'4'!8&!%&!4&+)9)&+)&.!').!87!

O`! '%-9()'! ./%.! v),)! &8.! *)&.,473C)+! P)78,)! '.8,%C)! RW&+! )H9(8,%.8,I! *8/8,.1! '))! 8&(4&)!

'399()-)&.%,I! 74C3,)! O#TA!j4),%,*/4*%(! *(3'.),4&C! '/8v)+!%!9),7)*.!+4'*,4-4&%.48&!P).v))&! ?@>!%&+!

O>! '%-9()'! R74C3,)! W$T! 78,! ./)! &8=)(! *8/8,.1! '3CC)'.4&C! ./%.! +477),)&*)'! 4&! O`! .,)%.-)&.! P)78,)!

-4LM>! %&%(I'4'! +4+! &8.! %77)*.! ./)! 98.)&.4%(! 87! 83,! *%&+4+%.)! -4LM>! '4C&%.3,)! .8! +4'*,4-4&%.)!

P).v))&!?@>!%&+!O>!R.%P()!aTA!>-8&C!./)!W#!-4LM>'1!.v8!-4LM>'!R-4LKaDY"!%&+!-4LK[[#"T!/8v)=),!

+4'9(%I)+! +477),)&.! )H9,)''48&! 9,874()! P).v))&! P8./! *8/8,.'A! `8(+! */%&C)'! 783&+! 4&! ./)! O`! 7,8-!

*8/8,.! #! %&+! W! v),)! [A[W! %&+! K#A#a! 78,! -4LKaDY"1! %&+! EAa[! %&+! FA[W! 78,! -4LK[[#"1! ,)'9)*.4=)(IA!

o=),%((1!./4'!,)9(4*%.48&!'.3+I!=%(4+%.)+!#k!83.!87!./)!W#!-4LM>'A!

!

!

!



! #WF!

@#4=5&0:/6#E61:*#+&<P:5/):&5#&E#X#<:FG@4#*:4):5H1:4,(4#AB@#E%&<#C@#/)#:5:):/6#3%(4(5)/):&5"#

U8! 73,./),! =%(4+%.)!83,! ,)'3(.'!v4./! %&8./),!+).)*.48&! .)*/&4:3)1! )%'4(I! 89),%P()! 4&! ./)! *(4&4*1!v)!

-)%'3,)+! ./)! )H9,)''48&! ()=)(! 87! ./)! #k! -4LM>'! 4+)&.474)+! 4&! O`! 3'4&C! LUK:JBL! %&%(I'4'! 87! %!

=%(4+%.48&! *8/8,.! R&ekzC,839TA! `83,! O`!-4LM>'!v),)! '4C&474*%&.(I! 39,)C3(%.)+! R-4LK#[D%KE91!-4LK

#EFKE91!-4LK#EE!%&+!-4LKa[WKE9!v4./!%!9K=%(3)|FAF#T!%&+!#!'4C&474*%&.(I!+8v&,)C3(%.)+!R-4LKD"D[K

E91!9K=%(3)|FAF#T!4&!?@>!*8-9%,)+!.8!O>!R74C3,)!a>TA!U/)&1!v)!3')+!-4LM>!)H9,)''48&!()=)('!4&!O`!%'!

P48(8C4*%(! 4&+4*%.8,'! 78,! ?@>!%&+!O>!%&+!9),78,-)+!LoB!%&%(I'4'! .8!+).),-4&)!./)!>cB!=%(3)'A!o3,!

%&%(I'4'!'/8v)+!>cB!v),)!}!FAk!78,!-4LK#EE1!-4LK#EFKE91!-4LK#[D%KE91!-4LKD"D[KE9!%&+!-4LKa[WK

E91!'3CC)'.4&C!/4C/!+4%C&8'.4*!9),78,-%&*)'A!U8!89.4-4<)!./)!*(%''474*%.48&!9),78,-%&*)!87!-4LM>!

)H9,)''48&!()=)('!4&!O`1!v)!+).),-4&)+!%!&)v!./,)'/8(+!3'4&C!./)!-LoB!'87.v%,)A!U/)!*8-P4&%.48&!

87!-4LKD"D[KE91!-4LK#EE!%&+!-4LK#[D%KE9!4&!O`!/)(9)+!.8!+4'*,4-4&%.)!?@>!7,8-!O>!9%.4)&.'!v4./!%&!

>cBe#!RkE]!B@!FAk"Y!.8!#T!R74C3,)!adTA!o=),%((1!*8-P4&4&C!./)!+).)*.48&!87!a!-4LM>'!4&!./)!O`!v%'!

%&!)774*4)&.!P48(8C4*%(!4&+4*%.8,!78,!?@>!%&+!O>!+4%C&8'4'A!

!

8&<3/%/):0(#3/),U/=#/5/6=4:4#%(0(/64#S(=#3/),&3,=4:&6&H:+/6#<(+,/5:4<4#

U8! )H%-4&)!v/4*/! 9%./v%I'!v),)! %77)*.)+! 4&! ?@>! %&+! O>! P48(8C4*%(! 7(34+'1! v)! %99(4)+! %!-4Lp%(S!

9%./v%I!%&%(I'4'! .8! ./)!#k!-4LM>'KP%')+!'4C&%.3,)! 4+)&.474)+A!M4&).))&!p@i@!P48(8C4*%(!9,8*)'')'!

v),)!'4C&474*%&.(I!)&,4*/)+!R9K=%(3)!|FAFE1!`$L!*8,,)*.)+T!v4./!%.!()%'.!.v8!-4LM>'!4&=8(=)+!4&!)%*/!

9%./v%IA!U/)!4&'3(4&!'4C&%(4&C!9%./v%I!4&=8(=4&C!#Y!-4LM>'!87!./)!'4C&%.3,)!R,%&C)!9K=%(3)!a1[)KFW!

.8!#1a)KF"T1!%'!v)((!%'!d!*)((!,)*)9.8,!%&+!Gt`zG`tL!'4C&%(4&C!9%./v%I'!4&*(3+4&C!#D!-4LM>'!87!./)!

'4C&%.3,)!R,%&C)!9K=%(3)![AY)KFW!.8!DAE)KFD!%&+!,%&C)!9K=%(3)![AE)KFW!.8!WA[)KFD1!,)'9)*.4=)(IT!v),)!

./)! a! 9,8-4&)&.! 9%./v%I'1! v4./! -8,)! ./%&! YF]! 87! -4LM>'! 93.%.4=)(I! 4-9(4*%.)+! R.%P()! aTA! U/4'!

%&%(I'4'!'3CC)'.'!./%.!./)')!a!P48(8C4*%(!9%./v%I'!%,)!/4C/(I!4&=8(=)+!4&!+4')%')!)=)&.'A!!

# #



! #W#!

-:4+144:&5#!

G=)&!./83C/.! ./)!+477),)&.4%(!+4%C&8'.4*!P).v))&!*/4(+,)&!O>!%&+! ?@>! 4'!*,4.4*%(! 78,!9,89),!*%,)!%&+!

9,)=)&.48&!87!284&.!4&.)C,4.I!(8''1!./),)!%,)!&8!,)(4%P()!P48-%,S),'!.8!+4'.4&C34'/!P).v))&!./)')!.v8!

78,-'! 87! %,./,4.4'! %.! ./)! 8&').! 87! 'I-9.8-'A! J,)=483'(I1! >394%4'! .", #'! ,).,8'9)*.4=)(I! *8-9%,)+!

*(4&4*%(! %&+! P48(8C4*%(! 7)%.3,)'! 87! O>! %&+! ?@>! P3.! +4+! &8.! 74&+! %&I! '9)*474*! P(88+! -%,S),'!

+477),)&.4%.4&C!P8./!*8&+4.48&'! lWWmA!U/)I!*8&*(3+)+! ./%.1!)=)&! 47!%**8,+4&C! .8! '.%&+%,+!C34+)(4&)'1!

*/4(+,)&!v4./!284&.!)773'48&!%''8*4%.)+!v4./!7)=),1!/4C/!()=)('!87!BLJ!%&+!pdB!*83&.'!%,)!'3'9)*.)+!

87!/%=4&C!O>!%&+!%,)!'3P-4..)+!78,!284&.!%'94,%.48&!%&+!%&.4P48.4*!.,)%.-)&.'1!4.!+8)'!&8.!)&'3,)!./%.!

%,./,4.4'! 4'!%''8*4%.)+!v4./!P%*.),4%!%&+!4'!./3'! 4&'3774*4)&.!.8!+4'*,4-4&%.)!?@>!%&+!O>A!>(./83C/!./)!

BLJ!/%'!P))&!+)'*,4P)+!%'!%!9,)+4*%.8,!87!O>!lWam1!83,!*8/8,.'!'/8v)+!4&*8&'4'.)&.!'4C&474*%&*)'!./%.!

-4C/.! P)! ,)(%.)+! .8! ./)! 4&7)*.483'! %C)&.! R"+,-#../! "+,-/#Y# /4# 3%(0:&146=# 41HH(4)(*# ]^_A! p)! %('8!

8P'),=)+!%!'4C&474*%&.!+477),)&*)!P).v))&!pdB!*83&.'!4&!?@>!%&+!O>1!P3.![!83.!87!k!*/4(+,)&!v4./!O>!

+4'9(%I!*8-9%,%P()!pdB!*83&.'!%'!?@>!R.%P()!WTA!U8!83,!S&8v()+C)1!83,!'.3+I!4'!./)!74,'.!9,8'9)*.4=)!

'.3+I!./%.!*8-9%,)'!'I&8=4%(!7(34+!RO`T!4&!P8./!+4')%')'!%&+!'3**)''73((I!4+)&.474)+!%!*8-P4&%.48&!87!a!

-4LM>'! R-4LKD"D[KE91!-4LK#EE!%&+!-4LK#[D%KE9T! 78,!/4C/!'9)*474*!%&+!')&'4.4=)!+4%C&8'.4*! R>cBe#!

%&+!9eFAFF#"TA!

V4LM>'!/%=)!)-),C)+!%'!%&!4-98,.%&.!*(%''!87!&)v!P48-%,S),'!78,!+).)*.4&C!%&+!-8&4.8,4&C!=%,483'!

9%./89/I'48(8C4*%(! *8&+4.48&'! ./%.! %,)! 9,)')&.! 4&! %((! .I9)'! 87! P8+I! 7(34+'A!p)! 783&+! ./%.!-4LM>'!

+).)*.48&! 4&! ./)! *4,*3(%.48&! +4+! &8.! +4'*,4-4&%.)! v)((! P8./! +4')%')'A! @&+))+1! %P83.! YF]! /%=)!

*8-9%,%P()!)H9,)''48&! ()=)('! 4&!O>!%&+!?@>1!%&+!8&(I!#F]!87! ./)!+).)*.)+!-4LM>'!*%&!'4C&474*%&.(I!

+4'*,4-4&%.)!P8./!+4')%')'A! @&!*8&.,%'.1! 4&!./)!O`1!8=),!WF]!87!-4LM>'!'4C&474*%&.(I!+4'*,4-4&%.)!?@>!

%&+!O>1!%&+!%(-8'.!/%(7!87!./)-!+4'9(%I!+477),)&*)'!87!%.!()%'.!WK78(+A!!

O4C&%.3,)! 87! *4,*3(%.4&C! -4LM>'! /%'! P))&! ,)98,.)+! 4&! ./)! O`! 87! %+3(.! 9%.4)&.'! v4./! ,/)3-%.84+!

%,./,4.4'! RL>T! %&+! )=4+)&*)+! ./%.! O`!-4LM>'! /%=)! +4'.4&*.! 9%..),&'! 7,8-!9(%'-%! %&+! 284&.!-4LM>'!

lW[mA! @&.),)'.4&C(I1! V3,%.%! .", #'4! '/8v)+! ./%.! 9(%'-%! -4LM>'! +477),)&.4%.)! /)%(./I! +8&8,'! 7,8-!



! #WW!

+477),)&.!.I9)'!87!%+3(.!,/)3-%.4'-'1!v/4()!O`!-4LM>'!+477),)&.4%.)!P).v))&!.I9)'!87!,/)3-%.4'-'A!

o3,! '.3+I! '/8v)+! ./%.1! +)9)&+4&C! 8&! ./)! P48(8C4*%(! 7(34+! 3')+1! -4LM>! )H9,)''48&! 9,874()'! %,)!

+477),)&.1! /4C/(4C/.4&C! +477),)&.!-4LM>K-)+4%.)+! P48(8C4*%(! 73&*.48&'! %&+! *)((3(%,! *8&.)H.'A! B,4.4*%(!

4''3)'! %,)! &8&K3&478,-! '%-9()! */84*)1! /%&+(4&C1! %&+! 9,8*)''4&C1! %'! v)((! %'! *)((! *8&.%-4&%.48&! 4&!

'%-9()! 9,)9%,%.48&A! d(88+! *)(('! 4&+))+! *8&.,4P3.)! .8! ./)! 9,)')&*)! 87! -4LM>'! 4&! ./)! *4,*3(%.48&1!

-%,S)+(I!%(.),4&C!'9)*474*!-4LM>!()=)('!'3*/!%'!-4LK[E#1!-4LK#D1!-4LKkW%!%&+!-4LK[YD!lWEmA!>3./8,'!

%('8!'/8v)+!./%.!9),.3,P%.48&'!4&!P(88+!*)((!*83&.'!%&+!/)-8(I'4'!*%&!%(.),!9(%'-%!-4LM>!()=)('!PI!

39!.8!EFK78(+A!j),)1!v)!4+)&.474)+!%!#kK-4LM>!'4C&%.3,)!4&!./)!O`!./%.!+4'*,4-4&%.)'!P).v))&!?@>!%&+!

O>! 4&+)9)&+)&.(I! 87! ./)! '%-9()! *)&.,473C%.48&1! ./),)78,)! &8.! '4C&474*%&.(I! 4&7(3)&*)+! PI!

*8&.%-4&%.48&!87!*4,*3(%.4&C!*)(('1!%&+!=%(4+%.)+!4&!.v8!4&+)9)&+)&.!*8/8,.'A!!!

j8v)=),1! 8&(I! #F! -4LM>'! v),)! +).)*.%P()! 4&! O`! v/)&! 3'4&C! LUK:JBLA! This difference can be 

explained by various factors. First, HTG EdgeSeq is based on an extraction free chemistry and RNA 

extraction for qPCR experiment is known to induces biases and especially miRNAs with low GC 

content can be lost during extraction step [26,27]. In addition, depending of the extraction protocol, it 

has been shown that miRNA profile is different [28]. Second, due to high sensitivity of the HTG 

EdgeSeq, detection level is enhanced compared to the other technologies including qPCR as reported 

in miRQC report [28,29]. Thus, it is not surprising that some selected miRNAs are not detectable by 

qPCR. Moreover, since samples used for the discovery and validations are independent, both technical 

and biological variation can explained the non-confirmation of miRNAs, but also show the robustness 

of the validated miRNAs biomarker candidates.!

>-8&C!./)!#k!-4LM>'!./%.!+4'.4&C34'/!P8./!9%./8(8C4)'1!-8,)!./%&!"F]!%,)!&)v!-4LM>'!(4'.)+!4&!

-4Ld%')! =WF! +%.%P%')1! %&+! -8,)! ./%&! EF]! /%=)! P))&! 9,)=483'(I! +)'*,4P)+! 4&=8(=)+! 4&! ./)!

4&7(%--%.8,I!,)'98&')A!O4H!-4LM>'!%,)!4-9(4*%.)+!4&!/1)&;:<<15(#*:4&%*(%4!'3*/!%'!-4LKa[WKE9!4&!

'I'.)-4*!(393'!),I./)-%.8'3'!RONGT!8,!UI9)!#!+4%P).)'!RU#$T!laF1a#m1!8,!-4LK#EFKE9!laWm1!-4LK#[D%K

E9! laam1!-4LK#EEKE9! la[m1!-4LKD"#DKE9! laEm! %&+!-4LKWkFk! laD1a"m! 4&!L>A!p)! 783&+!-4LK#[D%! %&+!

-4LK#EE!'4C&474*%&.(I!8=),)H9,)'')+! 4&! ./)!O`!87! ?@>!*8-9%,)+!.8!O>A!V4LK#[D%! 4'!8&)!87! ./)!-8'.!



! #Wa!

'.3+4)+! -4LM>! 4&! L>! %&+! &)C%.4=)(I! ,)C3(%.)'! 4&7(%--%.48&! laYmA! @.'! )H9,)''48&! 4'! 4&*,)%')+! 4&!

+477),)&.!*)((!.I9)'!8,!.4''3)'!4&*(3+4&C!O`!%&+!'I&8=4%(!.4''3)!87!L>!9%.4)&.'!la[mA!V4LK#EE1!v/4*/!4'!

9,8P%P(I!./)!')*8&+!-8'.!+)'*,4P)+!-4LM>!4&!L>1!v%'!%('8!783&+!8=),)H9,)'')+!4&!O`!4&!L>!9%.4)&.'!

la[mA! @.! 4'! -%4&(I! )H9,)'')+! PI! /)-%.8984).4*! *)(('! %&+! 98'4.4=)(I! ,)C3(%.)'! 4&7(%--%.48&! lakmA!

L)*)&.(I1! '.3+4)'! /%=)! 4+)&.474)+! ')=),%(! -4LM>'! %P&8,-%((I! )H9,)'')+! 4&! ./)! 9(%'-%! 8,! OG! 87!

9%.4)&.'!v4./!?@>1!%'!*8-9%,)+!v4./!/)%(./I!+8&8,'1!4&*(3+4&C!-4LK#[D%!%&+!-4LK#EE!l#k1WFmA!j),)1!

v)!'/8v)+!78,!./)!74,'.!.4-)!./%.!./)')!.v8!-4LM>'!%,)1!%&+!%,)!783&+!4&!./)!*8-P4&%.48&!87!./)!a!

-4LM>'! 4+)&.474)+! %'! %&! )774*4)&.! P48(8C4*%(! 4&+4*%.8,! 78,! ?@>! %&+! O>!+4%C&8'4'A!o3,! +%.%! '3CC)'.! %!

*8--8&! 4&7(%--%.8,I! *8-98&)&.! P).v))&! 23=)&4()! %&+! %+3(.! %,./,4.4'A! U8! 83,! S&8v()+C)1! &8!

73&*.48&%(!%&%(I'4'!/%'!P))&!+8&)!8&!-4LKD"D[KE9A!`3,./),!'.3+4)'!%,)!./),)78,)!,):34,)+!4&!8,+),!

.8!3&+),'.%&+!./)!4-9(4*%.48&!47!./4'!-4LM>!4&!4&7(%--%.8,I!9,8*)'')'A!

@&.),)'.4&C(I1! "! 83.! 87! ./)! #k! -4LM>'! 4+)&.474)+! v),)! +)'*,4P)+! 4&! 0:%/6# &%# P/+)(%:/6# :5E(+):&5!

,)'98&')'A!>-8&C!./)-1!-4LKa[WKE9!'399,)'')'!./)!*8H'%*S4)=4,3'!da!P48'I&./)'4'1!v/4*/!4'!8&)!87!

./)!-%28,!9%./8C)&'!%''8*4%.)+!v4./!/3-%&!/)%,.!+4')%')!l[Fm1!-4LK#EF!4'!+),)C3(%.)+!4&!JdVB!87!

')9'4'K9%.4)&.'! *8-9%,)+! .8! /)%(./I! *8&.,8('1! v4./! (8v),! OG! ()=)('! 87! -4LK#EF! *8,,)(%.)+! v4./!

)()=%.)+! O):3)&.4%(! o,C%&! `%4(3,)! >'')''-)&.! ROo`>T! '*8,)'! %&+! ')=),4.I! 87! ')9'4'! l[#m1! %&+!-4LK

[DD"KE9!4'!39,)C3(%.)+!4&!,)'98&')!.8!5*-3%('6.-0#,$+.*6(7#''.0! 4&7)*.48&!4&!/3-%&!(3&C!)94./)(4%(!

*)(('!l[WmA!

U/)! %&%(I'4'! 87! 9%./v%I'! ,)C3(%.)+! PI! ./)! #k! -4LM>'! ,)=)%()+! S)I! P48(8C4*%(! 9,8*)'')'! '3*/! %'!

4&'3(4&1! d! *)((! ,)*)9.8,1! Gt`zGt`L! '4C&%(4&C! %&+! 9%./v%I! 4&=8(=)+! 4&! *%,+48-I8*I.)'A! OI'.)-4*!

%P&8,-%(4.4)'! 4&! C,8v./! /8,-8&)! RtjTz! 4&'3(4&K(4S)! C,8v./! 7%*.8,! #! R@t`K#T! %&+! d! *)((! ,)*)9.8,!

'4C&%(4&C! 9%./v%I! %,)! S&8v&! .8! P)! 4&=8(=)+! 4&! ?@>! l[aml[[mA! >-8&C! ./)! ?@>! '3P.I9)K'9)*474*! P(88+!

C)&)! )H9,)''48&! 9,874()'! 4+)&.474)+! PI! d%,&)'! .", #'1! @NKW1! d! *)((! ,)*)9.8,! %&+! ?>izOU>U! '4C&%(4&C!

9%./v%I'! v),)! 8=),K,)9,)')&.)+! 4&! 9),'4'.)&.! 8(4C8%,./,4.4'! l[EmA! O3,9,4'4&C(I1! .v8! 9%./v%I'!

4&=8(=4&C!/)%,.!*)(('! '3*/!%'!*%(*43-!,)C3(%.48&! 4&!*%,+4%*!*)(('!%&+!*%,+48-I8*I.)!/I9),.,89/I!%,)!



! #W[!

783&+!4&!83,!%&%(I'4'1!v/4*/!4'!4&!%**8,+%&*)!v4./!9,)=483'!93P(4*%.48&'!'/8v4&C!*%,+4%*!4&=8(=)-)&.!

4&!?@>!l[DmA!>(./83C/!&8.!+)'*,4P)+!I).!4&!?@>1!9,)=%()&*)!87!4&'3(4&!,)'4'.%&*)!4'!/4C/),!4&!L>!9%.4)&.'!

./%&! 4&! /)%(./I! 4&+4=4+3%('! l["mA! o=),%((1! +%.%! 7,8-! ./)! (4.),%.3,)! '3CC)'.! ./%.! ./)! #k! -4LM>'!

+4'*,4-4&%.4&C! ?@>! %&+! O>! 9%.4)&.'! %,)! %''8*4%.)+! v4./! ./)! %3.84--3&)! =),'3'! 4&7)*.483'!

-)*/%&4'-'1!v/4*/!4'!,)()=%&.!.8!./)!,)'9)*.4=)!).48(8CI!87!P8./!+4')%')'A!

@&!*8&*(3'48&1!./)!9,)')&.!'.3+I!%((8v'!3'!.8!9,898')!78,!./)!74,'.!.4-)!%!#kK-4LM>!'4C&%.3,)!4&!./)!
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!! C=5&0:/6#E61:*#
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<:F;XX\;X3# [1aW! B4BBF, "AE[! B4BBBBD,

<:F;XaD;!3# [1E"! B4BBI, WAWE! B4BBC,

<:F;XI^c# [1[W! B4BBBH, K#A#a! B4BCG,

<:F;aa7c# E1a[! B4BBBJ, FA[W! B4KLJ,

<:F;aa7\/# [1W#! B4BBG, [AWF! B4BGB,

<:F;aa7\P# [1#k! B4BBJ, #ADY! B4CBJ,

<:F;aIaI;!3# [1W#! B4BBI, #A"E! B4BBI,

<:F;aIIc;!3# [1F#! B4BBJ, aAWk! B4BBBBK,

<:F;a^``;!3# [1Ya! B4BBJ, WAYa! B4BBK,

<:F;Ic7I;!3# IMDL, B4BBG, [AYD! B4BBL,

<:F;IcXa;X3# KW1Fk! B4BBJ, K#AEY! B4BBK,

<:F;IcIa;!3# KW1#W! B4BBF, K#A"E! B4BGG,

<:F;Ic^D;!3# [1"D! B4BBBK, [A#Y! B4BBJ,
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k! -4LK#EFKE91!-4LK#EEKE91!-4LKWkFk1!-4LKaakKa91!-4LKa[WKE91!

-4LKaDY"1!-4LK[DD"KE91!-4LKD"k[KE91!-4LKDY[#KE9!

[AY)KFW!!.8!E)KF[!
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! #aY!

>L$!K!O399()-)&.%(!GH9),4-)&.%(!J,8*)+3,)'!

!

Synovial fluid miRNA signature diagnoses 

and discriminates juvenile idiopathic 

arthritis and septic arthritis  
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P)%+'!%,)!3')+!4&!*8-P4&%.48&!v4./!#E!�(!87!./)!JBL!9,8+3*.A!>7.),!-4H4&C!#F!.4-)'!v4./!949)..)1!./)!

'8(3.48&!4'!4&*3P%.)+!78,!E!-4&!%.!,88-!.)-9),%.3,)!%&+!./)&!9(%*)+!8&!./)!-%C&).4*!'.%&+A!>7.),!W!

-4&3.)'!.8!')9%,%.)!P)%+'1! ./)!*()%,)+!'8(3.48&! 4'!*%,)73((I!,)-8=)+!v4./83.!+4'.3,P4&C!./)!P)%+'A!

d)%+'!%,)!v%'/)+!W! .4-)'!v4./!WFF!�(!87!G./%&8(!YF]A!G(3.48&!87!JBL!9,8+3*.! (4&S! .8! ./)!P)%+'! 4'!

9),78,-)+!v4./!WE!�(!87!jWFA!U/)!93,474)+!'8(3.48&!87!JBL!9,8+3*.!4'!9(%*)!4&!%!&)v!.3P)!v/4()!./)!

9(%.)!4'!8&!./)!-%C&).4*!'.%&+!.8!')9%,%.)!JBL!9,8+3*.'!%&+!P)%+'A,

J#3#'0+,/3+&,! &<! .+5'/'$! 8&,8#,3'/3+&,*, U8! +).),-4&)! *8&*)&.,%.48&! 87! (4P,%,I! 78,! )%*/! '%-9()'1!

i%9%!d48'I'.)-'!:JBL!i4.!Rii[YW[1!B(4&4'*4)&*)1!M%&.),,)1!`,%&*)T!4'!3')+A!`8,!)%*/!,)%*.48&1!./)!-4H!

4'!*8-98')+!87!#W!�(!87!V%'.),-4H1!FA[!�(!87!Lou!+I)1!aAD!�(!87!jWF!%&+![!�(!87!.)-9(%.)!R'.%&+%,+'!

8,! (4P,%,I! +4(3.)+! %.! #z#FFFFTA! U/)! '%-9()'!v),)! ,3&! 8&! %! >d@! JL@OV! "kFFjU! Rj4C/! LouT!v4((! ./)!



! #[#!

78((8v4&C!*I*()'g!kEnB!78,!E!-4&1!aE!*I*()'!87!kEnB!78,!aF!')*!%&+!DEnB!78,![EnB!v4./!+%.%!*8(()*.48&!

78((8v)+!PI!%!+4''8*4%.48&!*3,=)A!O.%&+%,+'!%,)!*8,,)'98&+4&C!.8!%&!%-9(4*8&!87![EW!P9!v/),)%'!./)!

%-9(4*8&! 87! MJJ! v4./! P%,*8+)! *8,,)'98&+! .8! ##E! P9A! U/)! ,%.48! 4'! %99(4)+! .8! +).),-4&)! ./)!

*8&*)&.,%.48&!87!)%*/!(4P,%,IA,

C/0;.#!;&&.+,-!/,(! )#D6#,8+,-*,G%*/! '%-9()! 4'! 988()+! 4&!8,+),! .8! C)&),%.)! %!988()+! (4P,%,I! %.! [!

&VA!`,8-!./4'!988()+!(4P,%,I1!E!�(!v/),)!-4H)+!v4./!FAWM!M%oj!7,)'/(I!9,)9%,)+!%&+!4&*3P%.)+!78,!W!

-4&A!U/)!'8(3.48&!v%'!=8,.)H)+!P,4)7(I!%&+!*)&.,473C)+!%.!WYFC!78,!#!-4&3.)!%&+!-4H)+!v4./!kkF!�(!87!

9,)K*/4((),!jU#!P377),!R@((3-4&%!M)H.O):!L)%C)&.!=W!S4.1!@((3-4&%1!J%,4'1!`,%&*)TA!E]!J/4u!RJ/4u!*8&.,8(!

=a1!@((3-4&%1!J%,4'1!`,%&*)T!%.!WF!9V!v%'!9,)9%,)+!%&+!E"F!�(!87!9,)9%,)+!+)&%.3,)+!(4P,%,I!%.!WF!9V!

v%'! -4H! v4./! aF! �(! 87! WF! 9V! J/4u! %&+! (8%+)+! 4&.8! M)H.O):! j4C/! 83.93.! =W! "E! *I*()'! S4.! %&+!

'):3)&*)+A,

C#D6#,8#!G,/.$)+)*,O):3)&*4&C!+%.%!v),)!74,'.!%&%(I')+!%&+!*/)*S)+!PI!./)!3')!87!xaF!-).,4*A!MtO!

,3&! -3'.! 73(74(! @((3-4&%! ,)*8--)&+%.48&A! $%.%! ,)*8&'.,3*.48&! %&+! %&%(I'4'! v%'! 9),78,-)+! 3'4&C!

+4,)*.(I!`>OUx!74()'!7,8-!./)!@((3-4&%!M)H.O):!9(%.78,-!%&+!9,8*)'')+!PI!./)!jUt!J%,'),!'87.v%,)A,

K&'0/.+L/3+&,*,d)78,)! ./)!&8,-%(4<%.48&!87! ./)!+%.%1!%!&)C%.4=)!*8&.,8(! R>MUT!xB! 4'!9),78,-)+!8&!

9%,')+!,%v!+%.%A!`8,!'%-9()'!v4./!/4C/!&3-P),!87!,)%+'!4&!&)C%.4=)!*8&.,8(!R8=),!#EF!BJVT1!'%-9()'!

%,)!7(%CC)+!%'!xB!7%4(3,)!%&+!%,)!,)-8=)+!7,8-!./)!%&%(I'4'A!U/)!&8,-%(4<%.48&!4'!*8&'.,3*.)+!8&!k!

'.)9'g!#T!L)-8=%(!87!./)!P%*SC,83&+!87!./)!'%-9()!R-)%&!87!./)!&)C%.4=)!*8&.,8(T!v/4*/!4'!'3P.,%*.!4.!

.8!%((!-4LM>'A!WT!>((!&)C%.4=)!=%(3)'!%,)!').!.8!FA!aT!$%.%!.,%&'78,-%.48&!4&!BJV!78,!%((!'%-9()'!RBJVg!

B83&.!J),!V4((48&TA![T!N8C%,4./-4*!RP%')!#FT!.,%&'78,-%.48&A!ET!V)%&!87!)%*/!-4LM>A!DT!V)%&!87!./)!

-4LM>'!4'!'3P.,%*.)+!.8!)%*/!-4LM>A!"T!L)K.,%&'78,-%.48&!87!./)!+%.%!v4./!)H98&)&.4%(!73&*.48&A!YT!

B8-93.%.48&!87! ./)!-)+4%&!87! )%*/! '%-9()A! kT!$%.%! P)78,)! (8C%,4./-! .,%&'78,-%.48&! R+%.%! 87! ./)!

'.)9!aT!4'!+4=4+)+!PI!./)!-)+4%&!87!)%*/!'%-9()!R'.)9!YTA,

!

!



! #[W!

<:FG@#(2)%/+):&5#/5*#[1/5):E:+/):&5#!

L)=),')!.,%&'*,49.48&!87!./)!-4LM>'!%&+!9,)%-9(474*%.48&!v),)!9),78,-)+!v4./!W!y(!87!LM>!'%-9()!

)(3)&.! 3'4&C! U%:V%&�! V4*,8LM>! L)=),')! U,%&'*,49.48&! S4.! %&+! U%:V%&�! J,)>-9! V%'.),! V4H1!

,)'9)*.4=)(IA! $3)! .8! ./)! '-%((! %-83&.'! 87! O`1! 4.! v%'! &)*)''%,I! .8! %+%9.! ./)! .%:-%&! -4LM>!

:3%&.474*%.48&!-)./8+!PI!9),78,-4&C!.v8!.4-)'!9,)%-9(474*%.48&!87!./)!*$M>'A!O9)*474*4.I1!(4&)%,4.I!

%&+! )774*%*I! 87! -4LM>! :3%&.474*%.48&! /%=)! P))&! =%(4+%.)+! R8&(4&)! '399()-)&.%,I! `4C3,)! OaTA!

>(./83C/! 4.! v83(+! /%=)! P))&! 9,)7),%P()! .8! 3')! G$U>! .3P)'1! O`! '%-9()'! v),)! *8(()*.)+! 4&!

/)9%,4&4<)+! .3P)'! 78,! *8&'.,%4&.'! ,)(%.)+! .8! ./)! '.3+IA!M)=),./)()''1! '4&*)!v)! *8-9%,)+! '%-9()'!

7,8-! ./)! '%-)! 9,8*)''4&C! '83,*)! 4&! ./)! 9,)')&.! '.3+I1! v)! %,)! 4&! %**8,+%&*)! v4./! ./)! V@xG!

C34+)(4&)'! 78,!-4&4-3-! 4&78,-%.48&! 78,! ./)!93P(4*%.48&!87! LUK:JBL!)H9),4-)&.'! l#mA! U/)! U%:V%&!

,)%*.48&'! v),)! 9),78,-)+! 3'4&C! ./)! U%:-%&! -4LM>! %''%I'! RU/),-8`4'/),! O*4)&.474*T! 78,! ./)!

78((8v4&C!-4LM>'! R/'%K-4LK[[#"1! /'%K-4LK"#EF1! /'%K-4LKaDY"1! /'%K-4LK#EFKE91! /'%K-4LK#[D%KE91!

/'%K-4LKD"k[KE91!/'%K-4LK[YFFKE91!/'%K-4LK[D[DKE91!/'%K-4LKD"YWKE91!/'%K-4LK[[#k%zP1!/'%K-4LK

[DD"KE91! /'%K-4LK#EEKE91! /'%K-4LKaakKa91! /'%K-4LKa[WKE91! /'%K-4LKD"#DKE91! /'%K-4LKD"a[Ka91!

/'%K-4LKDY[#Ka91! /'%K-4LKD"D[KE91! /'%K-4LKYFDa1! /'%K-4LKWkFk1! -4LKD[Y! %&+! -4LK[E#kT1! %&+!

:JBL!v%'!9),78,-)+!8&!%!\44>!"UV!'I'.)-!3'4&C!U%:V%&�!`%'.!>+=%&*)+!V%'.),!V4H!RU/),-8`4'/),!

O*4)&.474*TA!`8,!)%*/!'%-9()!87!OG!%&+!O`1!%!&8,-%(4<%.48&!87!./)!B.!=%(3)'!v%'!9),78,-)+A!U8!+8!'81!

./)! -)%&! 87! ./)! B.! =%(3)'! v%'! *%(*3(%.)+! %&+! %! &8,-%(4<%.48&! 7%*.8,! v%'! %99(4)+! P%')+! 8&! ./4'!

78,-3(%g!&8,-%(4<%.48&!7%*.8,!e!WKRV)%&!B.!w!'%-9()!B.TA!!

C)/):4):+/6#/5/6=4:4#

$%.%!v),)!%&%(I<)+!3'4&C!J),')3'!'87.v%,)!lWmA!U/)!+477),)&.4%((I!)H9,)'')+!9,8P)K').'!v),)!74(.),)+!

v4./!:3),I!9%,%-).),'!3'4&C!%!'4C&%(!./,)'/8(+1!./)!+).)*.48&!9K=%(3)1!%&+!./)!9,)')&.!*%((!,%.)!.8!

+).)*.!./)!9,)')&.!-4LM>'A!`%(')!$4'*8=),I!L%.)!R`$LT!v%'!+).),-4&)+!v4./!%!./,)'/8(+!87!FAF#!%&+!

(8CW! R78(+! */%&C)! R`BT! |KW! %&+! }! fWT1! 8,! (8CW! R`B! |KW! %&+! }! f[T! .8! 4+)&.47I! +477),)&*)'! 87!-4LM>!



! #[a!

)H9,)''48&A!j)%.-%9'!%&+!/4),%,*/4*%(!*(3'.),4&C!v),)!9),78,-)+!3'4&C!<K'*8,)'!.,%&'78,-)+!7,8-!

./)!8,4C4&%(!&8,-%(4<)+!=%(3)'A!!

t,%9/J%+!9,4'-!'87.v%,)!v%'!3')+!.8!9),78,-!LoB!*3,=)!%&+!./)!%,)%!3&+),!./)!LoB!*3,=)!R>cBT!

+).),-4&%.48&A!U/)!C)&),%(4<)+!LoB!*,4.),48&!lam!74&+'!./)!P)'.! (4&)%,!*8-P4&%.48&!R=4,.3%(!-%,S),T!

87!-4LM>!)H9,)''48&!'3*/!./%.!./)!%,)%!3&+),!./)!LoB!*3,=)!R>cBT!4'!-%H4-4<)+!l[mA!

!
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!

@**:):&5/6#E:6(4#

@**:):&5/6#E:6(#7N##

b:H"# CDN# \8(*%&8! 9(8.! 87! +477),)&.4%((I! -4LM>'! )H9,)'')+! 4&! 23=)&4()! ,/)3-%.84+! %,./,4.4'! 4&!

*8-9%,4'8&!v4./!')9.4*!%,./,4.4'!4+)&.474)+!PI!pU>"##

b:H1%(#CX"!$83P()!9,)%-9(474*%.48&!=%(4+%.48&A!!

./P6(#C7"!N4'.!87!#[#!-4LM>'!+),)C3(%.)+!4&!'I&8=4%(!7(34+A!!

./P6(#CD"!LoB!*3,=)!%&%(I'4'!87!-4LM>'!4&!'I&8=4%(!7(34+!%&+!'),3-A! !



! #[[!

!

!

!

b:H"#CDN!f&6+/5&#36&)#&E#*:EE(%(5):/66=#<:FG@4#(23%(44(*#:5#'10(5:6(#%,(1</)&:*#/%),%:):4#:5#+&<3/%:4&5#U:),#

4(3):+#/%),%:):4#:*(5):E:(*#P=#i.@A!!

-4LM>!v4./! %! `$L! *8,,)*.)+!$E?#'*.! |! FAF#!8,! FAFE! %,)! +)94*.)+! 78,! 'I&8=4%(! 7(34+! R@T! 8,! '),3-! ROT! '%-9()1!

,)'9)*.4=)(IA!$%.%!984&.'!,)9,)')&.!4&+4=4+3%(!-4LM>!9(8..)+!%'!K(8C!R`$LT!=),'3'!(8CW78(+!*/%&C)A!L)+!8,!C,))&!

984&.'! 4&!./)!9(8.!,)9,)')&.!./)!+477),)&.4%((I!)H9,)'')+!-4LM>!v4./!'.%.4'.4*%(!'4C&474*%&*)!v4./!39K!8,!+8v&K!

+),)C3(%.)+!4&!4&7(%--%.8,I!%,./,4.4'!*8-9%,4&C!v4./!')9.4*!+4')%')A!!



! #[E!

!

b:H"#CXN!-&1P6(#3%(/<36:E:+/):&5#0/6:*/):&5#

U8.%(!LM>'1!4&*(3+4&C!'-%((!LM>'1!v),)!)H.,%*.)+!7,8-!#FF!y(!87![!4&+)9)&+)&.!P48(8C4*%(!7(34+'!RG#1!GW1!Ga!%&+!

G[T!3'4&C!%!-4LM)%'I!O),3-zJ(%'-%!S4.!v4./!%!x4%*3P)!Rx@>tGMT!%**8,+4&C!.8!./)!-%&37%*.3,),;'!4&'.,3*.48&A!!

`8,!)%*/!'%-9()!)(3)&.!R7,8-!./)!'%-9()!4'8(%.48&!9,8*)+3,)T!WyN!v%'!3')+!.8!9),78,-!,)=),')!.,%&'*,49.48&1!

78((8v4&C!9,)%-9(474*%.48&A!@&!P(3)1!BU!=%(3)'!8P.%4&)+!%7.),!9,)%-9(474*%.48&!%&+!:JBL!R*(%''4*%(!9,8.8*8(!7,8-!

(47)! .)*/&8(8CIT! %,)! ,)9,)')&.)+A! @&! ,)+! 8,! C,))&1! 74,'.! 9,)K%-9(474*%.48&! 9,8+3*.'! +4(3.)+! #FF! 8,! #F! .4-)'1!

P)78,)!9,)%-9(47*%.48&!%&+!:JBL!%,)! '/8v)+A!`4&%((I1! 74,'.!9,)%-9(474*%.48&!9,8+3*.'! ./%.!v),)!3')+!+4,)*.(I!

78,!')*8&+!9,)%-9(474*%.48&!P)78,)!:JBL!%,)!,)9,)')&.)+!4&!=48().A!! !

!"#"""!

!$#"""!

!%"#"""!

!%$#"""!

!&"#"""!

!&$#"""!

!'"#"""!

(%! (&! ('! ()! (%! (&! ('! ()! (%! (&! ('! ()!

*
+,
!-
.
/0
1
2!

3,456475*3!

3,!4%!564!89/0:;<!%""4564!75*3!

3,!4%!564!89/0:;<!%"4564!75*3!

3,4&56475*3!

miR-21 miR-16 miR-125b



! #[D!

!

<:FG@#5/<(# L&HDVb8Y# <:FG@#5/<(# L&HDVb8Y# <:FG@#5/<(# L&HDVb8Y# <:FG@#5/<(# L&HDVb8Y#

/'%K-4LKDY[#Ka9! KW1W[! /'%K-4LK#EFKE9! E1kE! /'%K-4LKE#kDKE9! a1ak! /'%K-4LKaD[Y! W1kW!

/'%K-4LKWkFk! KW1#k! /'%K-4LK"#EF! E1"k! /'%K-4LKD#W"! a1a"! /'%K-4LK[EaF! W1kW!

/'%K-4LKYFDa! KW1#[! /'%K-4LK[[#"! E1a[! /'%K-4LK#[kKa9! a1a[! /'%K-4LK"#FkKE9! W1Y[!

/'%K-4LKD"D[KE9! KW1#W! ji�OMoL>DD! E1#W! /'%K-4LKD""YKE9! a1aa! /'%K-4LK"Y[DKa9! W1"k!

/'%K-4LKD"a[Ka9! KW1Fk! /'%K-4LK#[D%KE9! E1FY! /'%K-4LKDYDEKE9! a1aW! /'%K-4LKDYk[KE9! W1"Y!

/'%K-4LKaDkF! K#1kF! /'%K-4LKD"#DKE9! [1Yk! /'%K-4LKD"#KE9! a1a#! /'%K-4LKD"EDKE9! W1"[!

/'%K-4LK#EPKa9! K#1YW! /'%K-4LK[YFFKE9! [1Ya! /'%K-4LKDYEWKa9! a1a#! /'%K-4LK"#FDKE9! W1"W!

/'%K-4LKD"YWKa9! K#1"a! /'%K-4LKD"YWKE9! [1"D! /'%K-4LKWYD#! a1W"! /'%K-4LKDDaP! W1"W!

/'%K-4LKD"[YKa9! K#1"a! /'%K-4LKa[WKE9! [1E"! /'%K-4LKDY""KE9! a1WE! /'%K-4LKa#a#! W1"#!

().A"%AWKa9! K#1DE! /'%K-4LKaDY"! [1[W! /'%K-4LKDYW#Ka9! a1W[! /'%K-4LKD#aW! W1"F!

ji�LJO#W! K#1Da! /'%K-4LKaakKa9! [1aW! /'%K-4LKWakW! a1W[! /'%K-4LK[[Y"! W1E"!

/'%K-4LKakWD! K#1E[! /'%K-4LKD[Y! [1W[! /'%K-4LK#kFYKE9! a1Wa! /'%K-4LK#k#[Ka9! W1EE!

/'%K-4LKW##DKa9! K#1[E! /'%K-4LK[D[DKE9! [1W#! /'%K-4LK[aFk! a1WW! /'%K-4LK[WEa! W1EE!

/'%K-4LK[WDk! K#1[a! /'%K-4LK[[#k%! [1W#! /'%K-4LK#a[aKE9! a1WW! /'%K-4LK#W"E! W1E[!

/'%K-4LK#W[[! K#1[a! /'%K-4LK[[#kP! [1#k! /'%K-4LKD"Dk%KE9! a1W#! /'%K-4LK[[D#! W1[k!

/'%K-4LKEEYkKE9! K#1[W! /'%K-4LKD"k[KE9! [1#D! /'%K-4LK"DDKE9! a1#Y! /'%K-4LK["WYKE9! W1[k!

/'%K-4LKaD#kKa9! K#1a"! /'%K-4LK[DD"KE9! [1F#! /'%K-4LKD"YkKE9! a1#"! /'%K-4LKkWF! W1[Y!

ji�JJ@>! K#1aF! /'%K-4LK#EEKE9! [1FF! /'%K-4LK[[Y[! a1#"! /'%K-4LK[DYY! W1[E!

/'%K-4LK"#EDKa9! K#1Wk! /'%K-4LK[[[W! a1kD! /'%K-4LKDY"EKE9! a1#D! /'%K-4LKEF#KE9! W1a[!

/'%K-4LK#Y%Ka9! K#1WY! /'%K-4LK#Wk#! a1kE! /'%K-4LK#Wa"KE9! a1#D! /'%K-4LKDY"FKa9! W1WY!

/'%K-4LKDYF#KE9! K#1W"! /'%K-4LK[Wk#! a1kE! /'%K-4LKaaPKE9! a1#D! /'%K-4LK#aF"KE9! W1WD!

/'%K-4LK#aWW! K#1W"! /'%K-4LKE"Fa! a1kW! /'%K-4LK[WE"! a1#a! /'%K-4LK#aF"Ka9! W1FE!
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:3)! -4LK#EFKE9! 4&/4P)! (;)H9,)''48&! +)! @@PGA! B)*4! 983,,%4.! %=84,! 983,! *8&'5:3)&*)! +)!
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b"#F9E9%(5+(4#P:P6:&H%/3,:[1(4#

!

>C%,v%(1!OA1!V4',%1!LA1!%&+!>CC%,v%(1!>A!RWFFYTA!@&.),()3S4&!#"!()=)('!%,)!4&*,)%')+!4&!23=)&4()!

4+489%./4*!%,./,4.4'!'I&8=4%(!7(34+!%&+!4&+3*)!'I&8=4%(!74P,8P(%'.'!.8!9,8+3*)!9,84&7(%--%.8,I!

*I.8S4&)'!%&+!-%.,4H!-).%((89,8.)4&%')'A!?A!L/)3-%.8(A!KJ1!E#EwE#kA!
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%+-4&4'.,%.48&A!B(4&A!GH9A!@--3&8(A!CDH1![YFw[YkA!
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4+489%./4*!%,./,4.4'A!L/)3-%.8(A!@&.A!GF1!WW[wWWYA!
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@(8v4.)1!MAUA1!i4-3,%1!sA1!N%H),1!LAVA1!N8=)((1!$A?A1!).!%(A!RWF##TA!WF##!>-),4*%&!B8(()C)!87!
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%&+!'%7).I!-8&4.8,4&C!87!./),%9)3.4*!%C)&.'!78,!./)!.,)%.-)&.!87!%,./,4.4'!%&+!'I'.)-4*!
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4&!./)!-8()*3(%,!%C)A!M%.A!L)=A!@--3&8(A!CC1!"YYw"kYA!

B4,4((81!`A1!N%<<),8&41!JA1!B%.)((%&41!BA1!O%,.8,41!BA1!>-%,,41!OA1!%&+!O.,)).1!VAGA!RWF#YTA!
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