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8

1
Arthritis in children: a spectrum of disease

Introduction
The speciality of paediatric rheumatology covers a diverse spectrum of cli-

nical conditions ranging from the most common juvenile idiopathic arthritis

without limited movement and joint pain, all of which can lead to both short 

and long-term complications such as joint contractures, bone destruction,

rheumatological disorders still face delays in their diagnosis and treatment,

which can arise from a variety of factors, including a lack of recognition 

for biomarkers in the diagnosis and management of JIA and the commonest 

Juvenile idiopathic arthritis
-

-

national League of Associations for Rheumatology (ILAR) criteria (Figure 

rheumatoid factor (RF), anti-nuclear antibody (ANA) titres, and the cell sur-

-

-

le positivity is found in up to 10 % of Europeans and in JIA is associated with 

-
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1-

ve arthritis, whilst anti-cyclic citrullinated peptide (anti-CCP) antibodies are 

early occurring positive predictive factors for the development of rheumatoid 

with the RF-positive JIA subgroup, and in polyarthritis, positive RF and/or 

of JIA remains clinical, the measurement of a number of autoantibodies can 

help in identifying a pattern of disease and risk of complications in patients

Systemic-onset juvenile idiopathic arthritis

-

of arthritis in at least one joint for a minimum of six weeks and fever over 2 

weeks that is quotidian for at least 3 days, occurring with either a transient 

-

tients will not have any clinical signs of arthritis at presentation, meaning that 

heterogeneous, with around half of patients having a monocyclic course with

fever associated relapses, while other predominant phenotypes include a po-

-

cation occuring in up to 10 % of patients with SJIA is macrophage activation

-

represents an acquired form of the inherited disease hemophagocytic lymp-
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1
Familial mediterranean fever

-

-

-

matory episodes or “attacks” of variable duration (hours to 3-5 days) with 

-

-

ding pleuritis or peritonitis, are important complications and features of FMF 

-

er frequencies are linked to geography and highest in families originating

-

-

the most pathogenic, increasingly heterozygous or compound heterozygous

-

Complicating the clinical interpretation further, is the varying prevalence and 

history, presence of parental consanguinity and a pathogenic disease mutation 

-

rther elucidation of the pathogenesis is vital to improving both diagnosis and 

-
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1
rther understanding of the pathogenicity and relevance of detected mutations 

Biomarkers and mechanisms of disease

Routine laboratory markers 
-

-

throcyte sedimentation rate (ESR) and c-reactive protein (CRP) are characte-

ristically elevated during acute episodes in patients with SJIA and FMF, and 

-

-

-

with the development of amyloidosis and is a marker of disease activity or 

Biomarker Discovery

information for diagnosis, monitoring or management of a biological process

-

discovery and validation of biomarkers, including cytokine assays and proteo-

The process of identifying biomarker need and potential markers (discovery

studies) to testing in a research setting and validation for clinical use is often 
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1 employed, which refers to the process of clinical need and knowledge infor-

ming laboratory strategies and vice versa, commonly referred to as ‘bench 

the objectives of bench to bedside research and as a result the methodology

-

themselves have provided light on the role of cytokines, which will be further 

Role of the innate immune system
-

-

In contrast, the acquired immune response requires antigen presentation and 

-

te immune response is triggered by the recognition of pathogen associated 

in the cell wall of bacteria and cellular components, or damage-associated 

-

ke receptors (TLRs) and NACHT-Leucine Rich (NLR) proteins on cells of 

-

in JIA and SAIDs involve the TNF-alpha and IL-1 family of cytokines, which

has resulted in the development of targeted biological therapies to these an-

have upregulated gene expression and elevated serum concentrations in FMF 

has also shown usefulness as a biomarker of disease activity in both FMF (35)

-
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1
sing neutrophil migration and degranulation with consequent cytokine and 

The S100 proteins
Two intracellular molecules released in high concentrations from monocytes

(39) S100A8/A9, also referred to as myeloid-related protein 8/14 (MRP8/14), 

-

S100 proteins released extracellularly, the serum levels of these molecules

proteins, which means low levels may always be measurable in the serum of 

-

release, meaning innate immune system dysregulation can lead to a self-per-

-

-

cantly higher than the concentrations seen in other SAIDs, JIA-subtypes and 

-

proteins containing a pyrin-domain, for example the adaptor protein ASC

(apoptosis-associated speck-like protein with a CARD) which activates the 

-

-

matory cytokines, including the cleavage of pro-caspase to its active enzyme 

form caspase-1 which can cleave the interleukin-1b (IL-1ß) precursor into 
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1
regulation was elucidated from mouse models by Chae and colleagues who

increased risk of SJIA has been associated with genetic variants within the 

MHC (major histocompatibility complex) class II gene cluster, most strongly 

-

Management strategies and remaining questions

Therapeutic options
The goal of treatment is to achieve and maintain a state of disease remission 

-

still important therapy options, being used in various forms including as in-

-

the availability of the biological DMARDs (bDMARDs) further revolutioni-

The use of biologics allowed the development of treat to target (T2T) strate-

-

red, a concept referred to as ‘tight control’, which may necessitate ‘step-up’ or 
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1clinical issue in both FMF and all JIA subtypes, with up to 40 % of patients 

of measures of therapy response exist, no universal measure has been identi-

frequent associated complication of JIA, even in the absence of active di-

that existing and new biomarkers can play in tailoring management of both 

thorough biomolecular characterisation of the phenotypes, to identify targets 

Therapy options in FMF

-

-

in FMF by disrupting microtubule function and consequently suppressing 

-

hibited which interferes with signalling pathways preventing the secretion of 

recognised to be colchicine-resistant while some of these and more may be 

disease remission with persistent FMF attacks despite the maximum colchi-

SAA, or the occurrence of renal, hepatic or amyloidosis-related complicati-

-
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1
-

-

disease related complications such as organomegaly and anaemia, in the same 

-
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1
Figure 1

JIA is arthritis of unknown aetiology that begins before the 16th birthday and persists for at least 6 

weeks; other known conditions excluded. All categories are mutually exclusive, represented by this 

list of exclusions:

a) Psoriasis or history of psoriasis in the patient or first-degree relative
b) Arthritis in an HLA-B27 positive male beginning after the 6th birthday
c) Ankylosing spondylitis, enthesitis related arthritis, sacroiliitis with inflammatory bowel 

disease, Reiter’s syndrome, or acute anterior uveitis, or a history of one of these disorders 
in a first-degree relative

d) The presence of IgM rheumatoid factor on at least 2 occasions at least 3 months apart
e) The application of exclusions is indicated under each category, and may change as new 

data become available.
Systemic Arthritis Exclusions: a, b, c, d.

Arthritis in > 1 joint with or preceded by fever of at least 2 weeks duration that is documented to be 

daily (“quotidian”), for at least 3 days, and accompanied by one or more of the following:

    1. Evanescent (nonfixed) erythematous rash

    2. Generalized lymph node enlargement

    3. Hepatomegaly and/or splenomegaly

    4. Serositis

Oligoarthritis Exclusions: a, b, c, d, e.

Arthritis affecting one to 4 joints during the first 6 months of disease. Two subcategories are 

recognised:

    1. Persistent  Maximum 4 joints affected throughout the disease

    2. Extended   More than 4 joints after the first 6 months

Polyarthritis (Rheumatoid Factor Negative) Exclusions: a, b, c, d, e.

Arthritis affecting 5 or more joints during the first 6 months of disease, a test for RF is negative.

Polyarthritis (Rheumatoid Factor Positive) Exclusions: a, b, c, e.

Arthritis affecting 5 or more joints during the first 6 months of disease, 2 or more tests for RF at least

3 months apart during the first 6 months of disease are positive.

Psoriatic Arthritis Exclusions: b, c, d, e.

Arthritis and psoriasis, or arthritis and at least 2 of the following:

    1. Dactylitis

    2. Nail pitting or onycholysis

    3. Psoriasis in a first-degree relative

Enthesitis Related Arthritis     Exclusions: a, d, e.

Arthritis and enthesitis, or arthritis or enthesitis with at least 2 of the following:

    1. The presence of or a history of sacroiliac joint tenderness and/or inflammatory lumbosacral pain

    2. The presence of HLA-B27 antigen

    3. Onset of arthritis in a male over 6 years of age

4. Acute (symptomatic) anterior uveitis

5. History of ankylosing spondylitis, enthesitis related arthritis, sacroiliitis with inflammatory 

bowel disease, Reiter’s syndrome, or acute anterior uveitis in a first-degree relative

Undifferentiated Arthritis
Arthritis that fulfils criteria in no category or in 2 or more of the above categories
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1
Thesis Outline

Part I of this thesis focuses on the need for biomarkers for juvenile idiopathic 

Current treatment protocols and guidelines from around the world are sum-

marised and concepts of management, such as the “window of opportunity”

and treatment targets are also covered along with the role that biomarkers

-

great lack of validation studies for SJIA biomarkers, but also more positively

indicates the huge variety of potential biomarkers that are being explored by 

Part II focuses on two projects aimed at discovering new biomarkers for the 

Chapter 4 outlines the search to identify if sub-phenotypes of SJIA can be 

-

jectives were to evaluate the use of multiple platforms to identify biomarkers 

of various molecular sizes and to use proteomic techniques which have been

of Chapter 5 was to identify patterns of S100A12 and IL-18 neutrophil secre-

tion of patients with FMF, which was measured in the serum of patients and 

Part III changes tact by focusing on the translation of biomarkers into clinical 

of clinically relevant and applicable tests which will positively impact pa-

to therapy is included as well as two commentary papers which focus on the

importance of innovation and the translational process of biomarker develop-
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1
-

ponse in patients with JIA treated with methotrexate or anti-TNF biological

based on various clinical evaluation parameters including ACRpedi50 score, 

JADAS-10 score and achievement of inactive disease and baseline and fol-

-

tings (Chapter 7 and Chapter 8) and illustrate the practical role of the clinical 

scientist in translational medicine and the directly related concept of inter-

disciplinarity as a way of driving innovation to reach the overriding goals as

-

-

“bench-to-bedside” translational pathway, starting with the background rese-

arch, critical appraisal of studies and need for the research outlined in Part I, 

followed by basic science studies (”bench”) utilising a variety of techniques 

investigated biomarkers outlined in the previous chapters, S100A12, as well 

as a discussion of the requirement for translational clinical researchers and 
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1 -

-

mised, double-blind, placebo-control-

led trial with the interleukin-1 receptor 

antagonist anakinra in patients with

systemic-onset juvenile idiopathic

idiopathic arthritis-associated ma-

crophage activation syndrome with 

particular emphasis on the role of 

proteins 8 and 14 complex, a novel li-

gand of toll-like receptor 4, and inter-

leukin-1beta form a positive feedback 

mechanism in systemic-onset juvenile

S100A12 can activate human mono-

-

systemic-onset juvenile idiopathic

arthritis from other causes of fever of 

pathogenesis and usefulness as bio-

-

ceptor 4 agonist MRP8/14 protein

complex is a sensitive indicator for 

disease activity and predicts relapses

in systemic-onset juvenile idiopathic

-

se risk biomarkers for routine use in 

patients with juvenile idiopathic arthri-

-

venile idiopathic arthritis: when is the

familial Mediterranean fever and possi-

-

pyrin, the familial Mediterranean fever 

protein, interacts directly with caspa-

mutations induce NLRP3 protein-inde-

-

and variants of the MHC class II locus

are strong risk factors for systemic ju-

autoimmunity in systemic juvenile idio-

Innately Adaptive or Truly Autoimmu-

Systemic Juvenile Idiopathic Arthri-
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2

Abstract

-

-

proaches vary substantially among paediatric rheumatologists owing to the inherent 

heterogeneity of JIA and, until recently, to the lack of accepted and well-evidenced 

remain unanswered, in particular regarding treatment targets, and selection, intensi-

recommendations do not specify treat-to-target or tight control strategies, in contrast 

-

cepts of window of opportunity (early treatment to improve long-term outcomes)

and immunological remission (abrogation of subclinical disease activity) are also

This review explores the application of these concepts to JIA and their possible con-

tribution to the development of future clinical guidelines or consensus treatment pro-

care and personalized treatment can be combined into a targeted, patient-centred 

Key points

• The development of biologic DMARDs has revolutionized the therapeutic manage-

ment of juvenile idiopathic arthritis (JIA)

• A treat-to-target approach combined with tight control, in which patients are fre-

quently reassessed, can help improve disease outcomes and achieve disease remissi-

• Initiating intensive therapy early in the course of JIA (during the window of oppor-

tunity) is likely to improve long-term disease outcomes, and is a focus of ongoing 

clinical trials

•

of children with JIA, but further development and investigator-led clinical trials are 

required, including by multinational collaborations

•

targeted treatment
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2

Introduction
Juvenile idiopathic arthritis (JIA) is a heterogeneous group of disorders

-

-

atest improvements in care have occurred with the development of biological

-

cacy and tolerability of treatments for JIA (Figure 1

therapies, the pharmacological treatment options for patients with JIA are 

strategies inevitably vary in terms of patient selection, availability of thera-

-

tionally, with few exceptions, most strategies used in the management of JIA 

have been informed by data from adult studies, with resulting criticisms over 

-

-

dy of 1,500 patients with JIA treated with a step-up approach, which included 

NSAIDs, glucocorticoids and conventional as well as biologic DMARDs,(5) 

overall 70% of patients achieved inactive disease within 2 years, but the pro-

portion was markedly lower in some categories (for example, 48% in rheu-

matoid factor [RF]-positive polyarthritis), and only around 50% of patients 

Review criteria

-

were: „treatment recommendations“, „juvenile arthritis“, „personalized treatment“, „rheu-

matology“, „standardized treatment“, „guideline“, „biomarker“, „treatment algorithm“,
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Therefore, in this Review we provide an overview of historical and current 

treatment strategies, with special consideration of approaches targeting the

-

pact and limitations in improving and standardizing care, as well as the role of 

-

ry concepts of standardized and personalized treatment, to direct the develop-

Treatment strategies
Step-up (pyramid) therapy
Historically, JIA treatment was escalated in steps (referred to as pyramid the-

(10) This approach was based on several assumptions now proven to be fal-

several categories of JIA,(12) signalling the expansion of the armamentarium 

conducting trials in children (as a prerequisit for the approval of drugs for 

paediatric use) of the European Medicines Agency (EMA) in 2007 and the

FDA led to industry-sponsored, placebo-controlled trials of conventional and 

biologic DMARDs being successfully performed in children, leading to ap-

Figure 1

Top-down therapy („Hit hard and early“)
The step-up or pyramid-therapy approach has been questioned since the early

and biologic DMARD therapies when used early in management,(17) which
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Figure 1: The armamentarium of antirheumatic drugs available for   

The evolution of biologic DMARDs in past decades revolutionized the therapeutic manage-

in paediatric rheumatology (excluding glucocorticoids and NSAIDs) is greater than ever, 

therapies have been tested in high-quality paediatric studies, only some have received speci-

-
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-

corticoid and anti-TNF therapies, were encouraging examples of how aggres-

sive combination strategies enable patients to achieve clinically inactive di-

(18,19)

-

toid arthritis (RA) in 2010, based on its successful use in chronic conditions

-

for each patient, combined with tightly controlled, regular visits for monito-

ring their progress towards achieving these treatment targets (

In adult rheumatology, RA was seen as a chronic condition, with patients

-

-

tions for the management of RA, based on evidence from systematic reviews, 

went even further in highlighting T2T as a fundamental foundation of treat-

ment strategies, and readjusting the individual recommendations to keep T2T 

-

-

-

vertheless, treatment should always aim to prevent long-term damage and 
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minimal disease activity, acceptable symptom state and active disease, has

been a major progressive step (Table 1

to RA, treatment targets required for the implementation of a T2T approach

-

logy recommendations or consensus pathways (Table 2), a gap partly owed 

stated, T2T components have since been integrated into the ACR treatment 

In contrast to adults with RA, children with JIA are more likely to achieve

reaching an initial target of remission with therapy, the long-term target of 

 - No joints with active arthritis

 - No fever, rash, serositis, splenomegaly or generalized lymphadenopathy 

   attributable to JIA

 - No active uveitis according to standardization of uveitis nomenclature criteria

 - ESR or CRP level within normal limits (high levels only acceptable if cause is not      

   JIA)

JADAS criteria:

ACR criteria:

-

Abbreviations: 
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remission without the need for further therapy is reachable for many patients

(Figure 2 -

tegies to taper or safely withdraw therapy are urgently needed in paediatric 

symptoms associated with JIA (

-

ting levels of the S100A8/A9 protein complex (also known as the MRP8/14 

by high S100 protein levels) have a substantially increased risk of disease 

-

whether the concept of subclinical disease activity or immunological remis-

sion is applicable to all patients with JIA, or whether continuing with therapy 

-

wer some of these questions and is currently ongoing, enrolling patients with

The Disease Activity Score in 28 joints (DAS28) used in adult RA is a global

and continuous disease activity score that is sensitive to change and used 

-

ple, easily obtainable measurements, including the erythrocyte sedimentation

rate (ESR), a global health parameter, and the number of tender and swollen

a core set of criteria as end points, such as the ACR Pediatric (ACRp) 30,

core set variables by at least 30, 50, 70 or 90%, with no more than one of the

remaining variables worsening by more than 30, 50, 70 or 90%, respectively 

(Table 1
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practice, because the extent of improvement or worsening in responses is not 

equivalent to absolute current disease activity, and these measurements can

The Juvenile Arthritis Disease Activity Score (JADAS 71, 27 or 10) is used in 

clinical practice by simply adding the points scored in four domains: physici-

the levels of disease activity, how responsive the score is to change and how 

Table 1 Measuring disease activity in JIA

Score variables ACRp core set DAS28
Components Patient or parent global

assessment 

Physician global assess-

ment

CHAQ

Active joint count

ESR

Physician global assess-

ment (0-10)

Patient or parent global 

assessment (0-10)

Active joint count (0-10, 

0-27, or 0-71)

ESR (normalized to 

20mm/h) (0-10)

(0-100)

Tender joint count 

(0-28)

Swollen joint count 

(0-28)

ESR

Absolute measure 

of disease acti-

vity?

No Yes Yes

Calculation Not applicable Simple addition Calculated

Sensitive to chan-

ge

Yes Yes Yes

Derived disease 

states

No Yes Yes

Abbreviations
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used as markers for diagnosis,(38) relapse or remission,(39) response to tre-

heterogeneous group of patients with JIA, the use of biomarkers could help 

of patients with JIA also dictates that multiple or a combination of biomarkers 

biomarkers S100A8/A9 (MRP8/14) and S100A12 proteins is now possible

-

(42) Despite these advances, clinically useful biomarkers are still lacking - 

even though several biomarker discovery or investigative studies exist, the

A substantial proportion of patients with CID JIA have evidence of joint in-

-

ging techniques can provide a clinically relevant measurement of disease 

widely available and image interpretation is operator-dependent, which cur-

The introduction of legislation regarding the development of paediatric me-

led to the funding and completion of multiple clinical trials in paediatric rheu-

a paediatric investigation plan for novel drugs if equivalent diseases exist in 

adult rheumatic diseases, the establishment of collaborative and international 

research networks has been of huge importance to enable clinical trials to

-

and South America) are of particular relevance, and have collaborated on 
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How to optimize treatment strategies?
Window of opportunity
Early intensive therapy in JIA during the window of opportunity can alter 

the biology of the disease and improve long-term disease outcomes, inclu-

For example, in a cohort of steroid-naive patients with new-onset sJIA treated 

with IL 1 receptor antagonist (IL-1RA) therapy, 85% of patients had achieved 

-

nimally active or inactive disease than methotrexate alone, or methotrexate 

-

-

Standardized treatment
To standardize JIA treatment, various protocols, pathways and clinical prac-

tice guidelines (as well as recommendations and evidence-based statements

-

tice guidelines and standardized strategies are aimed at harmonizing and im-

proving treatments in particular, because not all children with JIA are treated 

-

portant to help improve the treatment of children by non-paediatric rheuma-

Although other consensus and evidence-based treatment recommendations 

Table 2), pu-

blication of the 2011 ACR evidence-based treatment recommendations for 

patients with JIA was a major milestone, as it gave practitioners a practical 
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-

-

Despite being included in international treatment recommendations, several

treatments have not received regulatory approval for use in children and are 

Figure 1), leading to refusal of reimbur-

sement by insurance companies and to lack of availability in resource-poor 

-

-

temic glucocorticoids are not recommended for treatment of non-systemic 

arthritis in the 2011 ACR recommendations, owing to lack of evidence from 

of these agents, their use as ‘bridging’ therapy a short-term approach prior 

contrast, the use of intra-articular glucocorticoid injections is supported in 

most guidelines (Table 2
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Australia Germany UK/Ireland USA USA

Type
2009 2011 2001

Recommenda-

tion, 2011

Recommen-

dation, 2013

Years literature 

searched

2000-2007 1966-2009

Authors or mem-

bers

Multidiscipli-

nary expert 

working group

Multidiscipli-

nary expert 

working group

-

atric research 

group

Core expert 

panel, task 

force panel

Methodology Literature

review, group

meetings,

email circula-

tion, feedback 

Systematic

review of the 

literature, for-

mal consensus

Delphi method

Consensus and 

informal

Systematic 

review of the 

literature, 

appropriate 

method

Target audience Primary care

physicians

Paediatric

rheumatolo-

gists

Paediatric 

rheumatolo-

gists

Paediatric

rheumatolo-

gists

Categories appli-

cable

NA

polyarthritis,

systemic

polyarthritis, 

systemic

Distinct treat-

ment groups

Systemic

NSAIDs addres-

sed?

Yes Yes Yes Yes Yes

Intra-articular 

glucocorticoids

addressed?

No Yes Yes Yes Yes

DMARDS incl? No Yes Yes Yes Yes

-

sed?

No Yes No Yes Yes

Physiotherapy

addressed?

Yes Yes No No No

Pathways addres-

sed?

No Limited Yes Yes Yes

Explicit treatment 

target included?

Yes (mini-

mizing pain, 

preventing

complicati-

ons)

No Yes (remis-

sion)

No No

Implicit treatment 

target included?

NA No NA Low disease 

activity

Inactive

disease

Table 2 Comparison of published JIA treatment guidelines
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Figure 2: Matching evidence-based guidance to individual disease

    courses in clinical practice
A typical disease sequence experienced by a patient with JIA begins with disease onset and 

-

are founded on evidence-based statements, data from randomised controlled trials or con-

patterns seen over time indicate other important long-term targets, including managing sub-

-
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Consensus treatment plans 
Evolving from the ACR recommendations, the North American Childhood 

Arthritis and Rheumatology Research Alliance (CARRA) developed consen-

sus-based treatment plans for the initial treatment of patients with pJIA and 

-

ness research, and are not intended as guidelines for the care of patients in

-

trum: a step-up plan (conventional DMARD therapy, followed by a biologic 

-

ly combined treatment (conventional and biologic DMARD given at onset), 

biologic-DMARD-only plan, which will enable long-term comparisons of 

Adolescent Rheumatology and the Arthritis Musculoskeletal Alliance also

published consensus-derived standards of care in 2009, which focused on 

access to treatment and standards for care provision, rather than strategies for 

Impact and limitations of standard treatments

IL 6 receptor antibody tocilizumab was not included in the 2011 ACR recom-

mendations, but was approved by the FDA before these recommendations

A search of the Cochrane library in May 2014 using the keywords “juvenile 

arthritis” only retrieved six systematic reviews covering methotrexate and 

intra-articular steroid treatments, exercise and psychological therapies or 

arthritis” retrieved 97 reviews, highlighting the reasons why treatments in 
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randomized controlled trials (RCTs) are available, these vary in both their 

inclusion criteria and in the presence or absence of an active comparator in

the trial, limiting their validity and generalizability for use in individual pa-

-

and the often narrow scope of guidelines and RCTs for the management of 

JIA, consensus-derived treatment strategies and investigator-initiated trials

are still needed (Figure 2

Discontinuation of treatment
For patients who maintain CID during treatment, knowing when to withdraw

therapy (to avoid unnecessary medication) without compromising disease

Figures 2 

and 3 -

thotrexate is independent of the duration of CID, and can be as high as 50% 

Personalized treatment

A core value of modern health services is the provision of patient-centred 

care, with clinical decisions guided by the needs and preferences of each in-

-

gies include treatment adjustments based on disease duration, treatment pre-

ferences and perceptions, previous response and tolerance to treatments, as

disease activity might assist further in assessing an individual’s need for addi-

Discrete choice studies involving parents of children with JIA demonstrate
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-

persisting large gaps of knowledge, in particular regarding the pathogenesis 

strategies that include the consideration of genetic, clinical and biochemical 

-

-

mental and genetic risk factors are likely to play a part in disease develop-

-

-

of other relevant genetic and epigenetic variations (for example in microR-

NAs, DNA methylation or histone acetylation) might also pave the way for a 

polymorphisms, could be used to stratify patients further according to their 

-

The diversity in genetic signatures, particularly those of drug-metabolizing 

in clinical responses to treatment have already been associated with a number 

of gene variants, but further evidence is required before incorporating this 

mRNA expression of thousands of genes (transcriptomics) is already helping 
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Figure 3:

for the management of JIA, each with the aim of standardizing treatment and optimization 

Prognostic factors and 

disease activity measurements should also include biomarkers that can help guide therapeutic
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Figure 4

-

sed on published guidelines and data from randomized controlled trials) to achieve optimal 

-

ted (Do), supported by quantitative disease activity measurement while incorporating a tight 

control strategy by frequently reviewing parameters—personalized treatment is achieved by 

then be assessed (Study), for example by performing recommended screening for medication 

steps (Act), and return to the ‘Plan’ step to address results of screening, ongoing treatment 
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Can personalized care be standardized?

-

tient-centred and, to date, has not been addressed satisfactorily by standardi-

such data are generalizable to all individuals, and that an individual patient 

within RCTs could improve this limitation, but even when such analyses are 

-

Experts have argued that giving less attention to personalized medicine and 

explicit (direct statements in guidelines) or inferred (encouraged by audits 

clinical practice guidelines argues against imposing standardization, as these 

-

zation can have potentially negative consequences if, for example, a subgroup 

Progress in using biomarkers to direct personalized treatment can be incor-

a study of patients with RA, pharmacokinetics and drug level measurements 

-

vels of therapeutic drugs and neutralizing anti-drug antibodies, referred to 

strategy for use in clinical practice (Figure 3) can begin with a personalized 



572961-L-bw-PS4U572961-L-bw-PS4U572961-L-bw-PS4U572961-L-bw-PS4U
Processed on: 25-1-2022Processed on: 25-1-2022Processed on: 25-1-2022Processed on: 25-1-2022 PDF page: 45PDF page: 45PDF page: 45PDF page: 45

Management of JIA: Hitting the target

45

2

Many paediatric rheumatologists consider holistic care, with close coope-

ration with physiotherapists and occupational therapists, a vital adjunct to

achieving optimal pain management and prevention of long-term morbidi-

approaches should be used as indicated by individual need, previous proven 

therapy, optimization of bone health and management of pain and psycho-

strengthening, weight-bearing and cardiovascular activities, should be per-

special attention since both persistent disease activity (for example, for sys-

-

provements in therapies, pain is still an important symptom for children with 

JIA and can persist even with use of biologic DMARDs and in the absence of 

can include the use of splinting or other assistive devices, orthotics or even

also be integral to a multidisciplinary team, helping to deal with any beha-

vioural or psychological issues that might arise from the underlying pain or 

Conclusions
-

sted pharmacological treatments and established evidence-based treatment 

probable when a combination of standardized and personalized treatment ap-

proaches is employed, particularly when implemented as early as possible in 

regimens and non-pharmacological measures are required to facilitate com-



572961-L-bw-PS4U572961-L-bw-PS4U572961-L-bw-PS4U572961-L-bw-PS4U
Processed on: 25-1-2022Processed on: 25-1-2022Processed on: 25-1-2022Processed on: 25-1-2022 PDF page: 46PDF page: 46PDF page: 46PDF page: 46

Chapter 2

46

2

development and application of treatment plans that implement both standar-

-

ve the quality of management of JIA (Figure 4

treatment targets, recommendations and protocols, as well as trial design and 

-

bute to the standardization of personalized treatments, potentially improving 



572961-L-bw-PS4U572961-L-bw-PS4U572961-L-bw-PS4U572961-L-bw-PS4U
Processed on: 25-1-2022Processed on: 25-1-2022Processed on: 25-1-2022Processed on: 25-1-2022 PDF page: 47PDF page: 47PDF page: 47PDF page: 47

Management of JIA: Hitting the target

47

2

References

peripheral blood gene expression pro-

-

idiopathic arthritis subtypes revealed by 

-

-

venile idiopathic arthritis in children 

managed with contemporary treat-

-

vity and changing categories in a long-

term nordic cohort study of juvenile 

-

come of juvenile rheumatoid arthritis in 

-

se and predictors of disability in juvenile 

rheumatoid arthritis and juvenile spon-

dyloarthropathy: a 3 year prospective 

clinical remission in select categories

-

-

Pediatric Rheumatology Collabora-

juvenile idiopathic arthritis: a revoluti-

-

Impact of the European paediatric legis-

lation in paediatric rheumatology: past, 

-

-

ety of Rheumatology for therapy with

-

-

-

on drug therapy in very early polyarti-

-

TE-JIA): a multicentre randomised 

-

gressive therapy in polyarticular juveni-



572961-L-bw-PS4U572961-L-bw-PS4U572961-L-bw-PS4U572961-L-bw-PS4U
Processed on: 25-1-2022Processed on: 25-1-2022Processed on: 25-1-2022Processed on: 25-1-2022 PDF page: 48PDF page: 48PDF page: 48PDF page: 48

Chapter 2

48

arthritis to target: recommendations of 

-

at-to-target approach in the management 

Total-body bone mineral content in 

non-corticosteroid-treated postpuber-

tal females with juvenile rheumatoid 

arthritis: frequency of osteopenia and 

strategy of tight control for rheumatoid 

-

of Rheumatology/European League 

-

tion of remission in rheumatoid arthritis 

-

mendations for the management of 

rheumatoid arthritis with synthetic and 

biological disease-modifying antirheu-

-

dations for the management of rheuma-

toid arthritis with synthetic and biolo-

gical disease-modifying antirheumatic 

disease activity, and acceptable symp-

tom state in juvenile idiopathic arthritis: 

of Rheumatology provisional criteria 

select categories of juvenile idiopathic 

-

mission for select categories of juveni-

at 6 vs 12 months in juvenile idiopathic

arthritis in remission: a randomized cli-

-

rum S100A12 Protein Levels in Main-

taining Inactive Disease on Anti-tumor 

Necrosis Factor Therapy in Polyarticu-

lar Forms of Juvenile Idiopathic Arthri-

S100A12 Protein Levels in Disease Fla-

-

crosis Factor Therapy in Polyarticular 

Arthritis Rheumatol 66 Suppl 11, S19-

-

tivity scores that include twenty-eight-

-

tion in a prospective longitudinal study

validation of a composite disease activi-

-

-

venile Arthritis Disease Activity Score:

2



572961-L-bw-PS4U572961-L-bw-PS4U572961-L-bw-PS4U572961-L-bw-PS4U
Processed on: 25-1-2022Processed on: 25-1-2022Processed on: 25-1-2022Processed on: 25-1-2022 PDF page: 49PDF page: 49PDF page: 49PDF page: 49

Management of JIA: Hitting the target

49

2

responsiveness, clinically important dif-ff

ferences and levels of disease activity

in prospective cohorts of patients with 

-

-

riable Juvenile Arthritis Disease Acti-

vity Score in children with new-onset 

-

ting systemic-onset juvenile idiopathic

arthritis from other causes of fever of 

proteins and high-sensitivity C reactive

protein as biomarkers for a risk-adap-

ted treatment to maintain remission in 

juvenile idiopathic arthritis: a compara-

-

nalised medicine in rheumatoid arthri-

tis: a proposal for interactions between 

academia, industry and regulatory bo-

-

atric rheumatic disease: can molecular 

Phagocyte-derived S100 proteins in au-

-

-

se risk biomarkers for routine use in pa-

Arthritis Care Res (Hoboken) 66, 949-

by ultrasonography in clinically inac-

tive juvenile idiopathic arthritis on and 

of patients with juvenile idiopathic

multicompartmental tenosynovitis and 

line use of recombinant IL-1RA treat-

ment in steroid naive systemic juvenile

idiopathic arthritis: Results of a pros-

-

dow of opportunity for treatment of 

systemic juvenile idiopathic arthri-

tis? Arthritis Rheumatol 66, 1405-13 

outcome of juvenile idiopathic arthri-

tis following a placebo-controlled trial:

sulfasalazine treatment provide long-

-

le idiopathic arthritis? Nat Clin Pract 

-

rison of three treatment strategies in

recent onset DMARD naïve juvenile

idiopathic arthritis: 3-months results 

-

king abstracts presented at the ACR 

Annual Meeting 2014 [online], http://

-

son-of-three-treatment-strategies-in-re-

cent-onset-dmard-naïve-juvenile-idio-

pathic-arthritis-3-months-results-of-

-

tee on Standards for Developing Trust-



572961-L-bw-PS4U572961-L-bw-PS4U572961-L-bw-PS4U572961-L-bw-PS4U
Processed on: 25-1-2022Processed on: 25-1-2022Processed on: 25-1-2022Processed on: 25-1-2022 PDF page: 50PDF page: 50PDF page: 50PDF page: 50

50

2
we can trust (National Academies Press,

College of Rheumatology recommen-

dations for the treatment of juvenile 

idiopathic arthritis: initiation and safety 

monitoring of therapeutic agents for the 

treatment of arthritis and systemic fea-

-

treatment of juvenile idiopathic arthri-

juvenile idiopathic arthritis by the Ame-

rican College of Rheumatology: com-

Arthritis Care Res (Hoboken) 63, 1354-

rheumatology research alliance consen-

sus treatment plans for new onset po-

Care for children and young people 

-

care for patients with juvenile idiopa-

-

-

-

2011 American College of Rheumato-

logy recommendations for the treatment 

of juvenile idiopathic arthritis: recom-

mendations for the medical therapy of 

children with systemic juvenile idiopa-

thic arthritis and tuberculosis screening 

among children receiving biologic me-

-

pies for the management of chronic and 

recurrent pain in children and adoles-

Non-surgical interventions for paedia-

steroids and splints/rest for children with 

juvenile idiopathic arthritis and adults 

-

-

tee on Quality of Health Care in Ame-

health system for the 21st century (Nati-

-

sonalized medicine vs guideline-based 
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-

atment using serum drug levels of ada-

limumab in patients with rheumatoid 

arthritis: an evaluation of costs and ef-ff

-

rents’ preferences for drug treatments in 

juvenile idiopathic arthritis: a discrete 

-

-

-

disease in a juvenile idiopathic arthritis

cohort: results of a Canadian multicen-

The genetics of juvenile idiopathic 

arthritis: current understanding and fu-

-

-

and pharmacogenomics in rheumato-

-

treatment response in rheumatoid arthri-

-

sonalised medicine and focus on aba-

-

zed medicine and focus on abating di-

-

-

tion within trials to evaluate treatment 

-

-

proach to biologic treatment of rheu-

matoid arthritis: a preliminary treatment 

theranostics (therapeutics diagnostics)

essential for rational use of tumor ne-

-

-

in adolescents with early-onset juvenile

idiopathic arthritis: a long-term outco-

-

tric rheumatology: Juvenile idiopathic 

for pain? Nat Rev Rheumatol 9, 447-8

underlying the pain of juvenile idiopa-
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the application of the plan-do-study-act 

method to improve quality in healthca-
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Review of biomarkers in systemic 
juvenile idiopathic arthritis:
Helpful tools or just playing tricks?

Dirk Holzinger, Dirk Foell
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Abstract

Diagnosing systemic juvenile idiopathic arthritis (SJIA) can be extremely 

-

Method

-

versus (1) non-SJIA conditions or healthy controls (HC) or (2) other non-sys-

-

nation of active versus inactive disease, or (3) macrophage activation syndro-

Results
-

whether markers were readily and reliably measurable, investigated by in-

-

nostic biomarkers of high interest for further evaluation in the diagnostic ap-

proach to SJIA that included heme oxygenase-1, interleukin-6 (IL-6), IL-12,

IL-18, osteoprotegerin, S100 calcium-binding protein A12 (S100A12) and 

Conclusion
-

studies could inform validation studies, whether in single or multi-marker 
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Background
Systemic juvenile idiopathic arthritis (SJIA), or Still’s disease/syndrome, is 

a childhood rheumatic condition that is typically characterized by spiking 

-

-

toms initially, with the hallmark fever of unknown origin, but without chronic

-

-

regulated innate immune mechanisms with only minor involvement of adap-

are thought to be drivers of SJIA, producing several mediators implicated in

the pathogenesis of SJIA, including interleukin-1 (IL-1), IL-6 and IL-18 and 

-

of genes of the innate immune system including IL-1 in peripheral blood 

include the discrimination of SJIA from other causes of fever, evidence-based 

evaluation of response to treatment, detection and limitation of subclinical 

-

-
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clinically relevant biomarkers, of which those circulating in serum and plas-

markers are those that are elevated or decreased in response to underlying 

pathological processes, whereas proxy markers, such as C-reactive protein

-

-

the use of such biomarkers as treatment targets (Figure 1

Although a number of publications describe potential biomarkers, none have 

been recently validated or used in clinical studies aside from the IL-1 family 

-

covery studies vastly outnumber validation studies, which are more challen-

ging to perform given their requirement for independent cohorts and statisti-

usually large and the cost of validation high, leading to a need for unbiased 

In conclusion, a combination of sensitive biomarkers could allow targeted 

literature, additionally evaluating their potential for validation/clinical use, 

Method
Search criteria
A PubMed search was performed using the search terms as follows: “Arthri-

tis, Juvenile“[Mesh] AND ((”2000/11/ 01”[PDAT]: “2015/11/01”[PDAT])

AND “humans”[MeSH Terms] AND English [lang]) along with the additi-
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Figure 1

Typical clinical sequence in systemic juvenile idiopathic arthritis (SJIA) from disease

increased disease activity, P3 prognostic for macrophage activation syndrome (MAS) or 



572961-L-bw-PS4U572961-L-bw-PS4U572961-L-bw-PS4U572961-L-bw-PS4U
Processed on: 25-1-2022Processed on: 25-1-2022Processed on: 25-1-2022Processed on: 25-1-2022 PDF page: 58PDF page: 58PDF page: 58PDF page: 58

Chapter 3

58

3

Inclusion and exclusion criteria
Inclusion criteria were as follows: studies in which serum or plasma markers 

the biomarkers with the diagnostic or prognostic functions as indicated in Ta-

ble 1

-

array/genotype or phenotype studies that described individual patients rather 

than disease signatures, without evaluation of individual biomarkers, even if 

-

-

ded patients and methods of biomarker assessment (Supplemental Table 1

SJIA from non-JIA disorders or healthy controls (HC) termed “D1 biomar-

-

minating active versus inactive disease, “P2 biomarkers”, or prognostic for 

Table 1, according to the study objectives, and indicated in

reach validation or clinical use, with potentially spurious or unreproducible 

used (Table 2

without special equipment, (2) had been measured by independent study 

-

-

sorbent assay (ELISA) methods, (4) had been measured by an established 

-
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Table 2) was answered using only the information col-

Table 1: Diagnostic and prognostic criteria for inclusion

function

Description

which biomarkers 

Diagnostic D1: SJIA versus other non-arthritis conditions

or HC

36 48

D2: SJIA versus other JIA subtypes 25 25

Prognostic 14 16

P2: for increased disease activity and/or the

discrimination of active and inactive disease

15 21

P3: for MAS or discriminating MAS from 7 12

Table 2: Scoring system used to perform an unbiased evaluation of identi-

Q1

Q2 Measured by more than one independent study group

Q3 Discovered by more than one single method

Q4 Measured by a reproducible assay

Q5
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Results and discussion

Table

3) -

cated (

investigated in studies performed by a single research group and 29/57 stu-

receptors, antibodies, alarmins and other functional molecules (Table 3

-

SJIA, such as the S100-proteins (S100A12 and S100A8/A9 complex), IL-18 

-

A9 is a predictive biomarker for subclinical disease activity and a predictor 

-

therapies tocilizumab, canakinumab, rilonacept and anakinra, respectively, 

discussed, is usually undetectable in serum and IL-18 is not regularly measu-

-

ding rheumatoid factor (RF), anti-nuclear antibodies (ANA) and anti-citrulli-

-

ANA are routinely evaluated in JIA as a screening factor for JIA-associated 
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-

cation criteria for rheumatoid arthritis, though they do not have an established 

reactants used as surrogate markers, were described as baseline parameters in

studies, so were therefore excluded from Tables 1 and 3 and from further ana-

-

loidosis, SAA measurement has become less important since the introduction 

stic

and evaluated for more than one clinical question (Tables 1 and 3

were 51 markers characterised as diagnostic, 33 as prognostic and 16 were 

both diagnostic and prognostic (Table 3): these were ACPA, A proliferati-

-

-
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Biomarker

Detection method

Intended
Use (P/D)

+ Ref
BMS score*

Q1+Q2+Q3+Q

4+Q5 = Total

Abbreviat
ion/
gene 
name

Full/alternative name
D P

A2M Alpha-2-macroglobulin Commercial ELISA (45) 1+0+0+1+0=2

AB-
oxLDL

Antibodies to oxidized low-

density lipoprotein
Commercial ELISA (68) 1+0+0+1+0=2

ACAN Aggrecan core protein, 

cartilage-specific core protein
Immunoassay (69) 1+0+0+1+0=2

ACPA Anti-citrullinated protein 

antibodies
Commercial ELISA (39) (39) 1+0+0+1+0=2

ACT Alpha-1-antichymotrypsin Commercial ELISA (45) 1+0+0+1+0=2

AECA Anti-endothelial cell antibodies In-house ELISA (70) 1+0+0+1+0=2

AGP1 Alpha-1-acid-glycoprotein Commercial ELISA (45) 1+0+0+1+0=2

ANA Antinuclear antibody
Fluorescence assay

Commercial ELISA

(36)

(37)
1+1+0+1+0=3

Anti-BiP
Anti-immunoglobulin binding 

protein / glucose regulated 

protein 78 (GRP78) 

In-house ELISA (71) 1+0+0+1+0=2

Anti-CCP Anti cyclic citrullinated peptide Commercial ELISA (72) 1+0+0+1+0=2

APO A1 Apolioprotein A1 Commercial ELISA (45) 1+0+0+1+0=2

APO VI Apolipoprotein VI Commercial ELISA (45) 1+0+0+1+0=2

APRIL A proliferation-inducing ligand Commercial ELISA (73) (73) 1+0+0+1+0=2

B2M Beta -2-microglobulin Not indicated (74) 1+0+0+1+0=2

BAFF B-cell activating factor Commercial ELISA (73) (73) 1+0+0+1+0=2

C4 Complement C4 Commercial ELISA (45) 1+0+0+1+0=2

CCL3 Chemokine (C-C motif) ligand 

3
Luminex assay (57) 1+0+0+1+0=2

CD10
Cluster of differentiation 

antigen 10, also called 

Neprilysin

Fluorimetric assay (75) 1+0+0+1+0=2

CFH Complement Factor H Commercial ELISA (45) 1+0+0+1+0=2

COMP Cartilage oligomeric matrix 

protein
Commercial ELISA

(39)

(76)

(39)

(77)

(78)

1+1+0+1+0=3

CXCL9 Chemokine (C-X-C Motif) 

Ligand 9
Luminex assay (57) 1+0+0+1+0=2

Fibrin D-
dimer Commercial assay (79) 1+0+0+1+0=2

FSTL-1 Follistatin-like protein 1 Commercial ELISA (80)
(80)

(81)
1+1+0+1+0=3

GHRL Ghrelin, appetite regulating 

hormone
Commercial ELISA (82) 1+0+0+1+0=2

GSN Gelsolin Commercial ELISA (45) 1+0+0+1+0=2

Hepcidin Peptide hormone, released by 

hepatocytes
Commercial assay (22) 1+0+0+1+0=2

HMGB1 High mobility group box protein 

1
Commercial assay (83) 1+0+0+1+0=2

HO-1 Heme oxygenase-1 Commercial ELISA (84) (85) 1+1+0+1+1=4

HP Haptoglobin
Commercial ELISA (45) 1+0+0+1+0=2

Table 3 
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IFNg Interferon gamma Commercial ELISA (86) (86) 1+0+0+1+0=2

IgA RF Ig A rheumatoid factor isotype In-house ELISA (87) 1+0+0+1+0=2

IgM RF Ig M rheumatoid factor isotype In-house ELISA (87) 1+0+0+1+0=2

IL-10 Interleukin-10 Commercial ELISA (88) (85) 1+0+0+1+0=2

IL-12 Interleukin-12
Luminex assay

Commercial ELISA

(57)

(89)
1+1+1+1+0=4

IL-18 Interleukin-18
Commercial assay

Luminex assay

(25)

(57)

(86)

(90)

(91)

(24)

(90)

(92)

1+1+1+1+0=4

IL-18BP Interleukin-18 binding protein Commercial assay
(86)

(90) (90)
1+1+0+1+0=3

IL-1b Interleukin-1beta Commercial ELISA (89) 1+0+0+1+0=2

IL-6 Interleukin-6
Luminex assay

Commercial ELISA

(57)

(86)

(89)

(76)

(24) 1+1+1+1+0=4

IP-
10/CXCL
10

IFNg-induced protein 10, or C-

X-C motif chemokine 10. 

Commercial ELISA

Luminex assay

(57)

(86)

(93)

1+1+0+1+0=3

LGALS3 Galectin-3 Commercial ELISA (94) 1+0+0+1+0=2

MIF Macrophage migration 

inhibitory factor
Luminex assay (57) 1+0+0+1+0=2

MMP-3 Matrix metalloprotinease-3 / 

Stromelysin-1 (SL-1)
Commercial ELISA (72) 1+0+0+1+0=2

Neopterin Commercial ELISA (85) 1+0+0+1+0=2

NO Nitric oxide Spectrophotometry (95) 1+0+0+1+0=2

OPG Osteoprotegerin / TNF 11B
Luminex assay

Commercial ELISA

(57)

(96)
1+1+1+1+0=4

OPN Osteopontin, 

phosphoglycoprotein
Commercial ELISA (97) 1+0+0+1+0=2

RA33 Anti-heterogeneous nuclear 

ribonucleoprotein A2 antibodies
Commercial ELISA (98) 1+0+0+1+0=2

RANKL
TNF ligand superfamily 

member 11 / Receptor activator 

of nuclear factor kappa B ligand

Commercial ELISA (96) 1+0+0+1+0=2

Resistin Protein adipokine Commercial ELISA (99) 1+0+0+1+0=2

S100A12
S100 calcium-binding protein 

A12
In-house ELISA

Commercial ELISA

(45)

(100)

(101)

(45)

(100)

(102)

1+1+1+1+0=4

S100A8/A
9

MRP8/14 (myeloid regulatory 

protein 8/14) complex, complex 

of S100A8 (Calgranulin A) and 

S100A9 (Calgranulin B)

In-house ELISA

Commercial ELISA

(23)

(45)

(101)

(103)

(23)

(17)

(45)

1+1+1+1+0=4

SAA Serum amyloid A Commercial ELISA
(45)

(76)

(45)
1+1+0+1+0=3

SAP Serum amyloid P Commercial ELISA (45) 1+0+0+1+0=2

sCD163
Soluble cluster of differentiation 

163 / Haemoglobin scavenging 

receptor

Commercial ELISA
(85)

(104)
1+1+0+1+0=3

sCD21 Soluble cluster of differentiation 

21
Commercial ELISA (105) 1+0+0+1+0=2

sCD23

Soluble cluster of differentiation 

23 / soluble low affinity 

immunoglobulin epsilon Fc 

receptor)

Commercial ELISA (105) 1+0+0+1+0=2

sCD25 Soluble cluster of differentiation 

25 / soluble interleukin-2 
Commercial ELISA

(74)

(104)
1+1+0+1+0=3
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receptor alpha (106)

(107)

sE-
selectin

Soluble E-selectin adhesion 

molecule
Commercial ELISA

(108)

(109)

(110)

1+1+0+1+0=3

sICAM-1 Soluble intracellular adhesion 

molecule-1
Commercial ELISA

(108)

(109)

(110)

1+1+0+1+0=3

sRAGE Soluble receptor for advanced 

glycation end products
Commercial assay (83) 1+0+0+1+0=2

sST2
Soluble ST2, also called 

Interleukin 1 receptor-like 1 

(IL-1RL1)

Commercial ELISA (111) (111) 1+0+0+1+0=2

sTM Soluble thrombomodulin / 

CD141
Commercial ELISA (112) 1+0+0+1+0=2

sTNFR55 Soluble tumour necrosis factor 

receptor 55
Commercial ELISA (113) 1+0+0+1+0=2

sTNFR75 Soluble tumour necrosis factor 

receptor 75
Commercial ELISA (113) 1+0+0+1+0=2

Survivin Commercial ELISA (76) 1+0+0+1+0=2

TIMP Tissue inhibitors of 

metalloproteinases
Commercial ELISA (96) 1+0+0+1+0=2

TNF-
alpha Tumor necrosis factor-alpha Commercial ELISA (88) 1+0+0+1+0=2

TTR Transthyretin Commercial ELISA (45) (45) 1+0+0+1+0=2

*BMS biomarker score, each answer is scored as follows: yes = 1, no=0.

Q1 Readily measurable (e.g. in serum), Q2 Measured by more than one independent study group, Q3 
Discovered by more than one single method, Q4 Measured by a reproducible assay, Q5 Validated in a 

validation cohort. 

Figure 2

A 
arthritis (SJIA) from healthy controls (HC) or other non-JIA disease (D1), SJIA vs other JIA 

B
active disease from inactive (P2), for macrophage activation syndrome (MAS) or discrimi-

-

role in the underlying immunological pathology, and as broad markers will be more useful 

Abbreviations: -
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linated peptide, ACPA anti-citrullinated protein antibodies, ACT alpha-1-antichymotrypsin, AECA ptide ACPA anti-citrulllllllllliiininin tatatatat dedededed protein antibodddiiiei ss AAAAACTCTCTCTCT alpha-1-antichymotryp

-

-

TTr transthyretin

Figure 2
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Table 

1 Figure 2a

markers overlapped between the prognostic groups (Figure 2b

suggests that some biomarkers could have broad use as diagnostic or prog-

markers might therefore be more useful than others in a clinical setting, and 

Evaluation of candidate markers
For unbiased and valid results, biomarker evaluation should be performed 

High throughput methods are increasingly sensitive and producing ever lar-

methodological limitations, such as in LC-MS/MS, by the presence of high 

-

sis-driven evaluation and prioritisation of candidates for validation studies 

be reported as being based on reproducibility, availability of antibodies or 

-

However, only a limited panel of 9/15 were further tested, chosen according

unbiased approach for prioritising candidate markers, we created the novel

Table 2

Table 3 Table 2
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-

agnostic or prognostic subgroup are indicated in Figure 1 -

clinical questions asked, were scored and ranked as an example to show how

Figure 

2, scores in Table 3

platform was used to identify if any of these 15 proteins had known functi-

functional links or interactions between all proteins except S100A12, FSTL-1 

-

ons of this protein set is shown in Supplemental Table 2

The biomarker panel approach 
-

subphenotypes within SJIA and also provide insight into the underlying bio-

used to predict risk of cardiovascular events and the multibiomarker assess-

-

-

20 patients with SJIA using a bead array based multiplex immunoassay which 
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showed the blind measurement of IL-18 predicted patients with active SJIA 

evaluated more than one candidate marker, combinations of markers were not 

-

Validation of biomarkers

-

important as new and improved biomarker discovery techniques result in lar-

-

-
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diagnostic biomarker or panel could allow earlier diagnosis of SJIA, allo-

wing treatment to be started during the “window of opportunity”, the time

point early enough in disease that intensive targeted treatment could be used 

-

tifying potentially clinically relevant diagnostic or prognostic biomarkers for 

Conclusions
There remains a need for the simultaneous evaluation of multiple biomar-

kers and an unbiased method of selecting candidate biomarkers for further 

liquid mass spectrometry (LC- MS/MS) could improve the spectrum of de-

-

tial diagnoses of SJIA, such as the causes of fever of unknown origin, which

might include infection or malignancy, would help exclude SJIA as a diag-

diagnoses of SJIA, including them in a potential multi-marker panel would 

Sixty-eight unique candidate markers evaluated for the management of SJIA 

-

-

ve the goal of validating new diagnostic or prognostic biomarkers, or panels
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Supplemental Table 1: Full summary of included studies

Author 
and year 
of study

Study aims
other 
included 
patients/ 
controls/ 
comparison 
groups

Biomar-
kers 
included

Method of 
biomarker 
measurement

Summary of 
results

Diag-
nostic or 
Prognostic 
biomarker 
described

Aggarwal 

2007 

To investigate 

chemokine and their 

9 SJIA, 12 PA, 

18 HC

CCL5/RAN-

TES and IP-10/

CXCL10

Commercial 

ELISA

Lower serum IP10/

CXCL10 levels were 

SF concentrations were 

less than serum for JIA 

Diagnostic

To evaluate the 

distribution and 

with disease severity 

29 PA

In-house spectrop-

hotometric assay disease activity was 

Prognostic

2007 

To assess if 

sIL-2Ralpha 

(sCD25) and 

sCD163 can 

diagnose acute MAS 

sCD163 and 

sIL-2R alpha 

(sCD25)

Commercial 

ELISA

sCD163 and aIL-2R 

alpha were elevated in 

SJIA-MAS compared 

Diagnostic

To determine 

whether soluble 

forms of ICAM-1 

and E-selectin cor-

relate with clinical 

measures or other 

markers of endotheli-

8 SJIA, 10 PA, sICAM-1 and 

sE-selectin

Commercial 

ELISA

sICAM-1 was elevated 

in all JIA subtypes 

compared with HCs, and 

was elevated in active vs 

Prognostic

To determine the 

prevalence of AECA 

in JIA vs HC

8 SJIA, 10 PA, AECA In-house ELISA AECA was elevated in 

SJIA compared with HC, 

and elevated in SJIA 

Diagnostic

To test if the per-

sistence of D-dimer 

elevation over long 

follow-up would sig-

31 SJIA Fibrin D Dimer Quantitative 

commercial 

assay using latex 

particles

persistent elevation of 

D-dimer were more likely 

Prognostic

To determine the 

JIA and compared to 

35 PA, 19 SLE, 

28 HC

Commercial 

ELISA

SJIA vs HC and serum 

Diagnostic

-

man-Smith 

2004 

Aimed to determine 

antibodies according 43 PA, 16 HC

antibody

In-house ELISA

levels between SJIA and 

HC , but was elevated in 

Diagnostic
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Cangemi 

2013 

To clinically validate 

a commercial kit for 

the measurement 

of serum hepcidin 

in healthy children 

and pathological 

conditions including 

children with SJIA 

19 SJIA, 86 

HC, 49 patients 

(including tha-

lassaemia and 16 

iron replacement 

Hepcidin Commercial 

ELISA

Serum hepcidin was 

children with anaemia 

with SJIA compared to 

measurement may 

discriminate anaemia of 

Diagnostic

Chen 2002 To measure sE-se-

lectin and sICAM-1 

levels among JIA 

subtypes and con-

trols, and correlate 

with disease activity 

12 SJIA, 13 PA, sICAM and 

sE-Selectin

Commercial 

ELISA

-

lectin were elevated in 

sE-selectin was elevated 

Chen 2013 To further investigate 

IL-18 in the pathoge-

45 active SJIA, 

23 inactive SJIA, 

20 HC

IL-18 and 

ratio

Commercial 

ELISA

Patients with active 

SJIA had higher IL-18 

plasma levels and higher 

compared to inactive 

2000 

To measure 

circulating levels of 

sE-selectin, sP-selec-

tin and sICAM-1 in 

patients with JIA and 

correlate results with 

disease activity and 

42 SJIA, 15 HC, 

42 total JIA

sE-selectin and 

sICAM-1

Commercial 

sICAM-1 and sE-selectin 

were elevated in active 

Diagnostic

de Jager 

2007 

To determine plasma 

cytokine levels 

using a 30-panel 

multiplex assay in 

of JIA and controls 

and correlate with 

15 PA, 9 Diabe-

tes, 20 HC

Panel of 30 

-

nostic cytokines 

discussed in 

detail in this 

review are: IL-

6, IL-12, IL-18, 

CCL3, CXCL9, 

Particle based mu-

litplex immunoas-

IL-6, CCL3, CXCL9, 

in plasma of SJIA patients 

CCL3, IL-18 and IL-12 

were elevated in SJIA 

plasma vs other JIA 

Diagnostic

2004 

sTM is elevated in 

RA and therefore 

hypothesized to be 

6 SJIA, 17 PA, 

30 HC

sTM Commercial 

ELISA

sTM was elevated in 

SJIA patients compared 

El-Sayed 

2001 

Evaluated serum 

and SF aggrecan as 

a metabolic marker 

and predictor of 

cartilage destruction 

6 SJIA, 20 PA, 5 ACAN Commercial 

enzyme based 

immunoassay

Aggrecan (ACAN) was 

elevated in SJIA patients 

compared with HC and 

elevated in SJIA compa-

Diagnostic

Ezzat 2011 Increased serum 

in RA and implicated 

response regulator 

and was tested in 

SJIA 

10 SJIA, 20 PA, Commercial 

ELISA

Elevated galectin-3 

distinguished SJIA from 

Diagnostic

Ferreira 2007 Aimed to determine 

levels of IgM and 

IgA RF by ELISA in 

JIA and correlated 

with clinical and 

25 PA, 45 HC

IgA RF and 

IgM RF

In-house ELISA

lower in SJIA patients 

Diagnostic

Foell 2004 To determine 

neutrophil activation 

in JIA by analysing 

serum S100A12

38 PA, 74 HCs, 

16 bacterial 

infection

S100A12 In-house ELISA S100A12 correlated with 

disease activity and was 
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Foell 2010 To test whether 

patients at risk of 

-

exate withdrawal 

35 SJIA, 96 

152 PA, 10 ERA, 

15 PsA

S100A8/A9 In-house ELISA S100A8/A9 was prog-

relapse rate and time to 

Frosch 2009 To test MRP8/14 as 

a diagnostic tool for 

SJIA and systemic 

60 SJIA, 50 HC S100A8/A9 In-house ELISA S100A8/A9 distinguished Diagnostic

To measure survivin 

as a marker of JIA in 

plasma

23 PA, 46 HC

SAA, Survivin, 

IL-6

Commercial 

ELISA

SAA, survivin and IL-6 

are elevated in SJIA 

Diagnostic

To assess the level 

subtypes in relation 

to disease activity

20 SJIA, 34 HC, 

APRIL

Commercial 

ELISA higher (but not statis-

tically) in SJIA versus 

APRIL correlated with 

increase in CHAQ and 

JADAS27 in all JIA 

Resistin levels were 

tested in patients 

19 SJIA, 33 HC, Resistin Commercial 

ELISA

Resistin was elevated in 

SJIA compared with HC 

Diagnostic

A panel of biomar-

kers in JIA including 

for association with 

18 HC ACPA

Commercial 

ELISA

ACPA is elevated in 

SJIA compared with 

correlated with disease 

To correlate FSTL-1 

levels with gene 

expression, known 

biomarkers and 

measures of disease 

28 SJIA, 30 HC FSTL-1 Commercial 

ELISA

FSTL-1 was elevated 

in SJIA patients before 

Prognostic

Holzinger 

2012 

To test the ability of 

S100A8/A9 serum 

concentrations to 

monitor disease acti-

vity in patients with 

SJIA and stratify 

patients at risk of 

52 Active and 

inactive SJIA

S100A8/A9 In-house ELISA Predicted relapse in SJIA 

and was an indicator of 

Prognostic

Huegle 2014 To determine 

whether ANA and 

rheumatoid factor 

will develop in pa-

tients with SJIA over 

32 SJIA ANA Fluorescence 

assay

Positive ANA titers de-

veloped in patients over 

time: 8/32 patients were 

positive at diagnosis, 

Prognostic

Ishikawa 

2013 the 

receptor for 

IL-33, in the 

pathogenesis 

of systemic 

juvenile 

idiopathic 

arthritis 

(s-JIA

To assess the role of 

IL-33 and ST2 in the 

pathogenesis of SJIA 

and correlation with 

disease activity and 

24 SJIA, 20 HC, 

5 PA, 4 SJIA-

MAS

sST2 Commercial 

ELISA

sST2 was elevated with 

increased disease activity 

in SJIA, and increased in 

SJIA patients compared 

concentrations did not 

Jelusic 2007 To describe serum 

IL-18 levels in active 33 PA, 18 HC

IL-18 Commercial 

ELISA

Elevated in SJIA 

compared with other JIA 

active SJIA compared 

Diagnostic
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2005 

To assess the clinical 

features in 9 MAS 

5 SJIA-MAS

soluble IL-2 

receptor 

(sCD25)

SJIA-MAS patients 

compared to SJIA without 

Prognostic

-

lou-Lampou-

di 2011

Serum ghrelin in JIA 

and association with 

anti-TNF therapy, 

disease activity and 

nutritional status was 

8 SJIA, 19 PA, 

50 HC

Commercial 

ELISA

Diagnostic

Lehmberg 

2013 

To identify measures 

distinguishing MAS 

in SJIA from FHL 

suggested dynamic 

-

ating MAS in SJIA 

27 SJIA, 90 FHL, 

each patient with 

SJIA had MAS

Ferritin and 

sCD25

Commercial 

ELISA

Serum sCD25, ferritin 

-

ly lower in MAS-SJIA 

patients compared to FHL 

Prognostic

Ling 2010 To identify a 

protein signature that 

those with quiescent 

17 SJIA, 10 SJIA 

and quiescence, 

5 PA

TTR, CFH, 

CRP, S100A8/

A9, S100A12, 

SAA

Commercial 

ELISA

26 plasma proteins were 

associated with SJIA 

-

were further evaluated 

in ELISA and shown to 

-

Prognostic

Lotito 2007 To verify the impor-

tance of interleukin 

18 (IL-18) in the 

13 SJIA, 13 PA, IL-6 and IL-18 Commercial 

ELISA

IL-18 was increased in 

active SJIA vs inactive 

Prognostic

Maeno 2002 To further the un-

derstanding of IL-18 

in the pathogenesis 

29 active SJIA, IL-18 and IL- Commercial 

ELISA

-

cantly higher in SJIA vs 

Diagnostic

Masi 2009 

a marker of response 

to methotrexate at 

5 SJIA, 30 PA, Commercial 

ELISA SJIA patients compared 

Diagnostic

2002 basis for clinically 

distinct JIA subtypes, 

levels of soluble 

TNF receptors were 

measured as an 

indirect measure of 

11 SJIA, 13 PA, sTNFR55 and 

sTNFR75

Commercial 

ELISA

Levels of aTNFR55 and 

subtype and therefore 

maybe prognostic for 

igher in SJIA vs pau-

ciarticular JIA, but not 

Diagnostic

Nakajima 

2009 

To determine 

SJIA patients during 

active and inactive 

11 SJIA, 201 HC Commercial 

ELISA

Decreased levels of 

compared to remission in 

SJIA, and was decreased 

in active SJIA compared 

Prognostic

-

rences between SJIA 

and PA by measuring 

serum proteins and 

20 SJIA, 16 PA Anti-CCP 

antibody and 

MMP-3

Not indicated MMP-3 was higher in 

antibody was lower in 

Diagnostic
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Put 2015 To study the role 

of IFNg and IFNg 

associated cytokines 

in SJIA, SJIA 

associated MAS and 

haemophagocytic 

lymphohistiocytosis 

20 SJIA (10 ac-

tive, 10 inactive), 

2 HLH, 3 SJIA-

MAS, 16 HC

indoleamine 

2,3-dioxygena-

se, IL-18, IFNg, 

IL-6

Commercial 

ELISA

IFNg was approximately 

SJIA vs inactive sJIA or 

IL-6 was higher in SJIA 

(active or inactive) vs 

higher in active SJIA vs 

inactive SJIA, and higher 

IP-10 was higher in HLH 

patients vs patients with 

more than 5-fold in HLH 

vs active SJIA, and was 

Diagnostic

Reddy 2014 To investigate the 

prevalence of clinical 

and traditional 

laboratory markers 

of MAS as well as 

soluble CD163 and 

soluble interleukin 

(IL)-2Ra (CD25) in 

33 SJIA, 2 SJIA sCD25 and 

sCD163

Commercial 

ELISA

2 patients with MAS 

had elevated sCD25 vs 

was also raised in almost 

half patients with SJIA 

Prognostic

Sarma 2008 To determine 13 SJIA, 24 

ERA, 22 PA, 8 

Commercial 

ELISA were elevated in SJIA 

Diagnostic

Shahin 2002 Circulating IL-6, 

sIL-2R (sCD25), 

TNF-alpha and 

IL-10 was measured 

in SJIA and PA and 

correlated with Dop-

10 SJIA, 9 PA IL-6, TNF-alp-

ha, IL-10

Commercial 

ELISA

TNF-alpha serum levels 

were higher in SJIA vs 

higher in patients with PA 

Diagnostic

Shenoi 2015 -

tigated diagnostic 

markers for SJIA in 

children with fever 

who had SJIA com-

pared with children 

10 active SJIA, 

10 febrile non-

SJIA controls

S100A12, 

S100A8, 

S100A9, 

S100A8/A9

Commercial 

ELISA

S100 proteins were 

SJIA vs control, while 

PD-1 expression was 

Procalcitonin, CRP and 

Diagnostic

Shimizu 

2010 

To compare the 

kinetics in patients 

with MAS due to 

SJIA in both active 

and inactive disease 

SJIA without MAS, 

-

and to investigate the 

in the pathogenesis 

5 SJIA-MAS, 10 IL-18 Commercial 

ELISA

Serum IL-18 was 

SJIA-MAS patients than 

in other HLH groups 

Prognostic
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Shimizu 

2012 

To investigate the 

role of the CD163/

-

ry cytokines (IL-10, 

IL-18, IL-6, neop-

receptor types I and 

II) in patients with 

SJIA complicated by 

4 patients with 

SJIA-MAS, 10 1, sCD163 and 

IL-10

Commercial 

ELISA were elevated in SJIA-

MAS, active and inactive 

SJIA without MAS in 

comparison to levels of 

-

Prognostic

Shin 2008 Screened children 

subtypes of JIA 

at presentation 

prognostic for uveitis 

but its prognostic use 

in other subtypes is 

10 PA

ANA Commercial 

ELISA

Serum ANA patterns 

and levels change during 

follow-up in SJIA and 

Prognostic 

Simonini 

2001 

Two endproducts of 

lipid peroxidation 

and the formation of 

antibodies against 

oxidized low density 

lipoproteins (Ab 

JIA subsets was 

15 PA

Commercial 

ELISA SJIA compared with HC, 

but similarly elevated in 

Diagnostic

Simonini 

2005 

Neprilysin, a cell 

surface enzyme 

particularly found on 

neurons, is thought 

to play a role in 

action of degrading 

neuropeptides invol-

ved in neurogenic 

terminates their in-

8 SJIA, 52 HC, CD10 Commercially 

available coumarin 

-

Patients with SJIA had 

lower plasma Neprilysin 

(CD10) levels compared 

Diagnostic

Singh 2012 The authors previ-

ously demonstrated 

reduced sCD21 in 

various autoimmune 

disorders, and here 

investigated sCD21 

and sCD23 in subty-

20 PA

sCD21 and 

sCD23

Commercial 

ELISA decreased in all JIA 

Diagnostic

Takahashi 

2009 

To determine the se-

in patients with SJIA 

compared to HC 

and other rheumatic 

diseases-

56 SJIA, 15 

PA, 13 SLE, 25 

Takayasu aortitis, 

SJIA-MAS, HC

Commercial 

ELISA SJIA compared with HC 

and the other disease 

Diagnostic

Tomoum 

2009 

To investigate the 

value of anti-RA33 

for diagnosis of 

JIA, and its relation 

to disease activity 

markers and bone 

7 SJIA, 44 HC, RA33 Commercial 

ELISA

RA33 was elevated in in 

all SJIA subtypes vs HC, 

but not elevated in SJIA 

Diagnostic

2006 

To investigate 

of arthritis and/or 

growth impairment

PA, 82 HCs

Commercial 

ELISA

Decreased with greater Prognostic
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To examine the 

source of FSTL-1, 

factors inducing 

its expression in 

arthritis and whether 

it’s over-expressed 

26 PA, 15 HC

FSTL-1 Commercial 

ELISA

FSTL-1 was elevated in 

SJIA patients vs HC, and 

elevated with increased 

2008 

To investigate 

whether serum 

concentrations of 

S100A12 help in 

deciding whether to 

treat patients with 

or immunosuppressi-

ve agents

60 SJIA, 45 HC, 

-

40 ALL, 5 AML, 

83 systemic 

infection

S100A12 In-house ELISA S100A12 is highly 

overexpressed in SJIA 

compared to the other 

disease groups tested 

Prognostic

Yilmaz 2001 To investigate serum 

levels of cytokines in 

SJIA during inactive 

and active disease, 

and compared to 

HC and other JIA 

8 SJIA, 21 HC, IL-1b, IL-6, 

IL-12, IL-8, 

TNF-alpha

Commercial 

ELISA higher in SJIA vs PA, and 

inactive and active SJIA 

SJIA vs PA during active 

Diagnostic

-

-

Abbreviations: biomarkers: 
ACAN: aggrecan core protein, ACPA: anti-citrullinated protein antibodies, ACT: alpha-1-antichymotrypsin, 

-

gamma, IgA RF: immunoglobulin A rheumatoid factor, IgM RF: immunoglobulin M rheumatoid factor, IL-10: 

-

A12, S100A8/A9 or MRP8/14: myeloid regulatory protein 8/14 complex, SAA: serum amyloid A, SAP: serum 

glycation end products, sST2: soluble ST2, sTM: soluble thrombomodulin, sTNFR55: soluble tumour necrosis 

factor receptor 55, sTNFR75: soluble tumour necrosis factor receptor 75, TIMP: tissue inhbitors of metalloprotei-
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Supplemental Table 2

-

Biological Processes

pathway ID pathway description count in gene set

regulation of cellular process 14

cellular response to stimulus 12

cellular response to chemical stimulus 11

regulation of response to stimulus 11

positive regulation of cellular process 11

single-multicellular organism process 11

Molecular Function

pathway ID pathway description count in gene set

receptor binding 10

3

protein binding 13

Toll-like receptor 4 binding 2

cytokine activity 4

heparin binding 4

arachidonic acid binding 2

calcium ion binding 5

Cellular component

pathway ID pathway description count in gene set

extracellular space 13

extracellular region 13

extracellular region part 12

external side of plasma membrane 4

extracellular exosome 8

KEGG Pathways

pathway ID pathway description count in gene set

05144 Malaria 5

05143 African trypanosomiasis 4

04060 Cytokine-cytokine receptor interaction 5

04668 TNF signaling pathway 4

05164 4

04623 Cytosolic DNA-sensing pathway 3

05321 3

05323 Rheumatoid arthritis 3

05134 Legionellosis 2

04621 2

05132 Salmonella infection 2
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single sample of stimulated peripheral 

-

-

-

in pediatrics II: blood collection, pro-

-

-

quisites for cytokine measurements in

clinical trials with multiplex immuno-

-

evaluation of diagnostic tests: evidence

on technical and diagnostic accuracy, 

impact on patient outcome and cost-ef-ff
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-

-

ders - Current Concepts and Advances

-

-

way and approach to biomarker valida-

-

ment and validation for successful 

-

dow of opportunity for treatment of 

systemic juvenile idiopathic arthritis?

-

-

tory arthritis: a multi-platform approach 

against oxidized lipoproteins in inactive

proteoglycan aggrecan as a predictor 

of joint damage in juvenile rheuma-

-

dies are prevalent in juvenile idiopathic 

arthritis: implications for clinical di-

-

-

-

-

cal characteristics between two subty-

pes of juvenile idiopathic arthritis: sys-

Din AMN, Abdel-Rasheed E, Hussein

in juvenile idiopathic arthritis patients: 

relation to clinical manifestations and 

-

-

me in children with systemic-onset ju-

-

-

prilysin levels in plasma and synovial

-

-

-

dicates severe course of juvenile idio-

Nakajima S, Naruto T, Miyamae T, 
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Improvement of reduced serum cartila-

ge oligomeric matrix protein levels in 

systemic juvenile idiopathic arthritis pa-

tients treated with the anti-interleukin-6 

receptor monoclonal antibody tocilizu-

-

cance of decreased serum concentration 

of cartilage oligomeric matrix protein in 

-

long term outcome in systemic juveni-

-

may represent a biomarker for syste-

Follistatin-like protein 1 and the ferri-

tin/erythrocyte sedimentation rate ratio 

are potential biomarkers for dysregu-

lated gene expression and macrophage 

activation syndrome in systemic ju-

-

-

vels in patients with juvenile idiopathic

arthritis: relation to anti-tumor necrosis 

-

bility group box-1 and soluble receptor 

for advanced glycation end- products in 

juvenile idiopathic arthritis and juvenile 

Takahashi A, Mori M, Naruto T, Naka-

The role of heme oxygenase-1 in sys-

-

idiopathic arthritis: role of alternative-

-

mic juvenile idiopathic arthritis and 

haemophagocytic lymphohistiocytosis:

tipping the balance between interleu-

rheumatoid factors (RF) in juvenile

rheumatoid arthritis clinically useful? 

-

-

ting interleukin-6, soluble interleukin-2

receptors, tumor necrosis factor alpha,

and interleukin-10 levels in juvenile 

chronic arthritis: correlations with soft 

tissue vascularity assessed by power 

-

vels in serum of patients with juvenile

-
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-

juvenile idiopathic arthritis-associated 

macrophage activation syndrome with 

particular emphasis on the role of inter-

-

Maeno N, Takei S, Nomura Y, Imanaka 

-

vated serum levels of interleukin-18 in 

systemic juvenile idiopathic arthritis but 

not in other juvenile idiopathic arthritis 

-

Chemokine and chemokine receptor 

analysis reveals elevated interferon-in-

ducible protein-10 (IP)-10/CXCL10 

production of galectin-3 is correlated 

with juvenile idiopathic arthritis disease

-

de levels and the severity of juveni-

Elevated serum receptor activator of 

-

-

se (MMP)3, and ProMMP1 in patients

-

rum osteopontin as a predictive marker 

of responsiveness to methotrexate in ju-

-

ous nuclear ribonucleoprotein-A2

(RA33) in juvenile idiopathic arthri-

-

juvenile idiopathic arthritis: relation to 

-

activation in juvenile rheumatoid arthri-

-

rison of biomarkers for systemic juveni-

-

national Pediatric Research Foundation, 

-

ating systemic-onset juvenile idiopa-

thic arthritis from other causes of fever 

-

The myeloid-related proteins 8 and 14

complex, a novel ligand of toll-like re-

ceptor 4, and interleukin-1beta form a

positive feedback mechanism in syste-
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sion molecule-1 and E-selectin as mar-

kers of disease activity and endothelial

activation in juvenile idiopathic arthri-

-

marker of disease activity in systemic

-

-

dulin in systemic lupus erythematosus

tumor necrosis factor receptors and in-

the heterogeneity of the subgroups of 

-

-

CD163 and soluble interleukin-2 recep-

tor alpha-chain in macrophage activati-

on syndrome and untreated new-onset 

-

and sCD23 in blood of patients with

systemic-juvenile arthritis, polyarticu-

lar-juvenile arthritis, and pauciarticu-

-

-

rentiating macrophage activation syn-

drome in systemic juvenile idiopathic

arthritis from other forms of hemophag-

serum: a potential marker for subclini-

cal macrophage activation syndrome in 

patients with active systemic onset ju-

adhesion molecules in juvenile idopa-

thic arthritis between the active and 

Circulating levels of soluble E-selec-

tin, P-selectin and intercellular adhesi-

on molecule-1 in patients with juveni-

-
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Abstract

-

cognise that a lack of arthritis complicates making the diagnosis early, while 

biphasic model of SJIA also implies a ’window of opportunity’ to abrogate 

-

Methods
-

was subjected to unbiased label-free liquid chromatography mass spectrome-

were measured by multiple reaction monitoring MS (MRM-MS) and targeted 

Results

-

Conclusions

suggesting shifts in underlying immunological processes in this biphasic di-

-

ge diagnostic decisions, while markers of a phenotype switch could inform 
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Introduction
Systemic juvenile idiopathic arthritis (SJIA, or Still’s disease) is an autoin-

SJIA by the presence of quotidian fever at onset for a minimum of 2 weeks,

or absent, which complicates establishing the diagnosis when features also 

-

In a subgroup of patients, stable remission status can be reached rapidly (mo-

nophasic disease),(5) though in most cases SJIA progresses to become re-

-

initial immune dysregulation induced by unknown triggers may then drive

Key Messages

of SJIA (Still’s disease) and prevent the development of a chronic polyarticular 

-

SJIA phases, while markers of a phenotype switch could inform treat-to-target 

How might this impact on clinical practice or future developments?

-
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-

Early diagnosis and recognition of phenotypes could therefore be key to initi-

opportunity and also to prevent the progression of SJIA into a more aggres-

the implementation of targeted and personalised management strategies is a 

There is an unmet need for laboratory tests to diagnose and monitor SJIA 

mononuclear cells and cytokine signatures in serum have been investigated 

-

ne mediators including interleukin-1 (IL-1), IL-18 as well as the S100 pro-

teins S100A12 and S100A8/A9 (MRP8/14, myeloid related protein 8/14) 

and MRP8/14 are highly elevated in SJIA compared with infection or other 

chronic-polyarticular SJIA phenotypes by applying unbiased label-free prote-

omics and multiplex immunoassays in a discovery cohort and targeted candi-
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Patients and methods
Patients
Serum samples were collected between 2009 and 2012 from 136 paediatric

-

ported whether patients with SJIA developed a predominantly systemic or 

-

-

tive arthritis at sampling, but no fever, rash, serositis, splenomegaly or gene-

course with fever, rash, serositis, splenomegaly, lymphadenopathy, elevated 

-

-

-

-

Serum collection

of the blood sample (collected in a serum gel tube) was performed within 

label-free proteomics using liquid chromatography mass spectrometry (LC-

-
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ple reaction monitoring MS (MRM-MS) and targeted Luminex assays were 

Proteomic analysis
Serum for LC-MS/MS analysis was prepared by depletion of the 14 most 

concentrated by centrifugation and then subjected to in-solution tryptic di-

gestion followed by desalting using C18 zip tips (online supplementary me-

MRM assay was generated, incorporating as many candidate proteins as pos-

In the discovery cohort, a total of 150 immune-related proteins (online sup-

plementary table S4) were screened by a bead-based (Luminex) multiplex

IL8, IL10, IL18, IL20, IL21, IL23, macrophage colony stimulating factor, os-

teoprotegerin, thymic stromal lymphopoietin, monocyte chemotactic protein 

-

-

ons were measured in all serum samples using standardised in-house ELISAs 
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Discovery Cohort, n=30 Verification Cohort, n=106
SJIA

syst
SJIA

poly
Infection SJIA

syst
SJIA

poly
Infection

Patients, n 10 10 10 45 29 32

4:6 3:7 4:6 30:15 11:18 11:21

Age at sample, year  7 (5) 15 (6) 6 (7) 9 (8) 11 (5) 6 (9)

Phenotype at sampling, n
Fever 10 0 10 40 0 27

Arthralgia 7 5 4 25 9 7

Arthritis 4 10 n/a 14 29 n/a

Active joints (mean, -3) - n/a 2 (0-5) 6 (5-23) n/a

Exanthema 6 0 3 18 0 6

Serositis 1 0 1 9 0 1

Hepatosplenomegaly 4 0 4 9 0 2

Phenotype after sampling
Monophasic:chronic 7:3 0:10 n/a 26:19 5:24 n/a

Medication at sampling
Antibiotics 1 0 5 0 2 16

NSAID 4 2 2 13 7 6

Methotrexate 2 5 0 6 16 0

s 0 0 0 0 0 0

Steroid 3 2 0 15 12 2

Markers of inflammation at sampling
ESR (mm/h) 95 (55) 5 (11) 60 (56) 80 (67) 11 (17) 68 (39)

Missing ESR, n 1 1 3 7 3 16

CRP (mg/dL)

Missing CRP, n 0 0 0 1 0 4

(x10
3
/ml) 21 (12) 19 (10) 8 (4) 12 (14)

0 0 0 1 0 4

SJIA
syst

: SJIA with fever/systemic disease, SJIA
poly

: SJIA with polyarthritis but systemic 

disease

Table 1: Clinical and laboratory characteristics of sampled patients
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Data analysis
Random Forest models were used to discriminate between the clinical groups 

-

variable contributing towards the overall performance, calculated using the 

-

-

-

Results
Clinical and laboratory characteristics of the cohorts
Clinical characteristics and laboratory markers of participants are detailed in

Frequencies of fever and exanthema were highest in SJIAsyst followed by

similar frequencies of joint pain and hepatosplenomegaly, which were lower 

-

-

-

gulated and downregulated proteins indicated good separation of the groups
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syst  
vs 

poly syst  
vs Infection

MRM Immune Combined MRM Immune Combined

Sensitivity

Specificity

Accuracy

LR-

3

SJIA
syst

SJIA SJIA
poly

SJIA with polyarthritis but systemic 

-

-

nel (eg, SAA1, S100A12 and sCD163) were also discovered by unbiased 

-

Interestingly, a CRP peptide was the top-ranked peptide for SJIAsyst versus

-

guished the SJIAsyst phenotype from SJIApoly with 91% accuracy (sensi-

Table 2: Accuracy of the proteomic marker panels



572961-L-bw-PS4U572961-L-bw-PS4U572961-L-bw-PS4U572961-L-bw-PS4U
Processed on: 25-1-2022Processed on: 25-1-2022Processed on: 25-1-2022Processed on: 25-1-2022 PDF page: 96PDF page: 96PDF page: 96PDF page: 96

Chapter 4

96

4

Figure 1 Proteomic and immune assay analyses in the discovery cohort 

-

-

-

plementary table S4) are shown as heatmap based on Spearman rank correlation and average 

-

A B SJIAsyst   SJIApoly infection SJIAsyst

*

*

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
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SJIAsyst SJIApoly infection 
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-

that were discriminative in the discovery cohort or in published literature, al-

-

-

ble importance plots ranking each of the markers tested within the combined 

analysis revealed that MRP8/14, IL18 and S100A12 were the most impor-

the single markers MRP8/14, S100A12, IL18 and ferritin were performed in 

which was also ranked high in the variable importance plots of the multiplex
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Figure 2

(A) Heatmap of MRM peak area data for peptides derived from the indicated proteins as de-

tected in sera of patients with systemic juvenile idiopathic arthritis with systemic (SJIAsyst,

bead array assay in cohorts as described in (A) based on Spearman rank correlation and aver-

SJIAsystSJIApoly infection
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Figure 3 Predictive power of biomarker signatures

-

-

-
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The top 30 variables in the combined multimarker panels comprising MRM,

-

ting biomarkers for SJIAsyst versus SJIApoly were CRP, leucine-rich alp-

MRP8/14, AACT, serum amyloid A (SAA), alpha-1-acid glycoprotein 1 

-

proved the distinction between SJIAsyst and SJIApoly, but not SJIAsyst from

-

-

bined Random Forest models to discriminate SJIAsyst from SJIApoly (Figu-

between each other as well as additional proteins that were not in the analysed 

of both Random Forest model panels associated best with members of the 

-
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Discussion

-

relatively underused in paediatric rheumatology with most studies focusing 

well-recognised feature of JIA and assumed to have a biological basis,(35,36) 

-

minantly focused on discriminating active and inactive SJIA, or predicting

-

-

study included a number of markers with reported potential value for the di-

-

nical limitations in performing bioassays, while the routine use of IL6 is still

-

ble analytes and/ or low sensitivity are limitations of proteomic analyses and 

analyses of MRP8/14 and S100A12 by immunoassays show that these sin-

gle analytes, partially already in routine care, perform very well as surrogate 

Interestingly, a number of markers in our combined panel that discriminated 

-
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Figure 4

of uniform size, while those that were added as relevant based on gene ontology biological

A: SJIAsyst vs SJIAt polyAA
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syst vs Infectionst
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SAA, MRP8/14 and CRP, which as part of the full panel published by Ling et 

-

-

featured among the top gene ontology associated markers in the SJIAsyst 

-

-

ses, leading to new treatment strategies,(46) it is important that treat-to-target 

-

sease remission, and the available data support the hypothesis of a therapeutic 

-

is therefore important to start therapy early, which requires timely diagnosis 

-

protocols is the monitoring of the therapeutic response to check for necessary

-

lying immunological imbalances could be facilitated by biomarker panels as

The quality of some samples may have been suboptimal for unbiased prote-

-

-
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lysis and tryptic digestion of proteins before proteomic analysis showed that 

Conclusion

Moreover, separate panels discriminating patients with SJIAsyst from those 

MRM, ELISA and Luminex assays or a combination of these, which im-

proved the accuracy of the discrimination of SJIAsyst from infection, but not 

the discrimination of SJIAsyst from SJIApoly, which already performed very

-

SJIA subphenotypes may improve the understanding of the pathophysiology 
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Abstract

-

-

-

ted the association of S100A12 with disease activity and genotype in FMF

Methods

-

and IL-1beta were also analysed in 128 clinically and genetically characteri-

Results
-

S100A12 serum concentrations correlated with disease activity and genotype, 

patients had higher serum levels of S100A12 and IL-18 during inactive and 

Conclusion

pathways, S100A12 and IL-18, which correlate with clinical disease activity
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Introduction
Familial Mediterranean Fever (FMF), the most frequently diagnosed inheri-

-

-

-

present with more frequent joint and skin involvement, higher acute phase

reactants during clinically inactive disease, a higher rate of secondary amy-

in prevalence and carrier frequencies between populations and may involve 

Subclinical disease, meaning clinically inactive disease with ongoing biolo-

gical disease activity, is currently best detected, though not sensitively, by

-

Persisting subclinical disease probably increases the likelihood of long-term

complications such as amyloidosis and therefore it’s detection could improve

S100A12 serum concentrations are raised during active FMF to levels sig-

-

-

markers are within normal ranges, suggesting S100A12 as a marker for sub-

-
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-

Here, we characterize neutrophilic secretory activity in FMF patients in vitro 

and correlate S100A12 and IL-18 concentrations with FMF disease activity 

Patients and Methods
In vitro analyses

-

standardized questionnaire and were receiving recommended doses of colchi-

-

Supplementary Table 1

Cells were isolated from whole blood within 30-60 min of collection in both

-

-

-
6

-

Figure 1

were analysed by double sandwich enzyme-linked immune-absorbent assays 

-

-

Lactate dehydrogenase (LDH) activity was measured in cell supernatants and 

compared to the kit-supplied positive control according to the manufacturer’s 

-
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-

maintains a pseudonymous record including clinical and laboratory details 

genotype, zygosity and an FMF diagnosis according to the Tel Hashomer 

clinical visit was required where both S100A12 and CRP were measured and 

clinical disease activity was documented allowing categorisation as inactive, 

-

nically inactive or asymptomatic along with normal range biochemical mar-

-

heterozygous), compound heterozygous (compound heterozygous or com-

plex-compound heterozygous) or homozygous (Table 1 -

tion of each patient in each disease activity group is shown in Supplementary 

Table 2

Table 1

diagnosis, are based on attack frequency, presence of erysipelas and amy-
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S100A12 in supernatants and serum were analysed using an in-house ELI-

S100A12 measurements were performed blinded, in a single centre (Muen-

ESR and SAA were prospectively measured from blood samples locally whe-

-

sease activity category, mean S100A12, CRP, ESR and SAA were analysed 

per patient (Table 1 -

vely measured in the same patient cohort using a bead based multiplex assay 

-

nely measured markers and S100A12 (routinely measured in the AID-Net), 

cytokines were measured in one sample from each patient in each disease

activity group (Table 1

Statistical analysis

Figure 1, error bars indicate the standard error of the mean,

-

matory markers or cytokines by disease activity or genotype were tested with 

Ethical approval
-

-

was obtained from patients on registration in AID-Net and prior to inclusion 
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Table 1: Patient cohort characteristics by disease activity

Total sample Inactive di-
sease

Subclinical disease Active di-
sease

Patients, n (% of total sample) 128 (100)*  92 (72) 57 (45) 21 (16)

Gender: male/female 69/57 52/39 28/28 12/9

Age at diagnosis, mean (range) years 6.7 (0.3-39) 6.9 (0.3-39) 6.2 (0.3-38.8) 5.5 (1.1-12.3)

Age at inclusion, mean (range), years 12 (2-47) 11 (2-37) 12 (2-47) 12 (2-19)

Ethnicity, n

Turkish 86 61 38 12

German 1 1 0 0

Other 41 30 19 9

Colchicine dose, mean (range) mg/day 1.3 (0.5-2,5) 1.2 (0.5-2.0) 1.3 (0.5-2.0) 1.6 (0.5-2.5)

Disease Activity Severity Score, mean (n)
# 2.2 (68) 2.4 (51) 2.2 (37) 2.1 (5)

# 1.7 (61) 1.8 (46) 1.7 (31) 1.7 (4)

PhGA score## 1.8 (47) 0.9 (28) 2.1 (15) 4.2 (9)

Genotype, n/total

p.M694V-positive 91 59 45 19

Heterozygous 18 17 5 2

Compound Heterozygous 52 44 20 7

Homozygous 58 31 32 12

Serum , median (IQR) unless indicated

S100A12, ng/mL 245 (775) 193 (317) 420 (1980) 2290 (6454)

Patients measured in (n) 128 92 57 21

Visits measured in (n) 288 166 96 26

Visits per patient, mean (range) 2.3 (1-7) 1.8 (1-6) 1.7 (1-7) 1.2 (1-3)

CRP, mg/l 1.4 (10.3) 0.3 (1.1) 10.6 (16.5) 12.0 (26.5)

Patients measured in (n) 128 92 57 21

Visits measured in (n) 288 166 96 26

SAA, mg/l 7.5 (15.5) 3.9 (5.5)  24 (135) 14 (210)

Patients measured in (n) 88 56 37 14

Visits measured in (n) 166 90 59 17

ESR, mm/hr 13 (15) 8 (7) 23 (19) 22 (38)

Patients measured in (n) 121 81 54 21

Visits measured in (n) 257 141 90 26

Serum cytokines**

Patients measured in (n) 122/128* 86/92 53/57 18/21

IL-1beta, median (IQR) pg/mL 0 (0) 0 (4.4) 0 (4.7) 0 (1.1)

IL-18, median (IQR) pg/mL 264 (637) 221 (416) 353 (801) 606 (2094)

*Patients may be included in more than one disease activity category. Individual visits are only included in one disease
activity group.    **Serum cytokines were measured in patients in each disease activity group in one sample from one visit 
each.     #  mild disease = 1, moderate = 2, severe = 3.
## Physician Global Assessment score (scored 0-10 on a visual analogue scale).
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Results

Peripheral serum levels of S100A12 are massively elevated in FMF patients 

Patient neutrophils had a seven times higher baseline secretion of S100A12 

(median: 311, IQR: 290 ng/mL) compared to HC (45, 8 ng/mL), which did 

by colchicine, an inhibitor of microtubule polymerization, restoring secreted 

S100A12 levels to that of HC (Figure 1

-

trast, secretion of IL-1beta was only marginally elevated in patient neutrop-

hils without stimulation, could not be blocked by colchicine, but increased 

was observed with LPS and ATP addition, as previously shown in monocytes, 

of caspase-1 secretion was identical to that of IL-18 and S100A12, but not 

(range) percentage LDH activity in stimulated neutrophils from FMF patients

FMF: LPS-stimulated neutrophils 92% (52-114%), PMA-stimulated neutrop-

-

Disease severity in the patient cohort
-

disease (Table 1

-

fore suggested all patients, regardless of disease activity group, did not signi-

activity categorisation (Table 1
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Figure 1: In vitro neutrophil secretion of S100A12, IL-1beta, IL-18 and caspase-1

stimulation with PMA (10nM) and LPS (10ng/ml), with or without ATP (1mM), colchi-

-

-
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To determine their potential as biomarkers in FMF, we investigated S100A12

and IL-18 serum levels in 128 patients (Table 1

previous studies, median S100A12 concentration increased with disease ac-

-

tween inactive and subclinical disease as well as between subclinical and 

-

Figure 2) while IL-1beta 

was unmeasurable (Table 1
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Figure 2:

-

-

ker (S100A12: 150 ng/mL, IL-18: 260 pg/mL, CRP: 5 mg/L, ESR: 20 mm/h and SAA: 20
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for IL-18, CRP or ESR (Figure 3

not analysed for CRP, ESR or SAA, as these were within normal levels for all

-

ways available at the time of S100A12 levels (Table 1

colchicine treatment and in the subclinical disease group, 56/57 patients were

-

serum S100A12 in a larger cohort of patients with inactive and subclinical di-

-

was seen in both, inactive disease and subclinical disease, which was less

pronounced for IL-18 (Figure 4 and 5

-
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Figure 3:

subclinical (SD) and active disease (AD), and C: CRP, D: ESR and E: SAA in SD and AD are

-
matory marker (S100A12: 150 ng/mL, IL-18: 260 pg/mL, CRP: 5 mg/L, ESR: 20 mm/h and 
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Figure 4: -

sence or absence (in inactive disease)

ESR: 20 mm/h and SAA: 20 mg/L) is indicated by the dotted line and the horizontal bar 
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Figure 5: -

sence or absence (in subclinical disease and all disease activities)

-

-

(S100A12: 150 ng/mL, IL-18: 260 pg/mL, CRP: 5 mg/L, ESR: 20 mm/h and SAA: 20 mg/L) 
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Discussion

-

-

-

-

sease activity and genotype in patient serum to investigate their potential as

Patient neutrophils secreted IL-1beta and showed increased caspase-1 acti-

we found highly elevated spontaneous secretion of S100A12 and IL-18, not 

the protein level has not been previously shown though elevated baseline 

mRNA expression of IL-1beta and caspase-1 in neutrophils and IL-1beta se-

cretion from monocytes in inactive FMF patients versus HC has been repor-

mutant NLRP3 knock-in mouse model of CAPS (cryopyrin-associated peri-

-

-

-

ne is also associated with decrease in serum S100A12 levels and aids the 

interference with pyrin, suppression of caspase-1 activity and microtubule in-

patients achieve colchicine response, but the rate of unresponsiveness and 
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(7,41) Interestingly, colchicine resistant patients, 5-10% of all FMF patients, 

-

in the cytoplasm and released upon stimulation via an alternative secretory 

and caspase-1 by patient neutrophils without stimulation, together with the

very high concentrations of S100A12 and IL-18 in patient serum, supports 

de novo NLRC4 mutation, elevated levels of S100 protein genes as well as

also found in systemic juvenile arthritis (SJIA), also a disorder with known

-

S100A12 and IL-18 before initiating recombinant IL-1Ra therapy in patients

-

feasible that the demonstrated dysregulated neutrophil activation in FMF can

result in positive secretory feedback loops with S100A12, IL-1beta and IL-

18, in turn leading to the elevated serum concentrations of S100A12 found 

of these positive-feedback secretory loops could explain the periodic pheno-

-

tory markers of patients with FMF enrolled in the AID-Net registry were ana-

studies have investigated serum IL-18 in FMF, which demonstrated higher 

-
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-

Interestingly, S100A12 and Il-18 concentrations were very similar in their 

-

-

lated with gene dosage during quiescent disease (inactive disease and sub-

-

active disease or subclinical disease suggests these markers might represent 

-

for the clinical monitoring of these patients, in whom worse outcomes are

-

-

ater risk of developing amyloidosis should also be considered in individual

patients, including family history of amyloidosis, male gender, SAA alpha/

-

hort, the use of S100A12 and IL-18 in other FMF exon 10 founder mutation

because these mutations are also associated with worse disease severity and 

aggressive therapeutic management, for example, with increased colchicine

required to determine whether these more aggressive treatment strategies in 
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In summary, we show S100A12 is a sensitive biomarker for active and inac-

serum S100A12 and IL-18 concentrations in FMF patients by disease activity

and IL-18 measurement can identify patients at increased risk for long-term

-

sions should continue to include the patient’s genetic background and long-

term observations are required before determining whether successful tre-
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Supplementary Table 1: In vitro analysis sample characteristics

Healthy controls FMF patients
Total subjects 4   6

Age at inclusion, mean (range) years 33 (25-42) 20 (16-28)

2 3

Ethnicity, n 

Mutation present (n) Nil known

Colchicine dose, n, mean (range) mg/day n/a

disease or infection (indicated by symptoms/ques-

tionnaire answers or clinical examination which

included abdominal pain, chest pain, joint or skin 

No, for all subjects No, for all subjects

Acute FMF episodes per yr, mean (range) n/a 5 (1-13)

Disease activity scores
# n/a

## n/a

S100A12, mean (range) ng/ml 10 (0-15) 1664 (13-9890)

CRP, mean (range) mg/L

#Mor score:#  mild 

##Pras score:#
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Supplementary Table 2: Patient ethnicity and mutation by disease activity

Total 
sample

Inactive 
disease

Subclinical 
disease

Active 
disease

Patients, n (%)  92 (72) 57 (45) 21 (16)

Ethnicity, n (100%)

Turkish 86 (67) 61 (66) 38 (67) 12 (57)

19 (15) 12 (13) 4 (7) 6 (29)

Arab: Arabian/Libyan /‘generic’ 15 (12) 13 (14) 10 (18) 1 (5)

Armenian 3 (2) 1 (1) 3 (5) 0

Persian 2 (2) 2 (2) 2 (4) 0

1(1) 1 (1) 0 1 (5)

Albanian 1 (1) 1 (1) 0 0

Egyptian 1 (1) 1 (1) 0 1 (5)

Mutations present, n*
Homozygous

48 22 28 12

5 4 1 0

2 2 2 0

1 1 0 0

1 1 1 0

1 1 0 0

Compound Heterozygous / Complex-compound heterozygous
11 10 3 2

12 10 4 3

1 0 0 1

4 4 1 0

2 2 2 0

1 1 0 0

1 1 1 0

1 1 1 0

1 1 0 0

1 1 1 0

1 1 1 0

2 2 1 0

1 0 1 1

1 1 0 0

3 3 1 0
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1 1 0 0

1 1 0 0

1 0 1 0

1 1 0 0

1 0 1 0

1 1 0 0

1 1 1 0

1 1 0 0

1 0 1 0

Heterozygous/ Complex Heterozygous
9 8 5 1

3 3 0 0

3 3 0 0

1 1 0 1

1 1 0 0

1 1 0 0
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Abstract 

Around one third of patients with juvenile idiopathic arthritis (JIA) fail to 

-

-

Methods

Results
-

-

concentration compared to non-responders: median 240 (IQR 125-615) ng/ml 

Follow-up S100A12 could be measured in 44/75 methotrexate-treated (34/44

-

-

both univariate and multivariate regression models for anti-TNF therapy and 

Conclusion
-
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Introduction
Juvenile idiopathic arthritis (JIA) is a clinically heterogeneous condition, fre-

quently requiring therapy with conventional disease-modifying anti-rheuma-

increasingly also includes biological DMARDs (bDMARDs) with TNF-in-

-

demographic and clinical factors, could help improve the prediction of res-

S100A12 and myeloid related protein complex 8/14 (MRP8/14 or S100A8/

-

of Toll-like receptor-4 (TLR-4), which are constitutively expressed predo-

is thought that both proteins are secreted in a similar mechanism, either by

non-classical secretion from active cells or passively released from necrotic 

at the time of treatment withdrawal in patients with JIA predicted the de-

-

been shown to predict response to MTX and anti-TNF treatment in JIA pa-

Material and methods
Study population
Data were analysed from three prospective cohort studies which were desig-

ned to study either the response to starting MTX or starting anti-TNF treat-

ment (alone or in combination with other therapy including MTX, see Table

1) in patients with JIA diagnosed according to the International League of 

-

on of response by MRP8/14 in these cohorts has already been published in
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-

criteria and started either new DMARDS or biologic therapy for active arthri-

-

-

kammer Nordrhein Duesseldorf (ref 2/2015/7441), the CHARMS study was 

in their ethical approvals for the collection, storage and analysis of biobanked 

Subjects were recruited with fully informed consent and child assent where 

Treatment responders achieved an ACRpedi 50 or better score at follow-up, 

-

(physician global, parent/patient global and number of active joints out of 10
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Table 1:
 MTX and anti-TNF therapy
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-

if any prediction of response was found with this lower threshold, it is likely 

demographics and clinical scores including JADAS-10 are shown in Table 1 

and the follow up characteristics (responders and non-responders) are shown

Serum concentrations were measured using a well described in-house ELISA 

measured concentrations were reproducible in both assays and identify a sui-

table commercial assay, approved for research use, for use for further studies, 

-

bly measurable in samples sent at room temperature as well as in repeatedly

Statistical analysis
Categorical characteristics were tested using Chi-squared, continuous varia-

-

assessed for its prediction of ACRpedi outcome by binary logistic regression 

modelling and association with change in JADAS-10 by linear regression 

-

DAS-10, allowing correction for other potential predictors and to assess the
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predictive variables (gender, age at JIA onset, disease duration, baseline JA-

DAS-10, baseline CHAQ, number of previously used DMARDs and ESR)

(adalimumab or etanercept) treated patients were combined after being asses-

Results
Baseline characteristics

S100A12 with number of active joints at start showed no correlation (Spear-

-

-

Clinical response to therapy

-

-

low-up, 57 of 75 MTX-treated patients and 66 of 88 anti-TNF treated patients

-

and 4 (1-9) for anti-TNF treated patients (Supplement 1), improving from 
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and non-responders for either treatment group in terms of baseline disease 

characteristics, excluding the variables included in the ID and JADAS-10

-

ponders (Figure 1A MTX median 240 (IQR: 125-615) ng/ml versus 150 (87-

-

vement in JADAS-10 in univariate models at follow-up, for both treatments

modelling was also performed with the additional variable “MTX at start”

and the odds ratio for baseline S100A12 did not change, and concomitant 

response, as detailed in the statistical methods above, tested their prediction

variance in change in JADAS-10 at follow-up for MTX-treated patients and 

Follow-up S100A12 concentrations were determined for MTX (44/75) and 

anti-TNF (39/88) treated patients, limited only due to lack of serum for 

both responders and non-responders, irrespective of therapy, had compara-

ble S100A12 concentrations: MTX responders median 165 (IQR: 113-273),

-
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Table 3:

Table 2: Association of response to therapy to baseline S100A12 concentra-

tion
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Use of concomitant therapy
-

tage of patients using concomitant MTX at start of anti-TNF therapy in the

group of responders was 91% (60/66) and 63% (14/22) in the non-respon-

had higher baseline S100A12 than those who did not (median 380 (IQR:

-

ge at follow-up (delta S100A12 -145 (-327 to -97) versus -84 (-149 to 13,

patients characterised as responders or non-responders, therefore concomi-

tant corticosteroid use was unlikely to be the major factor in patients reaching 

-

S100A12 measured by commercial assay (Supplement 2) was comparable

in responders versus non-responders and higher baseline versus follow-up 

-

-

-

trations were also higher than the in-house assay, approximately double, and 
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Figure 1:

S100A12 concentration after treatment with MTX and anti-TNF therapy is shown for res-
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Discussion

anti-TNF therapy in patients with JIA who had a high baseline concentration 

with higher baseline S100A12 concentration had higher disease activity and 

-

The aim of this study was not to directly compare level of response to MTX 

versus anti-TNF therapy, or consider their combined therapy versus indivi-

dual use, but rather to determine whether S100A12 concentration can predict 

be best initiated in which patients, and such studies would also require the

availability of predictive markers of response, like S100A12 which is discus-

S100A12 has already been shown to correlate with disease activity and con-

-

-

pected to show a treatment response within three months after initiation, with 

MTX- and anti-TNF therapy response, and also suggested predictive model-

greater temperature stability, even withstanding storage and postage at room 

into the routine laboratory work-up for JIA and therefore also be incorporated 

-
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require serial dilution of serum to obtain reliable results, due to the wide ran-

can be used, results from each should not be directly compared and only used 

obtained with both assays, the in-house ELISA performed marginally better,

both MTX and anti-TNF treatment groups with the in-house assay compared 

  

Adding S100A12 into the multi-variable models (investigated for MRP8/14 

well between those patients who later became responders versus non-respon-

ders, which could be one factor why the addition of S100A12 to a multi-mar-

cohorts, are required to ascertain whether S100A12 is a clinically useful pre-

predicting response and multi-marker panels are increasingly being sought,

-

cally viable alternative biomarkers that could replace S100A12 or MRP8/14,

-

nally, heterogeneity within the same subgroup of JIA could be a further fac-

tor in variation in treatment response, and would further support the use of 

size also increases the chance of clinical heterogeneity leading to statistically 
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-

improvements in clinical disease activity measures, JADAS-10 score, attain-

data set, we could not perform further subgroup analyses of response by each 

information from the JADAS score to supplement the measure of clinical

or better response, in line with published literature, including the study of 

had over a minimum 50% improvement in their core set criteria at 3 months,

which alongside the baseline characteristics suggested our patient population 

therapy use by patients (MTX plus anti-TNF therapy and/or other therapies 

In conclusion, we have shown that high pre-treatment S100A12 serum con-

centrations of patients with JIA is associated with a good response to me-

scenarios where this biomarker could best be utilized (at onset of treatment in

the absence of corticosteroid treatment for example, limited to anti-TNF trea-

ted patients or use in predicting patients who will respond to one drug rather 

-
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Supplement 1

Table S1:
non-responders
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Supplement 2: S100A12 concentrations measured by commercial CircuLex

ELISA

Performance of in-house assay versus Circulex assay
-

S100A12 serum levels were also higher in responders (median 407, IQR 212-710) 

Prediction of response corrected for other variables
-

-

-

ate models constructed with known predictors of response as shown in the method 

were performed to test their association with JADAS-10 score for each treatment 

that as measured by in-house ELISA) of the variance in change in JADAS-10 at 

follow-up for MTX-treated patients, and 50 % (also the same as with the in-house 
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Figure 1:
measured by Circulex ELISA

concentration after treatment with MTX and anti-TNF therapy is shown for responders (C-
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Table S3:
S100A12 predicting response to MX and anti-TNF treatment,

The CircuLex ELISA was less accurate compared to the in-house ELISA for pre-
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arthritis and its association with disease

-

-

-

cy of etanercept for the treatment of 

juvenile idiopathic arthritis according 

predictor of response to biological tre-

atments in patients with rheumatoid 

Pomirleanu C, Ancuta C, Miu S, Chirie-

and low disease activity in patients with

established rheumatoid arthritis recei-

prediction of TNFalpha blockers res-

-

-

-
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-

-

-

velopment of a multi-biomarker disease 

Scardapane A, Ferrante R, Nozzi M, 

-

ce on disease outcome and therapeu-

-

gressive combination drug therapy in 

very early polyarticular juvenile idiopa-

-

van Riel PLCM, Taggart AJ, Sany J,

-

nercept and methotrexate versus etaner-

cept alone in patients with rheumatoid 

arthritis with an inadequate response to 
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Chapter 7

The translational medicine professional: 
A bridge between bench and bedside?
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Abstract 

-

cation of biomedical research for the improvement of health of patients and 

-

ath” in this process have been described, identifying transitional failures that 

may halt or impede the pathway, which would otherwise lead to the develop-

In order to help bridge these gaps, increasing patient-orientated research at 

each stage could improve the success of projects and increase societal im-

of traditional research centers, such as universities and teaching hospitals,

active links to local universities have been set-up, research participation can

-

fessionals (TMPs) from multi-disciplinary backgrounds, with work experien-

ce in university or research centers and with experience of TM, could play a 

collaborate with local universities, larger research centers and commercial 

-
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-

cine (TM) as being an interdisciplinary branch of biomedicine supported by 

TM has predominantly focused on the bench-to-bedside approach, with most 

research activities being conducted in traditional research centers such as

development (the “bench”) and its integration into clinical care (the “bedsi-

pathway, impacting the development of medicines, technologies and/or evi-

pillar of TM: the involvement of the wider community, or “bedside to com-

example in trial design, are required to bridge these valleys as success rates of 

Increasing patient-orientated research at all stages could improve the success

-

academically “attractive” diseases, and who are primarily treated in hospitals

result in an inherently biased system in many respects, including in the set-

the accessibility for patients outside of traditional research centers is also a

-

arch Infrastructures Network (ECRIN) has further encouraged the connection

other non-traditional research centers (NTRCs) such as primary or secondary 

on research funders to require evidence of early and consistent patient input 
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A range of professionals from basic scientists, laboratory members, regula-

tory agencies, educational facilities, members of ethics boards, and journals

-

cine Professionals, TMPs) from multi-disciplinary backgrounds could play 

to collaborate with the traditional research centers and shareholders, and can 

coordinate the exchange of information as well as stimulate education and 

-

ple where TM and the training of future TMPs was a strong focus was the

-

-

of avoiding these skills going to waste and maximize the extension of TM 

than to achieve prestige in terms of high impact publications and big grants, 

research into daily clinical practice allows the advantages of TM, such as in-

creased job satisfaction and professional development, to also reach a wider 

such as the long held misbelief that research activities should be secondary

should engage with colleagues to widen education about TM and its funda-

-

cess by changing the culture to support and nurture the process of research, 

scope of a potential role for TMPs in NTRCs, particularly in (1) widening

participation and (2) improving collaboration in TM outside of the traditional 
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Table 1. 
shifting the focus of the translational pathway from “bench to bedside” to 

“bench to society” by (1) widening participation to research and (2) impro-

Widening participation
- Encourage involvement in research activities in non-traditional research cen-

ters (NTRCs) and other partners including: 

- primary care (general practitioner services)

- secondary care centers (specialist or teaching hospitals)

- industry partners

- universities

- patient groups

- ethics research committees

- Recruit and include patients outside of NTRCs in clinical trials and monitoring

of medical devices

-

arch units into NTRCs, or take up roles in such centers or work independently

but collaboratively with existing centers

- Take an organisational role in sharing of research facilities such as laboratory

facilities

- Support and encourage the wider inclusion of patient advocates on ethical 

approval boards and grant approval committees

awards of a recognition of excellence to research centers that widen participati-

on in TM could be a focus for TMPs in NTRCs

- Participation in, and encourage new educational programmes, pre- and post-

graduate as well as on-going clinical educational opportunities to address chal-

lenges facing translational medicine professionals (TMPs)

Improving collaboration

and participants

- Development and participation in mentorship programmes

- Setting up and maintenance of shared biobank facilities

- Mentoring and supporting non-TMP colleagues in realising the potential perso-
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All members of society should be seen as potential research participants and 

as recipients of health interventions, or as carers for someone else receiving 

such as hospices, rehabilitation centers, schools and care homes as well as 

are population based questions, and require broader patient inclusion to be 

ethical review boards is also vital, with TMPs supporting the case for wide-

example after clinical trials are concluded or after the acute phase of a di-

sease is over, might be better performed in NTRCs rather than in specialist 

and required in all countries, the monitoring of products is not monitored to

and monitoring of devices is the mounting evidence that mesh used in the

surgical management of pelvic organ prolapse has been responsible for many 

post-surgical complications and that the medical devices (the Mesh) was ap-

proved based on weak evidence leading to a large unexpected need for costly 

A programme of legislative support and training initiatives is required to sup-

and patient access and also developing organizational links with local tea-

not be under the control of TMPs, TMPs can support their development and 

with consultation rooms and treatment beds as well as access to a laboratory
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Figure 1 Roles for the Translational Medical Professional in aiding the

transition from bench to bedside and addressing potential points of failure, 

-

-

fellowships (ACF) during clinical training have improved access to research

medical students in the Netherlands will undertake PhDs during their study

research is also usually completed during university study, much akin to in-

or PhD and research programmes are based in research centers and include 

-

grammes whether they are pre- or post-graduate based to multi-disciplinary 

participants and including time in the programme to develop and teach wide-

ning participation in research, novel trial design and collaboration and the in-
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consensus that research and TM requires specially trained professionals, and 

-

tes with industry partners as well as clinicians and researchers collaborating 

the largest challenges in widening participation in TM in NTRCs is achieving

TMPs could foster links between NTRCs and local research centers which 

-

of regular open meetings, with an open forum to present ideas and updates 

for new or on-going research projects that could help overcome problems or 

-

potential research participants and sharing access to technology or specia-

may have been unaware of pre-existing research facilities or goals available 

is the basis of inter-disciplinary research, opens the door to broader sources of 

-

arch centers could also be organized in the form of “outreach programmes”

active role in the development and running of such integration and outreach 

Some challenges facing TMPs focus around accepting the idea of TM in 

role in NTRCs, TMPs will need to maintain this focus on detail but also deve-

lop wider research skills including novel trial design and collaborative work, 
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many challenges, including that they must work hard in their NTRCs to be 

TMPs must also cross barriers such as addressing common misconceptions 

including that research has no place in clinical training programmes and be

able to engage colleagues to also drive good research practices in their work-

is seen as a part of daily practice in NTRCs and not as a supplementary or 

-

nagement skills as well as leadership and delegation if they are to achieve all 

the activities associated with TM including: teaching, publishing papers and 

In order to achieve the variety of goals we have discussed as well as to ex-

cel in communication and drive innovation, TMPs must be creative - a skill

-

ving new concepts in the design and practice of trials as well as of medical 

to develop collaborations with research centers, universities and commercial

Summary
In conclusion, greater focus on the societal aspect in TM is required to tackle 

whilst the focus on TM and the number of TMPs might be increasing, TMPs

still face multiple challenges but there are many ways in which they can help

Author Contributions
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Driving medical innovation through 
interdisciplinarity: 
Unique opportunities and challenges
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Introduction
Many health problems facing society are multifactorial and often require soci-

al and political input as well as interventions from medical and technological 

multiple disciplines: imaging technology, cellular electrophysiology, neuro-

-

se activities are coordinated by the treating physician, they usually remain 

parallel and are never fully integrated to create an innovative therapy for the 

-

as “a mode of research by teams or individuals that integrates information, 

data, techniques, tools, perspectives, concepts, and/or theories from two or 

more disciplines or bodies of specialized knowledge, to advance fundamental 

understanding or to solve problems whose solutions are beyond the scope of 

-

ciplinarity involves deep and robust integration of distinct disciplines, multi-

-

advances come at a cost for researchers because interdisciplinarity has its own

set of unique challenges, ranging from communication issues to allocation of 

solutions to raise awareness amongst researchers keen to lead a successful 
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Characteristics of an interdisciplinary team
-

who will comprise the members of an interdisciplinary and multidisciplinary 

team must be individually determined for each project according to the speci-

hurdles that can only be solved with group support, leading to a widespread 

-

cation can be challenging when a team involves members from a variety of 

-

-

ling complex problems by assessing the problems and their interconnections,

and strategize how to incorporate the various disciplines and stakeholder ob-

-

in this role, and secondly establishing a clear identity for scientists in this role

with a clear consensus on methods and processes to be used for example in 

-

if external collaborators or cross-disciplinary support is required and how to 

teams, a power struggle for the “lead” role may emerge when several indi-
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match responsibilities to expertise and time commitment, to plan a schedule 

that is realistic yet ambitious, and to provide ample opportunities for team 

a key role in designing the research plan and in identifying potential team 

A survey of researchers revealed that successful interdisciplinary work of-ff

ten includes mutual respect, comfort, or already established positive relati-

relational ethics, stemming from the fact that all ethics are grounded in rela-

This framework suggests that a climate of safety, trust, respect and equality is

Successful solutions to complex problems can be achieved when a team is

comprised of individuals with complementary expertises, interests, ideas,

-

las for hemodialysis access using an innovative endovascular catheter-based 

system: this system was conceived and implemented by a team of interven-

(16) Another example is the invention of a blood-resistant biodegradable sur-

gical glue by a team of pediatric cardiologists, cardiac surgeons, biomedical, 

medical needs became solvable because of well-directed interdisciplinary ef-ff

The interpretation of the concept interdisciplinarity varies among individu-

interdisciplinary interactions against their perception of increased time and 

-

-

In another descriptive study, 19 researchers indicated that they conducted in-

-
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-

ledge, exposure to new methods or theories, and the opportunity to make a

interdisciplinary work, such as the need to allocate more time compared to

-

derstand interpersonal dynamics, to clarify leadership roles, and to determine 

Funding agencies have traditionally rewarded independent scientists pro-

such as climate change led to increased funding for inter- or multidisciplinary

(7) How successful such interdisciplinary focused funding approaches are

better outcomes for funding fostering interdisciplinary funded programmes 

example, the European Framework Program for Research and Innovation, 

Foundation (NSF) (20) and the Clinical and Translational Science Awards 

(CTSA) Program supports national networks of medical research institutions 

the integration of underserved populations, and train future translational re-

In summary, many researchers hold negative perceptions about interdiscipli-

strategies such as advanced planning of the study, including whether a project 

is to be multi- or interdisciplinary (see Figure 1), and by including a balanced 



572961-L-bw-PS4U572961-L-bw-PS4U572961-L-bw-PS4U572961-L-bw-PS4U
Processed on: 25-1-2022Processed on: 25-1-2022Processed on: 25-1-2022Processed on: 25-1-2022 PDF page: 176PDF page: 176PDF page: 176PDF page: 176

Chapter 8

8

176

Table 1 Recommendations to stimulate sustainable interdisciplinary rese-

Pre-project
• Include a trainee or have a future team member seek additional training in

•

•

During the project
• Allocate the supervisor role to someone with experience of interdiscipli-

• Plan early for potential project hurdles, such as funding issues, allocation

•

•

• Consider the implementation of a team-based mentoring program and inte-

Post-project
• Ask for anonymous feedback from all team members on what worked well

and what could be done better to provide helpful hints to improve the team 

• Consider success of the project to be not only based upon achievement 

of publication in high-impact journals, but rather achievement of societal

• All team members actively engage in knowledge translation to promote the 

-
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Figure 1.
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-

this early practical exposure ensures the new generation of researchers is bet-

of interdisciplinarity into higher education could be driven by educational in-

A more structured approach is the formation of multidisciplinary translational

teams (MTT) as a training and mentoring approach focusing on translatio-

nal innovation by research capacity building, interprofessional integration,

-

velopment of translational research competencies and productivity in terms 

is industry-based studentships, as recommended by the Canadian Academy 

of Health Sciences (CAHS) after an in-depth assessment of interdisciplinary 

-

creases pressure and constraints placed on trainees by adding an additional 

For challenging topics with dedicated grants and that require interdisciplinary 

the coordinator carries most of the evaluation pressure, since their track re-

cord needs to show they have coordinated interdisciplinary teams and trained 

that progression from early stage to established scientists requires continuous

The pressure is on early-stage researchers to acquire “expertise” in order to

progress, yet, be open to learning and implementing interdisciplinary me-

Throughout their careers, scientists are traditionally evaluated based on the 

-

-

Scientists interested to work as part of interdisciplinary teams may be discou-
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“Individual Career Progression” as one of the crucial levels at which there is 

(28)

Furthermore, from their experience as evaluators, the authors report enor-

mous pressures on researchers to establish a distinct identity, fueling the 

claim that career progression is hampered by interdisciplinary research and 

-

disciplinary translational researchers counter-argue that their aim is impact, 

-

during their training, with the understanding that their training is likely to be 

substantially longer than usual (and thus will require unusually long periods 

example of this approach since it generates a workforce that is conversant in 

-

are now a large number of training programs for non-physicians that aim to 

-
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It is important to emphasize that our goal is not to dismiss independent or 

-

-

-

long been a frustrating situation since many diseases under this banner are

by interdisciplinary science is likely to yield insights and breakthroughs that 

Conclusion

impact, research teams should be carefully constructed, led, and organized to 

-

lopment, as well as for overall project success and achievement of the pro-

-

ciplinary education and can be promoted by the active provision of funding 

Author Contributions:

-
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Summary
An insight into the need for biomarkers for the diagnosis and management of 

paediatric rheumatology disorders has been presented in this thesis, including

of current treatment strategies for JIA and limited availability of validated 

form the foundation of management strategies such as ‘window of opportuni-

-

Chapter 3 was performed to identify the range of serum diagnostic or prog-

nostic biomarkers and their level of clinical utility according to their availabi-

-

ti-platform biomarker discovery study performed to identify novel molecular 

signatures of patients with two phenotypes of SJIA compared to patients with 

-

vitro and in vivo characterization of neutrophil secretory activity in patients

-

neously secreted more S100A12, IL-18 and caspase-1 compared to healthy 

-

with inactive disease both S100A12 and IL-18 concentrations were higher in
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measured in patients treated with methotrexate or anti-TNF medications

(adalimumab or etanercept) at baseline and at follow-up and treatment res-

-

-

tential role for translational medical professionals (TMPs), focusing on their 

role in non-traditional research centers, such as non-university hospitals and 

collaboration and addressing the challenges facing TMPs were discussed to

In Chapter 8 the opportunities and challenges of driving medical innovation 

-
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Samenvatting in het Nederlands

Deel I, De noodzaak van biomarkers, omvat twee overzichtsartikelen die het 

kader aangeven voor de huidige behandelstrategieën voor JIA en de beperkte 

de behandeling van JIA, worden concepten die de basis vormen voor behan-

delstrategieën, zoals ‘window of opportunity’, ‘treat-to-target’ en ‘immuno-

en richtlijnen worden samengevat, evenals hun relevantie voor gerichte, pati-

-

ceren en de klinische toepasbaarheid ervan op basis van hun beschikbaarheid,

voor de meeste biomarkers slechts beperkt bewijs voor hun huidige klinische

-

der gevalideerd kunnen worden, waaronder: IL-6, IL-12, IL-18, osteoprote-

-

lationeel, multiplatform onderzoek naar de ontdekking van biomarkers dat 

-

ren van patiënten met twee fenotypes van SJIA in vergelijking met patiënten 

bevestigde de resultaten van de onderzoeksstudie die uitgevoerd werd met 

spontaan meer S100A12, IL-18 en caspase-1 uit ten opzichte van de gezonde

-
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-

meten bij patiënten die behandeld werden met methotrexaat of TNF-remmers 

(adalimumab of etanercept) bij de baseline en werd de follow-up en behan-

Hoofdstuk 7 beschrijft de rol die potentieel weggelegd is voor translationele 

medische professionals (TMP’s), waarbij de focus ligt op hun rol in niet-tra-

ditionele onderzoekscentra, zoals niet-universitaire ziekenhuizen en in de 

-

cipatie, het verbeteren van de samenwerking en aanpakken van uitdagingen

waar TMP’s mee geconfronteerd worden, worden besproken om methoden 

voordelen van interdisciplinariteit worden in detail behandeld, met inbegrip 
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Discussion

Uncertainties still line the patient journey

paediatric rheumatological diseases, they also led to new insights into disease

and patient/family education guided by an inter-disciplinary team, the best 

-

receiving more interest in recent years, with multiple studies investigating 

how patient engagement both in the design phase as well as downstream can 

rheumatology: from discovery to clinical translation, the central theme is

biomarker research, which can both lead to a deeper understanding of the 

molecular basis of paediatric rheumatological disorders as well as help direct 

-

lection of these themes pertinent to the future interdisciplinary management 

A need for updated criteria

of patients according to the number of joints involved at disease onset and the 

lack of inclusion of newer immunological data which have increased calls for 

use in a research setting, but also have clinical consequences including that 

international group is working within the Pediatric Rheumatology Interna-
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into the underlying causes and pathology of JIA have moved the question 

further to the fore, with new criteria expected to be built on new clinical 

and molecular knowledge and data, such as response to medication, disease 

The main limitation to the inclusion of new markers to an updated diagnostic 

-

thesis has centered around the testing of serum biomarkers, in particular the

-

-

-

that patients with JIA who responded to anti-TNF or methotrexate therapy 

-

-

mal S100A8/A9 (MRP8/14) serum concentration as well as clinical inacti-

vity, could identify patients with JIA where methotrexate treatment could be 

-

wal of anti-TNF medication, whilst S100A12 had modest predictive value at 
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medication was not withdrawn at inclusion, medication use was more mixed, 

inconsistencies have been argued as reasons for the continued exclusion of 

Since completion of this thesis, the measurement of S100A8/A9 has become a

-

rement of subclinical activity in patients with JIA before ending therapy and 

have only partially supported the grouping of JIA categories and therefore 

-

included in the criteria, though ANA-negativity has been associated with a

and hip involvement, higher frequency of symmetrical disease and a greater 

-

ment of more joints than clinical examination alone and therefore may be 

often overlooked in clinical examination are entheseal involvement and teno-
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clinical as well as patient-derived disease activity indicators is an area of in-

terest for the future treat-to-target management of paediatric rheumatological

studies, showing correlation with vascular changes indicated by power dop-

-

vity, S100A8/A9 (MRP8/14) and IL-6, described in Chapters 3, 4 and 6, have

alone or in multi-marker panels are insensitive for subclinical activity, may 

-

-

An individualised approach
Patient and public involvement in research
A fundamental pillar of patient-centric management is the involvement of 

right direction have occurred, for example with translational medicine driving 

more clinically focused projects and many funding opportunities being tied to 

public and patient involvement, this is not always routinely and fully integra-

professional (TMP) describes the role clinical researchers can play in prioriti-

sing patient-centered research, whether by improving patient involvement or 

and optimisation of research methodology, focusing on interdisciplinary wor-

As paediatric rheumatological diseases are rare, collaboration and innovation

-

veral biobanks, illustrating the importance of multi-centre studies to obtain 
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diagnosis, disease activity and risk of macrophage-activation syndrome in 

-

vements in the sensitivity and reproducibility of immune assays as well as

the ability to perform high throughput analyses with ever decreasing sample 

-

-

and standards of care in JIA were discussed in detail, alongside evolving

which requires more attention are the biopsychosocial aspects of rheumatic 

attendance and sport participation, as well as the general well-being and the 

-

tology multi-disciplinary team comprising of physiotherapists, occupational

therapists, orthotic specialists, psychologists and clinicians are well placed 

aims of management have focused predominantly on clinically measurable

Colchicine non-compliance and resistance
In Chapter 5, elevated levels of IL-18 and S100A12 were measured in pa-

not a prospective longitudinal study, and did not test if treating immunolo-

gically detected subclinical disease could reduce the risk of disease compli-

-

The starting dose is titrated until clinical symptoms and laboratory markers 



572961-L-bw-PS4U572961-L-bw-PS4U572961-L-bw-PS4U572961-L-bw-PS4U
Processed on: 25-1-2022Processed on: 25-1-2022Processed on: 25-1-2022Processed on: 25-1-2022 PDF page: 193PDF page: 193PDF page: 193PDF page: 193

Summary and Discussion

193

9

-

-

patients in FMF cohorts and is associated with more frequent proteinuria and 

-

ne resistance, intolerance or persistent non-compliance despite intervention, 
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Figure 1: The iceberg model of subclinical disease adapted to show the role 

of ultrasound and immunological markers in the Treat-to-Target manage-

ment of juvenile idiopathic arthritis  

Jan 25)
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List of abbreviations

ACPA Anti-citrullinated protein antibodies

AACT Alpha-1-antichymotrypsin

ACCPP Anti-cyclic citrullinated peptide

ACRR American College of Rheumatology

ACRpedi50 American College of Rheumatology Pediatric 50% criteria for response

ACT Alpha-1-antichymotrypsin 

AD Active disease

ADA  Adalimumab

AECAA Anti-endothelial cell antibodies

ANA  A Antinuclear antibodies

Anti-TNF Anti-tumour necrosis factor

APRIL  A proliferation-inducing ligand

CAHS Canadian Academy of Health Sciences

CARRA  A Childhood Arthritis and Rheumatology Research Alliance

cDMARD Conventional disease-modifying antirheumatic drug

CHAQ  Childhood assessment questionnaire

CID  Clinically inactive disease

Comp het Compound heterozygous

CRCs  Clinical research centres
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CRPP C-reactive protein

CTSAA Clinical and Translational Science Awards

DAMP Damage associated molecular pattern

DAS28 Disease Activity Score in 28 joints

DMARD Disease modifying arthritis drugs

E oJIAA Extended oligoarticular juvenile idiopathic arthritis

ECRIN  European clinical research infrastructures network

ELISAA Enzyme-linked immunosorbent assay

EMA European medicines agency

EMA European medicines agency

E-oJIAA Extended oligoarticular JIA

ERA Enthesitis-related arthritis

ERA Enthesitis-related arthritis

ERC European research council

ESRR Erythrocyte sedimentation rate

ETN  Etanercept

 manipulation Network

FHL Familial hemophagocytic lymphohistiocytosis

FMF Familial Mediterranean fever

FSTL-1  Follistatin-like protein 1

HC Healthy controls

Hett Heterozygous

Hom  Homozygous

ID  Inactive disease

IFN Interferon

IL1 Interleukin-1

IL1a Interleukin 1apha

IL1RA IL 1 receptor antagonist

IL-2R  Interleukin 2 receptor

IL6 Interleukin 6

IL8 Interleukin 8

IL10  Interleukin 10

IL18 Interleukin 18

IL20  Interleukin 20

IL21 Interleukin 21

IL23  Interleukin 23
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ILAR  International League of Associations for Rheumatology

IQR  R Interquartile range

JADAS-10 Juvenile arthritis disease activity score

JIA  A Juvenile idiopathic arthritis (non-systemic)

LC-MS/MS Label-free liquid mass spectrometry

LC-MS/MS Label-free liquid chromatography mass spectrometry

LDH Lactate dehydrogenase

LR-  Negative likelihood ratio

MAS  Macrophage activation syndrome

MCP-2  Monocyte chemotactic protein 2

M-CSF Macrophage colony stimulating factor

MMP  Matrix metalloproteinase

MRM Multiple reaction monitoring

MRP8/14 Myeloid related protein 8/14

MS Mass spectrometry

MTCD  Mixed connective tissue disease

MTT  Multidisciplinary translational teams

MTX  Methotrexate

NIH  National Institutes of Health

NTRCs Non-traditional research centres

NSF  National science foundation

PA Polyarthritis

pJIA  A Polyarticular juvenile idiopathic arthritis

pJIA  A Polyarticular JIA

PsAA Psoriatic arthritis
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i

RA Rheumatoid arthritis

RCTs Randomised control trials

RF Rheumatoid factor

RNA  A Ribonucleic acid

S100A12 S100 calcium-binding protein A12 

S100A8/A9 S100 calcium-binding protein A8/A9  (MRP8/14)

SAAA Serum amyloid A

SAP  P Serum amyloid P 

SciTS Science of team science

SD Subclinical disease

sICAM-1 Soluble intracellular adhesion molecule-1

SJIA-MAS MAS in patients with SJIA

SJIApoly Chronic articular-dominant SJIA

SLE Systemic lupus erythematosus

SRM Selected reaction monitoring

sST2 Soluble ST2/IL-1 receptor-like 1

T2T Treat to Target

TIMP  Tissue inhibitors of metalloproteinase

TLR4-ligand Toll-like receptor 4 ligand

TM Translational medicine

TMP  Translational medical professionals

TNF Tumour necrosis factor

TNFi Tumour necrosis factor inhibitor

TSLP  P Thymic stromal lymphopoietin

TTr Transthyretin
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