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Introduction/Background: The rare heterogenous autoimmune dis-
ease Juvenile Dermatomyositis (JDM) relies on prognostic tools includ-
ing myositis specific antibodies (MSA) and myositis associated
antibodies (MAA) to guide early treatment and reduce the risks of poor
outcome. However, there is an emerging concern regarding the inter-
assay validity due to the current lack of a standardised protocol for
MSA/MAA screening across healthcare centres. Among available
MSA/MAA screening assays, most laboratories prefer using immuno-
blot over immunoprecipitation, due to its practicality and lower cost.
Notably, blotting-based assays were reported to have reduced specif-
icity at detecting certain MSA/MAA subgroups.
Description/Method: A total of 472 JDM patients recruited via UK
Juvenile Dermatomyositis Cohort and Biomarker Study (JDCBS) were
included in this study. For immunoprecipitation cohort, the sera of 383
JDM-diagnosed patients were determined at the University of Bath
using radio-labelled protein immunoprecipitation, and 140kDa bands
were confirmed with ELISA for NXP2 or MDA5. For immunoblot cohort
(n¼ 89), MSA/MAA results were obtained from the patients’ records at
the centre of care. The immunoprecipitation group and immunoblot
group were investigated for the frequency of each autoantibody sub-
group within each cohort. The objective was to determine the sensitiv-
ity of each assay in detecting myositis relevant antibodies (MSA/MAA)
in the context of JDM.
Discussion/Results: Overall, the majority of patients were female,
and self-identified as white. Specifically, in immunoprecipitation
cohort, 70.9% of the patients were female, while 77.1% of the patients
self-identified as white. In the immunoblot cohort, 72.7% of the patient
were female, while 65.9% self-identified as white.
Regarding MSA/MAA status in each cohort, 225 out of 383 (58%)
immunoprecipitation samples were positive for at least 1 myositis rele-
vant autoantibody (MSA/MAA). In the immunoblot cohort the propor-
tion was 53% (47 out of 89 samples). Despite the similar gender and
ethnicity distribution, the frequencies of autoantibody subgroups var-
ied between two cohorts. In descending order, the 3 most common
MSAs detected by immunoprecipitation group were anti-TIF1c
(18.1%), anti-NXP2 (15.8%) and anti-MDA5 (5.9%). On the contrary,
anti-MDA5 (15.5%) was the most prevalent autoantibody detected by
immunoblot, followed by anti-TIF1c (11.3%) and anti-NXP2 (9.3%),
respectively.
The prevalence of more than one myositis relevant autoantibodies
detected in a patient was rare in both cohorts. Specifically, when
excluding anti-Ro52, a MAA that is not detected with immunoprecipita-
tion, 2.2% of the total patients in immunoblot cohort had more than 1
MSA/MAA. This rate is lower in immunoprecipitation cohort, as only
0.5% of the patients in this cohort were determined to be positive for
more than one autoantibody subgroup. When accounting for anti-Ro52
in immunoblot cohort, 7 out of 8 anti-Ro52 positive patients were also
positive for anti-MDA5, making up 7.9% of immunoblot cohort.
Key learning points/Conclusion: The variance between autoantibody
frequencies detected by each method suggested that immunoprecipi-
tation and immunoblot assays do not perform equally for all MSA and
MAA. The lower detection of anti-TIF1c in immunoblot is consistent
with previous reports. Additionally, a potential reduction of sensitivity in
anti-NXP2 detection using immunoblot is observed for the first time.
Higher rate of anti-MDA5 in immunoblot cohort might reflect the earlier
pre-treatment samples compared to the samples tested in immunopre-
cipitation cohort, as the titre of anti-MDA5 was reported to decrease
with treatment. As MSA/MAA status are interpreted by clinicians to
classify JDM patients into homogenous subgroups for more focused
treatment plans, the reliability of autoantibody screening process is an

issue of interest. Further investigations are necessary to characterise
the sensitivity and specificity of each method.
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Introduction/Background: Juvenile idiopathic arthritis (JIA) encom-
passes a group of heterogeneous rheumatic diseases of childhood
onset. JIA can result in long term disability and remission is the main
goal of treatment. However refractory disease can occur, which is
defined as the absence of response to a standard disease therapy. A
genetic basis for refractory disease has yet to explored, where deleteri-
ous rare variants complicate diagnosis or treatment outcome. This
study aimed to investigate, through genetic analysis, whether children
with JIA that is refractory carry rare genetic risk factors in genes linked
to monogenic diseases.
Description/Method: Whole exome sequencing of 99 children with
JIA was performed with the Agilent SureSelect Human All ExonV6 kit.
All quality control, variant filtering and annotation was performed in
Varseq (version 2.2.1). Variants with a read depth <30 and genotype
quality <80 were removed. Rarity and pathogenicity filters were then
applied to remove variants with an allele frequency >1% (based on
ExAC, gnomAD, gnomAD exome, NHLBI and 1KGp phase 3), classified
as benign or likely benign on ClinVar, with a CADD PHRED score <15
and a REVEL score>0.7. Variants were annotated if they appeared in a
gene from the primary immunodeficiency PanelApp (Martin et al.,
2019), in a gene associated with an arthritis phenotype or in a gene that
appeared on a paediatric monogenic gene list. The variants were then
classified using ACMG guidelines (Richards et al., 2015) and benign, or
likely benign, classified variants were removed.
Discussion/Results: A total of 470 variants were identified and we
found that 20 out of the 99 children screened were heterozygous for at
least one recognised variant in a gene linked to a monogenic disease.
Five of these children carried more than one recognised variant linked
to monogenic genes. Here we provide a number of illustrative exam-
ples: three genes, ADAR, ATP7B and MVK, were prioritised based on
prior evidence of associated disease. The variant p.Pro193Ala
(gnomAD allele frequency (GAD) 2.2x10-3) of ADAR has previously
been deemed pathogenic in a homozygous or compound heterozy-
gous state for Aicardi-Goutières syndrome. Adenosine deaminases
(ADARs) catalyse the hydrolytic deamination of adenosine to inosine in
dsRNA and is suggested to act as a suppressor of type 1 interferon-
stimulated genes. Within ATP7B, two distinct variants were detected;
p.Gln1142His (GAD 1.6x10-5) and p.Ile1148Thr (GAD 4.0x10-5) have
previously been reported as pathogenic, in combination with a third
variant, for Wilson’s disease and were carried by one individual in this
cohort. ATP7B encodes copper-transporting ATPase 2, which supplies
copper to ceruloplasmin. Variant p.Val377Ile (GAD 1.6x10-3) of MVK
was detected in eight individuals in this cohort, interestingly five of
these individuals also carried at least one HLA-DRB1 stop-gained var-
iant. This MVK mutation has been confirmed as pathogenic in a homo-
zygous or compound heterozygous state for mevalonate kinase
deficiency. MVK converts mevalonic acid into mevalonate-5-
phosphate in the cholesterol synthesis pathway. Additionally, two
stop-gained loss of function HLA-DRB1 variants, p.Tyr107Ter and
p.Gln125Ter, were detected in five and 20 individuals, respectively, in
this cohort. HLA-DRB1 is a recognised susceptibility locus for JIA.
Key learning points/Conclusion: Screening of a cohort of 99 children
with JIA that have refractory disease has revealed that individuals carry
deleterious variants in genes linked to monogenic forms of disease.
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These results highlight that the genetic basis for refractory disease
needs to be further investigated. Carrying additional genetic risk fac-
tors to disease may complicate disease outcome and genetic screen-
ing of children with refractory JIA may improve treatment outcome in
the future.
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Introduction/Background: The CLUSTER consortium aims to identify
biomarkers and strata that improve personalised treatments for JIA/
JIA-uveitis. By bringing together knowledge and data, CLUSTER can
conduct novel analyses in this rare, heterogeneous disease. Data har-
monisation across existing JIA cohorts facilitates new, larger datasets
that would otherwise take years to collect; however, challenges exist
as datasets are often collected autonomously. Here we present prog-
ress towards a large-scale, unique JIA data resource, bringing together
treatment data from 4 real-world JIA treatment studies.
Description/Method: Four studies (CAPS, CHARMS, BCRD and
BSPAR-ETN; the latter two being part of the UK JIA Biologics register)
contributed data into CLUSTER.
We created two clinical datasets of JIA patients starting first-line
methotrexate (MTX) or tumour necrosis factor inhibitors (TNFi).
Variables were selected based on a previously developed core dataset,
accounting for different levels of granularity across studies. The same
inclusion and exclusion criteria were agreed for both datasets,
designed to allow for combined analysis of these.
OpenPseudonymiser software encrypted NHS numbers - these were
matched cross-study to identify duplicates and checked against
known duplicate lists. Errors in NHS numbers and existing duplicate
matches were identified and corrected. Each NHS number was
assigned a CLUSTER ID, meaning 1 child has the same ID across all
relevant studies such that children contributing similar data across mul-
tiple studies could be identified.
Discussion/Results: A total of 7013 records (from 5435 individuals)
were identified; of which 2882 (41%, corresponding to 1304 individu-
als) represented the same child across >1 study. 197 individuals had
duplicate records within 1 study, 961 in 2 studies, 142 in 3, and 4 chil-
dren had duplicate records in all 4 studies.
After removing 350 MTX and 605 TNFi duplicate entries, the final data-
sets contain 2899 and 2401 unique MTX and TNFi patients respec-
tively; 1018 are in both datasets having received both treatments.
Missingness across core outcome variables ranged from 10% (active
joint count MTX timepoint 2) to 60% (physician VAS TNFi timepoint 2)
and was not improved through combining datasets with duplicate
entries. Specificity in some variables was lost to allow integration by
combining data using least common denominators (e.g. ethnicity cap-
tured as Caucasian/Non-Caucasian, despite more specific categories
available in some studies).

Key learning points/Conclusion: Combining data across studies has
achieved dataset sizes rarely seen in JIA, which is invaluable to pro-
gressing research into personalised treatments and disease outcomes.
However, losing specificity in some variables and missingness (a
known challenge in observational data) and their impact on future anal-
yses requires further consideration. Ongoing work includes identifying
patients with both clinical and biological data that can be combined for
more in-depth analyses. Both datasets are available for researchers to
use via the CLUSTER Consortium Data Management Committee.
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Introduction/Background: When investigating disease mechanisms,
site-specific differences in immune cell phenotype and function have
highlighted the need to analyse cellular and molecular mechanisms at
the tissue site directly. In adults, the ability to obtain synovial tissue
biopsies using ultrasound-guided techniques, combined with
advanced tissue analytics, has revolutionised our understanding of the
cellular ecosystem that operates within the joint and how it contributes
to disease. However, a similar approach in paediatric disease is lack-
ing.
Description/Method: Aims: 1) To describe the protocol for undertak-
ing minimally invasive ultrasound-guided synovial tissue biopsies in
children and young people with arthritis, for the purpose of research,
alongside routine clinical care. 2) To investigate whether high-quality
synovial tissue can be obtained that is suitable for downstream appli-
cations including single cell profiling technologies, histology and digital
spatial profiling.
Treatment-naı̈ve children with a diagnosis of Juvenile Idiopathic
Arthritis, who were being referred for a corticosteroid joint injection
were recruited from two large UK Paediatric Rheumatology centres.
We established a workflow pipeline for performing synovial tissue biop-
sies in child and young people with arthritis, using standardised proce-
dures for biopsy and sample processing. Procedures were performed
by experienced paediatric interventional radiologists with experience
of joint biopsy for diagnostic purposes. Following a general anaes-
thetic, required as part of routine clinical care and the establishment of
sterility, synovial fluid was aspirated. Needle-biopsies were undertaken
from the same needle insertion site and subsequently corticosteroid
was injected into the joint. Thickened synovium was graded via ultraso-
nography. Participating families completed questionnaires prior to and
following synovial biopsy.
Discussion/Results: 11 participants were recruited to the study over a
nine month period, with a median age of 7 years (range 1-16 years);
91% were female. Samples obtained included core synovial biopsies,
paired synovial fluid and peripheral blood. Synovial tissue fragments
were processed for histology by formalin fixation and cryopreserved
for downstream applications, including RNA sequencing and cell cul-
ture. Quality control indices included histological analysis to ensure the
biopsied material was characteristically synovium and to grade the
severity of inflammation. No significant complications were reported;
however, one child had a mild haemarthrosis controlled with cold saline
wash out and cold compresses.
Key learning points/Conclusion: Obtaining biopsies of synovial tis-
sue in children with Juvenile Idiopathic Arthritis for the purpose of
research, alongside clinical care is feasible. Analysis of tissue direct
from the site of inflammation with single-cell RNA sequencing in chil-
dren is achievable.
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