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Pathogenesis, including mitochondrial biology
IS-1
MOLECULAR PATHOLOGY OF MITOCHONDRIAL DISORDERS

Peter Rehling

Department of Cellular Biochemistry, University Medical Center Goettingen,
Goettingen, Germany & Max Planck Institute for Biophysical Chemistry, Goettingen,
Germany

Mitochondria produce the bulk of cellular ATP through oxidative phosphoryla-
tion. Defects in the biogenesis or functionality of the OXPHOS (oxidative phos-
phorylation system) machinery cause severe human disorders that are primarily
characterized by neuromuscular defects. However, the molecular dysfunctions,
their physiological consequences, and tissue specificity are still ill defined. These
gaps in our knowledge are due to the fact that mitochondrial DNA is not acces-
sible to manipulation and that the biogenesis of the OXPHOS systems requires
coordinated expression of both cellular genomes.

Here I will report on new technical approaches that allow us now to obtain in-
sight into the mechanistic dysfunctions that eventually lead to mitochondrial OX-
PHOS defects. I will focus on how mitochondrial gene expression is regulated by
the cellular environment to enable the biogenesis of physiological levels of the
respiratory chain complexes. These approaches provide a basis to understand the
molecular pathology of mitochondrial disorders.
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ROLE OF MITOCHONDRIA IN SKELETAL MUSCLE DYSFUNC-
TION IN MYOSITIS

Kanneboyina Nagaraju, Melissa Morales, Rita Spathis and Joanna Parkes
School of Pharmacy and Pharmaceutical Sciences, SUNY-Binghamton University
Binghamton, NY 13902-6000, USA

Mitochondria are an integral part of muscle function and repair. Mitochondria
meet the energy demands of the skeletal muscle by producing ATP and quickly
distributing it across the muscle cell through a grid-like network. Recent studies
have identified that active mitochondria are required to repair the sarcolemmal
injury in healthy myofibers. Functional mitochondria facilitate plasma membrane
repair independently of their role in ATP synthesis. Mitochondrial dysfunction
is noted in myositis skeletal muscle. For example, mitochondrial membrane po-
tential is significantly reduced in myoblasts from patients compared to healthy
controls. We have identified that a mitochondria-localized activator of apopto-
sis—harakiri is up-regulated in myositis skeletal muscle cells. Muscle cells with
higher HRK expression have reduced mitochondrial potential and poor ability to
repair from injury compared to controls. We also found that subjecting healthy
skeletal muscle cells to pro-inflammatory cytokines such as interferon beta re-
duces mitochondrial respiration. We propose that muscle weakness and degen-
eration in inflammatory myopathies are due to reduced mitochondrial respiration
and poor repair of damaged myofibers, leading to leakage of damage-associated
molecular patterns that activate TLR-mediated pro-inflammatory signaling. This
sequence sets in motion a self-sustaining loop that exacerbates mitochondrial and
myofiber damage, contributing to progressive worsening of the muscle pathology
in myositis. Targeting mitochondria with exercise or other drugs that improve
mitochondrial biogenesis would effectively treat inflammatory myopathies.
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Genes and environment
IS-3

DEFINING CAUSAL GENES AT MHC IN SLE - IMPLICATIONS
FOR MYOSITIS AND OTHER DISEASES THAT SHARE MHC
RISK

Timothy Vyse
Professor of Molecular Medicine, King’s College London
Consultant in Rheumatology, Guy’s and St Thomas’ NHS Trust. London, UK

For many autoimmune diseases, including myositis and SLE, genome-wide as-
sociation analyses reveal that the Major Histocompatibility Complex (MHC)
is the site of the strongest association signals. Some of these associations have
been known for fifty years, however the causal genes have been challenging to
determine. The MHC associations in several autoimmune diseases have long
been thought to arise from HLA alleles; consistently associated alleles are HLA-
DRB1*03:01 and HLA-DRB1*15:01 (in Europeans) in many autoimmune dis-
eases. The DRB1#03:01 allele resides on an extended MHC haplotype which
encompasses the entire classical MHC region from HLA class I, through class
III to HLA class II: from HLA-B8 to HLA-DQA1*#05:01/DQB1#02:01 as well
as complement C4 null genes in class III. The extensive linkage disequilibrium
and structural variation in the MHC have made identifying the causal genes very
challenging. The DRB1#03:01 allele (and by definition, the linked haplotype)
has been associated with: SLE, Sjogren’s, myositis, type I diabetes, Addison’s
disease, Graves’ disease and myasthenia gravis.

In SLE, dense genotyping in large cohorts has hitherto suggested that multiple as-
sociation signals were present, although the nature of driving alleles was disputed.
Using NG sequencing data from access the MHC we have sought to analyse the
associations accommodating class III structural variation involving the candidate
genes coding complement C4A and C4B. To further improve the resolution of
the association, we have employed a transancestral mapping approach in SLE:
examining cohorts of European ancestry (from ImmunoChip) and data from the
MHC region of an African American GWAS in SLE. The linkage disequilibrium
is much less extensive in the African genome at the MHC compared with other
common ancestries and this greatly facilitated resolution of the genetic associa-
tions. Comparing European and African data, we have shown that the association
signals in SLE can be best explained by signals arising from:

1) copy number variation of the complement component 4 (C4) genes in the MHC
locus and 2) by a shared region in the class II region on the HLA-DRB1#15:01 (in
Europeans) and HLA-DRB1*15:03 (in Africans) that likely operates to elevated
HLA class II gene expression. The C4 locus, which has recently been found to
increase risk for schizophrenia, generates a 7-fold variation in risk for lupus (95%
CI: 5.88-8.61; p<10'"7 in total) and 16-fold variation in risk for Sjogren’s syn-
drome (95% CI: 8.59-30.89; p<10% in total), with C4A protecting more strongly
than C4B in both illnesses. In schizophrenia elevated C4 copy number elevates
disease risk, whereas in SLE and Sjogren’s lower copy numbers of C4 genes cor-
relate with higher disease risk. In all three illnesses, C4 alleles acted more strongly
in men than in women: common combinations of C4A and C4B generated 14-fold
variation in risk for lupus and 31-fold variation in risk for Sjogren’s syndrome in
men (versus 6-fold and 15-fold among women respectively) and affected schizo-
phrenia risk about twice as strongly in men as in women. At a protein level, both
C4 and its effector (C3) were present at greater levels in men than women in
cerebrospinal fluid (p<10~ for both C4 and C3) and plasma among adults ages 20-
50, corresponding to the ages of differential disease vulnerability.Sex differences
in complement protein levels may help explain the larger effects of C4 alleles in
men, women'’s greater risk of SLE and Sjogren’s, and men’s greater vulnerability
in schizophrenia. These results nominate the complement system as a source of
sexual dimorphism in vulnerability to diverse illnesses.

It remains to be established which other diseases that are associated with this
the DR3 haplotype are associated with inherited partial complement deficiency
states.
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Inclusion body myositis
IS-5

SELECTIVE T CELL DEPLETION FOR INCLUSION BODY MYO-
SITIS: WHY AND HOW

Steven A. Greenberg
Brigham and Women's Hospital, Boston, MA, USA

Inclusion body myositis (IBM) is a progressive autoimmune skeletal muscle dis-
ease. Whereas the earliest ideas just over 50 years ago regarding IBM pathogen-
esis were largely based on muscle microscopic pathological observations we can
see with our eyes, technological advances, such as large-scale genomic methods,
have enhanced our ability to “see” with much greater granularity the pathological
processes occurring in IBM muscle.

Extending these increasingly rich and deep pathological observations to IBM
pathogenesis causal inferences remains very challenging. Typically, the concepts
of “autoimmunity” and of “degeneration” have been invoked. Autoimmunity is
a reasonably well-defined term (tissue injury from molecules such as interferon-
gamma, or cells, such as T cells, generally considered to be part of the immune
system), but the term “degeneration” often conveys no specific pathophysi-
ological information, creating a fundamental problem in its use. Microscopically
observed pathological features, such as rimmed vacuoles (a reflection of myo-
nuclear pathology), nuclear-to-sarcoplasmic mislocalization of heterogeneous
ribonuclear proteins (hnRNPs including TDP-43), other sarcoplasmic protein
aggregates such as p62, and mitochondrial abnormalities reflected by COX-de-
ficiency are often called “degenerative pathology”. This term has the misleading
implication that these pathologies result from an obscure “degenerative disease”
process when in fact their pathogenic implications are almost entirely unknown.
The term, like the parallel fictional idea that perifascicular atrophy in dermato-
myositis was a consequence of ischemia, likely evolved from the observation
that these apparently sick myofibers often had no surrounding immune cells and
must have some other mysterious process, called “degeneration” accounting for
their presence. It might be better to replace the term “degenerative pathology”
with “myonuclear and sarcoplasmic pathology” and to keep “mitochondrial pa-
thology” separate.

Some of these pathologies are already known through in vitro studies to be down-
stream of autoimmunity, such as hnRNP and TDP-43 mislocalization (1-3) and
COX-deficiency (4) resulting from exposure to cytokines. Although myofibers
with “degenerative pathology” may not necessarily have microscopically vis-
ible immune cells nearby, these myofibers are literally bathed in extracellular
fluid containing high levels of numerous cytokines and other harmful immune
molecules that are invisible by microscopy but clearly visible by genomic tech-
nologies (Figure 1).
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IS-5. Fig. 1. Visible and invisible IBM muscle autoimmune pathology. (A) Micro-
scopically visible invasion of myofibers by CD8* T cells and further refined phenotyp-
ing of highly cytotoxic KLRG1+ T cells. (B) Microscopically invisible, but revealed
by RNAseq profiling, T cell inflammatory mediators in IBM muscle from dataset
GSE151757.

A potential approach to IBM therapy is the selective depletion of T cells. One
well understood aspect of IBM pathology is the microscopically visible injury
to myofibers by CD8* highly cytotoxic T (Tc) cells (Figure 1). Initial studies
defining T cell pathology in the 1980s identified muscle infiltration and myofiber
invasion by T cells as a whole and CDS8 T cells in particular (5), leading to broad
T cell depletion attempts with alemtuzumab and anti-thymocyte globulin. More
recent finer understanding of the specific subtype of T cells invading IBM my-
ofibers (6), including T effector memory (TEM) and terminally differentiated T
effector cells (TEMRA), suggest that more targeted and selective approaches to
T cell depletion might be more effective and less toxic.

Clinical and Experimental Rheumatology 2022
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INCLUSION BODY MYOSITIS IN 2022: FROM PHYSIOPATHO-
GENESIS TO CLINICAL TRIALS

Olivier Benveniste

Department of Internal Medicine and Clinical Immunology, Neuromuscular Rare
Diseases Reference Center of Paris, Sorbonne Université, INSERM U974, Assistance
Publique-Hopitaux de Paris (AP-HP), Pitié-Salpétriere University Hospital, Paris,
France

In 1995, ten years after the first dichotomic classification of polymyositis (PM)
and dermatomyositis, inclusion body myositis IBM) was distinguished from the
PM from its clinical and pathological presentation (1). IBM is the most common
acquired muscle disease in adults over age 50. This myositis is slowly progres-
sive, it affects more men than women, in average it begins at the age of 60, pa-
tients use a walking aid after 5 years and are dependent on the wheelchair after 15
years (2). At the steady state of the disease, clinical and histological phenotypes
are typical and form the diagnostic criteria which are clinically: finger flexor or
quadriceps weakness, and pathologically: endomysial inflammation, and inva-
sion of non-necrotic muscle fibres by lymphocytes or presence of rimmed vacu-
oles (3). Anti-cN1a auto-antibody seems relatively specific (4).

The presence of microscopic cellular inflammation (endomysial with the inva-
sion of muscle fibres) is the hallmark of the inflammatory nature of IBM. How-
ever, the presence of rimmed vacuoles and other ‘degenerative’ features such as
myonuclear degeneration, mitochondrial pathology and myofibrillar cytoplasmic
protein aggregates has led to controversy regarding the pathogenesis of this dis-
order (5, 6). In essence, from an immunological point of view, my team, as well
as others have clearly shown different subclasses of T lymphocytes (7, 8) or gene
signature (9) from the other IIMs. It has been shown that IBM is driven by highly
differentiated cytotoxic T cells: effector memory (TEM) and terminally differen-
tiated (TEMRA) cells (5, 6). In a xenograft model by transplanting human IBM
muscle into immunodeficient mice, myofibers in IBM xenografts showed inva-
sion by human, oligoclonal CD8* T cells and exhibited MHC-I up-regulation,
and all the ‘degenerative’ features (10). Reduction of human T cells within IBM
xenografts by treating mice intraperitoneally with anti-CD3 suppressed MHC-I
up-regulation. Rimmed vacuoles persisted, though these were never shown to
disappear from the original transplanted biopsies and might simply be carried
over myonuclear and sarcoplasmic aggregates. Primary or immortalized muscle
cell lines obtained from muscle of IBM patients and cultivated without any in-
flammatory cells never presented in vitro any ‘degenerative’ features, which can
be induced by the addition of some inflammatory cytokines (personal observa-
tion).

Regarding the recently published trials, bimagrumab an ActRIIB binding an-
tibody that inhibits ligands including GDF11 and myostatin to induce skeletal
muscle hypertrophy was trialed in a phase II/III on 251 participants but failed to
achieve its primary (6MWD) and also many secondary endpoints (11). Arimo-
clomol (a chaperone protein which may reduce protein aggregates) also failed
to meet its primary (IBMFRS) and secondary endpoints in a phase II/III trial on
150 patients (press release). Regarding the strategy against TEM/TEMRA cells,
we did a monocentric phase II trial of rapamycin (sirolimus) against placebo
on 44 patients (12). We found no evidence for efficacy of sirolimus based on
maximal voluntary isometric knee extension strength (our primary endpoint) and
other muscle strength measures. However, we believe there was enough evidence
of benefit in certain secondary outcomes (6MWD, muscle fatty replacement by
MRI, HAQ) to pursue a multicentre phase III trial to further assess the efficacy
of sirolimus (12). This multicentric phase III testing sirolimus vs. placebo will
start soon (ClinicalTrials.gov Identifier: NCT04789070). Finally, a Phase I Study
of ABC008 (ClinicalTrials.gov Identifier: NCT0465903) a monoclonal antibody
against KLRG1 (a marker of TEM/TEMRA cells) designed to deplete KLRG1+
T cells is ongoing, preparing a multicentric phase II/III.
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Antibodies and biomarkers
IS-7

RELIABILITY OF IMMUNOASSAYS FOR MYOSITIS AUTOANTI-
BODIES

Sarah Tansley
University of Bath and Royal National Hospital for Rheumatic Diseases, Royal United
Hospitals Bath, UK

Myositis autoantibody testing has become a routine investigation for investiga-
tion of patients with myositis spectrum disease. Identification of a relevant au-
toantibody can provide additional diagnostic certainty and important prognostic
information. Over 20 relevant autoantibodies have now been described and co-
hort studies have demonstrated that a myositis autoantibody can be identified in
60-70% of cases. Immunoprecipitation is the laboratory method used to detect
novel myositis autoantibodies and is still widely considered the gold standard.
Low through-put, expense and limited availability make immunoprecipitation
highly impractical for autoantibody identification in the clinical setting. Several
different commercial assays have now been developed to detect myositis rele-
vant autoantibodies. Many have been developed with the practicalities of clinical
practice in mind, offering rapid, affordable, and often multiplex testing. Despite
this progress, the perfect system has yet to be realised. Commercial testing sys-
tems do not detect all known myositis relevant autoantibodies and concerns have
been raised about the sensitivity and specificity of some assays, including to their
ability detect some autoantibodies strongly associated with malignancy and ILD;
important causes of mortality and morbidity.

The advantages and disadvantages of different myositis autoantibody testing sys-
tems will be discussed. Evidence for the reliability of different types of assays
will be reviewed along with testing strategies that make the most of existing
technology.
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AUTOANTIBODIES AND COMPLEMENT IN EXPERIMENTAL
IMNM: FROM PATHOGENESIS TO THERAPY?

Olivier Boyer
Normandy Univ, UNIROUEN, Inserm, U1234, FOCIS Center of Excellence PAn’'THER;
Rouen University Hospital, Department of Immunology and Biotherapy, Rouen, France

Immune-mediated necrotizing myopathies (IMNM) represent a distinct group
of inflammatory myopathies. IMNM are characterized by high creatine kinase
levels, and necrosis of skeletal muscle fibers with deposition of C5b-9 mem-
brane attack complex (MAC). Most IMNM patients have autoantibodies (aAbs)
directed against signal recognition particle (SRP) or hydroxy-3-methylglutaryl-
CoA reductase (HMGCR). In addition to their role as biomarkers, the relation-
ship observed between aAb titers and disease severity has led to the suggestion
that these aAbs could be pathogenic and therefore the central players in IMNM
pathophysiology.

In vitro experiments show that anti- SRP and anti- HMGCR aAbs cause mus-
cle fiber atrophy and impair the fusion of myoblasts, therefore limiting their re-
generative capacity. Whereas they are normally intracellular proteins, SRP and
HMGCR proteins can be found at the surface of myotubes exposed to purified
patient-derived aAbs. Passive transfer of IgG from anti-SRP+ or anti-HMGCR+
IMNM patients to mice induce a muscle deficiency accompanied with IgG and
complement deposition on muscle fibers and some level of muscle necrosis. Dis-
ease is less pronounced in complement-deficient mice and augmented in mice
supplemented with human complement. Together, these results establish the
pathogenic role of aAbs in IMNM mouse model.

The humanized murine model of IMNM was used to evaluate preclinically the
efficacy of candidate therapies. Inhibition of complement activation showed a
significant therapeutic effect in IMNM mouse model but the results of a recent
therapeutical trial with a C5 inhibitor has concluded to lack of clinical efficacy
(work funded by UCB pharma). Alternative approaches may include blockade of
FcRn-mediated IgG recycling to lower the level of aAb. Experimental results in
IMNM mice will be presented (work funded by argenx).

IS-9

NOVEL BIOMARKERS PREDICT WHETHER CANCER EMERGES
IN ANTI-TIF1-I' POSITIVE DM PATIENTS AT HIGH RISK FOR
CANCER

Livia Casciola-Rosen
Johns Hopkins University, Baltimore, MD, USA

The temporal clustering of dermatomyositis (DM) diagnosis and cancer is strik-
ingly associated with specific autoantibodies, most notably those recognizing
transcriptional intermediary factor 1-gamma (TIF1-y). Intriguingly, however,
many patients with these antibodies never manifest a cancer. Since studies of
anti-cancer immunity and response to checkpoint blockade suggest that diversity
of the immune response correlates with successful cancer control, we investi-
gated whether additional autoantibodies are found in anti-TIF1-y-positive pa-
tients in whom cancer does not emerge. We used a proteomic approach to define
10 novel autoantibody specificities. Of these, the most frequently occurring was
cell division cycle and apoptosis regulator protein 1 (CCAR1), which was sig-
nificantly associated with a decrease in cancer emergence within 3 years of DM
diagnosis. We found that cancers that emerged occurred later after DM onset,
and were more likely to be localized. Additional novel autoantibodies defined in
this study were similarly associated with decreased frequency of cancer diagno-
sis, especially when present in combination. Our results show that in those DM
patients where the anti-TIF1-y immune response has diversified, cancer is much
less likely to emerge. These findings have important significance for cancer risk
stratification in DM patients and for understanding natural immune regulation of
cancer in humans.
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Juvenile myositis/Juvenile to adult transition

IS-10

WHEN JM PATIENTS LOSE THEIR ‘J’: TRANSITION CHALLENG-
ES IN MYOSITIS CARE

Rebecca Sadun
Duke University, Departments of Medicine and Pediatrics, Divisions of Rheumatology,
Durham, NC, USA

Juvenile myositis (JM) has a prevalence of ~4 per 100,000 children. In some
countries, JM patients may be cared for by adult providers; elsewhere, JM pa-
tients “graduate” from paediatric care and transfer care to the adult health system.
Disruptions in care at the time of transfer can lead to increased morbidity and
mortality. To improve transfer outcomes, it is crucial that preparation for transfer
begin early, with healthcare teams helping young patients develop self-manage-
ment skills, such as taking and refilling medications independently. In addition,
families are better able to navigate the transfer of care when they are made aware
of cultural differences that exist between the paediatric and adult care systems.
In 2016, EULAR and PReS jointly published “recommendations for the transi-
tional care of young people with juvenile-onset rheumatic diseases” (Foster et
al), delineating 12 best practices, including direct communication between the
paediatric and adult teams prior to and following transfer, along with a written
medical transfer summary. Furthermore, it is important for adult providers to ap-
preciate key differences in the presentation, prognosis, and management between
JDM and adult-onset DM, including: poorer correlation between creatinine ki-
nase (CK) and disease activity, the role of the childhood myositis assessment
scale (CMAS) in the evaluation of JDM patients of any age, and increased risk
for calcinosis and gastrointestinal involvement.

IS-11
PHYSICAL FITNESS IN LONG-TERM JDM

Kristin Schjander Berntsen
Oslo University Hospital, Oslo, Norway

Juvenile dermatomyositis (JDM) is a vasculopathy primarily affecting muscle
tissue and skin. However, due to its systemic nature, it may also involve internal
organs such as the heart and lungs. In early disease, inflammation is to a large
extent responsible for the clinical picture; in long-term follow-up much of the
active inflammation is replaced by disease damage and symptoms are often mild.
In 2010, our study group investigated Norwegian JDM-patients after a disease
duration of more than 15 years and found that many had recovered without much
sequela. Still, a general complaint was that they felt as though they didn’t reach
their desired physical goals. Surprisingly, we found, in addition to reduced mus-
cle strength, subclinically reduced lung function as well as cardiac function at
rest compared to healthy controls. Thus, we wanted to further explore the role
of muscle, cardiac and pulmonary function on physical fitness in these patients.
The American College of Sports Medicine has defined physical fitness as a com-
bination of cardiorespiratory fitness, flexibility, muscle strength, muscle endur-
ance, and body composition. Balance, reaction time, and coordination are also
involved. We assessed submaximal (6-Minute Walk Test and Timed Up and Go,
TUG) and maximal (Cardiorespiratory Exercise Testing, CPET) exercise test-
ing, muscle strength (torque) and muscular endurance (work) as well as balance/
basic mobility (TUG) in JDM-patients after approximately mean 20 years of dis-
ease duration and compared with healthy controls. We also measured accelerom-
eter data for one week in patients and controls, performed magnetic resonance
imaging (MRI) of thigh muscles in all patients, and a muscle biopsy of a subset
of patients.

Our patients had lower cardiorespiratory fitness, muscle strength and muscle en-
durance compared to healthy controls; more pronounced in patients classified
with active compared to inactive disease. In patients with inactive disease, re-
duced cardiorespiratory fitness was only visible at high intensities, and based
on values obtained during cardiorespiratory exercise testing the reduction was
likely due to deconditioning. In patients with active disease, on the other hand,
cardiorespiratory fitness was reduced at both high and low intensity, and low
lung volumes due to muscle weakness disabling proper expansion of the thorax
seemed to play a role. Objective muscle weakness and muscle endurance were
both lower in patients with active compared to inactive disease, however, when
correcting for muscle cross sectional area measured on magnetic resonance im-
aging, only muscle endurance remained significantly lower. Biopsies of a subset
of patients showed the possibility that structure and distribution of muscle fibers
may play a role in muscle endurance differences between patients with active and
inactive disease after long-term JDM.
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IS-12

FATIGUE AND WELL-BEING OF CHILDREN WITH CHRONIC
INFLAMMATORY DISEASE

Sanne Nijhof
Child Health, Wilhelmina Children’s hospital, UMC Utrecht, Utrecht University,
The Netherlands

More than one in five children with a chronic disease, such as cystic fibrosis, an
autoimmune disease, or children after the treatment of childhood cancer, reports
severe fatigue. This is four times more than in children in the Dutch popula-
tion. Fatigue seems to be a transdiagnostic symptom; it presents in a similar way
across different diseases. Recent studies by our research group found that fatigue
was more strongly related to a number of potentially modifiable factors such as
physical fitness, depressive symptoms, social support and certain parental factors
(such as parental burden), than to the diagnosis with which a child was diag-
nosed. Thus, fatigue is a prevalent and multidimensional problem across paediat-
ric chronic diseases, with strong and overlapping correlations on the biological,
psychological, and social domains explaining fatigue. This advocates an ap-
proach to fatigue in paediatric chronic disease using the biopsychosocial model.
Through in-depth interviews, we explored children’s and parents’ perspectives
on their disease with respect to the child’s participation in daily life and the role
of fatigue on this. From the child’s perspective, participation was considered to
be more than merely engaging in activities; rather, they viewed a sense of belong-
ing, the ability to influence social interactions, and the ability to keep pace with
peers as key elements of full participation. Parents focused primarily on ensuring
their child’s well-being rather than focusing on participation. Friction between
parents and children was based on the degree of agreement about who takes the
lead regarding the child’s participation. Dialogue between parent and child about
who makes the decisions regarding the child’s participation is important.

To help the child take directorship over his/her fatigue and daily life participation,
we investigated PROfeel; a combination of personalized assessment and feedback
via an app. During six weeks, we assessed daily fatigue and associated symptoms
via ecological momentary assessments in fatigued children aged 12-18 years old
with a chronic disease. This led to a personalized report and tailored advice. PRO-
feel was feasible and useful, and children were enthusiastic about the tool.

In this session, Dr. Nijhof will talk about the cohort study on fatigue, daily life
participation and quality of life she is conducting in children with chronic dis-
ease, focusing on children with chronic inflammatory disease.

COVID-19 and myositis
IS-13

EULAR COVID AND COVAX REGISTRIES’ UPDATE: FOCUS ON
MYOSITIS

Pedro M. Machado
University College London, London, UK

The EULAR COVID-19 registry, launched in March 2020, is an observational
registry that captures physician-entered data on both adult and paediatric patients
with a pre-existing rheumatic and musculoskeletal disease (RMD) and SARS-
CoV-2 infection. Data are entered voluntarily directly into the European data
entry portal. In addition, as some countries were already collecting COVID-19
data, either within existing registries or in new COVID-19 registries (France,
Germany, Greece, Italy, Portugal, Sweden and Switzerland), they were invited
to share their data with the EULAR COVID-19 registry. EULAR data are then
merged with data from the Global Rheumatology Alliance (GRA) for analysis.
The aim of the EULAR-GRA COVID-19 registry is to collect, analyze, gener-
ate and disseminate information about COVID-19 and rheumatology to patients,
physicians and other relevant groups to improve the care of patients with rheu-
matic disease.

Later during the pandemic, patients with immune-mediated inflammatory dis-
eases (including inflammatory RMDs) were excluded from SARS-CoV-2 vac-
cine clinical development programmes; therefore, questions regarding the safety,
effectiveness and potential measures that may increase the safety and effective-
ness of vaccination against SARS-CoV-2 were unanswered. Lack of data led
to some contradictory advice from rheumatology organisations and healthcare
professionals regarding some of these vaccination aspects. In order to contribute
to more informed decisions by patients and healthcare professionals and more
robust and homogeneous evidence-based recommendations from relevant or-
ganisations, EULAR decided to create a second registry to collect data and learn
about vaccination outcomes in people with RMDs.

At the 4" Global Conference on Myositis (GCOM), myositis-specific data from
these two registries will be presented.
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Imaging in myositis
IS-14
MRI IN MYOSITIS

Pierre G. Carlier
Université Paris-Saclay, CEA, DRF, Service Hospitalier Frederic Joliot, Orsay, France

Imaging methodology for [IM

The existence, extent and severity of chronic degenerative changes are evalu-
ated with T1-weighted sequences. The inflammatory changes are detected as hy-
perintensities in images generated with fat suppressed T2-weighted sequences.
Whole-body can help in several instances by revealing fatty replacement pat-
terns relatively specific in inclusion body myositis (sIBM) and necrotizing auto-
immune myositis (NAM). No other technique can determine as precisely as MRI
the muscles that, in part or in totality, are irreversibly destroyed by chronic in-
flammatory processes Even more than at the time of diagnosis, imaging has an
important role to play in the monitoring of disease progression and in the evalu-
ation of response to therapy of IIMs. For these applications, quantitative evalua-
tion and generation of parametric maps are of paramount importance. The evalu-
ation of muscle trophicity is another benefit of a quantitative imaging approach.

MRI diagnostic role and imaging patterns in IIM

Today, the diagnosis and classification of IIM largely relies on the detection of
specific auto-antibodies. Together with the clinical examination, they most often
suffice to reach a diagnosis without having to perform a biopsy. In this context,
the role of MRI has to be carefully considered. Disease activity is well estimated
by MRI because it visualizes muscle edema/inflammation with an excellent sen-
sitivity. This may serve to guide the biopsy. Whole-body STIR T2w imaging
not only identifies all the edematous/inflamed muscles but also malignancies,
osteonecrosis and interstitial lung disease.

MRI reveals patterns of muscle oedema, atrophy and fatty replacement and fas-
cial oedema in IIM. Frequent lower limb asymmetric and distal involvement
including the legs characterizes SIBM. The MRI signs can be quite variable in
dermatomyositis (DM), similar to the variety in clinical presentations. In NAM,
one observes earlier and more severe lesions, fatty replacement and atrophy, than
in other IIMs. Muscle destruction is more severe in the anti-SRP form than in the
anti-HMGCR form. STIR T2w hyperintensities are also present in rhabdomy-
olysis, toxic myopathies, infectious myopathies, sarcoidosis, acute neurogenic
disorders, limb-girdle muscular dystrophies, mainly dysferlinopathies and anoc-
taminopathies. The patterns of muscle fatty replacement may provide clues for
the differential diagnosis. Steroid myopathy may complicate the imaging evalu-
ation of IIM and be hard to distinguish from chronic inflammatory damages.

MRI imaging for the evaluation of treatment

For the longitudinal follow up of IIM, CK assays and muscle manual testing
have shown their limits while biopsies are too invasive to be repeated frequently.
Quantified functional and strength tests as well as EMG have a role. Imaging
and in particular quantitative MRI offers the unique possibility to assess muscle
response to treatment in situ and non-invasively.

Few studies have so far taken advantage of quantitative imaging to evaluate pre-
cisely the impact of treatment on inflamed muscles. Almost thirty years ago, a
pioneer work demonstrated the normalization of muscle T2, but also T1 and ener-
gy metabolites measured by 31P spectroscopy in DM patients treated by steroids.
While using non-optimized acquisition sequences, it was nevertheless possible
in another study to demonstrate and measure the effect of steroids on water T2 in
acute juvenile DM. Muscle water T2 provided an objective measure of the impact
of rituximab on muscle oedema and inflammation in IIM patients. The effect of
activin IT receptor blockade with bimagrumab was evaluated on thigh muscle
volume of sIBM patients. Again in sIBM patients, a one-year treatment with
sirolimus was carefully evaluated versus placebo. While the primary outcome of
quadriceps strength failed to show a significant improvement, the thigh fat frac-
tion increase was significantly less than in the placebo group.

The IIM investigators are strongly encouraged to select quantitative imaging pro-
tocols in clinical research but also in their practice, as an objective biomarker in
precision medicine.
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IS-15
MUSCLE ULTRASOUND FOR MYOSITIS

Jemima Albayda
Division of Rheumatology, Johns Hopkins University, USA

Ultrasound is a radiation free, inexpensive and easily accessible imaging tool
that has high resolution for soft tissue. In the case of muscle, the ability to im-
age in real time adds value for observing dynamic contractions and involuntary
muscle activity.

Healthy muscle appears as a relatively anechoic (black) to hypoechoic (gray)
structure, bounded by a hyperechoic (white) fascia and interspersed with hyper-
echoic perimysial septa. On cross section, the scattered perimysial septa give
the muscle a “starry night” appearance. On longitudinal views of the muscle, the
parallel orientation of muscle fibers come into view. When the muscle is healthy,
no attenuation of ultrasound waves is seen, and deeper structures such as bone
are well-visualized.

In pathologic muscle that slowly becomes replaced by fatty fibrous tissue, an
increase in echointensity (EI) can be seen and is the most relevant parameter
for myopathies. The degree of change in EI increases with advancing disease,
and when severe, attenuation of ultrasound waves increases and there may be a
reduction or loss of the underlying bone echo. In acute inflammation and muscle
edema, the increase in EI is often mild, but there will be a disruption in architec-
ture and loss of distinction between contractile muscle tissue and perimysial sep-
ta. The increase in EI of muscle can be gauged by a visual comparison with the
overlying subcutaneous tissue which should be of similar EI. A semi-quantitative
score is also available (Heckmatt score) which designates 1- normal, 2- increase
in muscle echo while bone is still distinct, 3- marked increase in muscle echo and
reduced bone echo, and 4- very strong muscle echo and complete loss of bone
echo. Finally, a quantitative measurement of EI is also possible with the use of
regions of interest within muscle and obtaining the level of grey within these
regions (0-255). The use of quantitative measures allows comparisons over time,
but requires that system presets are used, and normative values for the muscles in
question have been established specific to the system.

In myositis, an increase in EI is also seen as an indicator of muscle involvement.
In acute myositis (<1yr) with edema, these changes may be subtle as there can be
an overall increase in EI but no attenuation or reduction in bone echo leading to
what has been dubbed as “see-through” EI increase. Muscle size is usually nor-
mal and accompanied by a relatively low echogenicity. The abnormalities may
also start as focal areas of increased EI that expand with disease advancement.
Doppler has also been noted in acute myositis with higher vascularity scores in
studies utilizing contrast-enhanced ultrasonography. In chronic myositis, higher
EI and smaller muscles are noted and correspond to the presence of fat infiltra-
tion on biopsy.

The two main areas with the most data are in dermatomyositis and inclusion body
myositis. In juvenile dermatomyositis, increases in EI have paralleled disease
activity, with normalization after successful treatment. Muscle EI and not muscle
size, could discriminate between high and low disease activity. Increased EI has
also been seen in DM with normal muscle enzymes, suggesting it can be used to
identify occult muscle disease. Fascial thickening with increased doppler signal
indicating fasciitis has also been seen in DM.

IS-15. Fig.: Representative images of biceps muscles A) normal, B) dermatomyositis
with an increased EI in both skin and subcutaneous tissue, C) IMNM with homog-
enously increased EI and loss of perimysial septations, D) IBM with severely atrophic
and hyperechoic muscle with loss of underlying bone echo.
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In IBM, muscle US has been very useful to detect muscle involvement given its
ability to detect fatty fibrous change. Affected muscle presents with a marked
increase in EI followed by a decrease in size with longer duration. The selective
involvement of IBM for certain muscle groups like the quadriceps, flexor digito-
rum profundus and gastrocnemius is easily identified on ultrasound and can aid in
diagnosis. In particular, the contrasting EI of an affected and unaffected muscle
in a single image can be particularly helpful visually (flexor digitorum profundus
versus flexor carpi ulnaris, gastrocnemius versus soleus).

Other than B-mode ultrasound imaging, newer techniques such as elastography
are also promising for evaluating muscle stiffness as another parameter for qual-
ity. Using newer generation sheer wave elastography, lower muscle stiffness has
been associated with more severe weakness in IBM as well as in active myositis
compared with healthy controls. The use of machine learning algorithms to over-
come the subjectivity in interpretation ascribed to ultrasound has also been tested
with promising use for deep learning and deep convolutional neural networks.
Although gaining popularity for use in the inflammatory myopathies, the correct
acquisition of images and interpretation of pathology requires experience, and
standardization is still in its infancy. Its current role is clear in chronic myositis
like IBM where changes are easily detected. This could provide an alternative
and easily deployed imaging modality to assess muscle structure and quality in
these diseases. However, in acute myositis and edema where changes are more
subtle, further work is needed which includes comparison studies with MRI and
clarification as to the role of doppler and elastography.

Skin in myositis

1S-16

THE NEUROIMMUNE BASIS OF CHRONIC ITCH
Brian S. Kim

Mark Lebwohl Center for Neuroinflammation and Sensation Icahn School of
Medicine at Mount Sinai, New York, NY, USA

The type 2 immune response has evolved to arm the mammalian host with the
capacity to expel parasites and noxious environmental substances from barrier
surfaces. One critical aspect of this defense mechanism is stimulating protec-
tive behavioral responses such as scratching. Increasingly, it is appreciated that
a number of cytokines associated with type 2 immunity such as IL-4, IL-13, and
IL-31 play critical roles in triggering itch via direct interactions with sensory
neurons. However, the cellular mechanisms that activate such itch-sensory cir-
cuits remain unclear. Further, the key molecular events that initiate and regulate
such highly conserved type 2 immune-neuronal interactions is a major field of in-
quiry in barrier immunology. Herein, we highlight how different type 2 immune
cells critically promote various forms of itch. Collectively, these findings support
an emerging paradigm in which itch is an evolutionarily conserved behavioral
extension of the highly diverse type 2 immune response. The heterogeneity of
these various neuroimmune axes are now helping us to understand the multitude
of chronic pruritic disorders and paving the way for new therapies.

IS-17

OUTCOMES, BIOMARKERS, AND NOVEL TREATMENTS FOR
THE SKIN IN DERMATOMYOSITIS.

Victoria P. Werth
Professor of Dermatology, University of Pennsylvania and Chief of Dermatology,
Philadelphia VAMC, USA

Defining the classification criteria for the skin in dermatomyositis with the EU-
LAR/ACR criteria has greatly improved the ability to correctly many patients
with clinically amyopathic dermatomyositis (CADM). There is an ongoing inter-
national collaborative effort to potentially further refine the skin variables, given
that 25% of patients are not correctly classified with just 3 skin variables. An-
other issue relates to delayed diagnoses of CADM, sometimes for decades. Cur-
rently fewer than half of patients referred to our autoimmune disease clinic are
correctly diagnosed as having dermatomyositis, with others frequently incorrect-
ly labelled as having SLE or undifferentiated connective tissue disease. A correct
diagnosis is key for appropriate inclusion in studies and for evaluating outcomes.
Many studies have been performed to validate clinical outcome measures for the
skin. More recent studies of the Cutaneous Dermatomyositis Disease Area and
Severity Index (CDASI) have determined that a 40% improvement in CDASI
activity captures meaningful improvement from a patients perspective for those
with moderate to severe skin disease (CDASI-activity =14). Data from the phase
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2 lenabasum study show a good correlation between the change in CDASI and
Skindex-Symptoms, Skindex-Emotion, Skindex-Functioning, Skindex-Itch,
patient global assessment (PtGA) global disease activity, global skin activity,
pain, and itch (p<0.001). Overall most PROMIS measures do not correlate with
CDASI response, showing the importance of QoL measures that are developed
to measure specifically skin. Studies utilizing tissue mass cytometry (CyTOF) of
DM skin showed substantial monocyte-macrophage diversity, with the CD14*
population correlating positively with cutaneous dermatomyositis disease area
and severity index (CDASI) scores (p=0.031). The T cell compartment shows
CD4* T, CD8* T, and FOXP3* T cells. Activated (CD69+) circulating memory
T cells correlated positively with CDASI scores (p=0.0268). IFNf} protein was
highly upregulated in the T cell, macrophage, dendritic cell, and endothelial cell
populations of DM skin. Myeloid DCs (mDCs) expressed pPPARY, pIRF3, IL4,
and IL31 and their quantity correlated with itch as measured in the Skindex-29.
Plasmacytoid DCs (pDCs) colocalized with IFNYy in addition to the known colo-
calization with IFN, although overall pDCs are much less prevalent in skin
than are myeloid DCs. Further analysis of all patients in the phase 2 lenabasum
biomarker data (n=22) identifies a trend to increased baseline IFNf§ mRNA and
protein associated with a response in CDASI, decreases in IL-31 protein area
correlated with an improvement in CDASI (p=0.047) and trends for decreases in
IFN-y and IFN-f3 protein area correlating with an improvement in CDASI. The
lenabasum phase 3 data suggests that the Total Improvement Score (TIS) is rela-
tively insensitive to meaningful improvements in patients with predominantly
skin activity, and studies wanting to evaluate skin will likely need a skin-directed
measure or some modification of the current TIS that can capture meaningful but
less than nearly complete improvement in skin activity. It is important to include
CADM patients in studies since, although the EULAR/ACR criteria capture
many of these patients, if they are not included in trials it may lead to exclusion
of access of these patients to newly approved therapies, as is now happening for
some CADM patients needing IVIG therapy. There are a number of novel thera-
pies currently being developed, with targets that make sense given what is known
about pivotal pathways in the skin in dermatomyositis. An anti-interferon-f an-
tibody trial has completed recruitment and is ongoing. Other drugs that affect in-
terferons, such as JAK inhibitors, are of interest and a ten-patient open label trial
with tofacitinib suggested improvement in the skin. There are numerous other
approaches being trialed, and careful clinical and biomarker changes, hopefully
including those in the skin, will be very informative about drivers of inflamma-
tion in dermatomyositis skin.

Drug-induced myositis
IS-18
MYOSITIS TRIGGERED BY IMMUNE CHECKPOINT INHIBITORS

Yves Allenbach
Department of Internal Medicine and Clinical Immunology, Sorbonne University,
Pitié Saplétriere, APHP, Paris, France

Immune checkpoint inhibitors (ICI) improve overall survival in patients with
metastatic disease. It is the most advanced oncology therapy in the last 20 years.
Activation of T-cells depends on both the recognition of an antigen and co-sign-
aling molecules (either co-stimulatory and co-inhibitory signals). ICI are mono-
clonal antibodies targeting co-inhibitory signaling pathways: either the PD1/
PD-L1 or the CTLA4/CD80-CD86 pathways. ICI aims to restore anti-tumor
cytotoxic CD8* T-cell activity by blocking co-inhibitory signals. However, this
inhibition may induce a rupture of peripheral tolerance and the development of
auto-immunity.

ICI induce frequently (50-80%) auto-immune toxicities that may involve any tis-
sue. These can be life-threatening complications, eventually fatal in 0.3-1.26%.
Myotoxicity is among the most life-threatening side effects of ICI revolution.
ICI-myositis fatality rate range from 20% up to 50% in case of concomitant asso-
ciation with ICI-myocarditis. ICI-myositis is the most frequent immune toxicity
in field of neurology, and the second most frequent rheumatic-immune related
adverse event. It is important to know how to evoke this diagnosis early for a
quick management for a better prognosis.

An important point is that this adverse effect occurs early after the first infusion
(median <1 month). The second point is that the spectrum of clinical manifesta-
tions is broad, but in its typical form, the disease has a characteristic clinical
presentation.

Patients may be asymptomatic and the diagnosis will be discussed on a system-
atic screening of skeletal and/or cardiac enzymes. In the typical form, the in-
volvement is quite characteristic with a proximal motor weakness, but also axial
deficit associated with oculomotor disorders and ptosis (15-20%). There is no
extra-muscular signs. Only a minority of patients present others concomitant im-
mune related adverse events. Myositis specific autoantibodies are usually absent,
but some patients (15-20%) may have anti-anti-acetylcholine receptor antibod-
ies. EMG may shows a myopathic pattern, but very rarely abnormal repetitive
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nerve stimulation tests. The muscle biopsy is the gold standard for the diagnosis.
Myopathological features combine muscle fibers necrosis with inflammatory in-
filtrates composed by both macrophages and T cells.

Once the diagnosis is made, it is important to look for signs of severity: bulbar,
respiratory and myocardiac signs. These disorders are sometimes difficult to
identify, especially for cardiac or respiratory involvement, but their diagnosis is
crucial because it has immediate therapeutic implications. Blood gas measure-
ments is important, as is ECG analysis. The elevation of cardiac enzymes may be
non-specific in the context of myositis and cardiac MRI is frequently normal in
the early stage of the disease so that endomyocardial biopsy should be systemati-
cally discussed.

From a therapeutic point of view, it is necessary to provide symptomatic care,
including mechanical ventilation, heart stimulator and/or hemodynamic support
if necessary. ICI must be stopped. Glucocorticoids are the first line therapy and
must be proposed for symptomatic cases. Patients with signs of severity are fre-
quently refractory to glucocorticoids, and additional immunosuppressive/modu-
lator drugs are necessary especially in case of myocarditis. The ICI re-challenge
is a collegial discussion which balance risk and benefit.

IS-19
MYOSITIS TRIGGERED BY STATINS

Andrew L. Mammen
Muscle Disease Unit, National Institute of Arthritis and Musculoskeletal and
Skin Diseases, National Institutes of Health, Bethesda, MD USA

Statins are a known risk factor for developing an autoimmune myopathy associ-
ated with proximal muscle weakness, elevated serum levels of muscle enzymes,
a necrotizing muscle biopsy, and autoantibodies recognizing HMG-CoA reduc-
tase (HMGCR). Dr. Mammen will provide an update on the clinical presentation,
genetic risk factors, pathophysiology, and management of patients with anti-
HMGCR myopathy. This will include discussing a recent study demonstrating
that anti-HMGCR myopathy can masquerade as a limb girdle muscular dystro-
phy in younger patients who do not have a statin exposure history. Dr. Mammen
will also discuss several reports suggesting that Native Americans are at a dra-
matically increased risk for developing anti-HMGCR myopathy when exposed
to statins. A case series showing that IVIG is an effective therapy for this form
of immune-mediated necrotizing myopathy will be reviewed. In addition, Dr.
Mammen will present data from animal studies suggesting that anti-HMGCR
autoantibodies can cause muscle weakness and myofiber necrosis when trans-
ferred into mice and that this process is mediated by complement. The results of
a clinical trial which failed to demonstrate a benefit of complement inhibition in
patients with anti-HMGCR myopathy will be reviewed. Finally, Dr. Mammen
will comment on future directions in trying to better understand and treat this
form of autoimmune muscle disease.

Toward personalised treatment
IS-20

PERSONALIZED AND PRECISION MEDICINE IN MULTIPLE
SCLEROSIS: SUBGROUP DISCOVERY AND CARE IMPROVE-
MENTS IN JOHNS HOPKINS INHEALTH

Ellen M. Mowry
Johns Hopkins University, Baltimore, MD, USA

Background. A precision medicine approach to multiple sclerosis (MS) provides
the opportunity to identify subgroups of patients based on disease trajectories or
outcomes and to use these insights to inform clinical decisions.

Objective. To describe the goals, design, and progress of the Johns Hopkins MS
Precision Medicine Center of Excellence (PMCOE).

Methods. The MS PMCOE, part of Johns Hopkins inHealth, was launched in
April 2017 with the initial goal of using data acquired as standard of care to
define prognostic trajectories and new treatment targets and strategies. Addition-
ally, we seek to generate tools to enable clinical-decision making and improve
the value of care. With a team that includes 10 MS neurologists as well as experts
in MS neuroimaging, neuropsychology, and neurorehabilitation, the expanded
center delivers on the promise of precision medicine through five foci of inte-
grated care and research:

1) technology-enabled tracking of neurologic functional performance and sys-
tematic clinical data capture at every clinic visit; 2) annual imaging of optic nerve
damage using optical coherence tomography (OCT); 3) collection of blood at
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clinic visits for research to identify biomarkers of prognosis and treatment re-
sponse; 4) standardization of brain magnetic resonance imaging (MRI) across
(and beyond) the Johns Hopkins Health System, and 5) digital collection of data
regarding modifiable exposures that may be relevant to the prognosis of MS.
Results. Since its inception, over 2,000 people with MS have participated in the
PMCOE. We will highlight insights that have been generated in the context of the
MS PMCOE and describe ongoing work leveraging these data.

Conclusions. The Johns Hopkins inHealth program provides an opportunity to
make major advancements towards the goal of defining subgroups and using re-
lated insights to improve clinical care for people with MS.

IS-21
PRECISION MEDICINE IN RHEUMATOID ARTHRITIS

John D. Isaacs
Newcastle University and Newcastle Hospitals, Newcastle upon Tyne, UK

Whilst precision medicine has become a relatively routine aspect of management
for certain cancers, in rheumatoid arthritis (RA) treatment remains largely ‘trial
and error’. In this presentation I will provide examples of progress in the thera-
peutic targeting of RA whilst also highlighting aspects of the disease that have
slowed advancement — which I have termed the ‘Precision Gap’. In particular,
I will discuss the importance of an excellent understanding of disease patho-
biology, consideration of confounding factors when assessing the disease state
and the need for robust and accurate outcome measures that reflect the disease
pathobiology. Consideration must be given to all of these factors when designing
precision medicine trials, and recent progress suggests that the Precision Gap
between oncology and rheumatology is becoming narrower.

Repairing damage
1S-22

REPAIRING DAMAGE: FOCUS ON MUSCLE AND PHYSICAL
FUNCTION

Susan Maillard
Great Ormond Street Hospital NHS Foundation Trust, London, WCIN 3JH, UK

The focus of this presentation is to consider repairing the damage in muscle fi-
bres, strength, stamina as well as physical function and development. The focus
will be in Juvenile Dermatomyositis (JDM) but many of the principals will be
relevant for people of all ages with inflammatory myositis (IMM).

IMM causes damage and loss of muscle fibres, and this is impacted by abnormal
changes in the cytokine profile, reduced neural activation, abnormal movement
patterns, muscle imbalance and wasting due to lack of use. The symptoms of
pain and fatigue are common in IMM but fear of movement and abnormal gait
also contribute to damage and need to be considered when working to repair the
affects if the inflammation.

In young people many gross motor skills, such as walking, are not developed and
the IMM will interfere with the normal developmental milestones and these need
to be re-established to avoid reduced global development. In other people the
psychological impact as well as the physical loss may affect the ability for full
repair and recovery in function.

Exercise is the main modality that can be used to repair these damages. Exercise
will stimulate satellite cells in order to repair and replace muscle fibres. Exercise
can reduce muscle inflammation, stabilise the cytokine profile and promote neu-
ral activation.

Exercise should be utilized in its complexity including stabilising, static, concen-
tric and eccentric contractions. The use of specific muscle strengthening should
be used before progressing to complex exercises involving several limbs or the
whole body. Exercises must be progressed frequently using increasing repetitions
and resistance to maximise recovery. Correct movement patterns in functional
activities and gait need to be regained. Specific muscle stamina and global fitness
need to be developed to reduce fatigue and the loss of physical function and mus-
cle atrophy. The biopsychosocial model of management should be considered in
order to repair the damage of pain, fatigue, loss of confidence, social isolation
and lack of physical function and sport.
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Pathogenesis, including mitochondrial biology
0-1

DISCOVERY OF ANTIGEN SPECIFIC CD4* T CELLS IN ANTI-
HMGCR-POSITIVE IMMUNE MEDIATED NECROTIZING MYO-
PATHY

Eleni Tiniakou', Andrew L. Mammen'??*, Erika Darrah'*

'Divison of Rheumatology, Johns Hopkins University, School of Medicine, Baltimore,
MD, USA; *Department of Neurology, Johns Hopkins University, School of Medicine,
Baltimore, MD, USA; ’NIAMS, National Institutes of Health, Bethesda, MD, USA
*contributed equally

Background. Anti-3-hydroxy-3-methylglutaryl coenzyme A reductase
(HMGCR)-positive immune mediated necrotizing myopathy (anti-HMGCR+
IMNM) is a unique myopathy characterized by IgG autoantibodies against
HMGCR and a strong association with specific HLA class II alleles (HLA-
DRBI1*#11:01 in adults and HLA-DRB1#07:01 in children). Although these
implicate HMGCR-specific CD4* T cells in disease pathogenesis, no such cells
have been identified thus far. In this study, we aimed to identify HMGCR-specific
T cells in patients with anti-HMGCR+ IMNM and further delineate HMGCR
epitopes using a natural antigen processing assay (NAPA).

Methods. Peripheral blood mononuclear cells (PBMCs) from 10 patients with
anti-HMGCR+ IMNM and 10 patients with dermatomyositis (DM), as well as
5 healthy controls with HLA-DRB1*¥11:01, were screened for activation status
in response to stimulation with HMGCR protein, based on CD154 upregulation.
Subsequently, monocyte-derived dendritic cells (MoDCs) from 6 patients with
anti-HMGCR+ IMNM were incubated with the HMGCR protein and presented
peptides were identified using NAPA. Briefly, HLA-DR/peptide complexes were
isolated by immunoprecipitation, and bound HMGCR peptides were sequenced

by mass spectrometry. HMGCR peptides corresponding to the putative CD4+
T cell epitopes were synthesized and used to stimulate PBMCs from the above
patients.

Results. Patients with anti-HMGCR+ IMNM had a significantly higher CD4* T
cell response to HMGCR protein when compared to patients with DM (median
0.06 vs 0.00, p=0.0059) (Figure 1a). In particular, IMNM patients with HLA-
DRB1*#11:01 allele demonstrated significantly higher responses to HMGCR
than patients without this allele (median 0.09 vs 0.015, p=0.0190) (Figure 1b).
There was a positive correlation between anti-HMGCR antibody titers and the
frequency of HMGCR-specific CD4* T cells (r2=0.5141, p=0.0453) (Figure Ic).
Given the significant response to the HMGCR protein, we sought to identify
specific HMGCR epitopes. A total of 7 different naturally processed HMGCR
peptides were identified using NAPA. The number of distinct peptides presented
per patient ranged from 1 to 5, with 5 epitopes being presented by at least two
patients. All naturally presented HMGCR peptides elicited robust CD4* T cell
responses, with 9/10 anti-HMGCR+ IMNM patients responding to at least one
peptide, compared to only 1/10 patients with DM (p=0.0003), and 1/5 healthy
controls (p=0.006). The 9 responding anti-HMGCR+ IMNM patients responded
to 1-6 peptides (median 3), and the T cell responses were significantly higher
than those observed in patients with DM (p<0.0001) (Figure 1d).

Conclusion. Our findings represent the first report of antigen-specific CD4+ T
cells in anti-HMGCR+ IMNM. HMGCR-specific CD4* T cells had a Th2 pheno-
type and correlated with the levels of anti-HMGCR antibodies. Furthermore, lev-
eraging NAPA, we were able to define a core set of HMGCR peptides naturally
presented by MoDCs from patients with anti-HMGCR+ IMNM, defining precise
immunologically relevant autoantigenic CD4* T cell epitopes. Definition of these
epitopes is key in understanding disease pathogenesis and will aid in the future
development of antigen-specific research and therapeutic tools.
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AN APPROACH COMBINING TRANSCRIPTOMIC AND TOPO-
GRAPHIC ANALYSIS REVEALS A POTENTIAL ROLE OF PRO-
TEASOME AND AUTOPHAGY DEREGULATION IN THE PATHO-
PHYSIOLOGY OF DERMATOMYOSITIS

Léa Debrut', Gilles Laverny?, Philippe Mertz?, Margherita Giannini'?, Mégane
Pizzimenti', Anouk Charlot!, Céline Keime*, Béatrice Lannes®, Daniel Metzger?,
Bernard Geny'?, Jean Sibilia®, Alain Meyer!?

!CRBS UR3072, Strasbourg, France; 2IGBMC, lllkirch, France; *CHU Strasbourg,
France; *IGBMC Genomeast, lllkirch, France

Background. Dermatomyositis (DM) is a rare autoimmune muscle disease char-
acterized by an atrophy and a type-I interferon signature in perifascicular fibers.
We recently showed that muscle mitochondrial dysfunction is also a characteris-
tic of this disease that participates to both decrease exercise capacity and main-
tenance of inflammation (1). Pathophysiological mechanisms underlying these
characteristics are unknown. The objective of this study is to reveal the mecha-
nisms underlying the modifications of perifascicular fibers during DM, taking
advantage of a method combining transcriptomic and topographical information.
Methods. Fourteen patients with recent (<6 months) untreated myositis (DM:
n=7, other myositis: n=7) who underwent a biopsy of the deltoid muscle for diag-
nostic purposes were included. Seven other patients with suspected but not con-
firmed neuromuscular pathology (normal creatine kinase level, electromyogram
and deltoid biopsy) were also included (no myopathy: n=7). Under the control
of optical microscopy, perifascicular fibers (about 400 fibers) and endofascicular
fibers (about 400 fibers) were microdissected by laser. The transcriptome of en-
dofascicular fibers and perifascicular fibers in all three groups of patients were
then obtained by massive sequencing of total messenger RNA. The DAVID da-
tabase (2) (http://david.abcc.nciferf.gov) were used to determine the deregulated
molecular pathways in the perifascicular fibers during DM.

Results. 482 transcripts were differently expressed in perifascicular fibers of pa-
tients with DM compared to perifascicular fibers of the 2 other groups (348 over-
expressed and 134 underexpressed). The most overexpressed transcripts were
involved in the type I interferon response while the most underexpressed tran-
scripts were involved in mitochondria and in proteasome functioning. The study
of the transcripts differentially expressed in perifasicular versus endofascicular
fibers revealed that there is a physiological perifascicular signature: in patients
without myopathy, 83 genes were overexpressed and 54 were underexpressed
in perifascicular fibers compared to endofascicular fibers. This physiological
perifascicular signature was abolished in patient with myositis (DM and other
myositis). In the group of patients with DM (but not other myositis), a specific
perifascicular signature (18 genes overexpressed and 10 genes underexpressed in
perifascicular fibers compared to endofascicular fibers) was identified. The most
deregulated transcripts in DM perifascicular fibers were involved in autophagy/
mitophagy, mitochondria and proteasome pathways.

Conclusion. In the physiological state, perifascicular fibers are characterized by
a different transcriptomic profile from endofascicular fibers. During DM, this
physiological perifascicular signature is abolished and replaced by a transcrip-
tomic signature that reveal a potential role of proteasome and autophagy deregu-
lation in the pathophysiology of DM.

Reference
1. MEYER et al.: IFN-B-induced reactive oxygen species and mitochondrial damage
contribute to muscle impairment and inflammation maintenance in dermatomyosi-
tis. Acta Neuropathol 2017; 134: 655-666.
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logical module-centric algorithm to functionally analyze large gene lists. Genome
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EFFECT OF TYPE I INTERFERON ON ENGINEERED HUMAN
SKELETAL MUSCLE: A PROMISING MODEL FOR JUVENILE
DERMATOMYOSITIS

Lauren T. Covert!, Hailee Patel?, Alaa Osman?, Jeffrey Dvergsten', George A.
Truskey?

!Duke University Children’s Hospital, Durham, NC, USA; Duke University Department
of Biomedical Engineering, Durham, NC, USA

Background. Upregulation of Type I interferons (IFN I), such as IFNa and
IFNB, is a hallmark of Juvenile Dermatomyositis (JDM), but its role in patho-
genesis is not clearly understood (1). Lack of adequate clinical trials, difficulty in
obtaining routine JDM muscle biopsies, and absence of a disease model hinders
understanding pathologic triggers and delays development of needed therapies.
Aim: To define the effect of IFN I on healthy pediatric skeletal muscle using
an in vitro three-dimensional engineered biomimetic construct (“myobundles”).
Hypothesis: IFN I is associated with decreased contractile force and immunohis-
tochemical features of JDM, including upregulation of major histocompatibility
complex class I (MHC I), myositis-specific autoantigens Mi-2 and MDAS, and
endoplasmic reticulum (ER) stress marker GRP78.

Methods. Myogenic cells isolated from 3 healthy pediatric donors were cultured
and used to create donor-specific myobundles based on established protocols (2)
and then exposed to 0 (control condition), 5, 10 or 20 ng/mL IFNa or IEN (Fig.
A). After myobundle maturation, differentiation, and IFN I exposure for 7 days,
contractile force and force kinetics were measured after twitch (1 Hz for 10 ms),
tetanus (20 Hz for 1 s), and fatigue (20 Hz for 30 s) electrical stimulation. Force
data for myobundles from 2 donors after [IFNa exposure and 3 donors after IFNf3
exposure was globally normalized and analyzed using one-way ANOVA with
multiple post hoc comparisons. Immunohistochemical staining of myobundles
from 1 donor was performed after IFN I treatment. Nuclei density, myofiber di-
ameter, sarcomeric a-actinin (SAA) positive area per cross-sectional area, and
mean fluorescence of vimentin, dystrophin, Mi-2, MDAS, MHC I, and GRP78
were determined with ImageJ analysis and compared across treatment groups
using one-way ANOVA with multiple post hoc comparisons.

Results. Effect of IFN I on Contractile Force: IFNf, but not IFNa, was asso-
ciated with decreased tetanus contractile force and slower twitch force kinet-
ics (Fig. B). Unexpectedly, percentage fatigue significantly decreased after any
IFNa exposure (p=0.0031-0.0048). Those treated with IFNf3 had decreased per-
centage fatigue, but not in a dose-dependent or statistically significant manner
except after 5 ng/mL treatment (p=0.015). Immunohistochemical Analysis after
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0-3. Fig. A. Experimental protocol for myobundle creation, maturation, treatment, force testing and immunohistochemical analysis.

414

Clinical and Experimental Rheumatology 2022



4" Global Conference on Myositis (GCOM)

Oral Presentations

Tetanus Max Force Twitch Time to Max Twitch Time to Half-Relax

after IFNB Treatment after IFNB Treatment after IFNB Treatment
0.0012 0.0007
0.0039 0.0047
2.0 1000 0.0057
0.0222
0.0057 500
4 800
z 15 400 —
)
E - £ 600
o 1.0 E 300 ;‘
§ @ E 400
i E 200 F
057 i 2001
100
0.0~ o 0-
S oS P IO & 2D
& & &
) ® <
IFNB Treatment (ng/mL) IFNB Treatment (ng/mL) IFNB Treatment (ng/mL)

0-3. Fig. B. Effect of IFNf on tetanus contractile force and twitch kinetics of myobun-
dles derived from three pediatric donors.
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0-3. Fig. C. Immunohistochemical features of myobundles derived from one donor.
Increase in MHC I mean fluorescence after IFNa (top left) and IFNf (top right).
Increase in GRP78 mean fluorescence after IFNf treatment for longitudinal (bottom
left) and crosss section (bottom right).

IFN I Exposure: IFNo and IFNf were associated with significant increase in
MHC I mean fluorescence (Fig. C, top panel). Myobundles treated with IFNf3
also had increase in mean fluorescence of MDAS in longitudinal sections at 5
ng/mL (p=0.0496) and GRP78 in both longitudinal and cross-sectional images
(Fig. C, bottom panel). Nuclei density, myofiber diameter, SAA+ area, and mean
fluorescence of dystrophin, vimentin, and Mi-2 were not affected by IFN I.
Conclusions. Data from this study supports that IFNf, but not IFNa, is asso-
ciated with decreased contractile tetanus force in this in vitro 3D engineered
model using pediatric skeletal muscle. IFN I exposure correlates with myobundle
upregulation of MHC I and evidence of ER stress. Myobundle expression of
myositis-specific autoantigens Mi-2 and MDAS has been variable after IFN I
exposure. This 3D engineered tissue model is a promising platform to further
elucidate JDM pathogenesis and develop novel therapeutics.

References
1. KIM H: Updates on interferon in juvenile dermatomyositis: pathogenesis and ther-
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FAMILIAL ASSOCIATIONS OF AUTOIMMUNE DISEASES IN
PATIENTS WITH IDIOPATHIC INFLAMMATORY MYOPATHIES
- ASWEDISH POPULATION-BASED STUDY

Weng Ian Che, Helga Westerlind, Ingrid E. Lundberg, Karin Hellgren, Ralf Kuja-
Halkola, Marie Holmqvist
Karolinska Institutet, Stockholm, Sweden

Background. Idiopathic inflammatory myopathies (IIM) are systemic rheumatic
diseases (SRDs) affecting primarily proximal muscles and associated with mani-
festations in other organs. The pathogenesis of IIM is not completely clear, but
involvement of both genetic and environmental factors has been suggested. Fa-
milial aggregation of one or two diseases is an indication of a genetic contribu-
tion to disease development and holds important information for guiding genetic
studies. There is evidence showing that SRDs are likely to aggregate in families
of patients with IIM and a study cross-analyzing genome-wide association study
(GWAS) data of seropositive SRDs including IIM successfully discovered novel
genetic loci associated with IIM. Familial clustering of other autoimmune dis-
eases in patients with IIM has also been observed but findings are inconsistent,
and some associations have not been tested in large population-based studies. In
this study, we aimed to investigate the familial associations of IIM and a variety
of autoimmune diseases including rheumatoid arthritis (RA), other SRDs com-
prising systemic lupus erythematosus (SLE), systemic sclerosis (SSc), Sjogren’s
syndrome and other systemic connective tissue diseases, multiple sclerosis (MS),
inflammatory bowel diseases (IBD), type 1 diabetes mellitus (T1DM), autoim-
mune thyroid diseases (AITD), celiac disease (CeD) and myasthenia gravis (MG)
in a Swedish population-based family study.

0-4. Table I. Adjusted odds ratios (aORs) of familial associations of autoimmune
diseases in patients with IIM compared to individuals without IIM.

Patients with  Individuals aOR® (95% CI)

IIM, n (%) without IIM,
n (%)
Rheumatoid arthritis (RA)
=1 relative 104 (6.42)  432(5.54) 1.14(0.91-143)
>2 relatives 6(0.37) 27(0.35) 1.10(0.45-2.70)
Any first-degree relatives 110 (1.44) 462 (1.24) 1.14(0.97-1.33)

Other systemic rheumatic diseases (SRDs)

>1 relative 98 (6.05)  341(4.37) 140 (1.11-1.78)
>2 relatives 6(0.37) 12 (0.15) 2.40 (0.88-6.53)
Any first-degree relatives 104 (1.37) 354 (0.95) 1.34(1.14-1.56)
Multiple sclerosis (MS)

>1 relative 23 (1.42) 105 (1.35) 1.12(0.70-1.78)
Any first-degree relatives 24 (0.32) 106 (0.28) 1.19 (0.86-1.65)
Inflammatory bowel diseases (IBD)

>1 relative 98 (6.05) 404 (5.18) 1.23(0.97-1.55)
>2 relatives 6(0.37) 29(0.37) 1.10(0.44-2.71)
Any first-degree relatives 104 (1.37)  435(1.17) 1.20 (1.02-1.41)
Types 1 diabetes mellitus (T1DM)

=1 relative 23(142) 109 (1.40) 1.01 (0.64-1.60)
Any first-degree relatives 24 (0.32) 113 (0.30) 1.10(0.77-1.55)

Autoimmune thyroid diseases (AITD)

=] relative 424 (26.17) 1877 (24.07) 1.12(0.99-1.27)

>2 relatives 72 (444)  327(4.19) 1.08 (0.83-1.41)
Any first-degree relatives 509 (6.68) 2281 (6.11) 1.10 (1.02-1.19)
Celiac disease (CeD)

>1 relative 39 (241)  148(1.90) 1.32(0.92-1.90)
>2 relatives 7(043) 8(0.10) 3.57(1.28-9.92)
Any first-degree relatives 47 (0.62) 156 (0.42) 1.37 (1.08-1.74)
Myasthenia gravis (MG)

=1 relative 6(0.37) 18 (0.23) 1.48 (0.57-3.80)
Any first-degree relatives 6 (0.08) 18 (0.05) 1.45(0.77-2.74)

4 In the analyses by number of affected first-degree relatives, controlled for sex and
birth year of the patients with IIM and individuals without IIM, and additionally con-
trolled for sex and birth year of the first-degree relatives when analyzing each relative
pair as an independent unit.

Methods. We used a robust algorithm to identify patients with IIM in the Na-
tional Patient Register, matched each patient with IIM with up to five individuals
without IIM and identified the first-degree relatives of all study individuals via
linkage to the Total Population Register and the Multi-Generation Register. We
included 7,615 first-degree relatives in 1,620 patients with IIM and 37,309 rela-
tives in 7,797 matched individuals without IIM. We defined each autoimmune
disease in first-degree relatives by requiring at least one diagnostic code indi-
cating that specific autoimmune disease. We modelled the familial association
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between IIM and an autoimmune disease by the number of affected first-degree
relatives and by treating each first-degree relative pair as an independent unit
with logistic regression conditioning on matching clusters. We additionally ad-
justed for sex and birth year of the first-degree relatives and used a cluster robust
sandwich estimator for standard errors in the second modelling method.
Results. As shown in Table I, patients with IIM had significantly higher odds
of having =1 first-degree relative affected by other SRDs (adjusted odds ratio,
aOR=1.40 95% CI 1.11-1.78) and a greater odds of having =2 first-degree rela-
tives affected by CeD (aOR=3.57 95%CI 1.28-9.92) compared to the matched
individual without IIM. In the analyses of any first-degree relative pairs, we ob-
served familial associations for other SRDs (aOR=1.34 95% CI 1.14-1.56), IBD
(aOR=1.20 95% CI 1.02-1.41), AITD (aOR=1.10 95% CI 1.02-1.19) and CeD
(aOR=1.37 95% CI 1.08-1.74) while associations for RA (aOR=1.14 95% CI
0.97-1.33), MS (aOR=1.19 95% CI 0.86-1.65), TIDM (aOR=1.10 95% CI1 0.77-
1.55) and MG (aOR=1.45 95% C1 0.77-2.74) were not statistically significant.
Conclusion. The presented study showed familial associations of various au-
toimmune diseases in patients with IIM, suggesting potential shared genetic
susceptibility between these autoimmune diseases and IIM. Given the similar
strength of the familial associations between other SRDs and CeD, further inves-
tigation of cross-analyzing GWAS data of IIM and CeD may lead to identifica-
tion of new genetic variants associated with IIM.
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LOW GENE COPY NUMBERS OF COMPLEMENT C4 AND
COMPLEMENT C4A DEFICIENCY ARE STRONG AND HIGHLY
SIGNIFICANT GENETIC RISK FACTORS FOR IDIOPATHIC IN-
FLAMMATORY MYOPATHY AND ITS MAJOR SUBGROUPS

Danlei Zhou'?, Emily H. King'?, Simon Rothwell®, Olga Krystifkova*, Antonel-
la Notarnicola’, Rabheh Abdul Aziz>°, Emeli Lundstrom’, Stiblirkovd Blanka*,
Lauren M. Pachman’, Gulnara Mamyrova®, Boel de Paepe’, Jan de Bleecker?,
Terrance P. O’Hanlon'®, Samantha Coss'?, Katherine Lintner Miller'?, Aman-
da Dang!, G. Richard Yu', Joanne Drew?, Vidya Sivaraman?, Edward Oberle?,
Shoghik Akoghlanian?, Kyla Driest?, Charles H. Spencer?, Yee Ling Wu'!, Stacy
P. Ardoin?, Lisa G. Rider'®, Hector Chinoy?, Frederick W. Miller'’, Ingrid E. Lun-
dberg®, Leonid Padyukov®, Jifi Vencovsky*, Janine A. Lamb?, Chack-Yung Yu'?
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George Washington University School of Medicine and Health Sciences, Washington,
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mental Health Sciences (NIEHS), NIH Bldg 6, Rm B114 (MSC 0603), 9000 Rockville
Pike, Bethesda, MD 20892; "'Department of Microbiology and Immunology, Loyola
University Chicago, Maywood, IL, USA.

Background. Idiopathic inflammatory myopathies (IIM) are a group of autoim-
mune diseases with chronic muscle weakness and fatigue. It is characterized by
inflammation, infiltrations of leukocytes into muscles and/or the skin, vasculopa-
thy and necrosis with destruction of blood vessels and muscle fibers. Juvenile
dermatomyositis (JDM), adult-onset dermatomyositis (DM), polymyositis (PM)
and inclusion body myositis (IBM) are major categories of IIM. The etiology
for IIM is largely unknown. Complement-mediated destructions of capillary en-
dothelium has been documented in dermatomyositis.

Methods. Through collaborations with the Myositis Genetics Consortium and
the UK Myositis Network, we studied complement C4A and C4B genotypic
and phenotypic diversities in 1,650 Caucasian patients with IIM from the Great
Britain, Sweden, Czech Republic, Belgium, and the US, plus 3,526 race- and
geographically-matched healthy controls. Plasma protein levels for complement
C4 and C3, HLA-DRBI1 allelic polymorphisms, IIM disease subgroups, and
the presence of myositis-specific and myositis associated autoantibodies were
analyzed with reference to gene copy number variations (CNVs) of comple-
ment C4A, C4B, long genes (C4L) and short genes (C4S) to examine their roles
in the genetic risks of myositis and its clinical phenotypes. CNVs for total C4
(C4T), C4A, C4B, C4L and C4S were determined by Southern blot analyses of
Taql, PshAI/Pvull and Pmel digested genomic DNA, and/or by TagMan-based
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quantitative real-time PCR with five independent amplicons and verified as copy
numbers of C4T= C4A+C4B= C4L+C4S. Protein concentrations of C4 were de-
termined by single radial immunodiffusion.

Results. Low gene copy numbers of total C4 (C4T=2+3) and C4A deficiency
(C4A=0+1) were present in close to half of the IIM patients. They were very
strongly correlated with increased risk of IIM with odds ratios (OR), and 95%
confidence intervals equal to 2.58 (2.28-2.91), p=5.0x10-53 for total C4; and 2.82
(2.48-3.21), p=7.0x10-57 for C4A deficiency. Similar findings were observed in
all four major subgroups of IIM (JDM, DM, PM and IBM). Intriguingly, patients
with IBM had the lowest mean copy numbers of total C4 (IBM: 3.40+0.79; CTL:
3.83+0.76; p=3.14x10-13), as well as prevalent deficiencies for both C4A (IBM:
40.7%,CTL: 21.0%; p=8.9x10-9) and C4B (IBM: 38.6%, CTL:30.4%, p=0.024).
Contingency analyses revealed that among IIM patients with C4A deficiency, the
presence of HLA-DR3 (or DRB1*03:01) became insignif