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Thesis dstract

Vasculopathy is considered central to the pathogenesis of Juvenile Dermatomyositis (JDM).
One major hurdle to the study and detection of vasculopathy of JDM and to the monitoring
of its progression over time has been the lackof-invasive biomarkers. Therefore, defining
disease activity trajectories relating to persistent endothelial injury in JDM currently remains
challenging. This thesis addredghis unmet need by examining biomarkers of endothelial
injury, subclinical inlmmation and hypercoagulability in a large cohort of JDM patients.
Circulating endothelial cells (CEC) were higher in patients with active JDM compared to
patients with inactive disease and healthy controls. Total circulating microparticles (MP)
counts wee also significantly higher in JDM patients compared to healthy controls. These
circulating MP were predominantly of platelet and endothelial origin. Enhansadma
thrombin generation was demonstrated in active compared to inactive JDM and controls.
When the inflammatory protein profile associated with endothelial activation and
dysfunction in children with JDM was investigated, a number of cytokines/chemokines and
adhesion molecules were shown to be elevated in patients with JDM. Levels of gllectin
stronglycorrelated with other markers of disease activity. Lastly, increased arterial stiffness
was also detected in children with JDM, suggestive of an increased risk of cardiovascular
disease and premature atherosclerosis. In conclusion, this thesis dématmas 1. Increased
endothelial injury in children with active JDM associated with high levels of CEC and
circulating MP with propensity to drive thrombin generation and hence occlusive
vasculopathyand 2. Increased arterial stiffnesspaediatricpatients with JDMThese novel

norrinvasive biomarkers relating to the vasculopathy of JDM maw be used totrack
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endothelial injury relating to subclinical disease activity in JDM over timaraydfacilitate
development of stratified treatment approaches teduce longterm adverse outcomes for

these children.

Impact statement

The observations | made during this PhD project suggestdi&dren with active Juvenile
Dermatomyositis (JDM) are characterizeddmgoing endothelial injurgndare on a chronic
prothromboticstate that may contribute to the vascular complications associated with poorer
disease outcomeglthough the overall prognosis of JDM has improved significantly over the
recent years, the longerm outcome differs substantially from patient to patient. The lack of
non-invasive biomarkers for the detection and monitoring of vascular injury in children with
JDM makesprediction of these different disease trajectories challengiithe primary
bendficiaries of this project will be patients with JIDIVhe major way in which patients with
this disease will benefit from this study assemmarised below:

i. Developmentof a panel of new biomarkers for use in clinical care across other UK
centresable to predict disease severity and complications associated with vascular
injury and thrombosis in JDM.

i. Development of a scientific rationale for therapeutic stratification of individual
patients and inform the use of novel targeted theragsuch as Janusinase inhibitors
that act directly downstream of interferon activation and may thus abrogate the

interferon induced endothelial injury; and oral amtirombin agents to reduce



pathological thrombin generationin fact, discussions have already begun betwe
our group and with industry partners and we are liaising with national advisory bodies
in order to advance this proposal for an interventional clinical trial in this rare disease.
Therefore, findings of this thesis can directly inform this next trarsial phase of

the overall project.

Lastly,the cardiovascular morbidity relating to JDM is an undsearched areaMy
study provides evidence that children with active JDM have increased arterial
stiffness. If evidencef premature atherosclerosis i3 is confirmed, the use of new
therapeutic approaches mentioned above, and also the institution of formal
therapeutic lifestyle interventions may reduce the risk of accelerated cardiovascular
morbidity before these patients progress into adulthoddthesediscoverieshave the
potential to significantly impact on the quality of life, health and vieing of these

children as they progress to adulthood

Academics throughout the world working in the field will benefit from new insight into the

pathogenesis of JDMainedby studying the potential contribution of endothelial injury and

thrombotic propensity to occlusive vasculopatiome of the data generatl in this PhD has

been publicised through open accgs=er review journals whilst the remainder is soon to be

publicised hencecontributing to significant knowledge enhancement and scientific

advancementbout the pathobiology oDM for academic éneficiaies in the field.Lastly,

this PhD fellowship enabled my training askdlled researcheand facilitated my academic

career progress. | havdeveloped expertiseknowledgeand a deeper understanding of
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investigative immunology antdanslational researchMy project also contributes towards the

health of therheumatology academic discipline with publications g@nelsentations.
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1 Introduction

1.1 Definitions

IdiopathicInflammatoryMyopathies (lIM)nclude a number dighlyheterogeneousliseases
characterizedby systemic inflammatiomainly affectingthe muscles andhe skin but on
occasionsnvolvement of otherorgansas well(Wedderburn and Rider, 20099mong [IM,
Juveniledermatomyositis (JDM) is the commonestbgroup accounting forapproximately
85% ofthe caseg(Ramanan and Feldman, 2002; McCanral., 2006) and less than 5%f
paediatric IIM caselelong tothe juvenilepolymyositis (JPMjategory(McCanret al., 2006;

Ravelliet al, 2010)

The Peter and Bohamliagnosticcriteria for JDMwere first described in 197%Bohan and
Peter, 1975)and includepathognomonic cutaneous changesymmetricalweakness of the
proximal muscles, increased muscle enzynsbayacteristianuscle biopsyindings including
necrosisand inflammation and typicd electromyographic (EMG) changdsor a possible
diagnosis of JDM, therg@sence of pathognomoniccutaneous changess requiredin
combination with two other of the aboveentioned criteria; for a definite diagnosis the
presence of characteristic skin changésng withthree of the other four criteriasrequired
In an international survey published in 200&pical clinical features (proximal muscle
weakness and pathognomonic skin rash and laboratory findings e(evated muscle
enzymes) werewidely used to establish adiagnosisof JDM (Brown et al, 2006)
Approximately60% of paediatric rheumatologistsonsideredmagnetic resonancénaging
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(MRI)as an important diagnostic tool for the detection of inflammataenuscle changes

(Brownet al.,, 2006) Muscle biopsyvasused byonly 61.3% of respondersis it is an invasive

procedure. SimilarlhfEMGwas onlyused by 55.5% of responder® establish a diagnosis of

JDM as it is also r@lativelyinvasive proceduréBrownet al, 2006) A muscle biopsymay

however have adle in facilitatingdiagnosisn cases of polymyositi$M)(Oddiset al., 2005)

In 2007, Wedderburet al. proposed a scoring tool for measuring the severity of histological

findings in JDM in a standardised way whicls kencebeen widely useqWedderburnet al,

2007c) This score consists of 4 domaiksy b I YY I (1 2 NB X @I ,&addehriedti® Y dza Of
tissue.In addition to the 4 domaingn overall score of severigerivedby marking a Visual

Lyl f23dz28 { O2NB 0 KA §10.@ dodlis@lsontieAppendix®. ! {0 omdn

Taking into account the decreasing use of muscle biopsy and EMG in routine clinicaépracti
it has becomeevidentthat a number of children would fail to meet the currefitut now
rather outdated)diagnostic criteriaften ated asnecessary for the inclusion in research and
other collaborative studiesFor that reason, in 2017hé European League Against
Rheumatism/American College of Rheumatology (EULARET@BR)sedand semivalidated
revised classification criteria for alf and juvenile IIMLundberget al., 2017) These criteria
include four muscle related variables, three skin related variables and otheorédory
variables and clinical manifestations. As muscle higpsot always performed in children, a
different scoring system has been propoded when a muscle biopsy is available and when

it is not(Table1.1). In the presence of heliotrope rash, Gal N2 y Qa LJ LJdzf S&a | Yy R+
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sign, patientswith myositis areclassified as having JDM and, respectively, in the absence of
skin rashes patients are classified as haviRlyl.JThese new criteria, are however,

classification criteria and not diagnostic criteria, therefore should not be misused as the latter.

Variable Score Points

Without muscle |  With muscle
biopsy biopsy

Muscle weakness

Objective symmetric weaknessisually 0.7 0.7

progressive, of the proximal upp

extremities

Objective symmetric weakness, usu: 0.8 0.5

progressive, of the proximal low

extremities

Neck flexors are relatively weaker th| 1.9 1.6

neck extensors

In the legs proximahuscles are relativel 0.9 1.2

weaker than distal muscles

Skin manifestations

Heliotrope rash 3.1 3.2

Gottron’s papules 2.1 2.7

D2GUNRYQa a&aAdy 3.3 3.7

Other clinical manifestations

Dysphagia or oesophageal dysmotility 0.7 0.6

Laboratorymeasurements

Anti-Jol (antthistidyHRNA synthetase 3.9 3.8

autoantibody present

Elevated serum levels of 1.3 1.4
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Variable Score Points

Without muscle |  With muscle
biopsy biopsy

creatine kinase (CKoy

lactate dehydrogenase (LDbf)aspartate

aminotransferase (AST)or alanine

aminotransferase (ALT)

Muscle biopsy featurespresence of:

Endomysial infiltration of mononucle; 1.7

cells surrounding, but not invadin

myofibres

Perimysial and/or perivascular infiltratic 1.2

of mononuclear cells

Perifascicular atrophy 1.9

Rimmed vacuoles 3.1

Table 1.1. The European League Against Rheumatism/American College of
Rheumatolog(EULAR/ACR) classification criterfar juvenile idiopathic inflammatory
myopathies(lIM). Adapted from Lundberg et.gLundberg et al., 2017A patient is classified

as having possible 1IM if the total score is-5.8if no muscle biopgis availableand 6.56.6

if a muscle biopsys obtained. Patients are classified as havingpbpble IIMif the total score

isx p ®p in2ases whéne nmuscle biopsis availabld: Yy R x ¢ ®ifamiiszle Biopsp T
is available. Lastly, patients aotassified as havingefinite [IMif the total score isk T ép
cases where no muscle biopsy is availabl R ifkaynixscle biopsys available Patients

who meet the criteria for IIM are then subclassified as having Juvenile dermatomyasiés i

presenceoK St A2 NP LIS NI akK 2NJ I3208GNRy Q& LJ Lz Sa
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1.2 Comparison with adult Dermatomyositis

[IM in adultsismuch more common thain children with different cohorts reportinga 5-10
times higher incidencgTansley and Wedderburn, 2015; Pachman armbjah, 2018)
Although JDMaccounts forapproximately 85% of the childhood IIM cases, dermatomyositis
(DM) is seen in about 1428% of the adult casé®achman and Khojah, 2018egarding the
clinical presentation, @ult and childhood myositis shasmme commorclinical features such
ascharacteristicskin rashesandinflammatory muscle changesdult onset DM and JD&te
also highlydiverse diseases with distinct additional clinical manifestations and distinct
outcomes.There are however some features that are clearly unique to eithettadjuvenile
onset myositis(Tansleyet al, 2013) Vasculopathic features, development of calcinotic
lesions and ulceative skin disease is seeat a much higher frequency in childreéhan in
adults with myositis. Adult cases are moreommonly associated witlmalignancy and
interstitial lung dseasgTansley and Wedderburn, 2019hese differences were highlighted
in arecent largecohort study using data from thEuroMyaositis registryin which both adult
and childhood onset casesof IIM were included(Lilleker et al, 2018) Despite these
differencesin clinical presentationmuch of the current knowledgef the pathophysiologyf
paediatric IM derives from datdrom adult DM studies due to the rarity of thguvenile onset

disease
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1.3 Epidemiology

JDM is a rare autoimmune disease with a reported annual incidence ranging bedtedn
cases per one million children per yd@rddiset al., 1990; Symmonst al,, 1995; Mendezt

al., 2003) The exact prevalence of JDNas not yet beerreported. Females are more
commonlyaffected than maleswith reported female: male ratios ranging between 2:1 and
5:1 in different cohortfSymmonset al,, 1995; Mendeet al., 2003; Pachmaat al., 2006a)
Thereportedmedian age of disease onset is seven yedt$Symmont al,, 1995; Pachman
et al, 1998) 6.7 yeardor boys and 7.3 years for giridvlendezet al,, 2003) Although JDM
occurs worldwide, some studies suggest differentdeoce rates among different racial
groups Some of these studidgve suggestethat children of Africapor Caucasian origin are

more frequently affected(Mendezet al., 2003)

1.4 Clinical manifestation®f JDM

1.4.1 Systemic symptoms

Constitutional symptoms are frequenh JDM Theseinclude fever, fatigue, irritability,
anorexia, weight loss, and poor growdimd may bepresent at eitherinitial presentation of
disease onsebr develop during the JDM disease course.

1.4.2 Muscle disease (muscle weakness, dysphagia and dysphonia)

Symmetric weakness of the proximal muscles is a central feature of JDM present in almost
95% of paediatric cases at the time of diagngssldmaret al., 2008) This may range from

mild muscle weakness indicated by difficulty getting up from the floodifficulty turning
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over in beddue to more severe symptomsand evenprofound weaknesswvith difficulty
swallowingand breathing The pelvic, shoulder and anterior flexor muscles of the neck and
upper and lower body are mainly affectdulit theoreticallyanymuscle can be affectegRosa

Neto and Goldensteiw$chainberg, 2010)nflamed muscles can be painful and rigahdthe
overlyng subcutaneous tissue can be oedematous and indurated. Neck flexor muscle
weakness is typicaand children are characteristically unable to lift their head up when lying
flat on a bed. Gower's sign (difficulty in getting off the floor to achieve an lppgsition
requiring the use of the hands) is also frequently presenggestive oproximallower limb
muscle weakness. Although muscle weakness can be profound, deep tendon reflexes are
usually preserved. Absence of muscle involvement (amyopathic dkBen in <5% of

children(Caproniet al, 2002)

Involvement of the oropharyngeal, laryngeal and oesophageal musculature can lead to
dysphagia for liquids anabkds (McCannret al., 2007) Such symptoms may lpeesent inup

to 29¢44% childrenlRamanan and Feldman, 200McCannet al., 2006) Dysphagia is not
always clinically preseneand silent aspiratiormay occur The recognition of an unsafe
swallow is important to avoid aspiration leading to secondary pulmonary changes and
damage. This can be prevented by nasogastric tube feeding. Nasal voice and dysphonia can
be the result of paltal weakness. Oropharyngeal involvement has been associated with

poorer outcomegTaiebet al,, 1985; McCanet al., 2007)
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1.4.3 Arthritis

Arthritis is a common manifestation in patients with JDd&curring in 23¢64% of cases
(Pachmaret al,, 1998; McCanet al., 2006) A recent study suggestelat oligoarticular (<5
joints) joint involvement was present at diagnosis in @f%atients with polyarticularcourse

in 33% of JDM casd€3$seet al, 2001) Arthritis may occur early in the disease onset. It is
usually norerosive and responds well to steroid treatment. The main joints involved are the
knees, wrists, elbows, anfingers. Affected joints can be painful. Flexion contractures
particularly of large joints are common and usually develop early during the disease course.
This may be the result of myofascial inflammation and mayneogessarilype related to the

preserce of arthritis(Cassidet al., 2010)

1.4.4 Cutaneous manifestations

The JDM skin manifestations are numerous and vafieawry and Pilkington, 2009)
Cutaneous manifestations may present months or even severalsybafore muscle
weakness, and may be the most difficult to treat feature of the JDMganet al., 2009b)

The most typical skin changes associated with JDM are discussed below in more detail.

1.4.4.1 Heliotrope rash

The heliotrope rash is violaceous, or reddmirple incolourrash often involving the upper
eye lids(Figure 11). It is one of the most common diagnostic rashes seen in JDM. It is often
associated with periorbitabedema and accompanied by a malar rgsffecting bothcheeks,

andextending across the nasal bridge), similar to the malar rash seen in ugussually not
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sparing the nasolabial foldand usuallyless weldemarcatedthan lupus(Figurel.2). The

chin and forehead can be involved; raslvas be photosensitive, with a reported prevalence

of up to 86.7% of JDM cas¢Shahetal., 2013ap | St A2 GNP LIS NI AaK @A 0GK I
pathognomonic of JDM at presentatipespecially if periunggal erythema and capdry loop

abnormalities are preser(Dugaret al., 2009a)

Figurel.2. Malar rash in a5.5-year-old child with Juvenile dermatomyositisSIDM).
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1.4.4.2 D2 G ( Nigngnd gapules

D20 GNRAYAa A& || T G phibles amdisederythegidrousd shinyii MdHyy Q &
lesions on extensor surfaces especially ineyposed areas such as the extensor surfaces of

the knees Figure 1.3), the small joints of the hands (metacarpophalangeal and
interphalangeal joints)Kigure 1.4), andthe elbows, as well as the medial malleoli of the
FyltSad 'a D2GONRBY QA LJ Lz Sa LINPINBaand (GKS ¢
atrophic with a white appeance (laccarino et al, 2014) No other inflammatory
dermatological disease affects the knuckles in a similar fagBiaykal and Polat Ekinci, 2015)

14 D20GGNRYQ&a LJ Lz Sa | NB aolte tSarazyas (KSe

atrophic changes may be indicative of secondary damage witieipapules(Duganet al.,

2009a)

Figurel3. D2 G G NPy Q& LJ LJzf Sa& 2 S NJ (i K S5.589darplfl ghdd2 NJ & dzN

with Juvenile dermatomyositisIODM).
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Figure1.4 D2 0 G NPy Q& Lmieldrhrfodhalahge@d andl intéghalangeal joints in

a 5.5-year-old child with Juvenile dermatomyosis (JDM).

1.4.4.3 Other types of skin rashes

There is a wide range of other skin rashes seen in children with JDM.-ChlesbVVneck sign

is a violaceous erythema sometimes seen in the V area of the neck and the upper chest, while
the symmetrical erythema located over the back and shouldersledcdie shawl sign. Linear
extensor erythema on the fingers is considered a sign of severe disease; scalp dermatitis and
generalized pruritic rash have been described in several cofDugaret al., 2009a; Cassidy

et al, 2010; laccarinet al,, 2014)
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1.4.4.3.1 Nailfold capillary changes

The changes in the nailfold capillaries seen in JDM indag#élary enlargementocclusion,
tortuous and arborized capillary loop clustersdisorganisation of the normal capillary
distribution, micro-haemorrhages and drop-out of normal capillary loopdeading to
decreased vessel numheand development of avascular are@penceiGreenet al., 1982)
These changes may peesent in 8891% of children at thtime of diagnosidNailfold capillary
changesare dynamic ancchange inappearance over the course of the disease and with
treatment (Schmelinget al., 2011; Manfredeet al., 2015) Nailfold capillaroscopy is a nen
invasive inexpensivend simpleiechnique that provides quantitative information about the
loss of capillary endow loop (ERL)hanges in the vascularity of tstudied areasandthe
presence of arboreal loops (Dolezalovaet al, 2003; ChristeiZaech et al, 2008)
Capillaroscopy can also eadilg performed at the bedside with the use of a light, a 10 x
magnifying glasgdermatoscope, ophthalmoscopend a watersoluble gelFeldmanet al.,
2008)placed on the nailfold bed to increase resolutidime skin around the nail beds can also
be erythematous eri-ungual erythema) and painful; aticular overgrowth can be present
(Figure 1.5). The peripheral micrevasculopathic changes observed with nailfold
capillaroscopy or videcapillaroscopycorrelate with a prolonged disease course, overall
disease activity, skin disease activity, and poor response to treatf@mnithet al, 2004;
ChristenZaechet al., 2008; Gitiawet al., 2016) Nailfold capillay changes reflect the degree
of systemic microangiopathy that characterises J@¢hmelingt al,, 2011) and have been
demonstiated to correlate with the development of other organ involvementich as
interstitial lung diseas¢Smithet al., 2013)and gastrointestinal involvemer{Gitiauxet al.,
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2016) Similarmicrovasculachanges havalsobeen desribed in the gingiva of children with

JDM as part of the vasculopatfigider and Atkinson, 2009)

Figure 1.5. Periungual erythema in a5.5yearold child with divenile dermatomyositis

(JDM)

1.4.4.4 Skin ulceration

Skin ulcerationcan complicateJDM and represents a potentially IH#areatening clinical
feature. The development of skin ulcers is indicative of severe vasculopathy of theasised
by significant obstruction in blood flow, hypox#&nd subsequentschaemia of the affected

tissues This mayindicate vasculopathyin other organs(e.g. intestinal ischaemia and
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perforation, pulmonary fibrosis and interstitial lung diseageachman and Cooke, 1980;
Mamyrovaet al, 2007) The presence ofilcerative skin diseasis associated with anore
severe disease course witlpaorerlongterm prognosigBowyeret al., 1983) It is presenin
approximately23-30%o0f patients (Feldmanet al., 2008)with JDM and isnore commonly
seenat the corner of the eyefFigurel.6), over elbavs or other pressure point€Croweet

al., 1982) Theoreticallyany part of the body can be affectedowever.

Figurel.6. Healing vasculitic ulcer at the corner of the left eye ir6&b-year-old boy with

Juvenile dermatomyositisIOM.

1.4.4.5 Calcinosis

Calcinosiss seerin 20:40% ofJDMpatients although rarely seen in adults with DMachman

et al,, 2006b) The deposits are firm, flesh or whiteoloured nodules that mainly occur over
bony prominencesand have a high mineral content of calcium hydroxyapatite, osteonectin,

osteopontin, and bone sialoproteifPachmaret al, 2006b) Sites that are mostly affected
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include the knees, elbows, and upper and lower limbs, but calcinosis can occur in any part of
the body Figurel.7, 1.8). Calcinosis usually occurs within 3 ye#Hrdisease diagnosidut it

may be seen up to twenty years lat@ider, 2003)Dystrophic calcinotic lesiortan result in
skinulceration Fixed flexion deformitiesf the jointscan occuwhencalcinotic lesions ovead

the jointandmay alsaextend outside the joint marginduberet al., 2000) Neuropathic pain

due to nerveentrapmentmay also develp, and there maybe localisednflammationcausing
significant pain and swelling that can be misdiagnoasdcellulitis(Moore et al, 1992;
Feldmaret al, 2008) The pathogenesis of calcinosis is very poorly unders{fadhmaret

al., 2000) Whether the development afalcinosis reflectactive diseasgoris thed R Y 3 S ¢

endresult of chronic uncontrolled diseasedebatable (Orandiet al., 2017)

Figure1.7. Calcinosis over the elbow in &year-old child with Juvenile dermatomyositis

(JDM.
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Figure 1.8. Small calcinotic lesion on the ear lobe in dyearold child with Juvenile

dermatomyositis

1.4.5 Oedema

Subcutaneous@demacan be present in approximateB2%of JDMpatientsas reported i

UK cohort(Lovellet al, 1999) The development obedemamay indicate a more severe
disease coursevith resistarce to treatment andis usually observed at the time ofitial
diagnosis or may developduring a severe disease fla(®litchell et al, 2001) Vascular
endothelial injury and damage results in generalised capillary leak #edslto the
development of subcutaneous oedeniitchell et al, 2001) The presence of oedema at
presentation may be misdiagnosed as neplralyndromebut the absence gbroteinuria or
significant hypalbuminaemia in combination with the characteristic skin rashes usually

facilitatesthe diagnosis
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1.4.6 Cardacinvolvement

Several cardiac abnormalities have been reported in children with JDbtliGical left
ventricular diastolic dysfunctioms doserveal in about 25%of JDM patients and several
electrocardiographi¢dECG) abnormalitiesre reported witha high incidence imecentcase
control studies(Naet al, 2009; Schwartet al, 2014) Rosenbohm et afound that about
62% ofthe patientswith inflammatory myositiiad late gadolidiumenhancemenin cardiac
MRI scanningndicating subclinical myocardial inflammatigRosenbohmet al, 2015)
Pericarditis has also been report¢8allumet al., 2008) JDM patients have also been found
to have reduced heart rate variability whiofay relate tareduced cadiac vagal contrdBarth

et al, 2016) Micro-vasculopathy and corticosteroid treatment have been considered to be
responsible for the hypertension observed25% to 50%f JDM patientgRideret al., 2009;
Gitiaux et al, 2016) Persistence of cardiac dysfunction hakso been associated with
persisterteof skin diseas€ChristenZaechet al,, 2008)suggestingperhapsthat both skin and
cardiac disease are the result of the same vasculopathic process. Theiongffect of this
subclinical cardiac invadynent and its possible contribution towards an increased
cardiovascular morbidity later in adulthood is largely unknown. In the shlygly of adults
with juvenile onset DM, subclinical cardiovascular disease and increased datwiid-
media thickness wademonstratedin the majority of patients studied. These changes are
suggestive okarly onset atherosclerosis despite absence of other traditional cardiovascular
risk factors (Eimer et al, 2011) Further studies are needed to furthesvaluate tre

cardiovascular morbidity anldngterm cardiac seqelae of JDM.
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1.4.7 Pulmonary manifestations

Although not as common as in adults with [IM, pulmonary involvement can be -a life
threatening complication of JDM. Development of interstitial lung ds€d_D)and fibrosis
can complicate paediatric JDM cag&®bayashet al., 2003; Mamyrovaet al., 2013) These
features might relate to the presence of specific myositis specific antibodies (MSA),
particularlyserum antimelanoma differentiatiorassociated gene 5 (MDAS) antibodies and
anti-synthetase antibodieg¢Tansleyet al, 2014a) Typically, ILs asymptomatiacuring the
early stageswith increasing cough and progressiggspnoeandicating diseasprogression

Of note, although ILD is rarehmormal pulmonary function tests are recorded in more than
half of JDM casg®achman, 1995; Trapagt al., 2001) Theexact pathogenetic mechanisms
of pulmonaryinvolvement arenot fully understood. The same model of microvascular injury
observed in nailfold capillaroscopy is thought to caaedothelial cell damage and alveolar
epithelial injury(Castelino and Varga, 201@ading to the release of numerous cytokines
and growth factors which play a key role in the development of lung dis€xber rare but
potentially fatal manifestations of JDMnclude dffuse alvedar haemorrhage (DAH) and
pneumomediastinum(Konoet al,, 2000; Carneiro d&ilvalet al., 2009; Dograt al., 2012)
which are again considered the end result of pulmonary vasciiltissis, and infarctioLim

et al, 2017)

1.4.8 Gastrointestnal vasculopathy

Gastrointestinal tract involvement occurs in 8%% of JDM cases. This includes dysphagia,

bowel dysmotility, vasculitis with associated malabsorption, and other more severe features
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of gastraeintestinal vasculopathy that can be hfereatening.The main presenting symptoms
include abdominal painand rectal bleedingwhich canbe subsequently complicated by
intestinal ischaemia, pneumatosistestinalis and finallygut perforation (Downeyet al.,

1988) The underlying pathophysiology is not fully understpbdt it is consideredo be
complex and multifetorial as indicated by the histopathological evidence a@iuta
inflammatory vasculitis and chronic gastrointestinal occlusive arteriopgitamyrovaet al.,

2007) Persistent, severe abdominal pain is a worrying sign and further extensive radiographic
imaging and investigations should be perfornted soonest possibléfhe main radiographic
finding is thickening of the bowel folds as demonstrated by barium enema and ftiifowgh

studies(Laskiret al.,, 1999)

1.4.9 Other organ involvement

Centralnervous systenmvolvementhas beerrarelyreported in children with JIDf§Ramanan

et al, 2001). CNS involvement may manifest whthllucinations and seizuréElstet al., 2003)
and active retinal vasculitimay co-exist(Ramanaret al,, 200L; Elstet al., 2003) However, a
single centreretrospective review of 82 patients demonstrated that retinopathy was rare
and concluded that routine assessment was nedrranted for patients without visual

symptoms(Akikuseet al., 2005)

1.4.10 Lipodystrophy

Lipadygrophy usually occurs several years after disease onset with@tegpprevalence of

20-25% of JDM patient@Huang, 1996; Queced al., 1996; Huemeet al., 2001) It may be
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present only in a limited area of the bodyut can also b more generalised affecting larger
surfaces. In the affected areas, there is loss of the subcutaneous fat which usually progresses
slowly and symmetrically affecting mainly the faedthe upper half of the bodyBingham

et al, 2008)(Figurel.9). JDM patients positive for the antranscription intermediary factor
(TIF)1antibody have been found to be at higher risk of developing lipodystr¢Bmgham

et al, 2008) Lipodystrophy caalsobe associated with other metabolic abnormalities such

asdyslipidaemia hirsutism,and clitoromegaly and irregular menstrual cyategirls(P@e et

al., 2006)

Figure 1.9. Lipodystrophy over the right side of the face in d&year-old with Juvenile

dermatomyositis

1.4.11 Macrophage activabn syndrome (MAS) in JDM

MAS is well described in rheumatic diseases and the reported mortality rate reachgkih0%

et al, 2012) It is more often seen in children with Systemic Onset Juvenile Idiopathic Arthritis,
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and juvenilesystemic lupus erythematosuSI(f:(Ravelliet al,, 2012) It has been reported in
JDM(Lillebyet al., 2014; Wakiguctet al., 2015) but is notascommon. MAS is characterised

by prolonged fever, enlarged lymph nodes, liver and spleen enlargement, reduced cell counts
(anaemialeukopenia thrombocytopenia), increased-r€active protein, falling trend in the
levels of erythrocyte sedientation rate, low fibrinogen, abnormal liver enzymes, elevated
triglycerides and extreme levels of serum ferritin. It is often related with rouljan
dysfunction and death if not treatedlIt is very important that cliniansare awareof the
possibiliy of MASas early recognition and aggressive treatment is key to a successful

outcome.

1.4.12 Metabolic abnormalities (osteoporosis, dyslipidaemia, insulin resistance)
Osteopenia or osteoporosis are present in the majority of patients with ¢én before
starting treatment with corticosteroids. Several factors may be contributing the
development of osteopeniancludinglongterm use of high dose corticosteroids, persistent
activity of the disease, reduced calcium intake, reduced exposure to sunlight, alocged
immobility (Perezet al, 1994; Falcinet al, 2000) Early diagnosis and treatmemtre
important (Castreet al., 2005) JDM has also been associated with other metabolic disorders.
Hypertriglyceridaemia and low levels bfgh-densitylipoproteinswere observed in a recent
study (Kozuet al, 2013) Moreover, insulin resistance, increased body mass index and
hypertension can be present in up t50%of patients, which in combination with the
sedentary lifestyle and chronic systemic inflammatiact asrisk factors for premature

cardiovascular morbidity later in adulthod@assidt al., 2010)
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1.5 Myositis specific antibodies

Recentlyspecific autoantibodies have been identified which @mther definechildhood [IM
casesnto more homogeneous groups wittpecific phenotypeé_oveet al,, 1991; Mimoriet

al., 2007; Wedderburret al, 2007a) These autoantibodies include theywsitis specific
antibodies (MSA) and myositis associated ardibs (MAA)which arepresent inabout60%

of cases (Tansley and Wedderburn, 201B)SA are considered specifior inflammatory
myopathies(Mammenet al,, 2015; Tanslegt al., 2017) while MAA are also seen other
connective tissue diseases and overlap syndro(iessleyet al, 2017) Each autoantibody
has (somewhat preliminarilybeen associated with a spdcifphenotypewhich may differ
based on the age of disease onsdffansley and Wedderburn, 201%)able 12). The
coexistenceof more than one MSA in the same patiesivery rargTansleyet al,, 2017) The
most sensitive method for identification of MSA is protein immunoprecipitatitensleyet

al., 2017)but highly specialised enzyntieked immunosorbent assay (ELISPansleyet al.,
2017)and line blot assay&hirardelloet al., 2010)have also been used. Specific MSA have
been associatedvith specific disease risk allel@d/edderburn and Rider, 2009; Rider and
Nistala, 2016)Each MSA target specific intracellular antigen with significant role in gene

regulation and protein transcription and translatigMicHugh and Tansley, 201@gable 12).

Antibodies directed against the transcription intermediary factor 1 g (TIp1§%/140are
the commonest MSA in children with IJdnd arepresentin 23;29% of patients with JDM
The presence of anfilF1g antibodies sssociated with severeutaneousdiseaseulcerative

skin diseasglipodystrophy and achronicdisease coursé¢Gunawardenat al., 2008) Anti-
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nuclearmatrix protein2 (NXP2)p140antibodies aranainlyassociatedvith the development

of calcinosismore severe muscle weakness, gastrointestinablvement and dysphagia
paediatric cases of JIDMunawardenat al., 2009; Tanslegt al., 2014b)and are present in
13%23% of the casesAnti-melanoma differentiatiorassociated gend (MDA5)antibodies
arethe third most common category of MSA aark associated with mildhuscle diseas¢he
presence ofarthritis mainly of the small joints, ulcative skin diseasand increased risk of
ILD(Tansleyet al, 2014a) Anti-MDAS antibodies are seen in about 6% of childhood 1IM with
the exception of the Japanese population where they represent the commonest MSA
subgroup present in 54% of JDMsea(Kobayashet al, 2015) Theg antibodies are also
associated with high levels of interleukin (6)-18 and hyperferritinaemi@kobayashet al,,
2015) The exact mechanism of hygerritinaemia in those patients remains uncleénti-
Mi2 antibodies are described in approximately 4%6JDM casem different cohorts(Rider
and Nstala, 2016; Tanslegt al, 2017)and target the nucleosome remodelingistone
deacetylasgNURD) subunitThese antibodieare associated with d@ypical IDMphenotype
(presence of characteristic JDM rasimd usually agood longterm prognosigDeakinet al.,
2016; Pachman and Khojah, 2018htibodies against thieribonucleic acigqRNA-synthetase
antigensare present in less than 5% of paediatric IMM, seen in older children and telate
riskof L[ 5% Y S OK KtlickeDed &kin fof-tiys Rrdd margins of the fingerauscle and
joint inflammation andw I & y I pieRdn&non(Tansleyet al., 2017) Two antibodies have
been associated with necrotizing myop#gthvith significantly elevated muscle enzymes and
evidence of necrosis in muscle biopsithe anti-signal recognition particle (SRBh anti3-

hydroxy3-methylglutarylcoenzyme A reductaggiMGCR) antibodie¥hese may bpresent
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in 25% and 1 % of patients, respectivéRousterStevens and Pachman, 2008; Allenbath
al., 2014; Kishet al,, 2017) Finally, a number of MAA are associated with overlap syndspme
including antibodies againstJ1 ribonucleoprotein (snRNP)PolymyositigScleroderma

(PM/Scl) and R82 antibodies(Rideret al,, 2013)Table 12).

Although not representing MSA, it is of great interésat anti-endothelial cell antibodies
(AE®@) have beenrecently identified in the plasma of JDM cas@éarasaweet al, 2018)
Seventysix % of JDM patients were found to be positive for AECA compared to 30% in healthy
controls (Yuet al, 2016) When possible antigens of AECA were investigated, 22 possible
target antigens were suggested in the plasma of JDM patienésptljority of which were
proteins associateavith antigen processing and protein traffickifigarasawaet al., 2018)
AEChAareassociated with the presermf vasculitis and vascular thrombosis in lupus patients

(Ciesliket al., 2008)

It is wellrecognisedhat the levels oMSA fluctuateduring disease course and can become
undetectablewith treatment andcontrol of disease activityMoreover,there is no evidence
whether specific antibodiepre-datethe development of specific disease featurédso, they
could be useful as prognostic biomarkesupport early aggressive treatmeand guide
further therapeutic managemer(fTansley and Wedderburn, 201®ut at the moment this

is aspirational, and no biomarker exists that can reliably da thisupport of thisconcept
however,Deakin et aldemonstrated that MSAN combination with muscle biogseverity

score might be predictive of longerm treatment status and prognosis in children with JDM
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(Deakin et al, 2016) although the strength of that association wesmewhatweak odds

ratio 1.48 05% confidence interval [95% CI] 151D6;P ' n)don thehigtopathologist's

visual analog scale scoaad odds ratidl.10 (95% CI1 1.Q@1.21;P '  jfdrihe tptal biopsy

score, respectively Moreover, tere were several limitations to this studythis was a
retrospective study without clinician blinding to muscle biopsy results apdssibly ana

priori belief that muscle histologgr antibody profilemay relate to prognosis, and thus may
have biased the duration of treatment given to patiemghis study. Therefore prospective,
blinded, longitudinal studies are now required wwonfirm or refue these findingsLastly,
association cannot be confused with causality when considering MSA in JDM, and MSA may
therefore be an epiphenomenon rather thadirectly pathogenic as is the case in many

autoimmune diseases (with some notable exceptions).

Myositis
Target Known Frequency in
Specific Associated features
autoantigen JDM
Antibody
Ulcerative skin disease
Anti-TIF1g TIF1g 23-32%
Lipodystrophy
Younger age of disease ons
Anti-NXP2 NXP2 13-23% Sgnificant muscle weaknes
Calcinosis

Anti-MDA5 MDAS 6% Qutaneous ulceration
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Arthritis
Interstitial lung disease

Minimal muscle disease

Anti-Mi2 NuRD compley 5% ¢QassiRSNX' | (1 2 Y &
Antisynthetase
Older age of disease onset
Anti-Jol Histidy!l
<5% Arthritis
Anti-P1-12 Alanyl
Interstitial lung disease
Anti-PL=7 Threonyl
Necrotizing myositis
Anti-SRP SRP 2-5%
Cardiac involvement
No/minimal skin rash
ant-HMGCR HMGCR 1% Myaositis (characteristic

muscle biopsy)

HMGCR =3-hydroxy3-methylglutarytlcoenzyme A reductaseMDA5 = nelanoma
differentiation-associated gene;3NuRD =nucleosome remodelindistone deacetylase
NXP2= nuclear matrix protein 2SRP=signal recognition particlefIF1g =ranscriptioral

intermediaryfactor 2Gamma

Table 1.2. Myositis Specific Antibodie$MSA)in Juvenile dermatomyositisJOM. Target

antigens,and associated clinical featuse
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1.6 Aetiology of JIDM

The exact aetiology of JDM is not knowiheprevailing hypothesis is thalhe disease is the
result of complex interactions betweeamvironmental factorandgeneticsusceptibility that

lead to immunedysregulationWedderburn and Rider, 2009 other words the same central
hypothesis as for all complex autoimmune diseas@®M is considered a composite
multifactorial polygenic condition, in which the combination of specific genetic loci variations
resultin predispositionto developing JDMWedderburn and Rider, 2009)he development

of international and multicentre collaborationsomg with the establishment ahe Myositis
GeneticsConsortium(MYOGEN an international genetic consortium, has helped towards

that direction(Mendezet al., 2003; McCanst al., 2006; Mamyrovat al., 2008)

1.6.1 Geneticrisk factors

Several alleles in the human leukocyte antigen region (HLA) have beanassdavith an
increased risk for several rheumatological diseases, including DRBI1*0301, DQA1*0501,
and HLAB*08 have been demonstrated as contributing risk factors for the development of
myositis in both children and adults of Caucasian des(fathmaret al., 1977; Mamyrova

et al, 2006; Wedderburret al., 2007b) HLADPB1*0101 and the DQA1*0301 allele serve as
additional risk factors of myositis and JDM, respectif@amyrovaet al., 2006; Chinogt al.,
2009) On the other hand, DQA1*0201, DQA1*0101, andAD®Q allelesmay have a
protective affect as they were found in lower frequency in children with JDM when compared

to healthy control{Mamyrovaet al., 2006) Polymorphisms in thpro-inflammatory cytokine
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genes Interleukirlh (IL-1h) and Interleukinli (IL-1i ) (Mamyrovaet al., 2008)and Tumour
Necrosis Factet (TNF") have alsdbeensuggested as potential genetic risk factors for the
development of childhood myosit{achmaret al., 2000; Mamyrovat al., 2008) Moreover,
TNF308A is known to be associated with the development of calcinosis and cekatiahs
(Pachmaret al., 2000) Independent variants of thElLA8.1 haplotype such ashe R620W of

the protein tyrosine phosphatase N22 (PTPN22), have also been highlighaeptiastic risk
factors for myositis suggesting that numerous genetic regions are impligatelilsease
susceptibility (Chinoyet al., 2008) Finally, children with JDM have been found to have
decreased gene copyumbervariaions of complement C4 and resulting C4A deficiency has
been demonstrated to be an important factor for increased genetic risk of (theret al.,

2016)

1.6.2 Environmental risk factors

The wrrrent knowledge on environmental risk factors for JDM is based soledyfem cohort

and case control studies. Several infectious agents, including group Ahbetaolytic
streptococci(Martini et al, 1992; Massat al., 2002) picornavirus(Bowleset al, 1987;
Pachmaret al., 1995)and enterovirugChristenseret al., 1986; Pachmaast al., 1995)have

been studied with inconclusive results. Clusters of cases of JDM, reported in small studies,
suggest that temporal and environmental factors may contribute to théapgénesis of JIDM
(Symmonset al, 1995) Sudy of gecific subgroups opaediatric cases of inflammatory

myopathies demonstrated a seasonal birth distribatiosuggesting that perinatal
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environmental factors may serve as risk factors for the development of JDM later in their life
(Vegoseret al,, 2007) Other studied environmental factors include: exposure to ultraviolet
light (Shahet al, 2013b; Neelyet al., 2019) use of antibiotic§¥Pachmanet al., 2005)
vaccinationgLimayeet al., 2017) stressful eventand dietary intak€Rider and Miller, 1997)
Large epidemiological studies are needed to shed light on possible environmental risk factors

for the development of JDM.

1.7 Treatment of Juvenile [IM

1.7.1 (Qonsensus ore set and response to treatment criteria

As childhood IIM are rare diseasgggrnationalcollaborationisvital for clinical researcland

to enable better understanding of mechanisms implicated in disease pathogemesiniore
targeted treatments.For international collaboration to become possible, a number of core
sets of variables have begmoposed to enableallaborative research and allow integration

of data between different centresin different countries. Recently, an optimal dataset
containing 123 itemsn JDM have beepublished (McCannet al, 2018) Moreover, he
Paediatric Rheumatology International Trials Organization (PRINTO) and the International
Myositis Assessment & Clinical Studies Group (IMfG®d forces andlefined response
criteria to help clincians quantify the clinical response and capture improvemianga

homogeneous way and to facilitate future clinical trigfsderet al., 2017)
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1.7.2 International consensuguidancefor treatment of JDM

Thechoice andntensity of initial teatment for JDMis based onthe presenting symptoms
and disease severifistringeret al., 2010) The presence of lif¢hreatening weaknessnajor
organ involvementand evidence of severe vasculopathic features includilcgrative skin
lesions gastrointestinal involvement and/@xtensive calcinosisiay influencethe choice of
treatmentin JDM casedue to the disease rarityimited randomised clinical trials estito
guidetreatmentdecisionsand current therapeuti@approachesarebased orsmallcase series
and anecdotal experience. In an attempt to standardiseatment pathways several
therapeutic algorithms for the treatment of JDM have bedevelopedbasedon expert
consensu$n North America and Euroféluberet al., 2010; Hubeet al., 2012; Enderst al.,
2017; Huberet al, 2017; Kimet al., 2017b) The Childhood Arthritis and Rheumatology
Research Alliance (CARRA) hpublishedConsensus Treatment Plans (CTP) for the initial
treatment of JDM(Huberet al, 2010) treatment after the first 3 monthef disease onset
(Huberet al,, 2012) treatment d cases with predominant skin diseg&@met al.,, 2017b)and
cases with resistant to initial therapy skin diseédaberet al, 2017) Of note, these CTirave
beendeveloped via consensus methodologiasddo notrepresenttherapeutic guidelines
per se. Moreover, evidencalriven consensubased recommendations for diagnosis and
treatment of JDM have also been published as part of a European initiative called Single Hub

and Access point for paediatric Rheumatology in Europe (SHERIErst al,, 2017)
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1.7.3 Currenttherapeutic options

Qurrently available treatments have enabled treating clinicians to aim for induction and
maintenance of complete diseasemission in patients with JDMWhen it comes to
paediatric chronic diseases, desirable ldagn outcomes further includaormal growth and
developmentparticipationin all school and daily life activitiaada good quality of life. Early
pharmacologicaand nonrpharmacological interventions the form of a multidisciplinary
treatment approactare therefore imperative for the prevention of irreversible soft tissue and
organ damagend to secure the best lorgrm outcome Pharmacological interventionerf
JDM include corticosteroids, diseas®difyinganti-rheumaticdrugs (DMARD), and biologic
agents. Norpharmacological interventions, such as physiotherapy, podiatry and
occupational therapyand psychological supportan enablepatients to maintain their
functional statudy sustaining theimuscle strengthstamina andheir bone mineral density
and advancing into adulthood with the less possible adverse effects on their physical and
psychological healthiDM mtients shouldbe under the care ofpecialked tertiary centres

where this combined mukHidisciplinary approacks possible

1.7.3.1 Corticosteroids

Since the introduction of corticosteroids first line induction treatmendf JDM the overall
prognosis of JDM has significantly impro\{€tkleret al., 2002) For the initial treatment of
JDM, 2mg/kgday of oral prednisoloneor pulses with 30mg/kg/day of intravenous (1V)
methylprednisolone (N#P) followed by oral prednisolone are the two most commonly used

corticosteroid regimesWhen Seshadet al. lookedat the 3year outcome in a comparative
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study, no superiority was observed of one regime over the other, althoughB¥ Was used

in the most severe casefSeshadriet al, 2008) In keeping with that, residual muscle
weaknesstelapsing disease and development of dystrophic calcification were less frequently
observed in patients that received IVEBW compared to thos¢hat received oral treatment
(Rideret al,, 1994; Romicka, 1995; Rider and Miller, 198@dyitionally, in a cosgéffectiveness
study published in 2000, IV BP was superior in comparison to the oral regifhdein
Gitelmanet al, 2000) Finally, there are specific circumstances where the use of BV ¥
further supported including the presence of dysphagia and gastrointestinal involvement
where malabsorptions suspectedRousterStevenst al, 2008) Thus, many tertiary centres

are now suggestinthe use of IV NP pulses for & days followed by a 2mg/kg/day dose of
prednisolone (or IV P equivalent) Corticosteroid dose is usualiwen as a single onning

dose, as this regimen has less effects on the hypothataitudary-adrenal function and
growth, even in young childreByron et al, 1983) Regardless of the regimeused,
corticosteroid dose is then tapered over a period of months depending on the response. Some
casesof refractory childhoodIM such as antSRRantibodypositive myositis may, however,
require longterm treatment with a low dose of oral corticosteroids to prevent disease flare

(Binnset al.,, Submitted)

1.7.4 Diseasemodifying antirheumatic drugs (DMARD)
1.7.4.1 Methotrexate (MTX)

Methotrexate (MTXhas been usecither as monotherapy or in combination with other

drugs for the treatment of JDM for more thai30 years The mechanism of actiorfor
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methotrexate is complex including inhibition of purine and pyrimidine synthesis, promotion
of adenosine signalling, inhibition of transmethylation reactions, generation of reactive
oxygen species, downregulation of adhesmnlecule expressionchanges incytokine
profiles andsuppressiorof eicosanoids and matrix metalloproteinag@ownet al., 2016)

It is the most widely use®@MARD used in JDEnderset al, 2017) Despite the extensive
use of MTX, most of the knowledge about its effectiveness in JDM was based mainly on case
reports untilrelativelyrecently (Jacobs, 1977; Fischetral., 1979; Niakart al., 1980; Miller

et al, 1992; Ramanaet al., 2005) In 2016, the results of the firsandomised controlled trial
(RCTyvere publishedwhere corticosteroidnonotherapywas compared with the combeal

use of prednisdsone/ MTX or prednisoloné ciclosporin Prednisoloné MTX was
demonstratedto bethe most efficaciousegimen with a mediartime to clinical remission of

42 weeks. Additionally, the combination of prednisolone and MTX was related with a lower
adverse event rate when compared tioe prednisoloné ciclosporin group(Rupertoet al.,
2016) Additionally, early aggressive treatment with corticosteroids and MTX have been
demonstrated to be efficaciousor minimising longerm disease related complications,
including calcinosi¢Fisleret al, 2002) A large retrospective study, looking in treatment
practises in Europe and South America, demonstrated that MTX was the DMARD ofrchoice
about50%of paedatric cases in the studied regiofSuseinovaet al., 2011) Interestingly, in

a caseseries where 8 childrewith mild to moderate JDM were included, MTX in combination
with intravenous immunoglobulin were successfully used as first line treatment without
corticosteroids(Levyet al, 2010) In a recent survey performed in Germany and Austria

where paediatric rheumatologists and neurojogxperts were asked regarding their
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preferred therapeutic strategies, MTX wagisenfor 24 months in approximately 50% of the
cases(Hinzeet al, 2018) MTX is usually started at a dose d-20 mg/m?/week and
subcutaneous route is most commonly preferréehderset al,, 2017) Concomitant use of

folic acid or folinic acid has been recommended in order to minimise the most commonly seen
side effects associated with MTX &avdli et al., 1999) including gastrointestinal problems,
bone marrow suppression and hepatotoxici@rtizAlvarezet al., 2004; van der Meegt al.,

2007; Bulatoviet al,, 2011)

1.7.4.2 Ciclosporin

Ciclosporinis a calcineurin inhibitothat acts by inhibiting the transcription of-R, thereby
blocking both the development of cytotoxic lymphocytes, and the proliferation of T helper
cells(Luecket al., 1991) It has also been used in mangnires (particularly inEuropg as a
DMARD in JDMJp to 2016, ciclosporin use tideen mainly supported by efficacy data
derivedfrom smallcaseseries(Heckmattet al,, 1989; Pistoi&t al., 1993; Reifet al,, 1997)

As discussed in the section abal€.4.1, in the only RGbmparinguse ofcorticosteroids
alone versus corticosteroids plusMTX or plus ciclosporin prednisolone plus MTX or
ciclosporin were found to have a better therapeutic effect compatedprednisdone
monotherapy in patients with JDM, at 6 months and after at least 24 months of treatment
(Rupertoet al., 2016)Ciclosporirhas several side effects including renal and liver toxiartg
bone marrowsuppression(Fasanoet al., 2016) which in combination with the need of
monitoring ciclosporin levels in the blopdnakes ciclosporin use difficulh ipaediatric

practice. Therefore ciclosporin isusually reserved for refractory cases of JDM where other
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immunosuppressants have faile®f note, there have beenases of posterior reversible
encephalopathy syndrome (PRES) in patients treated wittosporin particularly when

ciclosporin wagombined withcorticasteroids (Cosottiniet al., 2003; Dzudiet al., 2009)

1.7.4.3 Mycophenolate Mofetil (MMF)

Mycophenolate mofetil (MMFis increasingly useth refractory cases of JDifFasancet al.,
2016)andfor cases complicatedith ILD not respondintp first linetreatment (Kawasumet
al., 2015) with promising resultsMMF is metabolized in the liver mycophenolic acid which
selectively inhibits the de novo metabolism of purines with a direct effect in thkf@ration
of T and B cells, antibody production aleikocyte binding to endothelial cel{Rouster
Stevenset al,, 2010) A good response and safety profile of MMF have bgleownin two
retrospective studies wheré&2 (Dagheret al., 2012)and 50(RousterStevenset al, 2010)
JDM patients weréncluded, respectivelyThe commonest side effectse diarrhoea,bone

marrow suppressiojrenaland liver toxicityCastro and Gourley, 2012)

1.7.4.4 Azathioprine

Azathioprineis a derivative of mercaptopurine that inhibits purine metabolism resulting in
the inhibition of DNA, RNA, and protein synthédMaltzman and Koretzky, 280 It has been
usedin children with refractory JDNUacobs, 197#&hereMTX has failedor in casesvhere
MTX cannot be toleratedBecause of the rarity of the diseasepst of the knowledge on
azathioprine comes from experience in adulatients (Dimachkieet al, 2014) where

azathioprine is the first choice of DMAREChoy and Isenberg, 2002Bone marrow
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suppression anthepatotoxicityare the commonest side effectd azahioprine (Castro and
Gourley, 2012)and routine blood monitoring is also recommendéasting ofthiopurine-
methyHransferase enzyme activitis recommended at initiation of treatment basemh
which subsequent adjustment ofzathioprine dosemay be neededDean, 2012)Further
testing of azathioprine metabolite§-thioguanineand 6-methylmercaptopuring has been
used tohelp optimise effectiveness and safetyadathioprine in children with inflammatory

bowel diseas€Konidariet al., 2014)

1.7.4.5 Cyclophosphamide (CyC)

CyclophosphamidéCyCjs an alkylating agent that interferes with DNA replication and has a
toxic effect to rapidly dividing cel{®onelliet al, 1976) Cyds a third line therapeutic agent
that may beusedfor severe and/or refractory)DM casewith significant organ involvement
suchascardiac and pulmonary involvementilcerative skin disease, significant generalised
subcutaneous oedema, gastrointestinal complications and the presence of significant
vasculopahic complicationsalthough there are no prospective trials of this treatment in
JDM In a retrospective review of 12 JDM cases with severe and refractory disbaseCyC
was used,10 patients demonstrated significant improvemebbth in muscular and dsa-
muscular manifestations in keeping with findingsault patients with lIMgRileyet al., 2004;
Kawasumet al, 2015) A subsequent study of 56 JDM patients treated with Cy@pared

with 144 patients not treated with CyQising a marginal structural modebpproach
suggestedsignificant improvement of overall disease activity in ©¢Cgroup at 6 months

12monthsand 24months with a good safety profil@Deakinet al, 2018) This study, though,
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had several limitationsand results should be interpreted with cautiorior example,
confounding of thewo treatment groups was not perfectly controlled for by thearginal
structural modelused for the analysis of the data, while full data on side effects were not
available as they were not systematically collec#ddpecia, nausea, vomiting, haemorrhagic
cystitis, infertility, teratogenicity and increased risk of infection and maligngkewasumet

al., 2015)are the main reported side effectsn boys of reproductive age, sperm banking
should beconsideredjn girls of reproductive agéhe use of triptorelin for ovarian protectio

has more recently been recommend@runneret al., 2015) but the evidence is limited and
there is a theoretical risk of amvertently actually increasing ovarian toxicity with this

approach

1.7.4.6 Hydroxychloroquine (HCQ)

HydroxychloroquingHCQ)is an antimalarial medication thatduces the formulation of
peptideeMHC protein complexes necessary to stimulate CD4+ T cells resulting ir down
regulation of the immune response against autoantigérgx, 1993)HCQs mainly used in

less severe cases of JOMith mild skin diseasébased onlimited evidence fromanecdotal
experience and two small review®lson and Lindsley, 1989; Sterba and Wahezi, 2014)
AlthoughHCQis thought be a very safe medicatigmcular toxicity has been recognised as a
possible side effecflhus a baseline examination is recommended ideally within 6 months of
starting therapy andhen patients shouldbe referred for annual screening after 5 years of

therapyas per the Royal College of Ophthalmologists guide(i@ghthalmologists, 2018)
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1.7.4.7 Tacrolimus

Tacrolimus is a macrolide antibiotic that forms a complex withOBKbinding protein which
then inhibits calcineurin, reducing the transcription ofaLIL-3, Il-4, TNF", and activation of
T cellfAnderssoret al., 1992; Molet al., 2005) Evidence for the use of temimus in children
with JDM originates from small case ser{gtassanet al, 2008; Huber, 2009)There is
increasing evidence for the use of tacrolimus as adjunctive to conventional treaforebi
associated ILD in adul(Kuritaet al., 2015; Wittet a., 2016)but its use inpaediatriccases

needs to be further investigated.

1.7.4.8 Intravenous immunoglobulin (IVI§

Intravenous immunoglobulin (IVIGas several aninflammatory and immunomodulatory
effects with diffeent mechanism of action being proposéd different diseasegGelfand,
2012) In JDM, IVIGs thought to downregulatecomplement activityand deposition of
membrane attack complefAC)on capillaries and muscle fis, reducethe expression of
adhesion molecules, and cytokine productiand alter pro-inflammatory moleculegene
expression in the affected muscléSelfand, 2012)IVIGis recommendd in JDM patients
refractory tofirst line treatment although the evidence erivedmainlyfrom case reports
and small case seridkamet al,, 2011) The first reports of IVIG use in JDM patients go back
to the 1980s and suggestedsignificant improvement in muscle and skin diseased
reduction in cumulative corticostoid dose used (Langet al., 1991; Colletet al., 1994;
Sansome and Dubowitz, 1995-Mayouf et al., 2000) In the largestretrospectivestudy

published in 201,130 patients treated with IVI&ere shown to havéower disease activity
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up to 4 years postliagnosis when compared to 48 IVIG naive patieggpeciallyfor those
patients thathad steroid resistant disease(Lamet al, 2011) Both the CARRA and SHARE
guidance proposed the use of IVIG in refractory JDM once conventional treatment with
steroids and methotrexate has faileat early in disease course in the most severe cases
(Mimori et al, 2007; Kimet al., 2017b) IVIG related dverse effects are usually mild and
resolve after discontinuation of the medication. The immediate adverse events include flu
like symptoms (malaise, fever, rigors, myalgia), headache, chest tightness, fatigue, dyspnoea,
back pain, nausea, vomiting, hypeor hypotension, tachycardia, and anaphylactic or
anaphylactoid reactions. Anaphylactic reactions are more frequently seen in patients with
significant IgA deficien@nd those with antigA antibodies of the IgE tygBurkset al., 1986;
Ferreiraet al, 1988) Acute renal failure, thromboembolic events, aseptic meningitis,
neutropenia, and occasionally arthritis are rare have beenreported as adverse events
(Orbachet al.,, 2005) Recently, the use of subcutaneous immunoglobulin has been reported
to be efiectivein a JDM case with systemic reaction to I{d&Inocenciet al., 2016) Reports

in adults further support that treatment with subcutaneous immunoglobulin may represent
a promisingcosteffective alternative to IVIGDanieliet al,, 2011; Abolhassamt al.,, 2012;

Gelardiet al,, 2014; Hachullat al., 2017)
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1.7.5 Biologic agents

1.7.5.1 TargetingB-cells

1.7.5.1.1 Rituximab (RTX)

Rituximab(RTX)a chimeric monoclonal antibody directedaanst the human CD20 receptor.
RTX is thenost widely used biologic agentiiiM and is thought to act primarily by depleting
CD20positive B cellgOddiset al., 2013) Case reports and case series in adults and children
with JDM havesuggestedhat rituximab may bean effective treatment in refractory cases
(Cooper et al, 2007; BadeMeunier et al, 2011; Chiu and Co, 2011although no
improvement was observed in calcinadis 2013, results of a randomized control tribht
included 152 adults with myositignd48 children with JDMvere published. Interestingly,
83% of the included patients met the deition of improvement on rituximapalthough the
primary end point was not met, mainly due to the study desidntdeen demonstrated a
better response when compared to adult patieri@ddiset al,, 2013) RTXmight have a role

in the treatment of antiSRP positeymyositis withstudiessuggesting improvement in muscle
diseaseand in muscle enzymegth RTXreatment (Valiyilet al., 2010; Lucet al,, 2012; Binns

et al, 2017) RTXis also emerging as a promising treatment for rapidly prognesILD in
patients with anttMDAS5 positive myositigWatanabeet al, 2016; Koichiet al, 2017;
Tokunaga and Hagino, 2017; $b al, 2018) Intravenous MEP, chlorphenamine and
paracetamol are recommendedh&our prior toRTXnfusion in an attempt to minimize both
early and late onset reactions, including fever, rash, headache, itchiness, back pain and severe

allergic reactiongChiu and Co, 2011Hjlypogammaglobulinaemiaandlate onset neutropenia
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have also been rapted after treatment withRTXoredisposing those patients to an increased

risk of infectiongSalmoret al,, 2015)

1.7.5.2 Anti-Tumour Necrosis Factor (TNF) agents
1.7.5.2.1 Infliximab and Adalimumab

Upregulation of TN and TNFreceptor has ben observed in muscle tissue of patients with
[IM while there is increased expression of TNF in the endothelium of patients with DM
(Efthimiou, 2006)Based on these findings, a possible role of-diNF biologic agents in JDM
has been suggestednfliximab, a chimeric monoclonal antibody, and adalimumab, a
recombinant monoanal antibody, bind to tman TNP = (i K S NB onvéth biding ® NJF S NS
receptor sites and subsequent cytokideven inflammatory processg#iuet al, 2013) In
2008, Riley et al. reported 5 cases of refractory JDEhd development of calcinosis
successfully treated with inflixiab (Rileyet al., 2008) In 2016, CampanilkMarques et al
reported results of 66JDM patients recruited from the UK actively treated with aritiF
agents,infliximab or adalimumal with significant improvements in overall disease activity
including muscle and skin involveme(@ampanilheMarques et al., 2016b) In contrast,
etanercept a recombinant DNAlerived protein composed of TNF receptor linked to the Fc
portion of human IgGlwas not shown to be efficaciouss two prospective case studidser

adult DM and JDM respectively(lannoneet al, 2006; RousteBtevenset al, 2014) A
paradoxcal effect has been reporteih adults with DM treatedwith infliximaly there was
upregulation of type linterferon (FN activity associated not only witHack of clinical

responsebut also withdisease exacerbatiofpastmalchet al., 2008) Moreover,in a recent

72



systematic literaturereview, 20 patientswere described wher@mew onset of DM/PM was
recordedas a result oainti-TNF treatment for other autoimmune diseag@unasscet al.,
2014) This could be the resutif the increased IFN production after treatment with anti
TNF agent$Brunasscet al., 2010) IFN! has been found to be increased in muscle tissue of

DM patients(Giriset al., 2017) The exact mechanism is nget understood.

1.7.5.3 Other biologic agents

There are increasing reports of the wuse of other biologic agents in
dermatomyositis/polymyositismainly in adult patients A recently published review of
current pharmacological treatmerfor idiopathic inflammatory myopathie@~asancet al,
2016)described three cases of refractory myositis treated with tocilizunaeblL6 receptor
antagonist, with promising results.Abatacept, a soluble fusion protein comprising the
extracellulardomain of humancytotoxic T-lymphocyte associatedntigen4 (CTLA}) and a
fragment of the Fc domain of humammunoglobulinG1, has been reported to be effective

in arecalcitrant JDM case with ulceration andataosis(Arabshahket al,, 2012) Abatacept
inhibits Fcell activation by binding to CD80 and CD86 on antigen presenting cells, thus
blocking the required CD28 interaction between antigen presenting cells acellsT
(Tjarnlundet al., 2018) In a phasdlb randomised delayed stadlinical trial in which 9 DM

and PM adult patients were treated with abatacept, lower disease activity was observed in
nearly half of the included patien{§jarnlundet al., 2018)with an acceptable safety profile.

A number of other biologic therapies have been used in adults with 1IM, including sifalimumab

(ananti-IFNh monoclonal antibody)alemtuzumal{a humanized artCD52 IgG1 monoclonal
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antibody) eculizumalf a humanized a5 IgG2/4 monoclonal antibodgihd basiliximal§a
chimeric antilL-2 receptor monoclonal antibodyput none of them has been ever used in

children(MoghadamKiaet al., 2017)
1.7.6 Adjunctive therapies

In addition to the therapeutic regimes described above, a number of other pharmacological
and nonpharmacological treatments are used in patients with JBi\h factor sunscreen is
recommended to be usedn a daily basis to prevent disease flafemn UV Ight exposure
(Enderset al., 2017) Calcium and vitamin D supplements are used to prevent development
of osteoporosis resulting from immobility and loteym corticosteroid usgSoybilgicet al.,

2014; Vojinovic and Cimaz, 201bhe use of gastroprotective medications is suggested along
with mainstream treatment to prevent gastrointestinal ulceration, bleeding and ultimately

perforation associated with corticosteroids u@éarumet al,, 2014)

Physiotherapyand occupational therapy are important adjunctive measures. Children with
[IM are usually deconditieed and have reducedunctional ability. They often experience
significant fatigug(Takkenet al, 2005)and are unable to perform aerobic and anaerobic
exercises(Butbul Avielet al, 2011) Moreover, deceased physicahctivity along with
corticosteroid treatmentincreasethe risk of obesity, development of diabeteand in the
longerterm, cardiovascular diseagan area that will be considered in much more detail later
in this thesis)A specialized phystherapy program is essential to prevent development of

joint contractures and to rebuild muscle strength Several studies have demonstrated the
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benefit of a specialized physiotherapy program in increasing muscle strength and improving

muscle endurancéMaillardet al., 2005; Haberst al., 2012)

Despite the increased knowledge about the pathogenesis of JDM and availability of different
treatments the outcome of JDM still varies significantly from patient to igatt As
vasculopathy is central to the pathogenesis of JDM understanding the underlying mechanisms
and developing ways of monitoring the vasculopathy may help develop new therapeutic

approaches

1.8 The vasculopathy of JDM

Themicrovasculature composes of vessels with a diameter #@00hich includes arterioles,
capillaries and venule@Prieset al, 1990) Vascupathy refers to the nonanflammatory
changes of the microvasculature mainly caused by immune complexes deposition and micro
thrombosis in contrast vasculitis mainly refers to an inflammatory process characterized by
leukocytic infiltration and fibrinoidchanges of the vascular wdBavage and Ng, 1986)
Microvascular alterations are hallmarks ofveeal connective tissue diseases including JDM,

which is characterised by both vasculopathic and vasculitic fea(Beesker and Victor, 1966)

Vasculopathys suggested tplay a central role in the pathogenesismfiscleand cutaneous
involvement (Whitaker and Engel, 1972; Bohan and Peter, 19@5¢hildren with JDM.
Vasculopathy has also a central role in the development of other severe systemic features of

the disease intestinal ischaemia and perforation, interstitial lung disease and fibrosis,
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dystrophic calcificationCNS and cardiac involvemen(Croweet al, 1982; McCanret al.,
2006) Thus, development and persistence of vasculopathy contributes significantly to the
burden of JDM in childre and longterm prognosis The exact nature of vasculopathy
remains unclegrandprobably demonstrates a dynamic effect aséems to diffeat different

stages of the disease

Early on at (or close tojlisease onsethere is evidence of a true inflammatory small vessel
vasculitis driven by interferons and other cytokin®ghitaker and Engel, 1972; Baechégr

al., 2007) Characteristic muscular findingsclude the presence ahflammatory changes in
the proximity of perimysial arteries along with microinfarcts, perifascicular atrophy and
ischaemicvacuoles in the muscle fiboredmmunoglobulin and complement have been
identified in the vessel walls of skeletal muscle in children with {Diitaker and Engel,
1972) Complement deposition of the terminal GB8omembrane attack complex (MAG)
seen in lesional muscle biopsjesiggestve of an immunemediated small vessel vasculitis
(Whitaker and Engel, 1972; Kisselal, 1986)(Figure 1.10. A hypothesis for more than 20
years has been that circulating antibodies against endothelial antigens damage blood vessels;
the resulinginjury then leads to complement deposition which results in ischaemic myofiber
injury visible as perifascicular atrophgd infarction. Activated MAC then triggers endothelial
cells to produce a number of proinflammatory cytokingsindberget al., 1997)which further
promote the inflammatory process through a positive feedback loop that upregulates
endothelial intercellular adhesion molecule(ICAML1) and vascular cell adhesion molecule

1 (VCAML) (Sallumet al., 2004) Moreover, activated MAC and subsequently endothelium
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results inB-cell, CD4+ -€ell, and plasmacytoid dendritic cell infiltrationith an important

later effect on angiogenesi®alakas, 2015; Findlay al,, 2015) Activated dendritic cells lead

to increased type | IFN productiomhis islemonstrated by increased levels of type | IFN and
upregulation of type | IFN related gene expression, including the IFN stimulated gene-15 (ISG
15) and a typel interferon inducible antiviral molecule (MxA), in the plasma and muscle
biopsies(Baechleret al., 2007; Walstet al, 2007) Type | IFN have a number of different
biological effects, including impaired myotube differentiatidiffranzi et al, 2013)
upregulation of major histocompatibility complex (MHC) class | and class Il resulting in
activation of endoplasmic reticulum stress response in Pgarajuet al, 2000) and
upregulation of adhesion molecules promotingdll migration(Wedgwoodet al., 1988; Fall

et al,, 2005; Baechleet al, 2007; Elorant&t al,, 2007; Lopez de Padil al., 2007) such as
macrophage inflammatory protein (MIP), monocyte chemoattractant protein (MCRhd
MCR2. T-cells are further involved in the disease process through lesibrdlper type 17
(Th17) cells, which further affect-6_and IE17 production that relate to the interferon
response and disease activitpdeed,type | IFNs are increasingly recognised to play a central
role into the pathogenesis of JDM and constitute determinants of the associated vasculopathy

(Baechlert al., 2007)

Later in thecourse of JDMendothelial cell swelling, necrosis and luminal occlusion of
capillaries and arteriole@Croweet al., 1982; EmsliSmith and Engel, 1998je characteristic
vasculopathic features of the diseasmpaired repair mechasims subsequently lead to loss
of the capillary networKFallet al., 2005) Capillary dropout isa commonly and well reported
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observation in JDMas it comprisegshe major vasculopathic featuredetected in muscle
biopsies and in the skifemslieSmith and Engel, 1990; Milesal.,, 2007; Wedderburmet al.,

2007c; Christeizaechet al,, 2008) The reason for the impaired blood vessel repair is not fully
understood. A number of different cytokines and chemokines, such-BsIAN", and IFN',

have angiostatic effeston endothelial cells(Koch, 1998) Moreover, the IFN induced
angiostaticCXC chemokingBat lackthe 3cr YAy 2 | OAR &aSljdzSy O0S pDf dzn[ S
including CXCL9, CXCL10 and CXk4vd been found to be elevated in muscle biopgke|

et al, 2005)and serum of untreated JDIdatients (Fallet al., 2005; Baechleet al,, 2007)
correlating with the degree of capillary loss, mononuclear cell infiltration and strongly to the
vascubpathy of JDM. Neovascularization has been suggested to take place later in the disease
procesgNagarajtet al,, 2006)and in response to treatment, suggesting that the vasculopathy

of JDM is a dynamic process.

Occlusive vasculopathy the main risk factor for disease chronicity having a major impact in
the development of the severe complications of JDiNcluding: skin ulceration
gastrointestinal vasculitis causingtestinal ischaemia and ultimately gut infarctiaand
cardiopulmonary involvementPachmaret al., 1998; Mamyrovaet al., 2007; Gitiawet al.,

2016) It is also possible that occlusive vasculopathy contributes to chronic subcutaneous
calcinosis, which occurs in up to 34% of cd8é&sCannet al., 2006; Marhauget al, 2008)
Whilst in general terms it is believed that corticosteroids are effective for the treatment of
true vasculitis in the early stages of JDiMis suggested that corticosteroids maptentially
worsen the occlusive vasculopathy that occurs in the later stages of the diddalsdmezt
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al., 2001) This observation emphasises the importance of better understanding the
pathogenesis of the vasculopathy of JOMuse existing medicatiajudiciouslat different
disease stages, to facilitate the development of ndvieimarkers to guide treatment, and

ultimately aim foralternative, more targeted and individualised therapeutic approaches.

a

Figure 1.10Muscle biopsy findings in a patient witduvenile dermatomyositisJOM. (A)
Haematoxylin and eosin (H&E) stain showing vessel endothelial swellBp.
Immunohistochemical staining for membrane attack complex (MAC) showing deposition on

muscle capillarie€riginal magnification 40x.

1.9 Noninvasive detection of vascular injury in JDM

Endothelial injuryis thought to be an early event in the development of vascular disease in
JDM. Although, the endothelium was initially thought tde a simple layer coverinthe
vascular treewith no specific functions other than a physical layer between blood and the
underlying tissues with prdetermined permeability to water and electrolytéRajendraret

al.,, 2013) it is now well recognised that endothelium plays an importesie in vascular
79



homeostasis throughregulation of vascular toneand growth leukocyte and platelet
interaction, and maintenance of the balance between thrombotic and anticoagulant

properties of the blooqVerhamme and Hoylaerts, 2006)

Endothelialactivation and injurys characterised by enhanced production of the vasomotor
factors, overexpression ofadhesion molecules and selectins, overproduction of
proinflammatory cytokines and chemokines and alteration of thrombotic pathRgberet

al., 2009) Significant injurysubsequently leads to endothelial cell desquamation from the
vessel wall resulting irentire endothelial cellso be shed into the circulation Injured
endothelial cells may alsdegrade their cell surface heparan moietiesxd may release
membrane vesicke knownas endothelial microparticles(EMP)(Brogan and Dillon, 2004,

Broganet al,, 2004; Pobeet a., 2009)

One major hurdle to the study and detection of the vasculopathy of JDM has been a lack of
norinvasive biomarkerslissue biopsy, and/or arteriographgxtensively used in systemic
vasculitides for the detection of vascular injBroganet al., 2002; Brogaet al., 2010) are

too invasive to be used repetitively for regular monitoring and follgmof children with JDM.
There ha been increasing interest iplasma biomarker®f endothelial dysfunctionwith

efforts mainly focusingn solublecellular alhesion molecules, including ICAMVCAMI, E
selectin and othergHwanget al., 1997;Ridkeret al., 1998)whichare typicallyfound on the
surface of endothelial cells in response to activation. Despite thenskte study of these

molecules, their prognostic role remainacertain Broganet al., described two methods for
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detecting endothelial cell components in blood which allow fmovasive assessment of
vascular injury: circulating endothelial cells (CEQ),EEMP(Brogan and Dillon, 2004; Brogan
et al, 2004, Clarket al., 2008; Clarket al., 2010; Eleftherioet al, 2011; Eleftherioet al,,
2012) CEC and EMP could therefore serve asinwasive biomarkers for thdetection of
endothelial injury, monitoring of response to treatment and predictiondcfease activity
trajectories relatng to persistent endothelial injury in JDMirtually nothing is known about
these indices in JDM, howevek.background into the development of these biomarkers is

provided in individual chapters.

1.10 Accelerated atherosclerosis in JDM

Atherosclerosis is caidered a chronic inflammatory process. Circulating leukogytben
attached to the endothelial layemitiate the atherogenic process ultimatelyleadngto the
development ofatherosclerotigplaquegSinghet al,, 2002) Atherosclerosis is known to begin
early inchildhood with reports suggesting a decrease in @matistensibility starting at 2.3
years of aggVogeset al, 2012) Accelerated atherosclerosis has besmownto be an
important determiningfactor for the mortality and morbidity in patients with autoimmune
diseaseqEsdaileet al, 2001; Meuneet al, 2010) A recent study comparing patients with
rheumatoid arthritistRA)and patients with diabetes found equal frequency of atherosclerosis
between the two diseaseStamatelopoulo®t al, 2009) Endothelial dysfunctiomas been
demonstrated as key step in the initiation and maintenance of atheroscler(fSisyers and
Miller, 2014)suggesting that endothelial dysfunction may be the link mechanism between

chronic inflammatory diseases and atherosclerosis. Increased circulating inflammatory
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cytokines and chemokines, autoantibodiesgeting endothelium (directly, or indirectljia
immune complex depositionjnay work in concert withtraditional risk factorsto drive
cardiovascular diseasehich subsequently leads tysregulation of endotheligdathologic
vasarelaxation, enhancg leukocyte adhesionto endothelium impaired endothelial
permeability and a prothrombotic statactivated endothelial state(Steyers and Miller,
2014) It has thus become evident that endothelial dysfunction can be used as an early
indicator of atherosclerotic disease before the development of structuradreait changes

and has been suggested as a possible predictor of future cardiovascular €Nen#ékiet al.,

2009; Yeboalet al., 2009)

Regardless of the exact nature of the small vessel vasculopathy inidEhé, longer term
chronic endothelial injury may result in structural arterial changtsctingboth peripheral
and central arteries, ultimately leading to accelerated atherosclerosis and premature
cardiovascular morbidity later in adulthoo&everal risk factors could contribute towards
that: the chronic and inherent vasculopathic nature of the diase chronic systemic
inflammationn and the presence of traditional cardiovascular risk factors that ramre
frequently observed idDM including hypertension, dyslipidaemia and diabé&®nungsson

et al, 2001; Solomoret al, 2006) In support of thisadolescent patients with JDM have
higherriskof cardiovascular and cerebrovascul@eahse, including atherosclerosis, transient
ischaemic attacks and cerebral infarctjdn a large retrospective studisilverberget al.,
2018) Similarly, when 8 adults with a history of JDM were compared with 8 healthy controls
in a small pilot study, thewere found to haveevidence ofaccelerated atherosclerosis as
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demonstrated by increasechrotidintima-media thickness (CIMT) aatteredflow-mediated
dilatation (FMD)(Eimeret al, 2011) It is thus possible that the combination of chronic
endothelial injury caused by persistent small vessel vascuitr®nic systemic inflammatig
longterm corticosteroid usesedentary lifestyle and conventional cardiovascular risk factors
predispose patients with JDM to early atherosclero3ias altered risk of cardiovascular
diseases may be reflected ndothelial dysfunction, even in the absence of detectable
atherosclerosisThe study of endothelium and its dysfunction malyus, shed lighton
pathophysiological mechanisms that drive acceledattherosclerosis in this population,
early detection of which is essential for the development of preventative stratepksto
reduce tre risk of accelerated cardiovascular morbidity before thpséients progress into

adulthood

1.11Hypothesis and aims

Thisthesiswas based otthe followinghypotheses

(a) The vasculopathy of JDM begins as an inflammatory small vessel vasculitis driven by
pro-inflammatory cytokines (includinig-Ns andIFNregulated cytokines/chemokines)
that target the endothelium;

(b) As a consequence of vasculitis and systemic inflammation, circulating microparticles
(MP) contribute to occlusive vasculopathy by promoting intravascular small vessel
thrombin generation;

(c) Strucural mediumsized arterial changes indicative of premature atherosclerosis will

develop as a consequence of endothelial injury and prothrombotic processes.
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The specifiaimsof thisthesis wereto:

) Examinewhether biomarkers of endothelial injury, subclinical inflammation and
hypercoagulability relate to clinical disease activity, treatment and development
of calcinosis in a large cohort of JDM patients.

(i) Establish whether structural arterial changes and endothelial dysfunction
indicative of premature atherosclerosis may develop as a result of JDM and its

related vasculopathy.

84



2 Methods and materials

General methods used in this thesis are described in this chapter. More deatzeliabds are

provided in the individual chaptershere applicable.

2.1 Subjects

2.1.1 Study design and patient population

Patientsaged 219 yearsold with JDM as defined by Petand Boharcriteria (Bohan and
Peter, 1975yvere recruited from Great Ormond Street Hospital Ntd8ndationTrust (GOSH)
through theJuvenile Dermatomyositis Cohort and Biomarker Study (JO@BG6anret al.,

2006; Martinet al, 2011) The JDCBS is a national registry for children with IIM based at
University GollegeLondon (UCL¥reat Ormond Street Institute of Child Healliwunched in
2000 (Martin et al, 2011) To date589 children have been recruited frorh6 participating
centres across the UK. At GOSH, patients were recruited through the outpatient JDM clinic
and through inpatient ward admissions. Informed consent was obtained from all

parents/guardians andge approprige assentwith local ethial approval (MREC 1/3/022).

Patients withnon-JDM associated emorbidity that could cause endothelial injury (sickle cell
diseasetype 1diabetesmellitus, chronic kidney failurechronic infection, or malignancy)

were excludedrom the study
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Two study designs were used:

Study 1was a crossectional studyhatexaminel biomarkersof endothelial injuryin patients
already classified as having active JDM compared to those with inactive JDM and healthy

controls.

Study 2was aprospectivestudy thatexaminal endothelialbiomarker changes over time in

patients with JDMdtudied longitudinallyat recruitmentand latest followup appointmenj.

2.1.2 Healthy controls

Biomarkers of endothelial injury were also studiedagesimilarand sexmatchedhealthy
controls recruited to two other major projectsexamining endothelial injury biomarkers in
systemic vasculitis ansitroke in children 1. A action medical research fellowship to Dr
Eleftheriou(Eleftheriouet al,, 2012) 2. A Kawasakdiseasestudy funded by the British Heart
Foundationled by PABrogan(Shahet al., 2015) Additional controls were recruited through

the Versus Arthritis (formerly known aArthritis Research UKCentre for adolescent
rheumatology young scientist dgyshere adolescents were invited to spend a day in the lab
and donate blood with iformed written consent.Healthy wlunteers recruitedas controls
through these young scientist days or within staff at UCL were approached if they had no
medical history of acute or chronic illnesses and specifically no symptoms of intercurrent
infection at time of sampling. Informed consent was obtained from all adolescent participants

with local ethi@al approval RECL1/LO/033Q.

86



2.1.3 Clinicaldata collection and disease activity measures

The following information was collected for atudy participants. age, sex, race/ethnicity,
height, weight, body mass index, blood pressuage of disease onset, age at diagnosis,
disease duration at recruitmentamily history of cardiovascular diseasamoking status,
histopathology scores from muscle biopsy performed at diagnaalsoratory testresults
were documented forhaemoglobin (Hb), platelets (PLT), white cell count (WCC), neutrophils,
lymphocytes, cholestet and triglyceridesantinuclear antibody (ANA) statusand MSA
clinical manifestationsand treatment regimas used Testingof MSAwas performedat Bath
Institute for Rheumatic Diseases using a combinationmohunoprecipitation and ELISA
(Tansley et al., 2017The following MSA were screeneahti-TIFD, anti-OJ,anti-EJ,anti-
PL12,anti-PL7,anti-SRP,anti-Jo1, anti-Pm-Scl75, anti-Pm-Scl100,anti-Ku, anti-SAE ,anti-

NXP2anti-MDAS5,anti-Mi2, and anti-Ro52.

Different validated tools and indices already used in the JDCBS cohort were employed to
capture the extent of disease activityhesewere:

1. The dildhood Myositis Assessmentde (CMAS)CMAS is a guantitative, nenvasive
measure of physical funicin, muscle strength and stamina used in children with [IM. It was
first published in 199%nd validation studies have been performg@avellet al, 1999; Huber

et al, 2004) It comprises a Xtem instrument. When all scores are added the total sum
ranges from O (very poor physical function and stréngb 52 (normal physical function and
strength). Physicians usually needl® minutes to perform the whole assessmehhis tool

is provided inrAppendix2.
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2. Manual Muscle Testing (MMT-8). MMT-8 is a measure of muscle strength which assgess
the strength of eight muscle groupseck flexors, deltoid, biceps, gluteus maximus, gluteus
medius, quadriceps, wrist extensors and ankle dorsiflexgt&leret al., 2010) Each muscle
group is evaluated using ieR | f cllCpaintstale(HarrisLoveet al., 2009) scores are then
added to provide a totarangng from (/80 (very weak)to 80/80 (normal muscle strength).

The tool is provided iAppendix 3.

3. Laboratory markers of disease activithefollowing laboratory markers of disease activity
were collected: erythrocyte sedimentation rate (E®&erence rangeRR< 10 mm/h, G
reactive protein (CRPRR < 20 mg/), creatne kinase (CKRR 6¢330 U/, alanine
aminotransferase (AL RR10-35 U/l), aspartate aminotransferase (ARR15-50 U/l) and
lactate dehydrogenase (LDRR450¢770 U/). Serum levels of muscle enzymes have been
traditionally used asnarkers of myositis activity. LDWhen combined with ASThas been
suggested to represent a good predictormoyositisflare in IDM(Guzmaret al.,, 1994)

4. Physician Global Assessment (PhyGLOVAS) of disease activityl 0sing\asual analage
scale(VAS) Thetreating physiciarrated their subjective impression of the overall disease
activity using a 14&m VAS, with O corresponding to no disease activity and 10 to maximum
disease activityRideret al., 1997)

5. Modified SkinDisease activity score (DAhisis a 5-point skin DAS adapted for
retrospective studies, wherein a higher score corresponds to wakisalisease activityLam

et al, 2011) The JDMmodified skinDAS assesses the degree of skin involveraedithe
presence of vasculopathic manifestations. It gives a score ranging frors. 0 ke following

items are scored in the modified skin DAS:
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=

Erythema (2 points if present).

=

Gottron'spapules(1 point if present).

=

Heliotroperash(1 point if present).

1 Vasculitis (1 point if present)includesabnormalities in nailfold capillaries
This skirDAS has been validated and has been found to have good interrater agreement with
low variability and good internal consisten¢fdodeet al., 2003; CampanilhtMarqueset al.,
2016a)
6. Functional ability through the Childhood Health Assessment Questionnaire (CHAQ)
CHAQ assesses the ability of the child to perform daily acti{8ieghet al,, 1994) TheCHAQ
correlates better with measures of muscle strength than muscle enzyanelsresponlswell
to clinicaly significant change@-eldmaret al., 1995; Hubeet al., 2001) A copy of the BAQ
is provided inPAppendix4.
TO tFNByadQa 3Fft 201t | &as dang6naldoceh VASIFRaSGLOYAB)A Sy
the parentof the child withJDM and/or the child (if aged appropriately make a global

FaaSaaySyd ozefll wello@ngO & 70 CrR\AS.

2.1.4 Patient goups

A modified definition of tha®RINT@riteria for inactive JDM was usédazareviet al., 2013)
Patients were classified as having inactive JDM in the absence of skin disease at time of

assessmeniand 3 at last of the following 4 criteria:

1. &KX mMpn | K[ Z
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2. OMASX Ny KpPHZ

3. MMTy % TykynI |YyR

4. PhyGLOVAS, H®H
| chose this approach asracent study(Almeidaet al, 2015)demonstrated thathe PRINTO
criteria for JDM clinical inactiviisease(Lazareviet al., 2013)are mainly weighted towards
muscle diseasaand in some cases skin disease is disregarded. To account for that | modified
the PRINTO definition to include the absence of skin disease as@atory criterion for the

definition of clinically inactive diseag® my cohort

2.2 Materials

2.2.1 Reagents for blood collection

The following samples were collected fraldMpatients andhealthycontrols: 1.4ml of 3.2%

trisodium citrate (Sartsedt), 1.2ml of Ethylenediaminetetraacetic acid (EDTA; Sartsedt), 1.2ml

of 5 mipolypropylenecontaining no anticoagulant (Serum Z; Sartseférile 20 ml universal

0200t Sa O2y il Ay Ay Be hepannf(mogoparin, DRSphdsnaReticals @, F NJ
1000 U/mlwerealsocollected when Peripheral Blood Mononuclear cell (PBMC) isolation was

needed.

2.2.2 Preparation of platelet poor plasma

Blood from patients/child controls and adult healthy volunteers wasect#d in 3.2%

buffered citrate. Samples were transferred to aliquots and centrifuged at 5000 g for 5 min
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twice to obtain platelepoor plasma (PPP). PPP samples were divided into aliquots and stored

at ¢80°C for future batch testing.

2.2.3 Preparation of serum

Blood from patients/healthy controls and adult healthy volunteers was collectes mil
polypropylenecontaining no anticoagulantibes. Samples were left at room temperature for
2 to 4 hours and they were then centrifuged at 2500 g for 10 min to obtaumnseSerum

samples were divided into aliquots and stored;80°C for future batch testing.

2.2.4 Isolation and enumeration of CB@lith immunomagnetic bead extraction
2.2.4.1 Bead based extractioneagents
The following reagents were used:

1 DYNAL bead technology (Invitrogen) was used for isolation of CEC: Dynabead Pan
mouse IgG were labelled with an unconjugated IgG1 antibody to CD146, ¢odes
(Biocytex).

1 The Dynal MGR magnet which holds-& ml tubes was also used.

1 Phosphate bufferegaline (PBS; Sigma).

1 0.1% bovine serum albumin (BSA; Sigma).

1 PBS containing 0.1% BSA and 0.6% sodium citrate (PBAC).
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2.2.4.2 Preparation of immunomagnetic beads

I G2GFrt 2F opn >t 2F o0SIFR& o5eylf anpn LIy
polypropylene tube. The tube used was then placed into the magnet {M®Pgnal Biotech)

for 2 minutes allowing the beads to attach to the wall of the tube. The supernatantheas
carefullydiscarded,and the remained beads were-suspended in 1ml PBS with 0.1% BSA

added. The tube was placed in the magnet again and the supernatant discarded asvadove

further times. The beads were finally-fedza LISY RS R A Y dDpl% BSA) an@4P0 t . {
>t eghdoma l yGA0O2Re 6. A2080SEUV 6SNB | RRSR O0FAYIf
sealedand the sample mixed on a roller mixer 2 hours at 4C. Beads were washed 3 times

as before and resuspended in a final volume ofrdl of PBS for further use. Stored beads at

4°C were used up to 6 weeks after preparation.

2.2.4.3 CEC extraction from peripheral blood

CEC were isolated according to an international consensus prqidoywodtet al., 2006a)

One ml of venous blood was collected into EDTA tubes. Samples were processed within four
hours of collection as it has been previously demonstrated that CEC numbers reduce
significantly 24 hours after blood collectigfvoywodtet al,, 2006a) One ml of the collected

blood was mixed with 1 ml of PBAC in a5 ml tieenty> f 2 ¥ COlockids @e&gedii 2 NJ
(Miltenyi. A20S0O0 ¢6la IRRSR YR AyOdzol SR FT2NJ p YA
prepared antiCD14@coated immunomagnetic beads (cloneedo-1; BioCytex and Dynal

Biotech) vere then added, and the sample was incubated in the cold room (4°C) for 30

minutes with rotation. Beatbound cells were separated using a magnet (MP®ynal
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Biotech) and washed 3 times with buffer. Cells were theiizd LISY RSR Ay dn > f
mn >t -m@ril préparation of FIT{abeled Ulex europaeus lectin (Sigwklrich) were

also added. The sample was then covered with aluminium foil and incubated at room
temperature for 1 hour. Cells were finally washed three more times arglspended in a

FAYIE @2tdzYS 2F wnn >f 0dzF FSNW

2.2.4.4 Enumeration of CEC

For the enumeration of CEE& Nageotte chamber was used on a fluorescence microscope.

/| 9/ 6SNB RSTAYSR la OStfta Bpmn >Y AY RAIFYS(HSI
(Woywodtet al., 2006a)Figure2.1). Nageotte countinghamberK 2 f R4 pn >f 2F &l
40 lines. CEC were counted over the 40 lines and multiplied by 4 to get the total volume per

ml of whole blood.
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Figure2.1Circulating endothelial cell ®Gidentified with fluorescent microscopeCEQvere

defined as Ulex bright cells, more tharrt®in size with more than five beads attached.

2.2.5 Quantification of chemokines/cytokines and soluble molecules

Serumaliquots previously stored aB(°C were usedHighsensitivity @eactive protein (hs
CRP), serum amyloid A (SAA), angiopoietin 1 and 2, sokdelledtin, soluble intercellular
adhesion molecule 1 and 3 (sICAMind sICAMB), soluble vascular ce&tlhesion molecule 1
(sVCAML), soluble Pselectin thrombomodulin(TM),interferon gammainduced protein 10
(IR10), monocyte chemoattractant proterd (MCPL), interleukin 10(IL-10), interleukin 6 (1L
6), interleukin 8 (H8), interleukin 1 beta (HLB),tumour necrosis factoh  0-¢ Aintrferon
alpha2a(IFNh 2a), interferon beta (IFM Unterferongamma (IFN éndinterferon-lambda
(IFN<) were assessed wusing a mudiray detection system based on
electrochemiluminescence technology (SECTOR Imager 2400; MesoScale Dis¢Siery
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Briefly, multiarray plates precoated with capture antibodies were usebhirty-five >| of each
sample was adedd along with a solution containing detection antibodies conjugated with
electrochemiluminescent labels. Analytes in the samplesd bim capture antibodies
immobilized on the working electrode surfagedrecruitment of the detection antibodies by

the bourd analytes completed the sandwich. A buffer was then added which provided the
appropriate chemical environment for electrochemiluminesceriiee analytes of interest
were captured on the relevant electrode. Plates were then loaded into an MSD instrument
where a voltage applied to electrodes on each plate caused the captured labels to emit light.
The intensity of the emitted light was then measured by the instrument providing a
guantitative measurement of analytes in the sampl&s.important advantage of th system
isthe ability to simultaneously measure different biomarkers in small (250UL) serum or

plasma samples. Steps were followed as per manufacfygeotocol.

2.2.5.1 Quantification of Galectin9

Previously stored serum samples were used frqurantification of Galecti¥®. The method

used was a soliphase ELISA [solphase Human Galecti#® Quantikine ELISA Kit (R&D
systems)].Briefly, this assay employs the quantitative sandwich enzyme immunoassay
technique. Microplates preoated with a mondonal antibody specific for human Galectin

9 were used. 108 of standards and samples were pipetted into the wells. Present Galectin

9 was bound by the immobilised antibody. After washing away any unbound substances, an
enzymelinked polyclonal antibodypecific for human Galectif was added to the wells

followed by further washing to remove any unbound antibedpgent. The substrate
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solution was then added to the well§he above steps described ave followed as per

YIydzZFl OGdzZNBNDR&a AyailiNdzOGAzyaod

2.2.5.2 Quantification of Tumour Necrosis Factor Receptor Il (TNFRII)

For the quantification of TNFRII theSB®Human TN#RII UltraSensitive Kit was used. This is
a commercially available detection system based on electrochemiluminescence technology
(SECTOR Image400; MsD. The technique followed was the samedescribed at section

2.2.5with the exception that 5l of samples were added to each well.

2.2.6 MP Isolationand enumeration

Stored PPP asthawed quickly in a 37°C wateath and 100200 >| of plasma werghen
centrifuged at16,000g forl hourat 4°C.The supernatant was carefully decantadd the
resultantMP pellet (usually invisible) waken resuspendedn 100> of 1x Annexin V binding
buffer BD PharMingen, Oxford, United KingdorRorty >l of the reconstituted MP were
plated onto the wells of a 96 well-hbttomed plate to be ready for staining with Annexin V

and other monoclonal antibodies.

2.2.6.1 MP labelling

For the detection and quantification ®fiP the following steps were followedt>| of each

antibody along with 3l of 1xAnnexin V binding buffefa total volume ofLl0>L) was added to

96



the 40> of each sample in order to achieve a 50x final dilution of each antiddatyfollowiry

antibodies were usd (Table2.1):

1 Annexin V conjugated with fluorescein brilliant violet 421 (BV421, Bioledgend)
binding with phosphatidylserinthat is present in all MP

1 Rphycoerythrin (PGB Mouse Anti-Human CD62eClone 68H11 (Biolegend for
definingendothelial derived MP

{ Brilliant Violet 711 (BV711)Mouse AntiHuman CD1Clone HIB1g. 5 h LJG R . dzA f R:
for identifyingB-cell derived MP

1 Brilliant Violet 605 (BV605) Mouse Ahtuman CD14, Clone M5E2 (Biolegend) for
identifyingmonocyte derivedVP.

1 Allophycocyanin (APG Mouse Aiti-Human CD3 Clone UCHT1 (Biolegend) for
identifying T-cellderived MP

1 To assess tissue factor (TF) expression on monocyte derived MP, samples were stained
with mouse fluorescein isothiocyanat€FITQ ¢labeled antihuman TE Gone VD8
(American Diagnostica, USA)

1 Finally, to exclude a platelet origin of these MP all sample®wdditionally stained
with Peridininchlorophyltprotein Complex ConjugatéPerCPB mouse anti-human

CD42aCloneBeb1(BD Pharmingen

The samples weréhen covered with a plate sealer and aluminiuimil and placedon an
orbital shaker at 500rpm abom temperaturefor 20min. A total of 150>L of 1x Annexin V

binding buffer wasadded to each sampl® terminate the incubation and all samples were

97


https://www.biolegend.com/en-us/search-results?Clone=UCHT1

transferred to FACS tubes before beammplysedoy flow cytometry Two alditional samples

were also prepared to serve as negative contrbisr the negative control tube200 >[ 2 ¥F

Annexin V Binding Buffevere added to one tubevithout staining with any antibodies

Probe Microparticle | Fluorochrome| Isotype Clone Dilution
type Conjugate
Annexin V All Bv421 N/A 1:50
(Cd?free)
CD62e Endothelial PE L3IDHI| HCD62E 1:50
(activation)

CD14 Monocyte BV605 L3aDHLI M5E2 1:50
CD19 B-cell BV711 IgGx ¢ HIB19 1:50
CD42a Platelet PerCP IgG1 Bebl 1:50
CD3 T-cell APC LabDm3y UCHT1 1:50
CD142 Tissue factor FITC IgG1 VD8 1:50

Table2.1. List of antibodies used fadefining differentmicroparticle (MP)populationswith

flow cytometry.
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2.2.6.2 GatingStrategy

MP were simulated using differestzes of standarthtex microbeads @.3> Y 1.1 > Yand

3> Y Sigmg, and aMP gate was determined using these standards. The MP gate included
11>Y 0SFR& AY AG& dzLIISNI I YR 2 dNIPSWNE aBizeNdH/<S NJ & 2
1.1> Ywhile for the lower limits the 0.3> Ybeads were usedFgure 2.2). Staining with

Annexin V(AnV)was further used to distinguish MP from background electricaise.

Therefore, in this study, MRere defined aseventsAnV+ andvithad AT S .f M dm>

150
A B |
3 pm bead ™, Ii
3 |
10 MP region
b 100
£ o 0.3pm 1.1um
[} L )
S 1.1 pm bead = - | | i|
s © I |
put o |
]
2 < 50 |
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o |
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'
| I
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.,
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Side scatter Side scatter

Figure2.2 (A, B) Gating strategy for microparticles (MP) identification using sizalibrated
Tt d2NBaAaOSy(d o6SI Ra Ndtaydard M@0 FINREZ nabol S22 o wdYm

G2 aSié GKS 3JrdAyRo2PYadSFRawMOmS NBrdNHzy 02y Oc

determination of absolute number of MP/ml of plasma (see se&idr6.4).
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2.2.6.3 Flow Cytometry analysis

All samples were analysed on a LSRII flow cytometer (BD, UK) with the FACSDiva software (BD
Biosciences, NJ, USA). Forward scatter scale, side scatter scale, and each fluorescent channel
were set in logarithmic scale. The flow rate was set on low, arghaiples were run for 30
secondsSpecifiggating for each antibody was achieved by using appropriate isotype controls.

As there was no isotype control for Annexin V, BV421 MousetAmtian CD73 was used to

setup with the gating for Annexin Vh addition,the Fluorescence Minus One (FMO) strategy

was usedwhere in separate experiments, the sample of interest was stained for every marker
except theonethat is being gated. This confirmed adequate compensation and showed any
spread ofsignal from other fluoophores into the channel of interest. The resulting isotype
control populations were used to define the positive and negative gates for that maviker.

populations were then defined as particles <dniin size staining for
a) AnV+/CD62¢/CD42awere defned as endothelial MP,

b) AnV+/CD3+/A42a- as Fcell derived MP,

c) AnV+/CD19+/CD42as Bcell derived MP, and

d) Arv+/CD14+/TF+ as monocyte derived MP expressin§idere2.3).
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Figure 2.3 Flow cytometry analysis on LSRII Fl@ytometer for detection of circulating
microparticles (MP)The MP population was defined as particles < 1.1 um in size and positive
for AnV+Figure2.3B Platelet MP (PMP) were defined as AnV+CDd&diele Figure2.3GF

AnV+CD42aMP population was then used to further characterise endothelial derived MP
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(AnV+CD42&€D62e+ MPEFigure 2.30, Bcell derived MP (AnV+CD4€®19+ MPFigure
2.3D), T-cell derivedMP (AnV+CD42&€D3+ MPFigure 2.3F) and tissue factor positive

monocytes derived MP (AnV+CD42B14+TF+ MIFjgure2.3F), respectively.

2.2.6.4 MPenumeration
In order to enumerate the MP >8n diameter latex beads (Sigma, UK) were run at the same
time during every analysis (a total of 200,000 beads was used each time ragupefacturer
recommendations). Based on the proportion of beads counted and the total volume of
plasma used to obtain the MPhe absolute number of MP per ml of plasma was calculated
using the formula below as previously descril{Bdogaret al,, 2004)

Absolute number of microparticles/ml of plasma=

[(200000/no of beads countedX (no of MP counted per well) X (no of wells/per sample)]

mls of plasma used

Multiplication of the percentage of eadiP subpopulation (i.eendothelial, Fcell etc) with
the absolute number of totdlIP per ml of plasma was then used to get the absolute number

per ml of plasma of each one of tihéP subpopulation.

2.2.7 Thrombin generatbn assay

Stored PPP asthawed in a 37°C watdrath. Forty >l of PPRwere then added to a well of a
blackpolypropylene 96well plate.Fifty >L of a calcium fluorogenic thrombin substrate (0.5

mM of ZGGRAMC and 7.5 mM of calcium final reagenbncentrations, Pathway
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Diagnostics) wasdded and the reaction allowed to proceed for 90mkdglre 2.4). All
samples were run in duplicat&he plate was read on aptima fluorescence plate reader
(BMG) with excitation/emission spectra of 360/460nm Jahin intervals for 90minand
compared to a standard thrombin calibrator (PathwBjagnostics). No exogenous§ or
phospholipids were added, to ensutkrombin generation wasnainly due to MP activity.
Corn trypsin inhibito{CTIWwas not addedas it has been suggested thtae use of CTI could
mask the contribution from M-associated molecules that activatadtor Xl (Kluft and
Meijer, 2010) Parametersneasured were peak thrombin (nM), time to onset of thrombin
generation or lag time (minyate of thrombin generation or velocity indgxM/min), and
endogenous thrombin poterai (ETP), equivalent to the area under the curve of the

thrombogram. A representative thrombogram is showrFigure2.4.
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