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ABSTRAKT

Revmatologickd onemocnéni byvaji chronicka, bolestivda a do urit¢ miry invalidizujici.
Porozuméni mechanismiim jejich patogeneze je zatim velmi neuplné. Hyper-reaktivni
imunitni systém a porucha autotolerance jsou ziejmé doplnény lokalnimi faktory, které
zpusobi, Ze nekteré klouby/svaly byvaji postizené vice a jiné mén¢€. Vse je vysledkem slozité
sit¢ interakci mezi imunitnimi bunkami, kloubnimi fibroblasty, chondrocyty, osteocyty,
myocyty a dal§imi burikami.

V ptedlozené dizertacni praci jsem se zaméfila na tfi molekuldrni aspekty patogeneze
revmatologickych onemocnéni: regulacni RNA, S100 proteiny a autoprotilatky. V teoretické
Casti jsem shrnula, co je znamo o vzniku, funkci a vyznamu téchto molekul v revmatologii.
Ve vyzkumné c¢asti predkladam Sest origindlnich publikaci a jedno review o roli téchto

molekul pfi vyvoji revmatoidni artritidy (RA) a idiopatické zanétlivé myopatie (IZM).

Mezi hlavni vysledky prace patii studie popisujici expresi PIWI-interagujicich RNA (piRNA)
v synovialnich fibroblastech pacienti s RA. piRNA jsou malé regulacni RNA, které
v komplexu s PIWIL proteiny reguluji genovou expresi a tlumi transpozomy. Exprese piRNA
molekul byla dlouho povazovana za vyhradni vlastnost zarode¢nych a nadorovych bunék. My
jsme detekovali 268 piRNA molekul v RA synovialnich fibroblastech (SF), a popsali jejich
deregulaci v porovnani se SF od pacientii s osteoartrozou. Dale popisujeme ptitomnost
PIWIL4 proteinu v jadie synovialnich fibroblastli a jeho regulaci prozanétlivymi cytokiny a
TLR-ligandy. V dalSich studiich jsme zkoumali mozné vyuZiti cirkulujicich miRNA jako
biomarker u IZM a S100A8/9 jako biomarkeru u c¢asné RA. Pii vyzkumu role S100A4
proteinu zvaného metastazin se nabizela souvislost s malignitou u pacientt s IZM (tzv. cancer
associated myositis). Tuto jsme vSak nepotvrdili, popsali jsme ale piekvapivou korelaci
sérovych hladin S100A4 s aktivitou zakladniho onemocnéni. Vysledky stanoveni
autoprotilatek metodou radioimunoprecipitace byly vyuZzity pro popisnou studii o
autoprotildtkovych asociacich a klinické podob¢ artritidy jako symptomu IZM a dale pro

zpravu o stoupajici incidenci imunitné podminéné nekrotizujici myopatie.

Vysledky této prace by mély piispét k lepSimu pochopeni patogeneze muskuloskeletalnich

onemocnéni a zlepSeni jejich 1éCby.

Kli¢ova slova:
Revmatoidni artritida, myozitida, miRNA, piRNA, S100 proteiny, autoprotilatky



ABSTRACT

Rheumatic diseases are common, usually chronic, painful and to some extent invalidating
medical conditions. Understanding of the disease pathogenesis is still very fragmentary.
Hyperreactivity of the immune system and defect of autotolerance are probably contributed
by local factors, which helps to explain, why some joints/muscles are more affected than
others. All this results from a complex net of interactions between immune cells, synovial
fibroblasts, chondrocytes, osteocytes, myocytes and other cells.

In the submitted PhD thesis | have focused on three groups of molecules: regulatory RNAs,
S100 proteins and autoantibodies. In the theoretical part, I sum up the current knowledge on
their biogenesis, function and the role in rheumatology. In the investigative part, | present six
original publications and one review on the role of those molecules in development of

rheumatoid arthritis (RA) and idiopathic inflammatory myositis (1IM).

One of the main studies was focused on expression of PIWI-interacting RNAs (piRNAS) in
RA synovial fibroblasts (SF). piRNAs are small regulatory RNAs which in complex with
PIWIL proteins regulate gene expression and silence transpozoms. piRNA expression was
considered to be limited to germline and cancer cells. We have found 267 PIWI-interacting
RNAs to be expressed in RA synovial fibroblasts and described their deregulation when
compared to osteoarthritis SF. We have also described the presence of PIWIL4 protein in the
nuclei of synovial fibroblasts and its regulation by proinflammatory cytokines and TLT-
ligands. We have also studied a possible use of microRNAs as biomarkers in 1IM and use of
S100A8/9 as biomarker in early RA. When investigating the function of S100A4, a protein
also known as metastasin, a possible link with malignity in cancer associated myositis was
considered. We were not able to confirm this association, but somewhat surprisingly, we
observed a correlation of the S100A4 serum levels with clinical activity in myositis.
Autoantibody results detected by the radioimmunoprecipitation method were used for a
descriptive study on autoantibodies associations and clinical form of arthritis in 1IM and for a
report on the increasing incidence of the immune mediated necrotizing myopathy.

Results of this PhD. thesis aim to improve our understanding of pathogenesis of

musculosceletal diseases and their treatment.

Key words:
Rheumatoid arthritis, myositis, microRNA, piRNA, S100 proteins, autoantibodies
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1. Pifedmluva

Hlavni motivaci mého doktorského studia byla snaha nahlédnout do vyzkumné laboratote,
naucit se zdkladni laboratorni techniky, a ziskat tak pfedstavu, co stoji za ptfehledné
sepsanymi fakty v ucebnicich, za 1éky v barevnych krabi¢kach. Nevim, jestli jsem svym
nahlizenim néjak pfispéla pochopeni patogeneze revmatologickych onemocnéni, ale snazila
jsem se 0 to. Méla jsem to $tésti, Ze jsem mohla pracovat na raznych projektech a v raznych
tymech, to mi rozsifilo nejenom védecky obzor, i kdyZz snad na Ukor jednolitosti doktorské

prace.

Nasledujici text shrnuje moje vysledky, kdy jsem se s pomoci mnoha lidi divala ze tfech
raznych whla (regulacni RNA, S100 proteiny a autoprotilatky) na dvé revmatologicka

onemocnéni (revmatoidni artritidu a idiopatické zanétlivé myopatie).

Prubéh doktorského studia

Doktorské studium jsem zahajila v fijnu 2010 v Revmatologickém tstavu (RU) v Praze.

Pod laskavym vedenim prof. Vencovskeho jsem se zabyvala autoprotilatkami u idiopatickych
zanétlivych myopatii. Zavadéla jsem metodu radioimunoprecipitace, ucila se vySetfovat
pacienty s myozitidou a zadavala klinickd data do vyzkumné databdze Euromyositis. Byla
jsem u vzniku tohoto Klinického registru a spolupracovala s informatikem na jeho
zdokonalovani. Prof. Vencovsky mé také uvedl do velmi vstficné mezinarodni komunity
védci zkoumajicich myozitidu, uc¢il mé prezentaci védeckych vysledkii a nechal mé
nahlédnout do zakulisi organizace mezinarodniho védeckého kongresu EWRR 2013.

O rok pozdéji jsem zacala asteéné pracovat v laboratofi prof. Senolta v RU. Zde jsem se
ucila pracovat s bunéénymi kulturami primarnich synovidlnich fibroblastl, provadét
stimula¢ni experimenty a zakladni techniky molekularni biologie. Pod piikladnym vedenim
prof. Senolta jsem pracovala na projektech zkoumajicich S100 proteiny a pomahala s projekty
tykajicimi se adipocytokint (resistin, visfatin).

Po tfech skvélych letech v RU jsem dostala moznost odjet na tfiletou vyzkumnou staz v
Center of Experimental Rheumatology v Zlrichu. Druhou polovinu doktorskeho studia jsem
tedy stravila v srdci Svycarska ve velmi mezinarodni vyzkumné skupiné prof. Steffena Gaye a
snaZila se porozumét vyznamu epigenetiky u revmatologickych onemocnéni. Vedena svoji
Skolitelkou-konzultantkou Dr. Astrid Jingel jsem pracovala na projektu zkoumajicim PIWI-
interagujici RNA u revmatoidni artritidy.



2. Uvod
2.1. Revmatoidni artritida (RA)

Revmatoidni artritida je chronické systémové autoimunitni onemocnéni, které ve vyspélych

zemich postihuje 0,5-1% obyvatel. PostiZeny jsou ¢astéji Zeny neZ muzi, a onemocnéni zacina

vvvvvv

2.1.1. Klinicky obraz RA

RA se klinicky projevuje symetrickou polyartritidou, nejdiive byvaji postizeny drobné klouby
ruky. Pfiznaky artritidy jsou otok, bolest a ranni ztuhlost, klouby byvaji teplejsi a s omezenou
pohyblivosti. Nasledkem chronického zanétu synovialni vystelky kloub postupné vznikaji
kloubni deformity. Cast pacientd navic trpi systémovymi piiznaky (zvysena teplota, inava) a
jinymi mimokloubnimi pfiznaky (revmatoidni uzly, tenosynovitida, vaskulitida, pleuritida a
perikarditida, such& keratokonjunktivitida a anémie) [3]. Mortalita pacienti s RA je i pies
pokroky v 1écbé piiblizné 1,5-krat zvySena oproti zdravé populaci, pfispivaji k ni zejména
kardiovaskularni komplikace [4, 5], dale pak infekéni onemocnéni a postizeni plic nebo
ledvin [6].

Obréazek 1 PostiZeni ruky p¥i RA [7]
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2.1.2. Geneticka predispozice u RA

Studie dvojcat diskordantnich pro RA ukazuji, Ze vice jak 50% rizika vzniku RA Ize pficist
genetickym faktorim [8, 9].

Nejdele znamy je vztah polymorfismu v genu HLA-DRB1 ke zvySenému riziku RA [10].
HLA-DRB1 koéduje B-tetézec HLA-DR molekuly, ktera patii mezi MHC glykoproteiny II.
tiidy. Tyto molekuly jsou exprimovany na membran¢ antigen prezentujicich bun¢k (APC) —
nejcastéji dendritickych bunék a makrofagu, které na n¢ vazi peptidové fragmenty pohlcenych
proteind a za soucinnosti kostimula¢nich molekul stimuluji specifické T lymfocyty [11].
Nachylné alely HLA-DRB1*01 a *04 maji shodnou sekvenci aminokyselin (QKRAA,
QRRAA, nebo RRRAA) v pozicich 70-74 na tfetim hypervariabilnim regionu DRI fetézce,
tento fenomén se nazyva ,,sdileny epitop* [12]. Vazebné misto HLA-DR je slozeno z B-listu
tvoficiho dno, které je ohrani¢eno sténami ze dvou a-helixu [13]. Sdileny epitop se nachazi na
a-helixu ve stén¢ vazebného mista (Obrazek 2), ovliviiuje tedy vybér peptida a jejich vazbu
na APC i néslednou prezentaci T buitkdm [14]. Homozygoti pro sdileny epitop maji vétsi
riziko vzniku RA nez heterozygoti, nejnizsi riziko maji jedinci bez tohoto epitopu [15].

2) e Obrazek 2 HLA-DR molekula se sdilenym epitopem [12]

Krystalografickd  struktura komlexu HLA-DRB1*04:01 /DRA1*01:01
s peptidovym zbytkem kolagenu II typu (tmavé $edy) znzorfiuje vazebné misto
tvofené o-helixy HLA-DR a- a PB-fetézce se sdilenym epitopem na strané
vazebného zlabku (vyznacen Cetveng).

DalSim potvrzenym rizikovym faktorem pro vznik RA je polymorfismus protein tyrosin
fosfatdzy PTPN22, ktera ma mimo jiné roli v signaliza¢ni kaskadé TCR receptoru [16].
Zaména tryptofanu za arginin na pozici aminokyseliny 620 zplsobuje nerovnovaznou
diferenciaci T bun€k s relativnim nedostatkem Tgreg a piebytkem efektorovych
(autoreaktivnich) T bun€k. PTPN22 také reguluje odpovéd’ myeloidnich bunck (DC a
makrofag) na  stimulaci pattern recognition receptors (PRR) [17].
Vyse uvedené polymorfismy HLA-DRB1 a PTPN22 spolu s dalSimi (TRAF1, STAT4)
zvysuji riziko pouze pro RA s pozitivitou anti-CCP protilatek. U anti-CCP negativnich
pacientll s RA pravdépodobné hraji roli jiné genetické predispozice (polymorfismus PADI4,
CLEC7 as HLA-DRB1*03) [2].



2.1.3. Vlivy prostiedi zvySujici riziko vyvoje RA
Hlavnim rizikovym faktorem prostfedi pro vznik RA je koufeni [18]. U geneticky
predisponovanych jedincii (se sdilenym epitopem na HLA-DRBI1) koufeni prokazatelné
zvySuje riziko vyvoje RA s pozitivitou anti-CCP protilatek [19]. Vdechovani kiemicitého
prachu, mineralnich oleji a jinych Skodlivin nebo snad i zneCisténi ovzdu$i obecné ma
podobny efekt [20-22]. Inhalované S$kodliviny zpusobi chronicky zanét v plicich, z
apoptickych a zejména nekrotickych bunék je uvolnovan enzym peptidylarginindeaminaza
(PAD), ten v proteinech deaminuje arginin a tim jej pfeménuje na citrulin. Citrulinace je
zfejmé nespecificky jev doprovazejici chronicky zanét, probiha i pfi paradentoze [23] nebo pfi
synovitidé v kloubech [24]. Jiz zminény sdileny epitop na rizikovych alelach HLA-DRB1
velmi dobie prezentuje citrulinované peptidy, takze APC mohou pftes tyto specifické MHC gp
I1. tiidy vazat citrulinované peptidy a siln¢ stimulovat specifické T a B lymfocoty. Specifické
plazmatické bunky pak tvoii protilatky proti citrulinovanym peptidim (napiiklad rutinné
vySetfované anti-CCP, protilatky proti cyklickému citrulinovanému peptidu), které ziejmé

ptispivaji k vyvoji artritidy pfi RA [25, 26].

2.1.4. Patogeneze RA

Vznik revmatoidni artritidy je pravdépodobné nékolikastupniovy proces, kdy u geneticky
predisponovaného jedince urcité faktory prostiedi spusti imunitni reakci zahrnujici mimo jiné
vlivem tazu nebo infekce dojit k nasmérovani této imunitni reakce proti kloubni tkani [1].

Déje této “propagacni faze” se odehravaji pievazné v synoviu. Synoviadlni membrana je ve
zdravém kloubu tvofena jednou az dvémi vrstvami synovialnich fibroblastd (SF) a
makrofagii, které kryji vnitini stranu vazivového kloubniho pouzdra. Pfi RA ziskavaji SF
agresivni aktivovany fenotyp, synoviadlni makrofagy produkuji prozanétlivé cytokiny,
zbytnénd synovialni tkan je infiltrovdna imunitnimi buiikami a tvofi nadbytek synovialni
tekutiny, vysledkem je otok a bolest kloubu [2]. V zavére¢né “fazi poSkozeni tkani”
aktivované SF invaduji a pomoci meataloproteindz (MMP) narusuji chrupavku. Vlivem
cytokinového prostiedi dochazi i k aktivaci osteoklastti a k nezvratnému poskozeni kosti, tim
vznikaji pro RA charakteristické deformity. Eopatogeneze RA je velmi komplexni a zatim jen

caste¢né pochopeny déj, v dalSim textu se pokusim shrnout ptispévek jednotlivych bunék.
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autoreaktivni B lymfocyty. Retézec vzajemnych aktivaci se odehrdva za ucasti cytokini a kostimula¢nich
molekul pravdépodobné v lymfatickych uzlinach, po migraci imunitnich buii¢k do kloubni dutiny v$ak muze
antigenni prezentace probihat i v synoviu. Vysledkem stimulace B bunék je tvorba autoprotilatek, které se ve
forme imunokomplext ukladaji v kloubni dutiné.

b) Béhem propagacéni faze imunokoplexy vazbou na Fc receptory aktivuji makrofagy, neutrofily a zirné bunky.
To vede k uvolnéni prozanétlivych vytokinti a chemokini, které zvySuji migraci imunitnich buni¢k do kloubu,
aktivaci synovialnich fibroblastl a naslednému zbytnéni synovie (vzniku tzv. pannusu).

c) V zavérecné “fazi poskozeni tkani” jsou vysokymi hladinami cytokint aktivovany SF, osteoklasty, makrofagy
a neutrofily, které uvoliuji velké mnozstvi proteaz a reaktivnich kyslikovych a dusikatych radikala. Aktivované
SF invaduji a pomoci metaloproteindz (MMP) naruSuji chrupavku. Aktivované osteoklasty svymi kyselymi
enzymy rozrusuji mineralizovanou tkan kosti a proteazami/peptidazami jeji bilkovinnou slozku. Tim dochazi k
nezvratnému poskozeni kosti a vznikaji pro RA charakteristické deformity.



2.1.4.1. Imunitni buiiky u RA
Vlastni synovitida vzniké infiltraci leukocytli do synovidlni tkdné, jedna se pfitom spi§ o
migraci nez o lokalni proliferaci. Migrace leukocytii je usnadnéna aktivaci endotelovych
bunék synovidlnich kapilar, které tvoii chemokiny a exprimuji ve zvySené mife adhezivni
molekuly (integriny, selektiny a dalsi). Lokalni hypoxie v zaniceném kloubu navic ptispiva k

neoangiogenezi a vét§imu lokalnimu prokrveni, coz dale usnadnuje migraci leukocyti [28].

2.1.4.1.1. Bunky nespecifické imunity u RA
Zanicena synovialni membrana je bohat¢ infiltrovany makrofagy, zirnymi bunikami a NK-

burikami, synovialni tekutina navic obsahuje mnoho neutrofila a dendritickych bunék.

Makrofagy kromé& schopnosti apoptdzy a nasledné prezentace antigenu specifickym
lymfocytim uvolnuji fadu cytokini (TNF-a, IL-1, -6, -12, -15, -18, -23), hydrolytickych
enzymu, kyslikovych radikalt a oxid dusnaty [28]. Tyto latky za normalnich okolnosti slouzi
k usmrceni fagocytovanych mikrobl, v prostfedi chronického zanétu se vSak uvoliuji do
okolni tkan¢ a posSkozuji ji [11]. Klinicky uspés$na 1éEba RA snizuje pocet makrofagt v

synovialni membranég, coz nepiimo potvrzuje jejich vyznam v patogenezi RA [29].

Pro aktivaci lymfocytd jsou dulezité i dendritické bunky (DC) [30]. V synovialni tekutiné
pacienti s RA se nachazi zvySend koncentrace myeloidnich i plasmocytoidnich DC [31].
Myeloidni DC produkuji 1L-12, a tim sm¢&tuji vyvoj T bunék k Th1 subtypu [32], nebo 1L-23,
¢imz sméfuji difenciaci T bun€k k Th17 subtypu [33]. Plasmocytoidni DC pfispivaji tvorbou
IFN-a, IFN-B, IL-18 a I1L-23 ke vzniku lokalniho zanétu, zarovén produkci B cell-activating
factor of the TNF family (BAFF) podporuji pteziti a diferenciaci autoreaktivnich B bun¢k
[33]. N¢které studie naopak piikladaji plazmocytoidnim DC protektivni tlohu u RA [34].

Neutrofily pfispivaji k synovitidé¢ tvorbou prostaglandinli, protedz a kyslikovych radikala.
Mohou prezentovat antigen na MHC gp II. tfidy a aktivovat tak dal$i imunitni buiiky. Novou
hypotézou je piispévek neutrofild k vyvoji RA mechanismem NETé6zy [35]. Pii akutnim
zanétu aktivované neutrofily uvoliuji do okoli chromatin a baktericidni enzymy granzymii,
které spole¢né tvoti Neutrophil Extracellular Traps (NET) schopné zachytit a zabit mikroby
[36, 37]. Pii RA by se NET obsahujici citrulinované histony mohly stat snadnym zdrojem

autoantigenu pro rozvoj protilatkoveé reakce [38].



Zirné bunky ziejmé mohou byt aktivovany IgE frakci anticitrulinovych protilatek, které
pfemosti vysokoafinitni IgE receptor FceRI. To vede k aktivaci a degranulaci mastocyti,
uvolnéni mediatord histaminu a heparinu nasledovanému tvorbou metabolitd kyseliny

arachidonové (prostaglandiny, leukotrieny a tromboxany) [39].

2.14.1.2. Lymfocyty u RA

Synoviélni membrana je pii RA infiltrovana aktivovanymi T [40] i B buiikami [41], u 50%

pacientd se v synovii tvofi lymfoidni folikuly, nékdy i s germinalnimi centry [42].

Deplece T bunék nevede ke klinickému zlepSeni RA [43], blok kostimulace T lymfocytt
biologickym lékem abatacept je vSak v 1é¢bé RA tuspésny [44]. Zd& se, Ze u RA vice neZ
celkovy nadbytek T bun¢k vadi nerovnovaha mezi efektorovymi, pomocnymi a regulaénimi
podtypy. Tradi¢né je zdlraziiovan vyznam Thl bunck, nedavno byla potvrzena ptitomnost
autoreaktivnich Th1l bunék namifench proti citrulinovanym peptidiim v krvi pacienti s RA
[45]. ZvySend je ziejmé i aktivita Th17-lymfocytt, které tvoii IL-17, -21, -22 a TNF-a [46].
Interleukin-17 spolu s TNF-a aktivuje synovialni fibroblasty a chondrocyty, coZz postupné
vede k destrukci chrupavky. Cytokiny, které zvysuji diferenciaci Th17 bun¢k (TGF-f, TNF-a,
IL-1B, -6, -21 a -22 tvofené makrofagy a DC) zaroven tlumi diferenciaci Treg. Vysledkem je
nerovnovazny, prozanétlivy stav [47]. Cytotoxické CD8+ T bunky snad ptispivaji k tvorbé
ektopickych germindlnich center v synovialni membrané, ale jejich role v patogenezi RA neni

prilis ziejma [48].

Prispévek B bun€k k patogenezi RA zfejmé nespocivd “pouze” v tvorbé specifickych
protilatek (RF, anti-CCP a dal8i). Rituximab, monoklonarni protilatka proti CD20 znaku, je v
1é¢bé RA klinicky ucinna, piestoze necili na plasmatické bunky [49]. Pozdni stadia B bun¢k
(plasmatické buiiky), totiz ztraceji expresi CD20 znaku. Dalsi role B bun¢k muze spocivat v

antigenni prezentaci a tvorbé prozanétlivych cytokint (IL-6, TNF-a) [28].



2.1.4.2.  Synovialni fibroblasty u RA

Synovidlni fibroblasty (SF; také nazyvané fibroblastim podobné synoviocyty) byly dlouho
povazovany za pasivni ucastniky kloubniho zanétu pii RA, za bunky, které svoji tvorbou
cytokinii a metaloproteinaz pouze odpovidaji na prozanétlivé signaly z okoli [50].

Aktivni ucast SF na patogenezi RA dokazal experiment publikovany skupinou profesora
S.Gaye roku 1996. Pti ném byly lidské RASF implantovany spolu s lidskou chrupavkou do
SCID (Severe Combined Immunodeficiency Disease) mysi. Po 60 dnech, bez jakékoliv tcasti
imunitnich bun¢k, byla prokazana invaze RASF do zdravé chrupavky. OASF se takto
agresivné nechovaly [51]. Pozd¢jsi experimenty na SCID mysSich ukazaly mozné sifeni RA do
dalsich kloubti metastazujicimi fibroblasty [52].

RASF jsou velmi autonomni buniky — ztraci kontaktni inhibici, jsou relativné rezistentni k
apoptoze a oproti normalnim SF snad i rychleji proliferuji, ¢imz se jednovrstevna synovialni
membrana pfemeénuje v haperplasticky pannus. RASF exprimuji TLR-receptory i MHC gp II.
tfidy, mohou tedy aktivovat specifickou i nespecifickou imunitni odpoveéd’. Tvofi prozanétlivé
cytokiny, rtstové faktory i chemokiny, kterymi podporuji migraci imunitnich bunék do
kloubu. RASF také tvoii tkanové metaloproteinazy (MMP-1,-3,-8,-13,-14 a -16), kterymi
destruuji chrupavku. Zejména MMP-14 ni¢i kolagen II. typu, tim méni architekturu
chrupavky a jeji biomechanickeé vlastnosti. SF produkuji i inhibitory MMP (tissue inhibitor of
metalloproteinases, TIMP), pii RA ale tento mechanismus nestaci zvratit poskozeni

chrupavky [50] (Obrazek 4).
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Obrazek 4 Synovialni fibroblasty u RA [50]

RASF méné podléhaji apoptdze, ¢imz vznika hyperplasticky pannus; RASF tvofi
MMP, kterymi degraduji extracelularni matrix; RASF produkuji tadu
prozanétlivych molekul, ristovych faktori a chemokint, kterymi reguluji imunitni
odpovéd’ a zvysuji angiogenezi.
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Aktivovany fenotyp je RASF zifejmé vStépen (anglicka literatura popisuje ,intrinsic
activation” a ,,imprinted aggressor* [50]). Na tomto dé&ji se podili fada epigenetickych
modifikaci, které v disledku ovliviiuji genovou transkripci. Methylace DNA a kovalentni
modifikace (methylace, acetylace) histoni méni pfistupnost promotoru pro transkripcni
faktory a tim miru transkripce. Jednotlivé epigenetické modifikace jsou na DNA zapisovany k
tomu urCenymi ,,Writers” proteiny, odstraiovany ,,erasers” proteiny a rozpoznavany vazbou
sreaders” proteini [53]. DNA RASF je primémé méné¢ methylovana néz DNA OASF, coz
vede k vétsi genové transkripci [54]. Totéz bylo zjisténo v PBMC (periferialni mnonuklearni
buriky) pacientii s RA v porovnani s OA pacienty [55]. Zménéna methylace byla popséana i na
promotorech jednotlivych cytokint (pf. IL-6 [56] a IL-10 [57]). Dalsi zminéné mechanismy
epigenetickych modifikaci se zfejmé také ucastni patogeneze RA. Vlivem TNF-o stimulace
stoupa u RASF exprese a aktivita HDACL1 (histon deacetyldza 1) [58], naopak podavani
inhibitord HDAC 1é¢i RA v experimentu [59]. Role miRNA u RA bude shrnuta v kapitole
2.4.1.1.

2.1.4.3. Buiiky chrupavky a kosti u RA
Chondrocyty za fyziologickych okolnosti reguluji vznik a pfestavbu chrupavky, vlivem
cytokind (IL-1 a IL-17) a NO radikali vSak podléhaji apoptdze. Chrupavka s malym
mnozstvim Zzivych chondrocytt ma omezenou schopnost regenerace, matrix degradujici
enzymy (MMP a dalsi) chrupavku dale ni¢i, coz se na RTG projevuje charakteristickym

zUZenim kloubni stérbiny [28].

Kostni eroze jsou zpusobeny aktivovanymi osteoklasty, které svymi kyselymi enzymy
rozrusuji mineralizovanou tkan kosti a proteazami/peptidazami jeji bilkovinnou slozku.
Diferenciace a invaze osteoklastll je stimulovana MCSF (macrophage colony stimulating
factor) a RANKL (receptor activator of NF-«xB ligand); prozanétlivé cytokiny (TNF-a, IL-1,-
6 a -17) osteoklasty dale aktivuji [60]. Pti zlomu kortilalni kosti je zanétlivy pannus v
kontaktu s kostni dfeni, ktera je postupné infiltrovana B a T bunkami, ¢imz vznikd na MR
viditelna osteitida [61]. Biologicka lécba blokujici TNF-a, IL-6 nebo RANKL zmen3uje vznik

erozi u RA, coz potvrzuje vyznam téchto molekul pro aktivaci osteoklastti [62].
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2.1.5. Soucasna lécba RA
Lécba RA je zaméfena na rychlé snizeni zanétu, tim se snazime predchazet vzniku kloubnich
deformit a jiz zminénych kardiovaskularnich komplikaci [63]. Soucasna lécba se fidi
doporuc¢enimi odbornych spole¢nosti EULAR (the European League Against Rheumatism)
[64], ptipadné ACR (American College of Rheumatology) [65]. Strategie ¢asného aktivniho
ptistupu smétujiciho k dosazeni predem definovaného terapeutického cile (“Treat To Target”,

vvvvvv

cilem je dosazeni remise onemocnéni [68].

Hlavnim pilifem soucasné farmakoterapie RA jsou chorobu modifikujici 1éky RA (Disease
Modifying AntiRheumatic Drugs, DMARD) mezi néz patii nejcastéji pouzivané methotrexat,
lefnunomid a sulfasalazin [69]. Glukokortikoidy byvaji podavany kratkodobé v pocatku 1écby
RA k pieklenuti doby nastupu uéinku hlavniho DMARD. Uéinné jsou i intraartikularni
aplikace glukokortikoidii, dlouhodobému systémovému podéavani glukokortikoidii se pro
jejich nezadouci ucinky vyhybadme [70-72]. SpiSe symptomaticky puisobi pii RA nesteroidni
antirevmatika ¢i novéjsi coxiby [73]. Biologické 1é¢ba je indikovana u pacientd s vysokou
aktivitou RA neodpovidajici na konvencni 1écbu DMARD. Nejcastéji jsou pouzivany
inhibitory TNF, obvykle v kombinaci s methotrexatem, ktery zlepSuje efekt biologik a brani
tvorbé protilatek namifenym proti témto terapeutickym protilatkdm [74-76]. DosaZzeni
dlouhodobe remise s postupnym vysazenim farmakoterapie, je, zda se, u malé skupiny

pacientd mozné [77, 78].

Dalsi vyzkum patogeneze RA pfispéje k vyvoji Iépe molekularné zacilené terapie. Vyzkum

v

biomarkerti umozni vyraznéjsi individualizaci 1é¢by u jednotilivych pacientu.
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2.2. Idiopatické zanétlivé myopatie (1ZM)

Idiopatické zanétlivé myopatie jsou heterogenni skupinou ziskanych zanétlivych onemocnéni
pricné pruhovaného svalstva s Castymi systémovymi ptiznaky. IZM jsou vzacné nemoci s

prevalenci okolo 20/100 000 [79].

2.2.1. Klinicky obraz 1ZM

Ve skupiné IZM u dospélych pacienti jsou rozliSovany zékladni jednotky 1)
dermatomyozitida (DM), 2) polymyozitida (PM), 3) imunitn¢ zprostfedkovana nekrotizujici
myopatie (IZNM), 4) myozitida s inkluznimi télisky (inclusion body myositis, IBM) a 5)
myozitida v ramci piekryvného syndromu s jinym systémovym onemocnénim pojiva.
Odliseni riznorodych IZM od metabolickych a neurogennich myopatii mize byt klinicky
obtizné [80].

Vedoucim pfiznakem IZM byva nebolestiva proximalni svalova slabost. Typické znamky v
biopsii svalu spolu se zvySenymi hladinami svalovych enzymu (kreatinkinaza, myoglobin) a
patologickym EMG potvrdi svalové poSkozeni. Postizeny mohou byt i svaly v horni ¢asti
jicnu, coz vede k dysfagii, nebo dychaci svaly, coz miize zpusobit ventilacni insuficienci.
Existuje v8ak i amyopaticka nebo hypomyopatickA myozitida projevujici se spis
mimosvalovymi ptiznaky.

40% pacientt [81]. Plicni postizeni se vyskytuje ¢asto v SirSim kontextu antisynthtazového
syndromu, ktery bude popsan v kapitole 2.3.3.2. Pro DM je charakteristické kozZni postizeni
zahrnujici periorbitalni exantém, erytém v oblasti vystiihu (V-znameni), na zddech a ramenou
(8alovy ptiznak), tzv. Gottronovy papuly nad drobnymi klouby ruky a obraz rukou mechanika
s rozpraskanymi stranami prsti. (Obrazek 6) Zejména u pacientii s DM je v prvnich letech po

diagnoéze IZM zvysené riziko vyskytu onkologického onemocnéni [80].

Obrazek 6 Kozni postizeni pfi DM: periorbitalni exantém a ruce mechanika [82]
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Od diagnozy PM se posledni dobou ustupuje, stava se tzv diagnosis per exclusionem, po
vylouceni jinych typd myozitidy, se kterymi byla diiv zaménovana [83]. IZNM =zacina
obvykle rychleji nez ostatni IZM a miva celkové prudsi pribéh s vysokymi hladinami
svalovych enzymil. Velké mnozstvi myoglobinu uvolnéného z nekrotickych svali mize vést
aZ k selhani ledvin. IBM postihuje obvykle starsSi muze, rozviji se pomalu, postihuje i distalni

svaly, které zahy atrofuji [79].
2.2.2. Genetick4 predispozice u 1IZM

Vétsi riziko vzniku IZM maji lidé s urc¢itymi HLA polymorfismy. Jednotlivé polymorfismy
jsou navic asociovany s ptitomnosti urcitych protilatek. Napiiklad HLA-DRB1*03:01 aZ 15-
krat zvySuje pravdépodobnost pozitivity anti-Jo-1 autoprotilatek [84], HLA-DRB1*11:01 je
asociovan s anti-HMGCR protilatkami [85], asociované HLA-polymorfismy jsou znamy i u
anti-SRP a dalSich autoprotilatek [86].

Pro vznik juvenilni dermatomyositidy predisponuji urc¢ité varianty promotoru TNF genu,
zatimco jiné polymorfismy maji protektivni efekt [87].

Riziko vzniku IBM zvySuje pritomnost tzv. ancestralniho haplotypu HLA Al-B8-DR3-DQ2
[88]. Ten je reletivné ¢asty zejména v odlehlych oblastech severni Evropy (Skotsko, Island) a
predisponuje k fadé autoimunitnich onemocnéni vcetné systémového lupus erythematodes

(SLE), celiakie, diabetu nebo autoimunitni hepatitidy [89].
2.2.3. Vlivy prostredi zvySujici riziko vyvoje IZM

Silny myopaticky efekt ma fada 1éku. Statiny mohou indukovat IZNM [90], zatimco
chlorochin, D-penicilamin, ale i kortikoidy vyvolaji myopatii, ktera se zlepSi po vysazeni leku
[91]. IZM vznikaji n€kdy jako paraneoplasticka onemocnéni, kdy imunitni odpoveéd’ se snazi
potlacit nddorovy proces, ale ziejm¢ dojde k piesmyku reakce proti vlastnim svalovym
vlaknim [92].Vznik 1ZM muze byt nejspiSe vyprovokovan virovou infekci, napi. Coxackie
viry nebo retroviry, které indukuji tvorbu interferonu typu I [79]. Lze se také domnivat, Ze
UV zafeni pfispiva ke vzniku DM. Jednak je vyrazka pii DM fotosenzitivni, za druhé se DM

vyskytuje Castéji v jiznich zemich neZ na severu [93].
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2.2.4. Patogeneze IZM

Pfic¢ina vzniku IZM neni znama (viz jméno idiopatické zanétlivé myopatie), podle rtiznych
indicii se vSak jednd o autoimunitni onemocnéni. U IZM je obvykla pfitomnost autoprotilatek
v séru pacientl a jejich tzka asiociace s klinickymy syndromy. Ve svalovych biopsiich je
nachazena infiltrace bunkami specifické 1 nespecifické imunity. HLA haplotyp geneticky
predisponuje ke vzniku IZM a konecné IZM obvykle dobie reaguje na imunosupresivni 1écbu
[94]. Podil neimunitnich mechanismi jako reakce na hypoxii, stres endoplasmatického

retikula nebo depozita amyloidu, je zfejmé také velmi vyrazny [95].
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Obrazek 7 Patogeneze 1ZM [95]

a) Aktivace imunitniho systému napt. pii virové respiracni infekci zfejmé mtize u geneticky predisponovaného
jedince spolu s dalsimi faktory prostiedi vést k rozvoji myozitidy.

b) V lymfatickych uzlindch dochézi k aktivaci bunék vrozené i ziskané imunity, klonalni proliferaci specifickych
B i T bunék a tvorbé autoprotilatek plasmatickymi bufikami. ¢) aktivované imunitni buiiky vstupuji do
cirkulace a dostavaji se do svali

di) Pii PM CD8+ T buiiky exprimujici perforin a granzym invaduji nenekroticka svalova vlakna, protoZe ta
ziejmé vlivem plazmacytoidnich DC tvoticich IFN I hyperexprimuji MHC gp 1. Myeloidni DC a makrofagy dale
prispivaji k aktivaci a proliferaci T bunek.

dii) Pfi DM imunitni bunky infiltruji perimysium, kde smés CD4+ T bunék, B bunék, DC a makrofaglh muize
tvofit struktury podobné zarodecnym centrim v uzlinach.

ei) Imunohistochemicky prikaz CD8+ T bunék v endomysiu pii PM.

eii) Imunohistochemicky prikaz CD4+ T bun¢k perivaskularné¢ u DM.

Type | IFN
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2.2.4.1. Imunitni buiiky u IZM
Ve svalovych biopsiich od pacienti s IZM byvaji nalézany bohaté infiltraty builkami
specifické i nespecifické imunity, coz spolu s ¢astou piitomnosti autoprotilatek ukazuje na

zasadni vyznam imunitnich bunék v patogenezi IZM [95].

2.2.4.1.1.  Nespecificka imunita u 1ZM
DC a makrofagy jsou pfitomny ve svalovych infiltratech, tyto builky zifejmé prezentuji
antigen pritomnym lymfocytum [96]. Plasmocytoidni DC, které jsou hlavnim zdrojem IFN I,
jsou také nachazeny ve svalovych infiltratech, pti DM infiltruji tyto buiky 1 postizenou kiizi

[97]. Makrofagy produkuji fadu cytokinti a chemokint podstatnych pro rozvoj 1ZM [98].

2.2.4.1.2.  Lymfocyty u IZM
V krvi pacientt s DM i PM byva detekovan velky pocet B bun¢k a vysoka koncentrace
autoprotilatek. B buiky jsou nalézany i ve svalovych biopsiich téchto pacienti, kde nékdy
formuji germinalni centra [95]. Pacienti s IZM mivaji vysoké hladiny BAFF, ktery casto
koreluje s klinickou aktivitou onemocnéni [99]. Lécba rituximabem (anti-CD20 protilatkou)

je ucinna u vetsiny pacientd s IZM [100].

Pro tvorbu autoprotilatek je nutnd stimulace B  bun¢k specifickymi CD4+ T buikami.
Vyznam Th bunék také podporuje asociace IZM s ptitomnosti uréitych haplotypt HLA-DRB,
protoze pravé pies MHC gp II. tfidy jsou Th bunkam prezentovany antigeny. CD8+ T bunky
jsou Casto nalézany u PM, tyto buiiky invaduji i nenekroticka svalova vldkna a diky enzymim
perforinu a granzymu na né¢ maji myotoxicky efekt [101]. Mnoho Th i Tc bunék, které
infiltruji svaly pti IZM, neexprimuje kostimula¢ni molekulu CD28. Tyto buiniky nepotiebu;ji
ke svoji aktivaci signal pies CD80 nebo CD86 a jsou do jisté miry autonomni. CD28- T
buriky jsou cytotoxické, prozanétlivé a rezistentni k apoptoéze [95, 102]. DalSim
pravdépodobné dilezitym subtypem T bunék jsou Th17 bunky, které tvoii IL-17. IL-17 spolu
s IL-1 zvySuje expresi MHC gp 1. na myoblastech, které se pak stavaji snadnéjSim terCem
CD8+ T bun¢k [95, 103]. Naopak pocet Treg buné¢k je pii IZM snizeny (a negativné koreluje
s aktivitou nemoci). Treg reguluji imunitu a tlumi autoreaktivni reakce, jejich dysfunkce je

Casta u autoimunitnich onemocnéni [104].
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2.2.4.2. Svalové buiiky u IZM

Zejména pii PM se myocyty aktivné ucastni zanétlivého procesu, kdy pod vlivem
prozanétlivych cytokini (IL-1, -17) a IFN I exprimuji ve zvySené mife MHC molekuly I. tfidy
a tim se stavaji snadnym cilem Tc bunék. Za normalnich okolnosti je exprese MHC gp | na
svalovych vlaknech minimalni [105].

Pii IBM dochazi k rychlé degeneraci svalovych vlaken a ukladani amyloidu ve formé
inkluznich télisek. Na viné mohou byt pravé imunitné indukované degeneracni mechanismy
probihajici v myocytech. Napiiklad nedostate¢na proteolyza a autofagie, nebo nadmérnou

tvorbou MHC gp i vy¢erpané endoplazmatické retilulum [106].

2.2.4.3. Endotelové buniky u IZM

Imunitni buiiky pronikaji do svalu mechanismem diapedeze ptes kapilarni sténu, ktera je
tvofena endotelovymi bunkami. Ty exprimuji vlivem prozanétlivych cytokinii vice
adhezivnim molekul a usnadiiuji tak prichod a snad i “homing” lymfocyti a dalSich bun¢k
[107]. Pfi DM probiha hlavni Cast imunitni reakce ve stén¢ kapilar, kde se ukladaji
autoprotilatky (a snad i imunokomlexy) a aktivuji komplement, coZ vede ke vzniku membrane
attack complex (MAC). Vysledné sniZeni poctu kapilar vede k ischemizaci svalu a vzniku pro

DM typické perifascikularni atrofie [79].

2.2.5. Soucasna lé¢ba 1ZM

Tradi¢né se v 1é¢bé 1ZM pouzivaji vysoké davky glukokortikoidti (GK), které se pti efektu
pomalu sniZuji az k malé udrZzovaci davce (5-10 mg prednisonu/den). Pii Gplném vysazeni
GK obvykle dochazi k relapsu. Kvuli nezadoucim ucinkam této 1é¢by se dnes piidava
methotrexat, azathioprin, nebo jiné imunosupresivum, které umozni snizit davku GK. Pfi
plicnim postiZeni je indikovan cyklosporin A nebo cyklofosfamid, pfi malém ucinku vyména
nebo kombinace imunosupresiv [79]. Experimentalné je prokazeny efekt deplece B bunck
rituximabem (anti-CD20) [108]. Klinickou jednotkou s nedostatkem farmakoterapeutickych
moznosti je IBM, kde je indikovana vlastné jen fyzikalni terapie.

Pro jednotlivé autoprotilatky je charakteristicky urCity (méné nebo vice zavazny, s plicnim
postizenim nebo bez) pribéh onemocnéni, jejich stanoveni tedy pomaha pii vybéru vhodné

16¢by [109].
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2.3. DalSi revmatologicka (muskuloskeletalni) onemocnéni

Onemocnéni pohybového systému (Musculosceletal Diseases, MSD) zahrnuji pres 150
nemoci a syndromu, které jsou abvykle progresivni a byvaji asociovany s bolesti. MSD jsou
Castou pfi¢inou nemocnosti a invalidity, vedou k pracovni neschopnosti a jsou vyznamnym
zdrojem vydaji ve zdravotnictvi. [110] V CR byly MSD v prvnim pololeti letodniho roku
(2015) druhou nejcast&jsi piri¢inou pracovni neschopnosti (143 045 ukonéenych pracovnich
neschopnosti trvajicich primérné 70 dnit) [111].

Mezinarodni klasifikace nemoci (MKN) rozliSuje zakladni kategorie muskuloskeletalnich
onemocnéni: 1) Artropatie, 2) Systémova onemocnéni pojivové tkan€, 3) Dorzopatie, 4)

Onemocnéni mekké tkan¢€ a 5) Osteopatie a chondropatie [112].

Béhem svého doktorského studia jsem se vénovala vyzkumu revmatoidni artritidy a
idiopatickych zanétlivych myopatii. Patologické procesy probihajicich u jednotlivych
zanétlivych revmatologickych onemocnéni se vSak do ur¢ité miry piekryvaji, proto bych zde
chtéla alespont kratce zminit par vybranych zastupct skupiny zanétlivych revmatologickych
onemocnéni: spondyloarthritidy, systémovy lupus erythematodes, vaskulitidy a sklerodermii.
Soucasné poznatky 0 roli jednotlivych molekularnich mechanismi v patogenezi téchto

nemoci shrnu vzdy v ptislusné kapitole uvodu.

2.3.1. Spondyloartritidy (SpA)

Souhrnny nazev pro skupinu zanétlivych revmatologickych onemocnéni, kterym je spole¢ny
Casty vyskyt antigenu HLA-B27 a tendence ke vzniku sakroileitidy nebo spondylitidy.
Odhadovana prevalence v CR je 0,5-1%. Podle pievazujici kloubni manifestace je rozlisovana
axialni a periferni forma SpA. Casté jsou i mimokloubni piiznaky — postizeni o&i, Gipont
Slach, klize nebo nespecifické stievni zanéty. Onemocnéni se manifestuje obvykle u mladych
muzl, typickym projevem je pfitomnost zanétlivé bolesti zad. Tato bolest vznikd plizive,
nejhorsi je v noci a ¢asné zrana a zlepSuje se rozcvicenim (nikoli klidem) a dobie odpovida na
podani nesteroidnich antirevmatik (NSA). Klinicky se SpA dale déli na ankylozujici
spondyloartritidu, non-radiografickou axialni spondyloartritidu, psoriatickou artritidu,
reaktivni artritidu, enteropatickou artritidu, juvenilni artritidu a nediferencovanou artritidu
[113].
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2.3.2. Systémovy lupus erythematodes (SLE)
SLE je autoimunitni zanétlivé onemocnéni postihujici zejména zeny v reproduktivnim véku,
prevalence je zhruba 1/4000. Typické je stfidani remisi a exacerbaci. Akutni vzplanuti se
projevuje systémovymi piiznaky (horeCka, unava, hubnuti) i kombinaci organovych
manifestaci (typické postizeni kiize, artritida, postizeni kardiovaskularniho systému, ledvin,
plic, nervového systému nebo krvetvorby). Pro SLE je typicka vysoka aktivita B bunek s
tvorbou organové nespecifickych autoprotilatek (ANA, anti-dSDNA, anti-Sm), které se
ukladaji ve form¢ imunokomplexti do stény kapilar a vedou k zanétlivému organovému

postizeni [114].

2.3.3. Vaskulitidy
Vaskulitidy jsou zanétliva onemocnéni cév, pii nichz dochazi k destrukci cévni stény,
nasledné proliferaci a uzavéru cévy. Vysledna ischemie tkdné vede k rozvoji klinickych
ptiznak, jejichz charakter zavisi na misté cévniho uzavéru. Casté je postizeni kiize, plic nebo
ledvin. Déle se objevuji nespecifické projevy systémového zanétu jako tunava, horecka,
hubnuti. Podle etiologie jsou rozliSovany primarni a sekundarni vaskulitidy, které doprovazeji
jiné revmatologické, infekéni nebo nadorové onemocnéni. Primarni vaskulitidy jsou
klasifikovany podle velikosti postizenych cév na vaskulitidy velkych cév (obrovskobunécna
arteritida, Takayasuova arteritida), vaskulitidy stfednich cév (polyarteritis nodosa,
Kawasakiho nemoc), vaskulitidy stfednich az malych cév (pf. Wegenerova granulomatdza) a
vaskulitidy malych cév (pf. Henoch-Schoenleinova purpura). Neékteré vaskulitidy jsou

asociovany s pritomnosti autoprotilatek proti neutrofilim (ANCA) [115].

2.3.4. Systémova sklerodermie (SSc)
SSc je vzacna systémova nemoc pojiva s prevalenci 150-300/1 000 000. [116] SSc postihuje
zpravidla Zzeny ve stfednim véku. Dochazi k postupné fibrotizaci a sklerotizaci cévni stény a
pojivovych tkani, coz se klinicky projevuje Raynaudovym fenoménem (zbéleni a nésledné
zC¢ervenani prstd zpusobené poruchami mikrocirkulace), tuhnutim kiize a postizenim traviciho

traktu, plic, srdce a ledvin [117].
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2.4. Molekularni aspekty patogeneze muskuloskeretalnich onemocnéni

2.4.1. Malé regulaéni RNA

Vétsina lidského genomu je prepsana do molekuly RNA aniz by byla pozdéji pielozena do

proteinu, takto vznika velka skupina molekul non-coding RNA (ncRNA). ncRNA jsou dle

velikosti dale rozdéleny do tii skupin: malé ncRNA (<35nt); stfedné dlouhé n cRNA a
dlouhé ncRNA (>200nt) [118]. V dal$im textu se budu vénovat dvéma tiidam malych RNA.

a microRNAs
Mirtran
e - —
Transcription  Transcription
E E pre-mRNA
Splicing
' mRNA

Lariat

Debranching
and folding

Nucleus

Cytoplasm

AT
( ;1.; ;é Nuclear pore
sﬁ i gj complex

o
4 i
}/
3
o

miRNA-miRNA® lllllilL‘\

VAAAAAN

L Mature miRNA

mRMNA cleavage or
translation repression

Obrazek 8 Biogeneze miRNA [118]

mikroRNA (miRNA) jsou piiblizné 19-24nt dlouhé ncRNA,
které reguluji expresi az 60% protein kddujicich geni. Tim
kontroluji vétSinu bunécnych funkci vcetné proliferace,
diferenciace a apoptdzy. U ¢lovéka je znamo >1424 miRNA
sekvenci [118].

Biogeneze miRNA bude popséna podle Obrazku 8. miRNA
jsou transkribovany jednotlivé jako pri-miRNA, nebo spolu s
hostitelskym genem v tzv. mirtronech. Enzymovy komplex s
Drosha RNAsou odstépi 3'-

transkriptu, ¢imz vznikd pre-miRNA. V komplexu s

a 5"-konec primarniho

exportinem (XPOS) je pre-miRNA pienesena jadernym
porem do cytoplazmy, kde nukledza Dicer odstépi smycku
RNA a vytvoii tak miRNA-miRNA* duplex. miRNA*
oznacuje mén¢ stabilni vlakno (“passenger strand”), které
byvd nasledné¢ degradovano. Stabilnéjsi vedouci vlakno
(“guide strand”) tvoii zralou miRNA. Ta navaze Ago protein
a daldi proteinové slozky RISC komplexu (RNA-induced
miRNA navadi RISC komlex ke

komplementarni sekvenci mMRNA, ktera se obvykle nachazi v

silencing complex).

3"UTR oblasti regulovaného genu. Ago protein, ¢len rodiny
Argonaut proteini, mé endonukledzovou aktivitu. Pfi dobré
komplementarit¢ miRNA-mRNA je cilovA mRNA Ago
proteinem rozstépena,pii neuplné shod¢ ziejmeé dojde k
zastaveni translace. DalSi moznosti je deadenylace mRNA,

ktera vede K jeji destabilizaci a degradaci [118].
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PIWI-interagujici RNA (piRNA) jsou ptiblizn¢ 24-32nt
dlouhé ncRNA, které v komplexu s PIWI proteiny
reguluji expresi retrotranspozonii® a ziejmé 1 nékterych
protein kodujicich gent. U cClovéka je zndmo 23 439
piRNA sekvenci, které jsou dostupné v databazi piRNA
Bank [119]. piRNA byly objeveny v roce 2006 [120], ale
pozd¢jsi sekvenovani ukazalo, ze zahrnuji diive popsanou
skupinu rasiRNA (repeat associated RNA) [121].

Biogenezi piRNA znazorfiuje obrazek 9: piRNA jsou
exprimovany ze shlukii (“piRNA clusters”) jako
jednovlaknové RNA. Pienos piRNA z bunécného jadra
do cytoplazmy je zajisttn dosud neznamym
mechanismem, potom piRNA vytvoii komplex s PIWI
proteinem. V zarode¢nych buikach byla prokazana dalsi
amplifikace (“sekundazni biogeneze”) piRNA v tzv. ping-
pongovém cyklu. V tomto cyklu piRNA navaze
komplementarni RNA transkript napt. retrotranspozonu a
na piIRNA navazany PIWI protein odstépi z transkriptu
tzv. sekundarni piRNA. Sekundarni piRNA je tedy
komplementarni k primarni piRNA, navaze se na jiny
PIWI protein, nasedne na komplementarni transkript
(dlouhy primarni piRNA transkript v cytoplazmé&) a PIWI
protein odstépi tentokrat primarni piRNA. V tomto cyklu
noveé piRNA sestfihanim

ziejme vznikaji

retrotranspozonovych transkript.

! Retrotranspozony jsou transpozibilni sekvence DNA s vlastnim promotorem, které se §iif mechanismem copy and paste:

transkript kéduje endonukledzu a reversni transkriptazu, s jejichZz pomoci vlozi svoji kopii zpatky do buné&né DNA. Pri

opakovaném vkladani retrotranspozonti do DNA dochazi casto k chybam, takze nové vzniklé kopie jsou vétSinou

inaktivovany delecemi nebo bodovymi mutacemi. Retrotranspozice v§ak muze naru$it i bunéény genom, napf. zménou

¢teciho ramce protein kodujicich gentl. Retrotranspozony tvoii asi 45% nasi DNA a sam nejhojnéjsi element LINE1 (long

interspersed nuclear element 1) tvoii asi 17% genomu. [122]
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piRNA brani $ifeni transpozonu i dalSimi, epigenetickymi mechanismy, usnadniuji methylaci
DNA a modifikace (methylace, acetylace) histonti. V zarodecnych bunkach mysi byla
objevena piRNA navigovand DNA methylace, jejimZz cilem jsou obvykle transpozonové
sekvence [122]. U Drosophila melanogaster piRNA naviguji methylaci histont, konkrétné
vznik represivniho znaku methylace histonu 3 lysinu 9 (H3K9), ktery znesnadiuje transkripci

daného genu Polymerézou 111 [123](Obrazek 10).

Obrazek 10. PIWI/piRNA zprostfedkovavaji vznik
methylace histoni[123]

V heterochromatinu (a) D. melanogaster, piRNA
(¢erven¢) navede PIWI protein ke komplementarni
sekvenci na genomické DNA. Po navazani na gDNA
PIWI/piRNA komplex aktivuje histon
methyltransferdzu Su(var)3-9, kter4 methyluje nejblizsi
histon 3 lysin 9 (H3K9). H3K9 je represivni znak
chromatinu, ktery znesnadiiuje transkripci daného genu
Polymerazou llI.

V euchromatinu  (b) se PIWI/piRNA  komplex
pravdépodobné vaze na vznikajici RNA transkript,
vysledkem je opét aktivace histon methyltransferdzy
Su(var)3-9 a vznik represivniho znaku H3K®.

Protoze mutace PIWI proteinti zptisobuje neplodnost a samotné piRNA byly objeveny roku
2006 v zéarodeénych bunkach [120], byl cely PIWI/piRNA systém zkouman zprvu pouze v
kontextu kmenovych bunék [122, 124]. Mutace PIWI vedou k neplodnosti, sdm nazev PIWI
je zkratkou “P-element Induced WImpy testis” fenotypu [125]. Pozdé€ji byla popsana
deregulace PIWI proteinti a piRNA u nadorovych bunék [126] a kone¢né roku 2012 vysla
prvni publikace o expresi piRNA v somatickych buiikach [127]. Podobné exprese PIWI
proteind (PIWI-like 1-4) byla povazovana za vyhradni vlastnost zarode¢nych a nadorovych
bunc¢k a az nové¢jsi studie popisuji, Zze minimalné PIWIL4 je exprimovan ve vétSin¢ tkani
[128].

Zda vysoka exprese PIWI proteinti vV nadorovych buiikach odrazi jejich onkogenni pisobenti,
nebo je naopak reakci na veétsi aktivitu transpozomi a PIWI je vlastné tumor supresorovy gen,
neni zatim zfejmé. Je prokazédno, Ze velmi vysoka exprese PIWI proteini je negativnim
prognostickym markerem u kolorektalniho a hepatocelularnino karcinomu, karcinomu
zaludku, a karcinomu moc¢ového méchyie [129-132]. Podobn¢ zvysena exprese nékterych

piRNA (napf. piR-651, -823 a -4987) doprovazi/spoluptisobi tumorgenezi [126, 133, 134].
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Naopak globalni exprese miRNA je v malignich tumorech sniZzena [118], coz je ziejmé
zpusobeno ¢astymi mutacemi gend zapojenych do biogeneze miRNA (DICER, exportin a
jiné) [135, 136]. Jinym mechanismem regulace exprese miRNA malignimi tumory je
hypermetylace promotorovych CpG ostravku (“CpG islands™) . Takto je sniZzena napiiklad
exprese miR-200 pii vzniku kolorektalniho karcinomu, respektive pii fazi epitelialné-

mesenchymalni pfemény[137].7

2.4.1.1. Malé regula¢ni RNA u RA

V roce 2008 byly objeveny prvni deregulované miRNA v RA synovialnich fibroblastech, byly
to miR-146a a miR-155 [138]. Vyznam miR-155 pro vznik artritidy byl ovéfen i in vivo:
miR-155-/- mySi nevyvinuly kolagenem indukovanou artritidu a pfi pouziti druhého modelu
artritidy, indukce artritidy transferem séra z K/IBXN mysi, doslo k nizké tvorbé prozanétlivych
cytokinii a zejména k poklesu osteoklastogeneze a tim k omezeni vzniku kostnich erozi [139].
Tento a dalSi experimenty ukazaly, Ze miRNA jsou slibnym teréem cilené 1é€by RA.

V poslednich letech bylo popsdno mnoho dalSich deregulovanych miRNA pii RA [140](viz
Tabulka 1). ProtoZze hladiny miRNA jsou pii RA zménény nejenom lokalné v postizenych
kloubech, ale i systémové v krvi, séru nebo krevnich bunkach, a nékteré miRNA Kkoreluji s
aktivitou RA [141], mohly by miRNA byt slibnym biomarkerem pro predikce odpovédi na
1é¢bu RA [142].

O vyznamu piRNA v patogenezi RA (nebo jiné autoimunitni nemoci) dosud nebylo nic

publikovano.

1 exprese miRNA J, exprese miRNA

PIna krev -99,-100, -125b, -146a, 58

Sérum/plazma -16,-21,-24,-263, -1253-5p,-125b,-126- | -125a-3p,-126-3p, -132,-1463,
3p, -223,-451 -155

PBMC 16,-26a, -132, -146a,-146b, -150, Hi8 | -21

Synovialni tkan -1463, -146b, -150, -223 -22,-23b, -30a

Synovialni fibroblasty -133,-142,-1463, ,-203, -221,-222, | -34a,-124a
-223,-323

Synovidlni makrofagy -1463,

Synovialni tekutina -16, -1463, -223

Tabulka 1 Rozdilné exprimované miRNA p¥i RA [143]

2 Za normélnich okolnosti miR-200 blokuje translaci transkrip&nich represort ZEB1 a ZEB2, které pak nemohou
tlumit expresi E-cadherinu. Zdrava epitelova butika tedy exprimuje E-cadherin a zstiava soucasti epitelu. Pii
niZ8i expresi miR-200 dochézi ke zvySeni hladin ZEB genu, které pak snizi expresi E-cadherinu, tim epitelova
buiika ztraci své adhezivni vlastnosti, miize snaze migrovat pfez bazalni membranu a dale proliferovat.
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2.4.1.2. Malé regula¢ni RNA u IZM

Deregulace miRNA u idiopatickych zanétlivych myopatii (IZM) byla popséna roku 2007,
tedy o rok diive nez u RA. Eisenberg et al. tehdy analyzovali metodou miRNA array 88
svalovych biopsii od pacientti s 11 nemocemi svald (rizné svalové dystrofie a zakladni 1ZM:
PM, DM a IBM) a popsali pii PM 1 exprese 37 miRNA, | 1 miRNA; podobn¢ pii DM 1
exprese 35 miRNA, | 2 miRNA a pfi IBM 1 exprese 20 miRNA, | 1 miRNA. Mnoho miRNA
deregulaci je spoleénych viem nebo vétsing zkoumanych svalovych patologii. Cast
deregulovanych miRNA se piekryva s miRNA zjisténymi u RA nebo dal$ich autoimunitnich
nemoci (napf. miR-146a a miR-155) [144].

Velmi zajimava studie od Georgantas et al. ukazuje, Ze miRNA mohou piimo propojovat
probihajici zanét s naslednou svalovou degeneraci u IZM. Tito autofi nejdiive zjistili, ze
snizend exprese miR-1, -133a, -133b a -206 inverzn¢ koreluje s expresi prozanétlivého
cytokinu TNF-a. In vitro pak prokazali, Ze TNF-o stimulace v myoblastech tlumi expresi
studovanych miRNA a zaroven brani diferenciaci myoblasti v myocyty/myofibrily.
Transfekce pre-miR-1, -133 nebo -206 umoznila myoblastim diferenciaci i ptes trvajici TNF-

a stimulaci [145].

2.4.1.3. Malé regula¢ni RNA u dalSich revmatologickych onemocnéni

Malé regulacni RNA byly u spondyloartritid (SpA) zkoumany zatim velmi malo, studie Lai
et al. popisuje zvySenou expresi miR-16, -221 a leT 7i v T burnikach pacientd s SpA, miR-221
a leT 7i pfitom korelovaly s rentgenovou progresi onemocnéni [146]. Dalsi dvé studie zjistily
zvySenou expresi miR-21 v pIné krvi a miR-29a v PBMC u SpA, tyto miRNA vsak

nekorelovaly s klinickou aktivitou onemocnéni [147, 148].

V imunitnich bunikach pacientt se systémovym lupus erythematodes (SLE) je deregulovéana
exprese fady mMiRNA, napf. miR-125a a -142, -146a jsou exprimovany méné a miR-21, -29b,
-126, 148a, -155 jsou exprimovany naopak vice nez u zdravych kontrol. Exprese miR-21
koreluje s klinickou aktivitou SLE, in vitro experimenty s pre- a anti-miR-21 ukazaly Ze diky
této miIRNA maji T bunky pacientt se SLE aktivovany fenotyp s vysokou schopnosti
proliferovat, tvorbou IL-10 a kostimula¢ni molekuly CD40L [149]. Pti SLE vysoce
exprimované miR-21, -29b, -126 a -148a navic inhibuji translaci DNA methyltransferazy 1
(DNMT1), to vede k celkovéemu poklesu methylace DNA a dalSi deregulaci genové exprese
[150].
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V patogenezi systémové sklerdzy (SSc) maji ziejmé uréity vyznam zvySené exprimovana
profibrotickh miR-21 a malo exprimovana antifibrotickA miR-29. Profibroticka miR-21
podporuje TGF-B zprostfedkovanou fibrotizaci ktize a dalSich tkani tim, ze blokuje SMAD7
gen, ktery tlumi expresi TGF-B. Pii vysoké expresi miR-21 je tedy tvorba TGF-B
“odbrzdéna”, TGF-B navic tlumi expresi miR-21 a tim pozitivni zpétnou vazbou zvysuje svoji
expresi. Naopak antifibrotickd miR-29 blokuje piimo expresi TGF-B, zaroven TGF-f blokuje
tvorbu této miRNA. Deregulace mnohych dalSich miRNA byly objeveny v kizi/koznich
fibroblastech pacientti s SSc, nékteré mMiRNA (miR-30a, -92a, 150, leT 7a) jsou deregulovany
i v krvi pacientu, tyto jsou slibnymi biomarkery [151].

Deregulované miRNA byly objeveny i nékterych vaskulitid, napf. v bioptickych vzorcich
zanicené a. temporalis pfi obrovskobunécéné arteritidé byla namétfena zvysena exprese miR-
21, -146a, -146B 5p, 150, -155 a -299-5p. Tyto miRNA byly zvy3eny jen lokaln¢ a jen v
piipadé probihajiciho zanétu arterialni stény, pii remisich nebo v periferni krvi byla exprese
miRNA srovnatelna se zdravymi kontrolami [152]. Deregulované miRNA jsou popsany i pii
ANCA+ vaskulitidach, Kawasakiho nemoci nebo Behcetové nemoci [150, 153, 154].
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2.4.2. S100 proteiny

Rodina S100 proteind zahrnuje 21 malych (=10 kDa) kalcium vazajicich proteind, které se
ucastni regulace mnoha bunécénych déja. Pojmenovani S100 odkazuje na rozpustnost ve 100%
nasyceném roztoku siranu ammoného. S100 proteiny se vyskytuji pouze u obratlovcd, jsou
vSak vysoce konzervované s minimem znamych polymorfismu [155].

Vazba kalcia méni tercialni strukturu S100 proteind, tim odhaluje vazebnd mista pro dalsi
partnery S100 proteinti. Intercelularné tedy S100 proteiny maji funkci jakychsi Ca®* senzord,
které fluktuujici hladinu C** pfeméni v bun&nou odpoved’. Afinita S100 proteint k Ca®" je
pritom relativné nizka, ale zfejmé v bunice existuje dynamicka rovnovaha mezi S100 proteiny
s a bez navazaného Ca’*, ktera se méni podle intracelularni koncentrace kalcia. Extracelularnd
mohou S100 proteiny interagovat s fadou receptori véetné TLR4, IL-10 receptoru a receptori
sprazenych s G-proteiny. S100 proteiny tvoii typicky homodimery, vyjimkou je heterodimer
S100A8/9 [155].

Deregulace exprese S100 proteinti je Castym jevem u malignich nadord, jednotlivé typy
nadoru snad maji svtij charakteristicky S100 profil (“S100 protein signature”). Exprese S100
proteint je pfi malignitach obvykle zvySend a rizné S100 proteiny poméhaji naddoru s rstem,
metastazovanim a angiogenezi. Vyznamna role S100 proteind u malignich tumord byla
prokazana mnoha experimenty in vitro i in vivo, prvni inhibitory S100 proteint (inhibitor
S100B u maligniho melanomu a inhibitor SI00A9 u karcinomu prostaty) jsou nyni testovany
v klinickych studiich [155].

Vysoka exprese S100 proteinti byla vSak objevena i u autoimunitnich onemocnéni. Nékteré
S100 proteiny (S100A8/9, S100A12) snad funguji jako “alarminy”, jakasi endogenni paralela
PAMP (pathogen-associated molecular patterns). Alarminy definoval M. Bianchi jako
endogenni molekuly, které signalizuji poSkozeni tkdn€. Uvolnuji se pfi nekroze, nebo jsou
aktivné tvofeny imunitnimi bunikami pii zanétu. Tuto teorii podporuje schopnost S100
proteinu interagovat s TLR4 a RAGE (eceptor of advanced glycation end-products) receptory
[156]. V dalsim textu se zaméfim na S100A4 a S100A8/9 proteiny, jejichz roli u

revmatologickych onemocnéni jsem se zabyvala.

S100A4 dimer S100A8/9 tertramer Obrézek 11

S100A4 a S100A8/9
[157, 158]

26



S100A4 protein (metastazin)

Monomery S100A4 spontanné dimerizuji, vazba &tyt iontii Ca®* uzavienou strukturu S100A4
homodimeru otevie a umozni tak vazebné interakce s dal§imi proteiny [159].

S100A4 protein byva nazyvan metastazin pro svllj vyznam pii metastazovani nadorti. SI00A4
neni sam o sob¢ tumorgenni, ale pfi preexistujicim nadoru zvysSeni hladin S100A4 usnadiuje
nc¢kolika mechanismy S§ifeni tohoto néadoru. Intracelularni S100A4 se v pseudopodiich
migrujici nddorové builky vaze na molekuly cytoskeletu (napt. Myosin IIA) a podporuje
jejich pohyblivost. S100A4 také zvySuje tvorbu a uvoliiovani matrix degradujicich enzymu
(MMP) a tim prostup migrujicich bunék mezibunéénou tkani. S100A4 zatim vcelku
neznamymi mechanismy reguluje i proliferaci a apoptozu nadorovych buiiek [155]. U fady
nadorti byla popsana inverzni korelace S100A4 exprese s prognézou pacienta [160, 161].
S100A4 je vSek zvySené exprimovan i pii fadé nenadorovych onemocnéni, zejména pfi

autoimunitnich poruchach [162].

S100A8/9 protein (kalprotektin)

S100A8 a S100A9 tvofi nejcastéji heterodimer, dva S100A8/9 heterodimery spolu déle
dimerizuji a vzniké tetramer — kalprotektin, ktery vaze 8 iontd Ca®". Tetramer S100A8/9
piipadné dale oligomerizuje a je nalézan ve formé amyloidu v prostaté starSich muzu [158].
Hlavnim zdrojem kalprotektinu jsou myeloidni buiiky, zejména neutrofily, kde prozanétlivy
tetramer S100A4 tvoii az 40% cytosolické bilkoviny. Z neutrofild je kalprotektin uvolfiovan
pii nekrotickém rozpadu bunky, ziejmé také dosud neznamym mechanismem aktivniho
transportu a jako antifungalni bilkovina uvolnovana pii NET6ze, smrti neutrofilu spojené s
vytvofenim antimikrobni chromatinové sit¢ [163]. S100A8/9 heterodimer vznika obvykle v
dusledku zanétu a funguje jako alarmin [156]. S100A8 a S100A9 jsou také proonkogenni,
podporuji rist naddoru, jeho metastazovani — tim, Ze pfipravuji tumoru piiznivé prostiedi v
cilovych organech a pomahaji nddoru vyvinout rezistenci k chemoterapii [155]. Kalprotektin
se ziejm¢ ucastni patogeneze aterosklerozy, kardiomyopatie, neurodegenerativnich nemoci a
autoimunit [158]. Vysetfeni kalprotektinu ve stolici je citlivym screeningem na pfitomnost

nespecifického sttevniho zanétu [164].
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2.4.2.1. S100 proteiny u RA

ZvySena exprese mnohych S100 proteind (S100A4, S100A8/9, S100A12) byla pii RA
zjisténa v synovialni tkani postizenych kloubt, v synovialni tekuting i systémové v cirkulaci
[165-167]. Hladiny S100A4 a S100A8/9 navic pozitivné koreluji s klinickou aktivitou RA
[168, 169]. Pii uspésné farmakoterapii RA lokalni i systémové exprese S100A8/9 klesa [170],
vzestup S100A8/9 hladiny ptedchazi klinicky relaps onemocnéni [171]. S100 proteiny zfejmé
nejsou jen pasivnim markerem probihajiciho zanétu, protoze samy reguluji expresi matrix
degradujicich enzymii, apoptotickych molekul a cytokinti, které se ucastni patogeneze RA
[172, 173].

2.4.2.2.  S100 proteiny u 1IZM

Imunohistochemicka analyza prokazala ptitomnost S100A4 a S100A8/9 proteind ve
svalovych bipsiich pacientl s idiopatickymi zanétlivymi myopatiemi [174, 175]. Tyto S100
proteiny jsou exprimovany prevazné imunitnimi buitkami, které infiltruji svalovou tkan pfti
aktivni 1ZM. S100A4 protein byl prokazan také v regenerujicich svalovych vldknech [174]. In
vitro stimulace myofibril multimery S100A8/9 izolovanymi z neutrofild branila proliferaci a

diferenciaci myofibril a vedla k jejich apoptoze [175].

2.4.2.3. S100 proteiny u dalSich revmatologickych onemocnéni

U pacienti se spondyloartritidou byla zjisténa vyssi sérova hladina S100A8/9, ta ale
nekorelovala s zadnym parametrem klinické aktivity onemocnéni ani s rentgenovou progresi
[176]. Pacienti se systtmovym lupus erythematodes maji asi tfikrat zvySenou sérovou
hladinu S100A8/9 v porovnani se zdravymi kontrolami, S1I00A8/9 ptitom dobie koreluje s
klinickou aktivitou onemocnéni a je vyssi u pacientl s pozitivitou anti-dSDNA protilatek a u
pacientt s artritidou [177]. Vysoka hladina SI00A8/9 ukazuje na riziko nebezpe¢né lupusové
glomerulonefritidy [178]. S100B protein byl navrhovan jako biomarker neurologickeho
postizeni pii SLE, vysledky studii jsou ale zatim rozporuplné [179, 180] S100A4 protein je
ziejmé zasadni v patogenezi systémové sklerozy: In vitro zvySeni exprese S100A4 v koZnich
fibroblastech aktivuje TGF-f signalizaci a tak zvySuje tvorbu kolagenu a naopak blok
S100A4 sniZuje tvorbu kolagenu pii stimulaci TGF-B. S100A4-/- mysi jsou rezistentni k
rozvoji bleomycin indukovane fibrozy. A, pochopiteln¢, exprese S100A4 proteinu i MRNA je

vyssi v koznich fibroblastech pacientll s SSc nez u zdravych kontrol [181].
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2.4.3. Autoprotilatky

Autoprotilatky jsou imunoglobuliny namifené proti antigenim vlastnich tkani. V nizkém titru
se autoprotilatky vyskytuji 1 u ¢asti zdravych lidi, jejich pozitivita mize doprovazet maligni
nebo infekéni onemocnéni, infarkt myokardu, kardiomyopatie a dalSi. Typicky je vSak

ptitomnost autoprotilatek asociovana s autoimunitnim onemocnénim [182].

Vznik autoprotilatek je dusledkem poruseni pravidla tolerance k vlastnim tkanim, podle
kterého dochézi k apoptdze nezralych autoreaktivnich T bunék v thymu a B bunék v kostni
dfeni (centralni tolerance). Pokud se autoreaktivni T lymfocyt vyhnul apoptéze v thymu, mél
by byt utlumen absenci druhého signalu nebo ucinkem Treg na periferii, néjaky podobny
mechanismus zfejmé tlumi i autoreaktivni B buriky, které se dostaly k dalSimu vyzravani do
sleziny (periferni tolerance). Obecné je vSak selekce autoreaktivnich B bunék méné piisna v
porovnadni s T bunikami, protoze k pfeméné B buiky na plasmatickou buiiku a tvorbé
protilatek je obvykle nutna aktivace Th-bunkou, ktera prosla peclivou selekei [11].

V soucasnosti existuje n¢kolik teorii vzniku autoprotilatek:

Proti nespecifické polyklonarni stimulaci lymfocytt svéd¢i mala pestrost autoprotilatek u
jednoho pacienta, zato cCastd pfitomnnost protilatek proti nckolika epitopim jednoho
autoantigenu [183].

Dispozice k tvorbé uréitych autoprotilatek byva dédi¢na. Urcité HLA alely prezentuji typické
(modifikovné) autoantigeny. Pf. HLA-DRB1*01 a *04 velmi dobfe vazi citrulinované
peptidy, APC je pak mohou prezentovat specifickym T a B lymfocytim [19].

Aktivace B bun¢k muze v ptitomnosti TLR-ligandt probihat nezavisle na T buiikach. Takze
pokud je urcity antigen zaroven ligandem TLR, muaze aktivovat specifickou B bunku bez
druhého signélu od Th bunky. Tato na T bunikach nezavisla aktivace B bunék je podpofena
cytokinem BAFF [184].

K tvorbé autoprotilatek také mohou piispivat epigenetické modifikace B bunék [185].

Autoantigen (nejcastéji protein, ale i nukleova kyselina nebo lipidova Castice) se mize
nalézat uvnitt buniky, na cytoplasmatické membrané nebo byt soucasti mezibunééné hmoty.
Vétsina autoprotilatek popsanych pfi systémovych onemocnénich pojiva je namifena proti
intracelularnim antigenim, pro klondlni expanzi B bunc¢k je pfitom nutnd vazba
(auto)antigenu na BCR, tj. d&; odehréavajici se v extracelularnim prostoru. Intracelularni

antigeny proniknou do extracelularniho prostoru pti smrti bunky [184].
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T¢lu vlastni molekuly by diky mechanismim imunitni tolerance nemély byt antigenni.
Antigenni vlastnosti vSak mohou ziskat modifikaci vlastnich molekul — pt. citrulinaci proteint
extracelularni matrix. Ke zmén¢ antigenni struktury molekul dochazi také pfi bunécné smrti
(proteolyzou, hyperfosforylaci, ubiquitinaci, citrulinaci...) coz muze vést k odhaleni dosud
skrytych stuktur budoucich autoantigend. Jinym mechanismem je piesmyk protilatkove
reakce proti cizimu antigenu, ktery je ale podobny vlastnim strukturam. Pfi afinitni maturaci

pak muze somatickymi hypermutacemi vzniknout B burika tvofici autoprotilatky [183].

Soucasna “multiple-hit theory” popisuje, ze po pocateCnim pralomu autoimunity
manifestovaném tvorbou autoprotilatek (u geneticky disponovaného jdince v kombinaci s
ur¢itymi vlivy prostfedi) je nutny jesté dalsi stimulus ke vzniku onemocnéni. Podle exprese

autoantigenu vznikne organov¢ specifické nebo systémové autoimunitni onemocnéni [184].

Mechanismus patogenniho pusobeni autoprotilatek je Casto nejasny. Autoprotilatky by
snad mohly byt pouze privodnim jevem aktivace a deregulace imunitniho systému pii zanétu,
I kdyZ pritomnost specifickych autoprotilatek (které prosSly afinitni maturaci a izotypovym
piesmykem) o 1éta predchéazejici prvni klinické ptiznaky autoimunitniho onemocnéni tomu
nenasvédcuje [184].

Nékteré autoprotilatky proti receptorim na cytoplazmatické membrané tyto receptory aktivuji
nebo naopak blokuji vazbu ligandu. Podobné mohou autoprotilatky neutralizovat rtzné
extracelularni proteiny a znemoziovat jejich funkci. Vazba autoprotilatek na bunécny povrch
muze vést k 1yze bunky aktivaci komplementu/NK-buiitkami nebo usnadnénim apoptdzy
fagocyty. Tkané jsou poskozovany i ukladanim komplementu. Zktizena reakce autoprotilatek
proti dal$im antigenim zpisobuje napf. kongenitalni AV-blok pfi pfitomnosti anti-Ro nebo

anti-La protilatek v krvi t€hotné Zeny [183].
V klinické praxi je detekce autoprotilatek a sledovani jejich titrii zasadni pro diagnostickou

rozvahu, odhad progndzy, vybér nejvhodnéjsi 1écby a pribézné sledovani odpovédi na

1é¢bu/aktivity autoimunitnich onemocnéni [186].
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2.4.3.1. Autoprotilatky u RA

Pfitomnost autoprotilatek mutze 0 1éta predchazet rozvoj prvnich klinickych ptiznaka
revmatoidni artritidy (RA) a je pro RA natolik charakteristicka, ze byla zafazena do
ACR/EULAR Kklasifikaénich kritérii pro RA [187].

Revmatoidni faktor (RF) byl v roce 1957 prvni objevenou autoprotilatkou [188]. RF je tvofen
najcastéji ve tiidé IgM, vyskytuje se u 80% pacientil s RA, ale mize byt pozitivni 1 pfi jinych
systémovych nebo organovych onemocnénich, malignitach nebo infekcich. Specificita RF je
tedy nizka. Autoantigenem pro RF je Fc fragment IgG protilatek. RF tedy muze tvofit velké
imunitni komplexy, které se ukladaji (nejenom) v kloubech a mechanismem aktivace
komplementu vedou k jejich poskozeni. Molekula RF ttidy IgG je protilatkou a zaroven svym
vlastnim antigenem, tyto molekuly se tedy mohou fetézit a jeSt€¢ snadnéji aktivovat
komplement [3].

Protilatky proti citrulinovanym peptidaim (ACPA) jsou nalézany u 70-80% pacientd s RA a
jejich nalez je narozdil od RF vysoce specificky pro RA. Podle jejich pfitomnosti je
rozliSovana ACPA-pozitivni a ACPA-negativni RA, pii¢emz tyto zdé jednotky maji ziejmé
Casn&jS$im rozvojem erozi nez ACPA-negativni RA. Pouze ACPA-pozitivni RA je asociovana
s HLA-DRBI a koufenim. Vysvétlenim je zfejmé kouienim indukovana citrulinace proteint v
plicich (Obrazek 12) a diky HLA-DRB1 na APC dobra prezentace “sdileného epitopu”
citulinovanych peptidi imunitnim buikam [3]. Mozné patogenni pusobéni ACPA
autoprotilatek zahrnuje aktivaci makrofaglti a osteoklastti a indukci NET6zy v neutrofilech.
Urcité ACPA snad mohou mit i protektivni efekt a branit rozvoji RA. Pti vhodné glykosylaci
nebo jinych modifikacich, kdy autoprotilatka vaze cilovy protein aniz by spoustéla kaskadu
dalgich reakci, vlastné blokuje misto nasednuti efektorove — a Skodlivé — autoprotilatky [189].

Citrullination Carbamylation
0= C—NH,;
NH, — C— NH," 0= C—NH, NH, N:H
NH NIH C{'I: Cyanaat Cr:
c{t. PAD cr:a, c[H, —"' Cra
ot o o oH, H0, | MPO CH,
CL, CL’ CL, Thiocyanaat CIL?
%NH—CII-I—C— —NH—OI-I—C— —NH—CL—C— _N“_CH—i—
: : 0 °
Arginine Citrulline Lysine Homocitrulline

Obréazek 12 Citrulinace a karbamylace proteini [190]
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Nedavno byl prokazan novy druh autoprotilatek u RA, anti-carP protilatky. Jsou namifeny
proti karbamylovanym peptidim. Karbamylace je chemické pfeména lysinu na homocitrulin a
k jejimu vzniku také ptispiva koufeni (Obrazek 12). Anti-carP autoprotilatky jsou nalézany az
u 45% pacientii s RA, ¢aste¢né i u pacientit ACPA-negativnich a RF-negativnich [190].

U casti RA pacienti se také nalézaji anti-PAD4 autoprotilatky, které jsou namifené proti
enzymu peptidylarginindeimindze (PAD), tj. enzymu citrulinujicimu proteiny (Obréazek 12).
Céast anti-PAD4 autoprotilitek ziejmé mize PAD aktivovat a zvySovat tak tvorbu
autoantigent pro ACPA [190]. Celkov¢ je problematika autoprotilatek u RA velmi zajimava,
v klinickeé praxi poméaha stanoveni autoprotilatek individualizaci 1é¢by a ve vyzkumu diky

znalosti serologie pacientli mizeme tvorit homogen¢jsi kohorty pacienti.

2.4.3.2. Autoprotilatky u 1IZM

Autoprotilatky se vyskytuji u vice nez 80% pacientl s idiopatickymi zanétlivymi myopatiemi
(IZM) a jejich stanoveni velmi pomahd pii diagnoze 1ZM a dalSim vedeni 1écby. IZM jsou
velmi heterogenni skupinou onemocnéni a pravé pritomnost jednotlivych autoprotilatek byva
asociovana s charakteristickymi klinickymi pfiznaky a pribéhem onemocnéni. Autoantigeny
jsou pii IZM intracelularni molekuly, vétSinou zasadni enzymy ucastnici se regulace genové
exprese.

Zakladni rozd€leni autoprotilatek pti [ZM rozliSuje autoprotilatky specifické pro myozitidu
(MSA = myositic specific autoantibodies) a autoprotilatky asociované s myozitidou (MAA =

myositis associated autoantibodies) [191].

MSA jsou vysoce specificke pro IZM, vyskytuji se zhruba u 45% pacienti a u nemocného je
pfitomna obvykle jen jedna MSA [186]. Znamé MSA, jejich autoantigeny a klinické asociace
jsou shrnuty v tabulce 2.

Nejcastéjsim  zastupcem MSA jsou anti-syntetazové autoprotilatky. Aminoacyl-tRNA-
syntetdz existuje celkem dvacet, protilatky byly dosud objeveny proti osmi z nich [191].
Pfitomnost téchto autoprotilatek je asociovana stzv. antisyntetizovym syndromem,
projevujicim se myozitidou, intersticialni plicni nemoci (ILD), artritidou, Raynaudovym
fenoménem a rukami mechanika [79].

Neékteré MSA byly objeveny teprve nedavno, napt. anti-TIF1-y autoprotilatky vyskytujici se u
20-30% pacienti s DM a zejména u starSich pacientli Casto asociované s malignitou.

Autoantigen TIF1-y je transkripéni faktor, ¢asto vysoce exprimovany nadorovymi bunikami.
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Vznik autoprotilatek mtize byt disledkem pfesmyku imunitni reakce, které byla ptivodné
namifena na odstranéni nadoru [191].

DalSim nedavno objevenym typem MSA jsou anti-HGMCR protilatky proti 3-hydroxy-3-
methylglutaryl-koenzym A reduktaze, kliCovému enzymu pro tvorbu cholesterolu. Tento
enzym je cilem statini, a pravé léCpa statiny muze vyprovokovat tvorbu anti-HGMCR

protilatek a vznik snimi asociované imunitné podminéné nekrotizujici myopatic (IZNM)

[192].

Autoprotilatka

Autoantigen

Funkce autoantigenu

Klinické asociace

Anti-synterazové
(Jo-1, PL-7, PL-12,

tRNA syntetaza

Vazba aminokyselin na
tRNA

PM
Anti-syntetdzovy syndrom

EJ, OJ, KS, Ha,

Z0)

Anti-Mi-2 NuRD (nucleasome Regulace transkripce Typické kozni postizeni,
remodeling-deacetylase dobra odpovéd’ na 1é¢bu
complex)

Anti-TIF1-y Transcriptional intermediary | Regulace transkripce Tézka DM
factor 1y Casto asociovana s malignitou

Anti-NXP2 Nuclear matrix protein 2 Regulace transkripce Tézka DM

Casto asociovand s malignitou

Anti-MDA5 Melanoma differentiation- Innate antiviral response | Amyopatickd DM
associated protein 5 ILD

Anti-SAE SUMO-1 (small ubiquitin- Protein sumoylation DM
like modifier 1) activating Gene transcription
enzyme

Anti-SRP Signal recognition particle Transkolace proteini do | Nekrotizujici myopatie

endoplasmazického
retikula

Anti-HMGCR 3-Hydroxy-3- Tvorba cholesterolu Nekrotizujici myopatie, ¢asto
methylglutaryl-CoA postatinova
reductase

Tabulka 2 Autoprotilatky specifické pro myositidu a jejich autoantigeny

Modifikovano podle [191]

Protilatky asociované s myozitidou (MAA) se vyskytuji zhruba u poloviny pacienttl s IZM a
nejsou diagnosticky specifické pro myozitidu. Vyskyt MAA casto doprovazi piekryvny
syndrom IZM s dal$im systémovym onemocnénim pojiva.

Nejcastéjsimi MAA jsou autoprotilatky proti ribonukleoproteinim Ro (SSA), Ro52 a La
(SSB). Pozitivita anti-Ro52 byva casto asociovana s pritomnosti antisyntetazovych
autoprotilatek.

Anti-PM/Scl autoprotilatky se vazi na proteiny exozomu. Exozom se podili na zpracovani
RNA v jadérku a na degradaci mRNA v cytoplasmé. Anti-PM/Scl se vyskytuji typicky u
pacientl s ptekryvnym syndromem IZM se systémovou skler6zou.

Pii PM/Scl ptekryvném syndromu je Casty i vyskyt anti-Ku autoprotilatek. Ku autoantigen je
proteinovy komplex, ktery se tcastni reparace DNA [191].
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Detekce autoprotilatek je vicestupiovy proces. Prvni metodou screeningu je nepiima
fluorescence antinuklearnich protilatek ANA (AntiNuclear Antibodies), pii které lze popsat
typ fluorescence (homogenni, nukleolarni, centromerova nebo cytoplasmickd) a titr fedéni
séra, pii kterém vidime signal. Pfi pozitivnim ANA testu, tedy prokdzané piitomnosti
autoprotilatek, je dale vySetfovana jejich specificita. V soucasnosti se rutinné pouziva fada
metod s rliznou specificitou, senzitivitou a riznymi limitacemi. Mezi zakladni metody patii
protismérna elektroforéza, imunoanalyza se znaCenymi protilatkami (ELISA), imunoblotting
nebo komer¢né dostupné LINE-Blot eseje, kdy jsou antigeny pfimo naneseny na prouzky

nitrocelulozy ke kterym staéi ptidat sérum pacienta [186].

Radioimunoprecipitace (RIP) je vySetieni s nejlepsi senzitivitou a specificitou z dostupnych
metod detekce autoprotilatek. Jeji nevyhodou je cCasova naro¢nost a nutnost prace s
radioizotopem 35S [186]. Obrazek 13 ukazuje obvykly vystup této metody.

Nejprve je tieba pripravit radioaktivné znaeny K356 bunéény extrakt. Po predchozi depleci
methioninu se ke K356 bunkam ptfida 35S-methionin, ktery bunky inkorporuji do nové
tvofenych proteind. Homogenizaci K356 bunék je pak ziskan 35S-znac¢eny bunéény extrakt.
V dalsim kroku jsou autoprotilatky z vySetfovanych sér navazany na sachar6zové kulicky
potazené proteinem A a jimi jsou imunoprecipitovany 35S-zna¢ené antigeny. Metodou SDS-
PAGE jsou imunoprecipitované 35S-antigeny rozdéleny v 10% gelu, ktery je nasledné
vysuSen. Poslednim krokem je pfiblizn¢ 14-denni expozice fotocitliveho papiru a jeho
vyvolani. Odecitani vysledki RIP vyzaduje jistou zkuSenost, do nékolika prvnich jamek gelu
jsou vzdy nanaseny antigeny znamych specificit, které usnadnuji odhad molekularni velikosti
proteind zastoupenych jednotlivymi prouzky [193].

T E T EEEEEE,_ 0. Obrazek 13 Imunoprecipitace autoprotilatek
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2.4.3.3. Autoprotilatky u dalSich revmatologickych onemocnéni

U systémoveho lupus erythematodes (SLE) bylo identifikovano pies 100 riznych
autoantigent a 90-100% pacientll je ANA pozitivnich. RozliSuji se nespecifické a specifické
autoprotilatky a pozitivita autoprotilatek cCasto piedchdzi vznik klinickych ptiznakia
onemocnéni. Nejcastéjsi pro SLE specifické autoprotilatky jsou namifeny proti DNA (anti-
ssSDNA, anti-dsDNA). Jejich koncentrace koreluje s aktivitou lupusové nefritidy a usazovani
imunokomplexti v bazalni membran¢ glomerull a Casta zkiizend reaktivita téchto protilatek se
strukturami glomerulii byla experimentaln& prokézana [195]. Casto jsou nalézany i protilatky
proti dal$im intracelularnim antigenim — anti-nukleozomove a anti-histonove autoprotilatky a
protilatky proti ribonukleoproteinim (anti-Ro and anti-La). Autoprotilatky proti
membranovym antigenim zpusobuji krevni a zfejmé& i neuropsychické postizeni u SLE.
Lymfocytarni, erytrocytarni a trombocytarni autoprotilatky zptisobuji aktivaci komplementu
nebo ADCC reakci (Autoantibody Dependent Cellulat Cytotoxicity) autoimunitni cytopenie.
U SLE byvaji nalézany i antifosfolipidové a mnohé dalsi protilatky [186].

Systémova sklerodermie (SSc) je asociovana s pozitivitou ANA u 95% pacientd, jednotlivé
autoprotilatky se objevuji pted prvnimi klinickymi projevy a jsou spojeny s charakteristickou
klinickou manifestaci onemocnéni. Mezi autoprotilatky specifické pro SSc patii anti-
centromerové protilatky, protilatky proti topoizomeraze I. a proti RNA polymeraze [186].

Pro vaskulitidy je typicky prikaz autoprotilatek proti cytoplazmé neutrofild (ANCA).
Cytoplasmatickd fluorescence (c-ANCA) pii vySetfeni nepfimou imunofluorescenci na
neutrofilem ukazuje protilatek proti proteinaze 3 (anti-PR3), které jsou charakteristické pro
granulomatézu s polyangiitidou. Obraz perinuklearni fluorescence (p-ANCA) je zpisoben
ptitomnosti protilatek proti myeloperoxidaze (anti-MPQO) typickych pro mikroskopickou
polyangiitidu. Jinymi castym cilem autoprotilatek pifi vaskulitiddch je bazalni membrana
glomeruli. Tyto anti-GBM autoprotilatky byvaji spojeny s tézkym postizenim ledvin a plic
[186].

Spondyloartritidy nejsou tradicné spojovany s piitomnosti autoprotilatek, analyzou sér
pacientil technikou protein array byla v roce 2014 popséna vysoka prevalence dvou
autoprotilatek: anti-CD74 [196] a anti-PPM1A (protein phosphatase magnesium-dependent
1A) [197]. Jejich vyznam pro klinickou praxi a role v patogenezi onemocnéni zatim nejsou

znamy.
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3. Cile doktorské prace

Cilem mé doktorské prace bylo pfispét k porozuméni mechanizmiim vzniku a vyvoje
revmatoidni artritidy (RA) a idopatickych zanétlivych myopatii (IZM). Studovala jsem tii
molekularni aspekty jejich patogeneze: regulaéni RNA, S100 proteiny a autoprotilatky.

1) Vliv malych regula¢nich RNA

e Jsou PIWI proteiny a PIWI-interagujici RNA exprimovany v synovialnich
fibroblastech?
Pokud ano, lisi se jejich exprese u RA a osteoartrozy?
Jak jsou PIWI proteiny a piRNA regulovany? Jakou maji funkci?

e Které miRNA jsou asociovany s aktivitou 1ZM?
Mohly by tyto miRNA byt pouzivany jako biomarkery?

2) Role S100 proteint

e Jsou u IZM zvysené sérove hladiny S100A4?
Koreluji sérové hladiny S100A4 s klinickou aktivitou 1IZM?
Jakou roli hraje S100A4 (metastazin) u myositidy asociované s malignitou?

e Jakeé jsou sérové hladiny S100A8/9 u pacientii s velmi Casnou RA?
Koreluji sérové hladiny SI00A8/9 s klinickou aktivitou velmi ¢asné RA?
Jaky vliv ma na sérové hladiny SI00A8/9 1écba?

3) Vyznam autoprotilatek

e Jaky vliv maji jednotlivé autoprotilatky na vznik artritidy pti IZM?
Jaké je obecnd charakteristika artritidy pti [ZM?
(prevalence, distribuce, rozsah, genetické asociace...)

e Jaky vyznam maji jednotlivé autoprotilatky pfi imunitné podminéné
nekrotizujici myopatii (IZNM)?
Jaky vztah maji autoprotilatky k pfedchozi 1é¢bé statiny?
Stoupa incidence IMNM v poslednich deseti letech?
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4. Vysledky a diskuze

Tato dizertacni prace je zaloZena na Sesti publikacich v mezinarodnich Casopisech s IF a
jednom review. Jednotlivé publikace jsou prezentovany v originalni podob¢, pfedchazi jim

vzdy kratky uvod, diskuze vysledkt a upiesnéni mého podilu na daneé studii.
Regulacni RNA
Plestilova L, Neidhart M, Russo G, Frank-Bertoncelj M, Ospelt C, Ciurea A, Kolling C, Gay

RE, Michel BA, Vencovsky J, Gay S, Jungel A. PIWI proteins and PIWI-interacting RNAS in
rheumatoid arthritis Manuscript submitted to Annals of Rheumatic Diseases, IF 10,377

Misunova M, Salinas-Riester G, Luthin S, Pommerenke C, Fojtikova M, Zavada J, Klein M,
Plestilova L, Svitalkova T, Cepek P, Novota P, Vencovsky J. Microarray analysis of
circulating miRNAs in the serum of patients with polymyositis and dermatomyositis reveals a
distinct disease expression profile and is associated with disease activity, Clin EXxp.
Rheumatology, Manuscript Number: CER 8302 15 IF 2,9

S100 proteiny

Plestilova L, Mann H, Andrés Cerezo L, Pecha O, Vencovsky J, Senolt L. The metastasis
promoting protein S100A4 levels associate with disease activity rather than cancer
development in patients with idiopathic inflammatory myopathies. Arthritis Res Ther. 2014
Oct 31;16(5):468. IF 4,12

Andrés Cerezo L, Mann H, Pecha O, Plestilova L, Pavelka K, Vencovsky J, Senolt L.
Decreases in serum levels of S100A8/9 (calprotectin) correlate with improvements in total
swollen joint count in patients with recenT onset rheumatoid arthritis. Arthritis Res Ther.
2011 Jul 26;13(4):R122. IF 4,45

Protilatky

Plestilova L, Vencovsky J. Anti-PM-Scl autoprotilatky u myozitid. Ces. Revmatol. 2009;
17(4): 200-204.

Klein M, Mann H, Plestilova L, Betteridge Z, McHugh N, Reméakovd M, Novota P,
Vencovsky J. Arthritis in idiopathic inflammatory myopathy: clinical features and
autoantibody associations. J Rheumatol. 2014 Jun;41(6):1133-9. IF 3,2

Klein M, Mann H, Plestilova L, Zamec¢nik J, Betteridge Z, McHugh N, Vencovsky J.
Increasing incidence of immune-mediated necrotizing myopathy: single-centre experience.
Rheumatology (Oxford). 2015 Jun 24. pii: kev229. IF 4,47
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4.1. Regula¢ni RNA
4.1.1. PIWI/piRNA systém u revmatoidni artritidy

Exprese PIWI-interagujicich RNA (piRNA) byla zprvu povaZzovana za vyhradni vlastnost
zarodeénych bunék [120], pozdéji byly tyto malé regulatni RNA objeveny i v nadorovych
burikach [198]. Mechanismus, jakym piRNA reguluji genovou expresi je popsan v kapitole
2.4.1. Zakladni funkci piRNA je ochrana genomu pied transpozomy [199].

Ke studiu exprese piRNA v synovialnich fibroblastech (SF) nas pfivedly prvni publikace
popisujici vyskyt piRNA v somatickych buiikach [127] spolu se skuteénosti, Ze u RASF byla
prokazéna porucha regulace transpozomu LINE1 [200]. Do skupiny malych regulaénich RNA
patii spolu s piRNA i o néco kratsi miRNA, jejichz vyznam pfi vzniku a vyvoji RA byl jiz
dfive prokazan [142](viz kapitola 2.4.1.1).

Nejprve jsme zjisStovali, zda SF exprimuji néktery ze ctyt lidskych PIWI proteint (PTWIL1-
4). Prokazali jsme expresi genu PIWIL2 a PIWIL4 v synovialni tkani a v izolovanych
synovialnich fibroblastech od pacienti s RA a osteoartrozou (OA). Pomoci Western blotu
jsme detekovali slabou expresi PIWIL2 a silnou expresi PIWIL4 proteinu v jadie SF. Expresi
PIWILA4 proteinu v SF jsme potvrdili metodami imunohistochemie a imunofluorescence.
Nasledné jsme sekvenovali malé RNA z 9 RASF a 9 OASF a analyzovali expresi piRNA
porovnanim naSich dat s 19260 piRNA sekvencemi publikovanymi v databazi piRNA Bank
[119]. Prokazali jsme piitomnost vice nez 200 piRNA ve viech SF. Zadna piRNA nebyla
vyznamné rozdilné exprimovana v RASF oproti OASF.

Déle jsme korelovali expresi jednotlivych piRNA navzdjem mezi sebou 1) u 9 RASFa2)u9
OASF. Zjistili jsme, Ze exprese jednotlivych piRNA maji tendenci spolu navzajem pozitivné
korelovat a tato korelace je u RASF méné vyrazna nez u OASF. Exprese jednotlivych piRNA
nekorelovala s expresi dvou “housekeeping genes” RNU6-6P a SNORAT7-4A, coZ ukazuje, Ze
nase data ziejmé nejsou zkreslena riznou kvalitou RNA u jednotlivych pacient. Z téchto
vysledkil usuzujeme na spolecnou regulaci exprese piRNA a moznou poruchu této regulace u
RA, tato hypotéza vSak nebyla dale experimentaln¢ ovéiena.

Exprese piRNA se zda byt stabilni napfi¢ riznymi druhy bunék. Zméfili jsme expresi péti
piRNA v SF a perifernich monocytech pacienti s RA a OA a zarovén v péti nadorovych
bunéénych liniich a zjistili, ze potadi jednotlivych piRNA podle miry expreseve vSech druzich
bun¢k stejné.

Pfi experimentech na bunéénych kulturach primarnich synovialnich fibroblast jsme objevili,

Ze stimulace prozanétlivymi cytokiny TNF-o a IL-1f stejné jako TLR-ligandy LPS nebo
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Poly(I:C) zvySuje expresi PIWIL4 genu na tirovni mRNA 1 proteinu. Exprese péti mérenych
piIRNA nebyla vlivem jmenovanych stimulaci signifikantné¢ zménéna.

Funkce PIWI/piIRNA systému v synovialnich fibroblastech jsme studovali po transfekci
siRNA proti genim PIWIL2 a PIWIL4. Exprese jednotlivych piRNA nebyla po umlceni
PIWIL2 a PIWIL4 zménéna, samotné piRNA bez PIWI-proteinti by ale neméli mit na
bunécné funkce zadny efekt. Umlceni PIWIL4 signifikantné snizilo expresi mRNA pro histon
deacetyldzu HDACI, zaroven se zvySila exprese HDAC9 mRNA. Na Urovni proteinu se
exprese HDAC nezmeénila. Toto je dulezité, protoZe vysoka hladina HDAC1 v RASF vyrazné
piispiva ke kloubni destrukci u RA [201].

Blok PIWIL2 a 4 neovlivnil proliferaci ¢i migraci RASF, pozorovali jsme vSak zvySeni
apoptdzy u téch SF, u nichz doslo ke zvyseni apoptdzy po stimulaci vysokou davkou TNF-a.
Methylace ani exprese retrotranspozonu LINEI se po bloku PIWIL2 a 4 nezm¢énila, coz Si
vysvétlujeme redundanci mechanismii regulace LINE1 v RASF.

Tato je prvni studie popisujici expresi PIWIL2, PIWIL4 a piRNA v SF a zvySeni exprese
PIWI proteinti vlivem TNF-a a IL-1p ukazujici na jejich moznou ucast v procesu zanétu.
Zaroven popisujeme mirnou deregulaci piIRNA v RASF, nicméné jsme neobjevili zadnou
piRNA, ktera by byla signifikantn¢ odlisSn¢ exprimovana v RASF oproti OASF a nabizela se

tedy jako jednoduchy biomarker nebo terapeuticky terc.
Tento ¢lanek je vysledkem mé 3-leté staZze v laboratofi experimentalni revmatologie v

Zurichu. PIWI/piRNA projekt jsem pievzala na jeho samém zacatku od prof. Michela

Neidharta, navrhla jsem a provedla vétSinu experimentd, analyzu dat a napsala manuskript.
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Abstract

Introduction

PIWI-interacting RNAs (piRNAs) are small non-coding RNAs, which silence gene
expression of transposons. Rheumatoid arthritis (RA) synovial fibroblasts (SF) have an
activated phenotype, possibly due to the transposon deregulation. In the present study

we explored the role of PIWIL proteins and piRNAs in RASF.

Methods

The expression of PIWIL genes in RA and osteoarthritis (OA) synovial tissues and SF was
analyzed by Real-time PCR, Western blot and immunohistochemistry. Expression of all
human piRNAs was analysed by small RNA sequencing. Induction of PIWIL/piRNAs
with proinflammatory stimulators as well as cell proliferation, apoptosis and regulation

of LINE-1 retrotransposon after silencing of PIWIL genes were studied.

Results

In RA and OA synovial tissues and SF PIWIL2 /4 genes were expressed. The sequencing
analysis identified 200-300 piRNAs in SF. The regulation but not the expression levels of
piR-823, -4153 and -16659 was different in RASF compared to OASF. Stimulation with
TNFa/IL1B/ TLR-ligands further increased the nuclear expression of PIWIL4, but not of
piRNAs. Co-expression of piRNAs became deregulated after stimulation with TNFa/IL1(3
or Poly(I:C). Transient silencing of PIWIL2 and 4 did not change LINE1 methylation and
expression. Nevertheless, silencing of PIWIL genes downregulated mRNA for HDAC1 and
increased TNFa- induced apoptosis in RASF.

Conclusion

piRNAs are a new class of small regulatory RNAs in RA and OA synovial fibroblasts. In
RASF, PIWIL proteins regulate transcription levels of HDAC1 and particularly TNFa-
induced apoptosis. Our results suggest that the PIWIL/piRNA system is active in RASF
and may contribute to the pathogenesis of RA.

Key words: rheumatoid arthritis, fibroblasts, synovitis
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Introduction

Rheumatoid arthritis (RA) is a chronic autoimmune disease causing joint destruction as
well as systemic inflammation.[1] Synovial fibroblasts (SF) are key effector cells in the
pathogenesis of RA.[2, 3] They produce inflammatory cytokines, chemokines and matrix
degrading enzymes attracting inflammatory cells to the joints and destroying the
cartilage. RASF show an “activated” phenotype possibly due to epigenetic modifications

such as DNA hypomethylation and derepression of transposons (e.g. LINE1).[4, 5]

Non-coding RNAs (ncRNA) make up the majority of the human genome. Recent studies
have shown that over 90% of our genome is possibly transcribed and only about 2% is
translated into proteins.[6] Besides ribosomal RNAs (rRNA) and transport RNAs (tRNA),
ncRNAs include also long non-coding RNAs (IncRNA) and various small regulatory
RNAs.[7] The small regulatory RNAs are defined by their length (20-32nt) and their
interaction with Argonaute family proteins and can be further classified into small
interfering RNAs, microRNAs and PIWI-interacting RNAs (piRNA).[8]

piRNAs (24-32nt) build complexes with PIWIL (P-element induced wimpy testis like)
proteins, members of the Argonaute family.[9] There are four PIWIL proteins in humans
(PIWIL1-4), which bind approximately 23.439 known piRNAs.[10] The PIWIL/piRNA
ribonucleoprotein complex regulates gene expression through specific recognition of the
target gene by the base complementarity with the piRNA followed by target RNA
degradation or the recruitment of chromatin modifying enzymes by the PIWIL
protein.[9, 11] PIWIL/piRNA complexes have a specific function in maintaining genome
stability through silencing of transposons.[12] They are known to be highly expressed in
germline and cancer cells and the correlations of PIWIL and piRNA expression levels
with patient prognosis was described in different cancer types.[13-17] Experimental
manipulation of PIWIL/piRNA expression both in vitro and in vivo influences growth,
invasion and migration of the cancer cells.[18-21] In addition, recent studies have
shown a possible role of piRNAs in somatic cells, including the regulation of protein
coding genes.[9, 22, 23] piRNAs can act in this context similarly to microRNAs by
binding to the 3'UTR of messenger RNA and inducing its degradation.[24]

https://mc.manuscriptcentral.com/ard
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microRNAs (e.g. miR-1244a, -1464a, -155 and -203) are known to be deregulated in RASF
and to contribute to their above mentioned activated phenotype.[25] piRNA expression
has not been studied in SF so far.

The aim of our study was to describe the role of the PIWIL/piRNA pathway in RA by 1)
evaluating the expression of PIWIL1-4 proteins; 2) assessing the expression of piRNAs;
3) studying the regulation of the PIWIL/piRNA system and 4) exploring its possible
function in RASF.

Methods

Synovial tissues and synovial fibroblasts

Synovial tissues were obtained from patients with RA diagnosed according to the 1987
American College of Rheumatology criteria for classification of RA,[26] who underwent
joint replacement surgery. Synovial tissues from patients with osteoarthritis (OA,
degenerative disease) served as controls. All patients provided informed consent and
the study was approved by the local ethics committee.

SF cultures were established by dispase digestion of synovial tissue as described
elsewhere.[27] Cells were cultured in Dulbecco’s modified Eagle’s medium
supplemented with 10% fetal calf serum. SF of passages 4-8 were used for all
experiments.

RASF and OASF (n=5-16) were stimulated or not for 24 hours with Poly(I:C) (10ug/ml;
Invivogen), LPS (100ng/ml; List Biological Laboratories) or TNFa (10 or 100ng/ml;
R&D) alone or in combination with IL13 (1ng/ml; R&D).

piRNA analysis by small RNA sequencing

Total RNA from RASF and OASF (n=9 each) was isolated with the miRNeasy Mini kit and
treated with RNase-free DNase (Qiagen). The RNA quality was assured using the Agilent
RNA 6000 Nano kit with Agilent 2100 Bioanalyzer instrument (Agilent Technologies).
RNA with RIN=9.5 was considered acceptable for the study.

Small RNA library preparations and sequencing using HiSeq2500 (Illumina Inc., CA)
were performed at the Functional Genomic Center Zurich according to the Illumina
TruSeq® Small RNA protocol. After removal of the adaptor sequences the small RNA-seq
reads were mapped to the human genome by Bowtie[28] and aligned to the piRNABank
- database of 23.439 known human piRNA sequences.[10] Reads Per Kilobase per

4
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Million mapped reads (RPKM) of piRNAs identified in RA were compared to RPKM in OA
using the SARTools pipeline based on edgeR package.[29] piRNAs were considered

differentially expressed when the adjusted p-value was < 0.05.

Analysis of piRNAs by RT-PCR

The cDNAs were generated with TagMan®MicroRNA Reverse Transcription Kit and a
Custom designed piRNA-specific primers, followed by Real-time PCR with Custom
designed piRNA TagMan® probes and TaqMan Universal PCR Master Mix as
recommended by the manufacturer (Applied Biosystems). We have measured
expression of piR-651, piR-823, piR_1312, piR_4271 and piR-4987 [piRNA Bank[10]:
hsa_piR-000651, hsa_piR_000823, hsa_piR-001312, hsa_piR_004271 and
hsa_piR_004987]. RNU6B and RNU44 were employed as housekeeping genes for the
measurements of basal piRNA expression. Under the stimulation, we normalised the

piRNAs to the cel-39 spike in control.

Statistical analysis

The statistical analysis was performed using the GraphPad Prism 5.0 software. Data
were analyzed by parametric (paired 2-tailed t-test) or nonparametric (Wilcoxon's
matched pairs signed rank test) statistical tests as appropriate. Values are presented as

mean + SEM. P values less than 0.05 were considered significant.

Further details on the methods used (transfections, RT-PCR, Western blotting,
immunochemistry, apoptosis and proliferation assays and LINE-1 methylation

measurement) are provided online as supplementary material.

Results

Characteristics of RA and OA patients are shown in Table 1.

PIWIL2 and PIWIL4 genes are transcribed in synovial fibroblasts

To investigate whether the PIWIL/piRNA system is active in the synovial cells, we first
measured the expression of the PIWIL1-4 mRNA in RA and OA synovial tissues. We
found mRNA for PIWIL2 and PIWIL4 to be expressed similarly in RA and OA synovial
tissues (mean PIWIL2 dCt+SEM in RA 5.3+0.7 and in OA 5.5%0.3; mean PIWIL4 dCt+SEM

https://mc.manuscriptcentral.com/ard
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in RA 3.6+x0.5 and in OA 2.9+0.3), while mRNA for PIWIL1 and PIWIL3 were not
detectable.

Synovial tissue is composed by multiple cell types (SF, inflammatory infiltrates,
endothelial cells and others), and SF themselves are recognized as a key players in RA
pathogenesis.[30] Therefore we measured the expression of PIWIL1-4 mRNA in
cultured SF and could detect similar high expression of PIWIL2 and PIWIL4 mRNA in
cells from both RA and OA patients (mean PIWIL2 dCt+SEM in RA 2.2+0.8 and in OA
1.34£0.6; mean PIWIL4 dCt+SEM in RA 1.3+0.3 and in OA 1.2+0.4).(Figure 1A)

PIWIL4 protein is expressed in cell nuclei

At the protein level, we detected strong expression of PIWIL4 in nuclear extracts from
RASF and OASF on Western blots, while the bands of PIWIL2 were weak in both RASF
and OASF. There was neither PIWIL2 nor PIWIL4 protein found in the cytoplasmic
extract. (Figure 1B) For the following analysis, we focused on PIWIL4 and performed
immunohistochemistry in RA synovial tissues, where we could see a strong signal in the
nucleus and cytoplasm.(Figure 1C) Immunofluorescence analysis of RASF showed
PIWIL4 protein expression in the cell nuclei as well as in the perinuclear region (Figure

1D).

PIWI-interacting RNAs are expressed in synovial cells

After having detected high expression of PIWIL4 protein in RA and OASF, we sequenced
9 RASF and 9 OASF small RNA libraries using the Illumina platform. Reads length
distribution peaks at 22 nt and 29 nt, confirming the presence of both miRNAs and
piRNAs. (Figure 2A1) 200-300 piRNAs were found to be expressed in all 9 RASF and
OASF. The most expressed piRNA, piR-16735, covered 20% of all piRNA reads, while
next 3 piRNAs (piR-18570, -17724 and -20388) each covered about 5% of all piRNA
reads.

The analysis of RNA seq count data did not show any significantly differentially
expressed piRNAs in RASF compared to OASF. Unsupervised clustering of piRNA could
not distinguish between the groups of RASF and OASF.(Figure 2A2)

Deregulation of piRNAs in RA synovial fibroblasts
The RNA sequencing data (RPKM) suggested that the piRNAs are likely regulated by

some common factor as a whole group, rather than being regulated independently by
6
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own factors. To investigate this issue, we correlated RPKMs of single piRNAs in the 9
RASF and 9 OASF between each other and created correlation matrixes showing the
Pearson’s correlation coefficients R for each pair of piRNAs. All coefficients are positive,
as shown in the Figure 2B1, suggesting some mechanism of co-expression or co-
regulation of piRNAs in SF. Only piRNAs with mean RPKM 2500 (n=38) were included in
this analysis. Furthermore, we have calculated the AR=R(RASF)-R(OASF) for the single
piRNAs and then summed all AR for each piRNA. According to this analysis, piRNAs are
less tightly regulated in RASF than in OASF (AR are mostly negative) and the 3 most
deregulated piRNAs in RASF are piR-823,-4153 and -16659 (Figure 2B2).

TLR-ligands and proinflammatory cytokines increase expression of PIWIL4

To understand, whether PIWIL4 is regulated by the inflammation process in the RA
joint, we measured PIWIL4 expression in RASF and OASF stimulated with TLR-ligands
LPS and Poly(I:C) or with proinflammatory cytokine IL1f3 in combination with TNFa.
Levels of PIWIL4 mRNA were enhanced by Poly(I:C) in both RASF and OASF 2.9-fold
(p=0.003)/3.4-fold (p=0.013); LPS 2.1-fold (p=0.026)/2.6-fold (p=0.025) and TNFa in
combination with IL1 1.9-fold (p=0.003)/1.7-fold (p=0.007).(Figure 3A) At the protein
level by Western blot we detected similar induction of PIWIL4 expression in the nuclear

extract, while in the cytoplasmic extract PIWIL4 protein was not detectable.(Figure 3B)

piRNAs are deregulated after stimulation TNFa/IL1f3 or P(I:C)

To study the regulation of piRNAs in SF, we chose 5 piRNAs (piR-651, -823,-1312, -4271
and -4987), which we found to have different expression levels in cancer cell lines.
(Figure 4A1) We confirmed, that the expression levels are also comparable in RA and HC
PBMC (Figure 4A2) and RA and OASF (Figure 4A3). The most expressed piRNA across
the cell types was piR-651, followed by piR-1312, piR-823, piR-4987 and the least
expressed piR-4271. Expression of those 5 piRNAs in RASF was not significantly
changed 24 hours after stimulation with TNFa + IL13, LPS or Poly(I:C) (Figure 4B), but
their co-expression became deregulated after TNFa/IL1f or P(I:C) in contrast to the

stimulation with LPS. (Figure 4C).
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siPIWIL4 does not affect the levels of piRNAs but decreases the expression of
HDAC1

To study the function of the PIWIL/piRNA in SF, we have silenced the PIWIL4 gene.
PIWIL4 silencing efficiency was around 50% at the mRNA level and 30% at the protein
level.(Figure 5A) We have not observed any changes in levels of piR-651, -823 or -4987
after silencing of PIWIL4.(Figure 5B)

PIWIL/piRNA-complexes recruit epigenetic modifiers on the target place [9]. We
questioned whether PIWIL4 silencing has any impact on expression of HDAC 1-11 in
RASF. At 48 hours after siPIWIL4, we have observed decreased mRNA expression of
HDAC1 (to 0.6-fold, p=0.0003) and increased expression of HDAC9 (to 1.3-fold,
p=0.025), while levels of other HDAC remained unchanged. (Figure 5C) However, there
was no change in HDAC1 protein level measured 72 hours after silencing PIWIL4. (data
not shown)

As HDAC1 is involved in the regulation of cell cycle inhibitors [31] and silencing of
PIWIL4 is blocking the expression of HDAC1, we have measured the levels of p16, p21
and p53 after silencing of PIWIL4. We observed small decrease of p16 and p21 on the
mRNA level (to 0.8- and 0.9-fold, p=0.022 and p=0.040), p53 remained unchanged.
However, there was no change in the levels of p16 and p21 protein levels. The Real time
measurements of the cell proliferation with the X-Celligence system or BrdU did not
show any difference in the proliferation of RASF after silencing PIWIL2 and 4 genes

(data not shown).

PIWIL/piRNA system is involved in regulation of RASF apoptosis

In cancer, overexpression of PIWIL4 decreases apoptosis.[32] Reduced apoptosis
susceptibility contributes also to synovial hyperplasia in RA.[30] We evaluated the cell
apoptosis in RASF and OASF (n=5) silenced for PIWIL2 and 4 genes after high dose of
TNFa (100ng/ml). In 3 RASF and 3 OASF the apoptosis increased 24 hours after the
TNFa stimulation (RASF: 3.1-fold, p=0.008; OASF: 4.4-fold, p=0.082), whereas the
remaining 2 fibroblast samples did not react to the stimulation. In RASF, silencing of
PIWIL genes combined with TNFa stimulation further increased the apoptosis compared
to TNFa stimulation with siCtrl (RASF: 1.5-fold, p=0.050; OASF: 1.2-fold, p=0.639).
(Figure 5D).
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PIWIL4 does not regulate methylation or expression of LINE-1

piRNAs help to maintain the integrity of the genome by silencing the transposons.[33]
To investigate whether this mechanism might play role in RA, we have determined
LINE-1 methylation and expression in RASF after silencing of PIWIL2 and 4. As a
positive control we have used RASF treated for 1 week with the demethylation drug 5-
azacytidine (5-AZA). While LINE-1 methylation decreased after 5-AZA treatment as
expected, it did not change after transient silencing of PIWIL2 and 4. We have obtained
similar results when measuring RNA expression of LINE-1 fragments, which was

increased after 5-AZA and did not change after transient siPIWIL2 and 4.(Figure 5E).

Discussion

In this study we demonstrate: 1) Presence of PIWIL4 protein in RA and OA synovial
tissues and fibroblasts. 2) Expression of 200-300 piRNAs in SF without significant
differences. However, the regulation but not the expression levels of piRNA-823, -4153
and -16659 were different in RASF compared to OASF. 3) Upregulation of PIWIL4 and
deregulation of piRNAs by the TLR-ligands and proinflammatory. 4) No effect of
transient silencing of PIWIL4 on proliferation or migration of SF and no change in the
LINE1-methylation or expression in RASF. However silencing of PIWIL4 downregulated
HDAC1 mRNA and increased TNFa-induced apoptosis in RASF.

Our findings that PIWIL2 and PIWIL4 mRNA and PIWIL4 protein are expressed in SF are
in agreement with a previous study by Sugimoto et al., who reported PIWIL4 expression
in various somatic tissues.[32] Similarly, the number of piRNAs which we detected in
RASF (200-300) is comparable with 273 piRNAs detected in somatic tissues by
Matrinez et al.[34] Similarly to this study, we also observed the same expression pattern

with very high and very low levels of single piRNAs across the cell types.

RNA seq analysis with edgeR package did not find any significantly differentially
expressed piRNAs in RASF compared to OASF. The only other piRNA study conducted so
far in autoimmune diseases is by Alexandrova et al., who found only 6 differentially
expressed piRNAs in bronchial smooth muscle cells from asthmatic patients.[35] We
have shown that piRNAs in SF are most likely co-regulated by some common

mechanism, as their expression levels do correlate positively with each other.
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This regulation is weaker in RASF than in OASF, and particularly piR-4153, piR-16659
and piR-823 seem to be deregulated in RASF. Common regulation of piRNAs could be
partially explained by their transcription in clusters.[36] We were interested if
piR-4153, -16659 and -823 are coded by the same cluster and learnt, that thay
are on different chromosomes. Also the 5 piRNAs which we measured after
stimulations of RASF are encoded by different regions. Further studies are needed to
clarify, whether the piRNA deregulation is more involved in the activation of RASF or if

it is a bystander effect.

We also describe an additional regulatory mechanism of the PIWIL/piRNA system by
proinflammatory cytokines and TLR-ligands next to the hormonal regulation.[37, 38] It
might be interesting to investigate whether the PIWIL/piRNA system is regulated by
glucocorticoids, as these steroids are chemically related to sexual hormones and often

used in the treatment of patients with arthritis.

To understand the role of the PIWIL/piRNA system in SF, we studied various cell
functions after silencing the PIWIL4 protein. As PIWIL4 might be involved in the
biogenesis of piRNAs,[39] we initially expected to observe a decrease in piRNA levels
after silencing of PIWIL4. Nevertheless, deregulation of the piRNA levels in both
directions has been described[40] and in our study, the levels of the 3 piRNAs measured
remained unchanged. However, after silencing of PIWIL4, the most prominent PIWIL
protein expressed in human SF, piRNAs should not be able to execute their functions

regardless their expression level.

Silencing of PIWIL4 gene decreases the expression of mRNA for HDAC1, which is in
agreement with previous reports.[41] HDAC1 protein plays a crucial role in the
destruction of RA joints [42], however in our transient silencing experiments only the
mRNA but not the protein was downregulated. HDAC9, whose mRNA was increased
after silencing PIWIL4, is a repressor of immune system so far mostly studied in

inflammatory bowel diseases.[43]

10
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In cervical cancer cells, upregulation of PIWIL4 promotes cell proliferation and
decreases apoptosis.[18] We did not observe any changes in the proliferation of RASF
after silencing PIWIL4; a possible reason is that the proliferation rate of SF is low in
comparison to that of cancer cells. In OASF the TNFa-induced apoptosis was higher than
in RASF, and silencing of PIWIL2 and 4 significantly increased TNFa-induced apoptosis
in RASF but not in OASF. This difference is probably based on the activated phenotype of
RASF, which are less likely to undergo apoptosis than OASF.[44]

In our study, the transient silencing of PIWIL2 and 4 did not change LINE1 methylation
and expression in RASF. LINE1 is known to be deregulated in RASF[4] and the
PIWIL/piRNA system is believed to have a main function in silencing of transponable
elements.[12, 45, 46] However there is another system to control LINE-1 expression (i.e.
TREX-1) which has been found to be deficient in RASF,[47] suggesting redundancy in
LINE-1 silencing mechanisms with most likely no importance of the PIWIL/piRNA

system in synovial fibroblasts.

Conclusion

We detected a new class of regulatory RNAs and their binding partners in RA and OA
synovial fibroblasts. Over 200 PIWI-interacting RNA, which build complexes with PIWIL
proteins, are transcribed in SF. In RASF, the PIWIL proteins regulate the transcription
levels of HDAC1 and particularly TNFa-induced apoptosis. Transient silencing of PIWIL2
and 4 did not change LINE1 methylation and expression in RASF. Our results suggest
that the PIWIL/piRNA pathway is active in RASF and may contribute to the pathogenesis
of RA.
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RA duration
Nr. Diagnosis |Joint Sex Age CRP VAS (yrs) RF Anti-CCP DAS 28
SHK 303 OA knee f 72 6.4 0
SHK 335 OA knee m 65 0.2 NA
SHK 356 OA knee f 61 21.2 5
SHK 350 OA shoulder f 89 25 NA
SHK 384 OA shoulder f 68 1.2 9
SHK 385 OA shoulder f 78 22 9
SHK 345 OA thumb f 55 <8 NA
SHK 400 OA thumb f 61 <5 NA
SHK 343 OA thumb m 68 NA NA
SHK 196 RA knee f 54 46.7 1 16 positive positive NA
SHK 280 RA knee f 71 17.4 5.6 51 positive positive 2
SHK 368 RA knee f 64 1.7 5 7 positive positive 1.9
SHK 341 RA shoulder f 73 1.6 4 27 positive NA 1.3
SHK 352 RA shoulder f 69 8 5 39 positive NA 1.8
SHK 377 RA shoulder f 79 16.3 10 33 positive NA 3.9
SHK 316 RA finger f 52 NA 1 21 positive positive NA
SHK 318 RA finger f 69 NA 0 50 NA NA NA
SHK 379 RA finger f 78 26 0 23 positive positive NA

Table 1 Clinical data of patients — Small RNA sequencing in SF

VAS=Visual analogue scale for pain, 0-10cm
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Expression of PIWIL genes

Al. PIWIL2 and PIWIL4 are expressed in synovial tissues (ST) from RA and OA patients. Mean dCt PIWIL2 in
RA ST 5.3 and in OA ST 5.5; mean dCt PIWIL4 in RA ST 3.6 and in OA ST 2.9. PIWIL1 and PIWIL3 were not
expressed. A2. Isolated synovial fibroblasts (SF) from RA and OA express of PIWIL2 and PIWIL4. Mean dCt

PIWIL2 in in RASF 2.2 and in OASF 1.3; mean dCt PIWIL4 in in RASF 1.3 and in OASF 1.2. PIWIL1 and
PIWIL3 were not expressed. B. PIWIL4 protein was detected by Western blot in both RASF and OASF in the
nucleus, but not in the cytoplasm. PIWIL2 expression was weak. C. In synovial tissues from patients with RA

staining for PIWIL4 could be detected in synovial fibroblasts as well as around the blood vessels

(Immunohistochemistry, RA patient, AEC red signal signal, original magnification: 200x and 400x, in the

corner is the isotype control) D. Immunofluorescence has shown presence of PIWIL4 protein predominantly
in the cell nucleus and in the perinuclear regions.
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Expression of PIWI-interacting RNAs
Al. Small RNA Illumina sequencing — read length distribution in all SF. A2. Heat map as a result of
unsupervised clustering of piRNAs in 9 RASF and 9 OASF. piRNAs do not cluster between the two groups. B.
piRNAs correlate positively with each other, suggesting common regulation of the piRNA pathway in the SF.
In RASF is this regulation of piRNA co-expression is disturbed. B1. Correlation matrix off piRNAs and
endogenous control (RNU6-6P) in 9 RASF and 9 OASF. RPKM of single piRNAs arewere correlated with each
other and with the endogenous controls and the correlation coefficient R for each pair is shown. Only piRNAs
with mean RPKM =500 (n=38) are included in the analysis. Strong positive correlations (0.75<R) are
highlighted with dark orange; weak positive correlations (0.5<R<0.75) are light orange and no correlation (-
0.5<R<0.5) are white. piRNAs mostly do not correlate with the RNU-6B showing, that the positive
correlation is not a result of anequal read counts between the samples. B2. Analysis of differentially
regulated piRNAs in 9 RASF versus 9 OASF. In the correlation matrix are shown AR=R(RASF)-R(OASF) are
show for each piRNA. With blue are highlighted piRNA correlations, which are weaker in RASF compared to
OASF (AR<-0,5). In the last line is the ZAR for each piRNA given, the three most deregulated piRNAs in
(piR-4153, -16659 and -823) are highlighted in red.
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Regulation of PIWIL4
A. Levels of PIWIL4 mRNA were enhanced by stimulations with proinflammatory cytokines and TLR ligands
in both RASF/OASF. TNFa in combination with IL1B induced PIWIL4 mRNA 1.9-fold (p=0.003)/1.7-fold
(p=0.007); LPS 2.1-fold (p=0.026)/2.6-fold (p=0.025) and Poly(I:C) 2.9-fold (p=0.003)/3.4-fold (p=0.013)
in RASF/OASF. B. On the protein level we confirmed upregulation of PIWIL4 after stimulation with TLR-
ligands in nuclear extract of RASF, there was no PIWIL4 detectable in the cytoplasmic extract.

https://mc.manuscriptcentral.com/ard

58



Annals of the Rheumatic Diseases

2
<
>
W

Cancer celllines

@ 0
I fibrobl:
; i %o 3 ‘é g.u Synovial fibroblasts
. o B 2 Zolew
. . : e . Ew o2
3 L ot 3" L X7 o memuc E . ed .,
H s H bt s o s
£ Iy " ve 3 -
. 3 o ¥ &g @ o oaF
e g & » $e
PRES1 pR-1312 piRE2I piREET piRA2T1 PIREST PIR-1312 PIRS2I  PR4ST pIR4TY g
PRAEST piR1212 piRS23 piR4ET pRATY
B TNFa.+ IL1B s Poly(1:C) B LPS
piRNAs 4 ) O . ¥
after stimulation £ . g . 8 % Lt
Z 2 . % 2 i % e
t=24h . o s -+ +
(t=24h) lewsoes Paiis HF253TF
. e Ey Y s L] Y ', .
PIREST piR1212 piR-823 piR4387 pRA2T1 piR-651 piR-1312 piR-823 piR-4987 pR-427T1 PiR-651 piR-1312 piR-823 piR-4987 pR-L271

PiR-4987

Regulation of piRNAs
Al. To study the regulation of piRNAs in SF, we chose 5 piRNAs which had different expression levels in
cancer cell lines (THP-1, Jurkat, MCF-7, HEK293, HepG2 and Hela). piR-651 was highly expressed, followed
by piR-1312, piR-823, piR-4987 and piR-4271. A2. In 8 RA PBMC and 8 HC PBMC, the 5 piRNAs were
expressed in the same order (mean dCt versus RNU44 RA / HC): piR-651 (-1.8/-2.2), piR-1312 (1.8/1.7),
piR-823 (5.3/5.5), piR-4987 (10.1/10.8), piR-4271 (10.6/10.6) A3. In 9 RASF and 9 OASF, piRNAs were
expressed as follows (mean dCt versus RNU6B RA / OA): piR-651 (-10.7/-11.0), piR-1312 (-6.3/-6.9), piR-
823 (-3.5/-3.7), piR-4987 (0.3/-0.1), piR-4271 (2.2/2.4) B. Expression of piRNAs in 6 RASF 24 hours after
stimulation with TNFa + IL1B, LPS or Poly(I:C) did not change. C. Coexpression of piRNAs became
deregulated after stimulation with TNFa/IL1B or P(I:C), but not after LPS. Correlation coefficients of piRNA
x-folds are graphed in a heat map. Strong positive correlations (0.75<R) are highlighted with dark orange;
weak positive correlations (0.5<R<0.75) are light orange and no correlations (-0.5<R<0.5) are white.
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Function of PIWIL/piRNAs
Al. PIWIL4 silencing efficiency on the mRNA level was 50% and on the protein level 30% B. piRNA
expression measured in 3 RASF 48 hours after silencing of PIWIL4 C. PIWIL4 silencing specifically decreased
expression of HDAC1 mRNA (n=13, mean x-folds 0.59, p<0.0001) and increased expression of HDAC9
mMRNA (n=4, mean x-folds 1.32, p=0.025). Other HDACs remained unchanged. However, on the protein
level 72 hours after transfection, we have not seen any decrease in HDAC1. D. Apoptosis rate in 3 RASF and
3 OASF silenced for PIWIL genes, both basal and 24 hours after high dose TNFa (100ng/ml). Percentages of
the Annexin V positive PI double positive late apoptotic cells are graphed. Mean apoptosis rates (%) in
RASF/OASF: siCtrl 2.10/3.21; siPIWIL 2.17/7.32; siCtrl+TNFa 6.59/14.31; siPIWIL + TNFa 9.60/17.76. E.
PIWIL2 and PIWIL4 silencing did not change expression or methylation of the LINE1 retrotranspozon (n=3;
mean LINE1 methylation 106%, mean mRNA expression 0.74-fold). RASF treated for 1 week with DNA
demethylation drug 5-azacytidine (5-AZA) were used as a positive control.
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Supplementary metods

RNA isolation, reverse transcription, and Real-time polymerase chain reaction
(PCR)

Cells were lysed in QIAzol lysis reagent, and total RNA was isolated using a miRNeasy
Mini kit, including a DNA digestion step using RNase-free DNase (Qiagen). Total RNA
was reverse transcribed using random hexamers and MultiScribe reverse transcriptase
(Applied Biosystems). Non-reverse-transcribed (NRT) samples served as negative
controls. Real-time PCR was performed using SYBR Green Master Mix or TagMan® Gene
Expression Master Mix (Applied Biosystems) and specific primers (Supplementary table
1). Constitutively expressed human Hypoxanthin-Phosphoribosyl-Transferase 1
(HPRT1) was measured for internal standard sample normalization.

PCR was performed using the 7500 Real-Time PCR System (Applied Biosystems).
Relative expression of messenger RNA (mRNA) was calculated by the comparative
threshold cycle method, where dCt = Ct (RNA of interest) — Ct (housekeeping gene) and

therefore higher dCt values represent lower expression.

Supplementary table 1 List of Real-time PCR primers

HPRT 1 F: ATGGACAGGACTGAACGTCTTG; R: GGCTACAATGTGATGGCCTC
PIWIL 1 Assay ID: Hs01041737_m1 (Applied Biosystems)

PIWIL 2 F: AATGCTTCCATCAGGTAGAGGC; R: TGTCCTTGCGTACCAGATTAGC
PIWIL 3 F: AGACACATTTAACAAATCAGATGGC; R: TTCTTTATGTTGCTGCCTGTAGTAG
PIWIL 4 F: ACACGTCTCAGTCCTTCAGG; R: AGCGAGCATTGGTATTCCTCTG
HDAC 1 Assay ID: Hs00606262_g1 (Applied Biosystems)

HDAC 2 Assay ID: Hs00187320_m1 (Applied Biosystems)

HDAC 3 Assay ID: Hs00187320_m1 (Applied Biosystems)

HDAC 4 F: TGTACGACGCCAAAGATGAC; R: CGGTTCAGAAGCTGTTTTCC
HDAC 5 F: CAGCAGGCGTTCTACAATGA; R: CGATGCAGAGAGATGTAGAGCA
HDAC 6 F: GAAAGTCACCTCGGCATCAT; R: TAGTCTGGCCTGGAGTGGAC
HDAC 7 F: ATGGGGGATCCTGAGTACCT; R: GATGGGCATCACGACTATCC
HDAC 8 Assay ID: Hs00218503_m1 (Applied Biosystems)

HDAC 9 F: CTGGAGCCCATCTCACCTT; R: TCATCATCCTGAGGTCTGTCC
HDAC 10 F: GCCGGATATCACATTGG-TC; R: GACGCTTCCTGTTGGATGA

HDAC 11 F: GGTCAGGAAGGGGTACAGGT; R: ATTGAGGGGGAACTCCAGAT
LINE1 ORF1 F: CAAAGGAAAGCCCATCAGAC; R: GTAGGGTTTCTGCCGAGAGAT
RNU6B Assay ID: 001093 (Applied Biosystems)

RNU44 Assay ID: 001094 (Applied Biosystems)

piRNAs Custom designed TagMan® probes (Applied Biosystems)
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Silencing of PIWIL4

RASFs were transfected with combination of 3 small interfering RNAs (siRNA) targeting
PIWIL4 (Hs_PIWIL4_2, Hs_PIWIL4_6 and Hs_PIWIL4_8, 100 nM; Qiagen) or with Negativ
control siRNA (AllStars Negative Control siRNA, 100 nM; Qiagen) using Lipofectamine
2000 (Invitrogen) according to the manufacturer’s instructions. For functional assays
(LINE1 methylation and expression, apoptosis), we additionally cotransfected siRNA
targeting PIWIL2 (Hs_PIWIL2_5, Qiagen) to ensure, that this may not overtake the
function of silenced PIWIL4. Twenty-four hours after transfection, the medium was
replaced and 48 hours after transfection, cells were harvested for total RNA isolation
and functional tests. Cell lysates for Western blot were prepared 72 hours after

transfections. Knockdown of PIWIL4 was verified by Real-time PCR and Western blot.

Western blotting

RASF were trypsinized and nuclear and cytoplasmic extracts prepared with NC-PER
Nuclear and Cytoplasmic Extraction Reagents (Thermo Scientific) according to the
manufacturers protocol. Protein concentration was measured with Pierce™ BCA Protein
assay Kit (Thermo Scientific), samples were diluted to the concentration 1ng/ml and
mixed with 4xLaemmli Sample Buffer (Bio-Rad). After incubation for 5 minutes at 95°C,
samples were separated on 10% SDS-polyacrylamide gels and electroblotted on
polyvinylidene fluoride (PVDF) membrane (Amersham Hybond™ P; GE Healthcare) as
described elesewhere 1. Membranes were blocked for 1 hour in 5% nonfat milk in TBS-T
(20 mM Tris base, 137 mM sodium chloride, 0.1% Tween 20, pH 7.6). After blocking, the
membranes were probed with rabbit anti-human PIWIL4 (3 pg/ml; PA5-31448; Thermo
Scientific), rabbit anti-human PIWIL2 (5 pg/ml; sc-67303; Santa Cruz), rabbit anti-
human Lamin B1 (1 pg/ml; ab16048; Abcam) and mouse anti-human a-tubulin (1
ug/ml; ab7291; Abcam) antibodies. Primary antibodies were incubated overnight at 4°C.
Membranes were washed in Tris buffered saline/0.05% Tween 20 and incubated with
HRP-conjugated goat anti-mouse or goat anti-rabbit IgG (1:10 000 Jackson
ImmunoResearch) for 1 hour at room temperature. Signals were detected using
enhanced chemiluminescence Western Bright™ ECL (Advansta) and the Fusion FX
imager (Vilber Lourmat). The Alpha Imager software system (Alpha Innotech) was used

to analyze the results.

https://mc.manuscriptcentral.com/ard

62



Annals of the Rheumatic Diseases

Immunohistochemistry

After deparaffinization, tissue sections obtained from RA and OA patients were
pretreated with citrate buffer (10 mM sodium citrate, pH 6.0). Endogenous peroxidase
activity was disrupted with 3% H202. Nonspecific protein binding was blocked for 40
minutes with 1% BSA/5% goat serum. Rabbit anti-human PIWIL4 (Thermo Scientific)
and rabbit IgG1 (isotype control, Dako) were applied (both 5 pg/ml) overnight at 4°C.
Slides were washed in PBS-T (0.05% Tween 20 in PBS) and incubated with biotinylated
goat anti-rabbit antibodies (1:1000; Jackson ImmunoResearch). The signal was
amplified with ABC reagent and detected with 3,3'-diaminobenzidine (both from
Vector).

Immunofluorescence

Paraffin-embedded synovial sections were incubated with monoclonal mouse
antihuman PIWIL4 (5ug/ml, MA5-17151, Thermo Scientific) antibodies or normal
mouse IgG1l (5ug/ml, Dako) followed by addition of Alexa Fluor 555-conjugated goat
antimouse IgG (Invitrogen). Slides were placed in ProLong Gold antifade reagent
mounting medium with 4',6-diamidino-2-phenylindole (Invitrogen). Images were
collected using a confocal microscope (Imager.21; Zeiss). The background fluorescence
level was set with the negative controls, and images were analysed using AxioVision Rel.

4.8. image analysis software (Zeiss).

LINE1 methylation assay

To determine the LINE-1 methylation we used the Global Methylation LINE-1 Kit (Active
Motif) according to manufacturer’s instructions. Briefly, 48 hours after silencing of
PIWIL2 and 4 we isolated DNA from the RASF with the QIAamp DNA Blood Mini kit
(Qiagen). DNA concentration was measured using the fluorescence based quantification
with Qubit (Life Technologies). 1ug genomic DNA was digested with Msel enzyme
overnight at 37°C followed by heat-inactivation of Msel with 20 minutes incubation at
65°C. DNA concentration was remesuared on Qubit and diluted to 2ng/ul. Samples and
standards were hybridize with LINE-1 probe in thermal cycler (98°C for 10minutes;
68°C for 1 hour; 25°C). Samples hybridized to the LINE-1 probe were bound to
Streptavidin coated 96-well plate, all washing and incubation steps performed according

to protocol, primary 5-methylcytosine antibody was used and HRP-conjugated
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secondary antibody. Assay was stopped 15 minutes after adding the developing solution
and measured on GloMax®-Multi+ Multimode Detection System (Promega) at 450nm
with the reference wavelength 600nm. RASF treated for 1 week with 5-azacytosine

(1uM; Sigma) served as a positive control.

Analysis of cell death

Apoptosis was induced with a high dosis of TNFa (100ng/ul) 24 hours after silencing
PIWIL genes. 24 hours after TNFa treatment, SF were detached with accutase, washed
twice with phosphate buffered saline (PBS), and resuspended in annexin V binding
buffer (BD Biosciences) with 106 cells/ml. Next, cells were incubated for 15 minutes at
room temperature in the dark with fluorescein isothiocyanate (FITC)-annexin V (BD
Biosciences) and propidium iodide (PI; Sigma-Aldrich) acording to manufacturers
instructions. Fluorescence intensities were measured on a FACSCalibur flow cytometer.

Data were analyzed using the CellQuest software (BD Biosciences).

Proliferation analysis

Proliferation of SF after silencing PIWIL2 and 4 was analysed with the xCELLigence
system (ACEA Biosciences), which enables the real-time analysis of cell adhesion and
proliferation by measurements of electric impedance 2. RASF and OASF (n=3) were
transfected with siPIWIL2 and siPIWIL4 or siCtr]l in 6-wells, after 24 hours harvested
with trypsin and plated in special E-plates in triplicates (2500 cells/200ul DMEM with
10%FCS). The impedance was monitored each 30 minutes for the duration of 96 hours
and expressed as cell index (CI) value. Normalized CI was counted by dividing CI with

the CI (24 hours). Data were analysed using the RTCA Software 2.0 (ACEA Biosciences).
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Supplemetnary data

Westernblot for PIWIL2 and PIWIL4 in Jurkat cells
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4.1.2. Cirkulujici miRNA jsou asociovany s aktivitou myozitidy

MIiRNA (miRNA) jsou malé RNA molekuly regulujici mechanismem genové interference
translaci zhruba poloviny protein-koédujicich genti [202]. Cirkulujici miRNA (c-miRNA)
predstavuji slibny biomarker pro mnoho autoimunitnich onemocnéni [203].

Tato studie méla za cil popsat expresi c-miRNA u pacientll s idiopatickymi zanétlivymi
myopatiemi (kratce myozitidy) a pfispét tak k nalezeni biomarkeri specifickych pro tuto
skupinu onemocnéni.

Metodou microarray jsme stanovili hladinu 2 549 c-miRNA v séru 28 pacientu s myozitidou a
16 zdravych kontrol. Exprese Sesti c-miRNA byla odli$na u pacientii s myozitidou oproti
zdravym kontrolam. U dalSich tii c-miRNA jsme naméfili vySs$i hladiny v séru pacientidl s
vysokou aktivitou myozitidy v porovnani se séry pacienti jejichz onemocnéni bylo méné
aktivni.

Nekteré z téchto deregulovanych c-miRNA mozna ptispivaji k patogenezi myozitidy a mohly

by slouzit jako biomarker pfi diagnostice nebo sledovani aktivity tohoto onemocnéni.

Pti této studii jsem pomahala se sbérem klinickych dat. VySetfovala jsem nékteré pacienty s

myozitidou a zadavala klinické Udaje do databdze EUROMYOSITIS (www.euromyositis.eu),

z této databaze jsem pak potiebna data stahovala a zpracovavala pro potieby studie.
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Microarray analysis of circulating micro RNAs in the serum
of patients with polymyositis and dermatomyositis reveals
a distinct disease expression profile and is associated with

disease activity

M. Misunova', G. Salinas-Riester?, S. Luthin?, C. Pommerenke?, M. Fojtikova',
J. Zavada', M. Klein', L. Plestilova!, T. Svitalkova', P. Cepek!, P. Novota', J. Vencovsky!

'Department of Experimental and Clinical Rheumatology, Institute of Rheumatology, Prague,
Czech Republic, *Department of Developmental Biochemistry, University Medical Centre,
Gottingen, Gottingen, Germany.

Abstract
Objective
The aim of this study was a large scale investigation of myositis-associated circulating miRNA molecules and also
determination of expression of these candidate molecules in relation to clinical activity of myositis.

Methods
RNA, containing also miRNAs, was isolated from sera of 28 patients suffering from idiopathic inflammatory myopathies
(IIM) and 16 healthy controls. Expression of miRNAs was determined using a miRNA microarray method. Statistical
analysis of miRNA expression was carried out using Arraystar software.

Results
Our results showed 23 significantly differentially expressed miRNAs. Six miRNAs were differentially expressed in [IM
compared to healthy controls. In dermatomyositis (DM) we found 3 and in polymyositis (PM) 6 differentially expressed
miRNAs compared to controls. Three miRNAs were up-regulated in patients with highly active disease compared to
patients with low disease activity. Furthermore, we found 26 significantly differentially expressed miRNAs in SLE patients
compared to IIM, DM and PM patients.

Conclusion
This is the first study that comprehensively describes expression levels of circulating miRNAs in serum of patients
suffering from IIM. It can be expected that some of these deregulated miRNA molecules are involved in aetiology of IIM
and may potentially serve as molecular markers for IIM development or for monitoring of disease activity.

Key words
circulating microRNA, Idiopathic inflammatory myopathies, serum
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Introduction

Idiopathic inflammatory myopathies
(ITIM) belong to a group of autoimmune
diseases characterised by chronic mus-
cle inflammation that can lead to a dys-
function and/or destruction of muscle
cells. The aetiology of these diseases
is unknown and recent findings suggest
that both, immune and non-immune
mechanisms are involved in the patho-
genesis of myositis (1, 2). Moreover, in
different subsets of myositis, different
molecular pathways might predominate
(3). Differential diagnosis may be com-
plicated in I1IM; diagnostic errors, late
detection of the disease and prolonged
treatment initiation can significantly
worsen the prognosis and result in ir-
reversible tissue damage (4). Current
data suggest that the presence of MHC
haplotype A1-B8-Cw7-DRB1*0301/
DQA1*0501 is a strong genetic risk
factor for IIM development in a large
subset of white patients (5, 6). Besides
known genetic risks located within the
MHC complex, also epigenetic regula-
tions including changes in miRNAs ex-
pression profiles have been implicated
recently in the pathogenesis of autoim-
mune diseases (7-9).

MicroRNAs (miRNAs) are small, non-
coding, evolutionarily conserved RNA
molecules posttranscriptionally regulat-
ing gene expression. Epigenetic mecha-
nism of RNA interference (RNA1) influ-
ences the stability and translational ef-
ficiency of the target mRNA. MiRNAs
can be found in most organisms and
they form about 1-2% of eukaryotic ge-
nomes. They have the ability to control
the expression of approximately half of
the protein-coding genes (10). Micro-
RNA expression profiles are typically
tissue- and cell- specific and are strictly
controlled (11). Aberrant expression
patterns are included in the pathogene-
sis of a wide range of diseases including
systemic autoimmune diseases (12). A
specific group of miRNAs biomarkers
represent extracellular circulating miR-
NAs (c-miRNAs) which may provide a
new insight also into the pathogenesis
of autoimmune diseases (13). Grow-
ing evidence indicates that c-miRNAs
may serve as biomarkers to assess
pathophysiological status (14). Indeed,
in muscular dystrophies significantly
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changed c-miRNAs levels have been
described as well as in patients with
chronic obstructive pulmonary disease,
who often exhibit reduced muscle fibre
size (15). It was recently suggested that
c-miRNA may move into other organs
or muscle itself and may regulate their
functions (16). Several studies inves-
tigated expression of miRNAs in the
muscle tissue (13, 17-19) and few also
looked at serum levels of miRNAs (20-
22). A single miRNAs were selected for
each of these studies and, so far, no re-
port analysed comprehensive status of
miRNAs in patients with polymyositis
and dermatomyositis (8, 23-25). There-
fore in the current study we aimed to
investigate myositis associated circulat-
ing miRNA molecules on a large scale
and also to determine the relation of ex-
pression of these candidate molecules
to clinical course of myositis.

Methods

Group of patients

Twenty-eight patients suffering from
idiopathic inflammatory myopathies
(IIM), who fulfilled Bohan and Peter
criteria for the diagnosis of polymy-
ositis (PM) or dermatomyositis (DM)
were investigated in this study. Basic
characteristics of patients with myositis
are shown in Table I. A group of healthy
individuals (7 females, 9 males; mean
age 41.3+11.3 years) and a group of pa-
tients with systemic lupus erythemato-
sus (16 females, mean age 44.1+15.1)
served as controls.

Disease activity was assessed using vis-
ual analogue scale (Physician’s Global
Assessment [PGA]) (range 0—100 mm).
For the purpose of this study the cut-off
for disease activity was selected at 40.
Patients below this cut-off were consid-
ered to have low activity; patients above
the cut-off were assigned as having a
highly active disease. Written informed
consent was obtained from all partici-
pants, and the study was approved by
local ethics committee.

Collection of biologic material

and RNA extraction

Peripheral blood samples were collect-
ed into vacuum plastic tubes containing
spray-coated silica. Samples were han-
dled according standardised laboratory
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Table I. Demographic and basic clinical
data of patients with idiopathic inflammatory
myopathies.

Clinical data of patients with idiopathic inflam-
matory myopathies

1M

Sex (female/male) 20/8
Age (yrs)
Mean + SD 545+15.0
Diagnosis

DM (n) 14

PM (n) 14
Disease duration
Mean + SD 82+40
Physician‘s Global Disease 352+254

Assessment *
- high global disease activity n=18;51.9+13.8
>40mm °

- low global disease activity n=10;5.1+3.0
<40mm °

HAQ 1.2+0.9
CK 24.6 +42.7
LDH 73+55
CRP 152+31.8
Disease activity*

Constitutional 11.5+164
Cutaneous 9.7+16.8
Skeletal 48+10.6
Gastrointestinal 105+174
Pulmonary 159+212
Cardiovascular 3.6+9.8
Extramuscular 21.6+21.8
Muscle 36.7+30.2

*Shown as mean + SD (in mm on visual analogue
scales). IIM: idiopathic inflammatory myopathy;
"number of patients, mean+SD; PM: polymyosi-
tis; DM: dermatomyositis. Upper normal limits:
CK 2,85 pkat/l; LDH 4.13 pkat/I; CRP 5 mgl.

procedures and were processed within 4
hours after blood withdrawal.

Isolation of RNA from sera, containing
also miRNAs, was performed accord-
ing to Filkova et al., 2013 (26). In brief,
500 pl of individual serum sample was
homogenised with 500 pl of Trizol® LS
reagent (Life Technologies, USA) and
incubated for 5 minutes at room tem-
perature. The samples were cleared by
centrifugation at 12,000 x g for 10 min-
utes at 4°C. The supernatant contain-
ing RNA was then processed 3 times
by acid phenol-chloroform (Life Tech-
nologies, USA) extraction and aqueous
phase was separated by centrifugation at
12,000 x g for 5 minutes at 4°C. RNA
was precipitated by adding of 100 ug of
RNase-free glycogen (Roche Diagnos-
tics, Germany) and 100% isopropanol,
incubated for 10 minutes at room tem-
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Fig. 1. Association of microRNA expression pattern with [IM diagnoses and with disease activity.
Six microRNAs are significantly differentially expressed in patients with myositis compared to healthy
controls.

A. After we divided the patients according to their diagnosis into two groups (DM and PM), we found
in total 3 differentially expressed miRNAs in DM patients compared to controls.

B. and 7 microRNAs differentially expressed in PM patients compared to controls.

C. The analysis of microRNA expression pattern and relation to the disease activity revealed additional
molecular associations. Six miRNAs were differentially expressed in patients with active stage of the
disease when compared to healthy controls.

D. and 9 miRNAs were differentially expressed in patients with inactive stage of the disease when
compared to controls.

E. Furthermore, comparison of microRNA expression profile between patients with active and inactive
stage of the disease showed 3 miRNAs that are significantly differentially expressed.

F. The disease activity was assessed using Physician’s Global Disease Assessment scale. For the pur-
pose of this study the cut-off for disease activity was selected at 40. Patients below this cut-off were
considered to have lower or no activity, patients above the cut-off were assigned as having active dis-
ease. Expression levels are displayed as average expression values from all patients within one group.
P-values were corrected using FDR (Benjamini Hochberg) method. *p<0.05; **p<0.001; ***p<0.0001.

perature with subsequent centrifugation
at 12,000 x g for 10 minutes at 4°C.
RNA pellet was then washed with 75%
ethanol, spin at 7,500 x g for 5 minutes
at 4°C and air dried. The extracted RNA
was dissolved in RNase-free water. The
quality and quantity of extracted RNA
samples were controlled using the Nan-
oDrop 2000 (Thermo Fisher Scientific,
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USA) and Bioanalyzer 2100 with the
Small RNA Kit (Agilent Technologies,
USA).

Determination of disease specific
miRNA expression signature using

the microarray technology

Expression of miRNAs was deter-
mined using a single-channel platform
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Table II. Differentially expressed miRNAs in patients with IIM compared to healthy controls.

SystematicName Myositis Controls Fold change p-value
hsa-miR-1234 11,822 14,659 -1,24 0,0078
hsa-miR-498 14,159 9,328 1,517 0,0113
hsa-miR-3679-5p 141,668 307,403 -2,169 0,0152
hsa-miR-4299 22,444 74,922 -3,338 0,0255
hsa-let-7b* 5874 4,251 1,381 0,0412
hsa-miR-4310 6,542 4,537 1,442 0,0451

Relative expression data of patients (myositis) and controls, fold change and p-values are shown here.
p<0.05 was considered as significant. P-values were corrected using FDR (Benjamini Hochberg) method.

of 8x60K high density human miRNA
microarray method (Agilent Technolo-
gies, USA). Three hundred nanograms
of total RNA were used as a starting
material to prepare cDNA. Total RNA
samples were dephosphorylated, 3~
end- labeled with Cy3-pCp, purified
on Micro Bio-Spin columns, dried, and
hybridised to the microarrays. The hy-
bridisation was performed for 20 hours
at 55°C. After washing, Cy3 was de-
tected by one-color scanning using a
DNA microarray scanner type G2505B
(Agilent, USA) at 5 micron resolution.
Scanned image files were visually in-
spected for artefacts. The data were ex-
tracted from the scanned images using
Feature Extraction software (Agilent
Technologies, USA).

Statistical analysis

Statistical analysis of miRNA expres-
sion was carried out using Arraystar
software (Lasergene, USA). The signal
intensities of the samples were trans-
formed into log?-ratio data. The array
data were normalised by the averag-
ing summarisation of global medians
across all arrays. The Student’s r-test
was used to identify differentially ex-
pressed miRNA molecules. A miRNA
was defined as being differentially
expressed if p<0.05 was observed be-
tween two data sets. P-values of the en-
tire analysis were corrected using FDR
(Benjamini Hochberg) method.

Results

Idiopathic inflammatory myopathies
(IIM) have a distinct miRNA
expression signature in serum

The miRNA microarray used in this
study could analyse 1,673 human mi-
croRNA molecules. Six miRNAs (let-
7b*, miR-1234, miR-3679-5p, miR-

4299, miR-4310, miR-498) had sig-
nificantly different expression levels
in serum of IIM patients in comparison
with healthy controls (p<0.05). The
expression of miR-1234, miR-3679-
5p, and miR-4299 was significantly
down-regulated and the expression of
let-7b*, miR-4310, and miR-498 was
up-regulated in the serum of patients in
comparison with control samples (Fig.
1A) (Table II).

The analysis of serum miRNA con-
tent in patients with DM revealed a
differential expression of 3 miRNAs;
one (miR-4299) was down-regulated
and two (let-7b*, miR-3907) were up-
regulated in DM compared to healthy
controls (p<0.05) (Fig. 1B). Similarly,
when we compared PM patients with
healthy controls we found that 6 miR-
NAs (miR-1181, miR-1234, miR-3679-
5p, miR-3937, miR-4253, miR-765)
were significantly down-regulated and
one miRNA (miR-4281) was up-reg-
ulated in PM patients (p<0.05) (Fig.
1C). No difference was found in serum
miRNA expression when PM and DM
patients were compared.

After combining both, p<0.05 and fold-
change >1.5, we found three differen-
tially expressed miRNAs (hsa-miR-498,
hsa-miR-3679-5p and hsa-miR-4299) in
all IIM patients compared to controls;
6 miRNAs (hsa-miR-1181, hsa-miR-
3679-5p, hsa-miR-3937, hsa-miR-4253,
hsa-miR-4281 and hsa-miR-765 ) in
PM and 3 miRNAs (hsa-let-7b*, hsa-
miR-3907 and hsa-miR-4299) in DM
were differentially expressed when
compared to healthy controls.

Differential expression of several
miRNAs is associated with disease
activity

Three miRNAs (miR-3676, miR-3907,
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miR-877*) were significantly up-reg-
ulated in patients with highly active
disease (defined as physician’s global
activity >40 mm) compared to patients
with low disease activity (p<0.05) (Fig.
1F). When compared with healthy con-
trols, 6 miRNAs were differentially
expressed in patients with highly ac-
tive disease; three miRNAs (miR-1234,
miR-3679-5p, miR-575) were down-
regulated and 3 miRNAs (let-7b*, miR-
498, miR-642b) were up-regulated in
patients (p<0.05) (Fig. 1D). In patients
with low or inactive disease 3 miRNAs
(miR-1234, miR-3676, miR-4313)
were down-regulated and 6 miRNAs
(miR-1225-5p, miR-1260a, miR-320c,
miR-3665, miR-4281, miR-498) up-
regulated when compared to healthy
controls (p<0.05) (Fig. 1E).
Furthermore, we made a comparison
of DM and PM in active and inactive
patients. Three miRNAs (hsa-let-7b*,
hsa-miR-548d-5p and hsa-miR-4299)
were found to be differentially ex-
pressed in active DM compared to ac-
tive PM patients (p<0.05). One miRNA
(hsa-miR-3648) was found to be up-
regulated in inactive DM compared to
inactive PM patients (p<0.05).

The overview of expression data of all
analysed miRNA molecules is shown in
Table III.

Furthermore, after taking into consid-
eration both, p<0.05 and fold-change
>1.5, two miRNAs (hsa-miR-3907 and
hsa-miR-877%*) were found to be differ-
entially expressed in patients with high-
ly active disease compared to patients
with low disease activity. When com-
pared with healthy controls, four miR-
NAs (hsa-miR-3679-5p, hsa-miR-498,
hsa-miR-575 and hsa-miR-642b) were
differentially expressed in patients
with highly active disease and 8 miR-
NAs (hsa-miR-3676, hsa-miR-498,
hsa-miR-4313, hsa-miR-4281, hsa-
miR-3665, hsa-miR-1225-5p, hsa-miR-
320c and hsa-miR-1260) were differen-
tially expressed in patients with low or
inactive disease.

Association of biological pathways
regulated by detected miRNAs

An analysis of the associated biologi-
cal pathways regulated by the detected
miRNAs revealed that among all 23



Circulating miRNAs in serum of IIM patients / M. Misunova et al.

Table III. Overview of microRNA expression in different analyses.

miRNA patients PM PM DM active active inactive DM_act DM_inact
vs. vs. vs. vs. Vs. Vvs. Vvs. Vvs. vs.
controls DM controls controls inactive controls controls PM_act PM_inact
hsa-let-7b* t t t t
hsa-miR-1181 i
hsa-miR-1225-5p
hsa-miR-1234 ' | i

hsa-miR-1260

hsa-miR-320c

hsa-miR-3648

hsa-miR-3665

hsa-miR-3676

hsa-miR-3679-5p } i
hsa-miR-3907

hsa-miR-3937 }
hsa-miR-4253 !
hsa-miR-4281 t
hsa-miR-4299 i
hsa-miR-4310 t
hsa-miR-4313

hsa-miR-498 t
hsa-miR-548d-5p

hsa-miR-575

hsa-miR-642b

hsa-miR-765 !
hsa-miR-877*

—_- = - —

miRNAs found to be significantly dif-
ferentially expressed, 11 (48%) (miR-
1260, miR-320c, miR-498, miR-575,
miR-765, miR-3665, miR-3679-5p,
miR-3907, miR-4253, miR-4281, let-
7b*) are predicted to regulate immune
response; 4 (17%) miRNAs (let-7b*,
miR-1225-5p, miR-498, miR-765) are
related to pathways of actin and myo-
sin; and 2 (9%) miRNAs (miR-1225-
5p, miR-3937) are known to play a
role in autoimmune diseases. Stat3
protein is probably regulated by miR-
1234 (27). MiR-1181 plays a vital role
in inhibiting cancer stem cell-like phe-
notype in pancreatic cancer (28) and
miR-642b was among the three serum
markers identified with high diagnostic
accuracy for early stage of pancreatic
cancer (29).

MiRNA genes are distributed across
chromosomes either individually, or in
clusters. A miRNA cluster is a group
of miRNA genes located within a short
distance on a chromosome. Based on
the miRBase database (http://www.
mirbase.org) definition, clustered miR-
NAs are a group of miRNA genes lo-
cated within 10 Kb of distance on the
same chromosome. We examined the
genomic location of all of the 21 miR-

NA molecules that were differentially
expressed in patients with IIM. We
have found that 4 of the differentially
expressed miRNAs were located in the
known miRNA clusters and 16 miR-
NAs were individually distributed. We
did not find any 2 or more miRNAs that
would locate into the same cluster.

MicroRNA expression pattern found

in IIM is different from serum miRNAs
in SLE

In order to see whether the significantly
differentially expressed miRNA mol-
ecules found in IIM patients are disease
specific, we have performed a similar
analysis in SLE patients (Table IV). The
microarray expression analysis showed
that the expression of 19 miRNA mol-
ecules was significantly changed in
SLE patients compared to healthy con-
trols (p<0.05). Of them, 6 miRNAs
(miR-1281, miR-1825, miR-3679-5p,
miR-3907, miR-4313, miR-575) were
down-regulated and 13 miRNAs (miR-
22, miR-24, miR-33b*, miR-3610,
miR-3663-3p, miR-3937, miR-4257,
miR-4271, miR-4298, miR-584, miR-
642b, miR-671-5p, miR-4306) were
up-regulated in SLE patients compared
to controls. One miRNA (miR-3679-
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5p) was down-regulated in SLE pa-
tients similarly as in sera of patients
with IIM compared to controls. The
remaining 18 molecules differentially
expressed in SLE were not differential-
ly expressed in I[IMs, when both com-
pared to healthy controls.

Of the 19 differentially expressed
miRNAs in SLE, 15 molecules (hsa-
miR-3679-5p, hsa-miR-671-5p, hsa-
miR-4271, hsa-miR-575, hsa-miR-584,
hsa-miR-4298, hsa-miR-642b, hsa-
miR-22, hsa-miR-3937, hsa-miR-3663-
3p, hsa-miR-4257, hsa-miR-3907,
hsa-miR-3610, hsa-miR-24 and hsa-
miR-4306) have reached fold-change
>1.5.

Further analysis determining the ex-
pression of miRNA molecules in SLE
compared to IIM, DM and PM patients
was performed. Nineteen miRNAs
were significantly differentially ex-
pressed in SLE patients compared to
IIM patients (p<0.05) (Fig. 2; Table
V). Only two of them (miR-1234 and
miR-3679-5p) were similarly regulated
when considering the results obtained
from SLE vs IIM and IIM vs controls
comparisons. Ten miRNAs were found
to be differentially expressed in SLE
patients compared to DM patients and
20 miRNAs were found to be differen-
tially expressed in SLE patients com-
pared to PM patients.

The overview of expression data of all
analysed miRNAs is shown in Table 5.
After combining both, p<0.05 and
fold-change >1.5, we found 16 miR-
NAs (hsa-miR-584, hsa-miR-671-5p,
hsa-miR-4271, hsa-miR-3937, hsa-
miR-4257, hsa-miR-3907, hsa-miR-
320b,hsa-miR-3679-5p,hsa-miR-1290,
hsa-miR-4298, hsa-miR-575, hsa-
miR-1275, hsa-miR-939, hsa-miR-197,
hsa-miR-3620 and hsa-miR-3610) to be
differentially expressed in SLE patients
compared to IIM patients.

Discussion

Idiopathic inflammatory myopathies
are autoimmune diseases characterised
by chronic muscle inflammation that
can lead to a dysfunction and/or de-
struction of muscle cells. It is known
that some microRNAs play role in mus-
cle differentiation and thus also epige-
netic regulations may be implicated in
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Table IV. Differentially expressed miRNAs in patients with SLE compared to healthy controls.  In our study, we have found in total

21 miRNA molecules that were sig-

SystematicN SLE Control Fold ch -val . . . -
ystematierame ontros o'¢ change prvatue nificantly differentially expressed in
hsa-miR-3679-5p 61,674 307,403 4,984 down 7,23E-06 patients when compared to control
hsa-miR-671-5p 52,557 16,085 3,267 up 0,00011 cohorts. Most of these miRNAs (miR-
——e 5179 2 st oooost 1234 miR-4299, miR-1181, miR-
sa-miR- s , : own J . . .
hsa-miR-575 14369 81.02 5638 down 0.00155 4281, miR-765, miR-575, miR-642b,
hsa-miR-584 41,569 9,63 4316 up 0,00196 miR-1225-5p, miR-1260, miR-320c,
hsa-miR-4298 39,395 14,402 2,735 up 0,00213 miR-3665, miR-877, miR-498) were
hsa-miR-642b 32972 11,337 2,908 up 0,00301 Co . .
’ ’ ’ ’ ied in di nd medical condi-
hsa-miR-22 47,177 16,362 2,883 up 000488 S.tud e‘.i d,seases and med cal co d
hsa-miR-3937 39,641 17316 2289 up 0.00722 tions including cancer, cardiovascular
hsa-miR-3663-3p 112,625 33,638 3,348 up 0,00821 complications, or infections. So far,
hsa-miR-1825 7.677 9422 1,227 down 00115 none of these miRNAs were found to
hsa-miR-4313 8.09 9,701 1,199 down 0,0159 . . . -
hsa-miR.4257 18,579 10,438 1.780 up 0.0179 be dlffe.rentlally expressed in autoim
hsa-miR-3907 3,944 8,643 2,191 down 0,0218 mune diseases.
hsa-miR-3610 42,85 16,43 2,608 up 0,0225 To date, there are only few studies that
Esa‘m?ﬁ‘;ib* 12’128 2’229 éﬂ; up 8’8‘312? describe the relationships between
sa-miR- K K s up | . . .
hsa-miR-4306 12,427 5,173 2402 up 0,0492 miRNAs and IIM, mostly in DM. Shi-

mada et al. (25) hypothesised that if the
miR-21 expression in the muscle tis-
sues is significantly elevated in DM pa-
tients then serum miR-21 levels might
be a potential biomarker for diagno-
sis and monitoring of disease activity

Relative expression data of patients (SLE) and controls, fold change and p-values are shown here.
p<0.05 was considered as significant. p-values were corrected using FDR (Benjamini Hochberg) method.

Table V. Differentially expressed miRNAs in patients with SLE compared to IIM, DM and PM.

iRNA SLE vs. [IM SLE vs. DM SLE vs. PM . . .
m " " " in DM patients. Their results showed
hsa-miR-1224-5p Il that serum levels of miR-21 were up-
hsa-miR-1234 | t regulated in DM patients and related to
hsa-miR-1275 f \ the disease activity. This indicated that
hsa-miR-1280 i . . . .
hsa-miR-1281 N . serum miR-21 might be involved in the
hsa-miR-1290 ' t pathogenesis of this disease. Oshikawa
hsa-miR-1825 1 | et al. (23) analysed miR-7 levels in se-
hsa-miR-197 t rum of patient suffering from IIM. They
hsa-miR-2276 f have demonstrated that serum levels of
hsa-miR-320b t ' . .
hsa-miR-320d ' 1 miR-7 are specifically down-regulated
hsa-miR-3610 | t in DM patients as well as in PM patients
hsa-miR-3620 ' t or CADM patients. However, levels of
hsa-miR-3663-3p ! miR-7 were not decreased in patients
hsa-miR-3679-5p t i . . .
hsa-miR-3907 ' ' I with other autoimmune diseases such
hsa-miR-3937 ! t as SSc. Thus they indicate that serum
hsa-miR-4253 t miR-7 levels could possibly be used
hsa-miR-4257 ‘ ! f as a diagnostic marker for PM/DM.
hsa-miR-4271 } t t Resul £ d 1d
hsa-miR-4208 | ' esults o our sFu y cou npt support
hsa-miR-575 1 i these findings, since both miR-21 and
hsa-miR-584 | t 1 miR-7 were not differentially present
Esa'm?ggg} S . 1 i in the serum of patients and controls or
sa-miR-671-5p . . e
hsa.miR.939 N were present in different quantities in

patients with active or inactive disease.
Different miRNA molecules were
found in analyses of patients with SLE.
Wang et al. (31) investigated the levels
of miR-146a and miR-155 in the se-

Relative expression data of significantly differentially expressed miRNAS of patients with SLE and
IIM, fold change and p-values are shown here. p<0.05 was considered as significant.

pathogenesis of this disease. Recently,
growing evidence has shown that some
miRNAs persist in circulation. In 2007,
Valadi et al. demonstrated that miR-
NAs can be taken up into intracellular
vesicles and afterwards released into
circulation. Many studies have shown

the existence of circulating miRNAs (c-
miRNAs) in various human body fluids
(serum, plasma, breast milk, urine, sa-
liva, etc.) (11). A significant relation be-
tween changed expression of circulat-
ing microRNAs and many autoimmune
diseases has been described (30).
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rum of SLE patients. This was the first
description of circulating miRNAs as
biomarkers. They revealed that serum
levels of miR-146a and miR-155 were
decreased in SLE, and miR-146a was
inversely associated with proteinuria



Fig. 2. Expression of microRNAs
in different analyses using high den-
sity human miRNA microarray. In
total, nineteen microRNA molecules
have been found to be significantly
differentially expressed in patients
with myositis when compared to
patients suffering from SLE. Expres-
sion levels are displayed as average
expression values from all patients
within one group. P-values were cor-
rected using FDR (Benjamini Hoch-
berg) method. *p<0.05; **p<0.01;
¥ p<0.001.

miRNA expression
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and SLE Disease Activity Index (SLE-
DAI). These findings indicated that se-
rum miR-146a and miR-155 may par-
ticipate in the pathophysiology of SLE.
The same group later conducted a pilot
study in order to find a specific miRNA
signature of SLE. They found that the
serum levels of 6 miRNAs (miR-200a,
miR-200b, miR-200c, miR-429, miR-
205 and miR-192) were decreased in
SLE patients compared to HCs (32).
In 2012, Wang et al. (21) identified
circulating miRNAs that were altered
specifically in patients with SLE com-
pared with RA and HCs. Based on
these results 8 miRNAs were selected
for continued clinical study. These mol-
ecules may be important regulators of
immune cell development, playing vi-
tal roles in the inflammatory response
and as key players in the pathogenesis
of SLE (33). Carlsen et al. (34) found
7 miRNAs that were significantly dif-
ferentially expressed in patients with
SLE compared to patients with RA and
healthy controls. MiR-142-3p and miR-
181a were increased; miR-106a, miR-
17, miR-20a, miR-203 and miR-92a
were decreased in patients suffering
from SLE.

None of these miRNAs were revealed
as significantly regulated in our study.
The comparison of sera from patients
with SLE to healthy controls showed
19 miRNA molecules (miR-1281, miR-
1825, miR-3679-5p, miR-3907, miR-
4313, miR-575, miR-22, miR-24, miR-
33b*, miR-3610, miR-3663-3p, miR-
3937, miR-4257, miR-4271, miR-4298,
miR-584, miR-642b, miR-671-5p,

miR-4306) with significantly changed
expression. Molecules found to be sig-
nificant for IIM patients differed from
molecules found to be deregulated in
SLE patients except one (miR-3679-
5p). This means that the expression of
circulating miRNAs in the serum is
largely different in the two diseases,
perhaps forming a specific pattern for
the respective disease. MiR-3679-5p
was found down-regulated in the se-
rum of patients with IIM, particularly
in PM and active disease, as well as
it was significantly lower in the serum
from patients with SLE. There is not yet
published information available on the
role of miR-3679-5p in human organ-
ism; a number of predicted targets were
identified for this miRNA with a puta-
tive role of targeted genes in immune
system and in different molecular and
structural reactions.

We have analysed also the expression
of miRNA according to the disease se-
verity. Disease activity was measured
in every patient, cut-offs were set and
patients with high and low or no ac-
tivity were compared. Three miRNAs
were found to be significantly differen-
tially expressed (miR-3676, miR-3907,
miR-877%) between patients with high
and low activity. It remains to be deter-
mined for the future whether the levels
of these miRNAs fluctuate longitudi-
nally with the changes of disease activi-
ty and if so, whether they can be used as
biomarkers for the disease. There were
also a number of miRNAs differen-
tially expressed in patients with active
or inactive disease in comparison with
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healthy controls. It will be interesting to
find out any relations with other disease
parameters, particularly disease dam-
age, where we do have a very limited
spectrum of tools for muscle damage
evaluation.

In summary, we provide here the first
analysis of circulating serum miRNA
gene expression profile in patients suf-
fering from IIM. The results of this study
indicate that the miRNA expression pro-
file in serum of patients suffering from
IIM is disease specific and creates a dis-
ease specific signature. It is expectable
that some of these deregulated miRNA
molecules are involved in aetiology of
[IM. Additionally, we have shown that
the detection of miRNA molecules in
human serum is fast and easy approach
in laboratory medicine. Therefore de-
regulated microRNA molecules shown
in this work can potentially serve as mo-
lecular markers for IIM development or
for monitoring of disease activity.
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4.2. S100 Proteiny

4.2.1. Zvyseni sérovych hladin S100A4 proteinu pri vysoké klinické aktivité
myozitidy, nikoli pFi pfitomnosti malignity

Myozitida je ziskané zanétlivé onemocnéni piicné pruhované¢ho svalstva s castymi
systémovymi ptiznaky. Piiblizné 24% ptipadii dermatomyozitidy (DM) a 10% ptipadil
polymyozitidy (PM) je asociovano s malignitou [204]. V této praci jsme se zaméfili na
vyzkum role S100A4 proteinu u myozitidy. S100A4 protein byva pro svij vyznam v
tumorgenezi nazyvan metastazin [161]. Exprese S100A4 koreluje s prognézou onkologicky
nemocnych [160], zvySend hladina S100A4 byla prokdzana u vicero autoimunitnich
onemocnéni véetné revmatoidni artritidy [168].

Cilem této studie bylo zmétit sérové hladiny S100A4 u pacientll s myozitidou a zhodnotit
mozné vyuZiti stanoveni hladiny tohoto proteinu jako biomarkeru pro hodnoceni aktivity
onemocnéni a riziko rozvoje malignity.

Sérové hladiny S100A4 proteinu jsme zméfili metodou ELISA v kohorté 104 pacientii s
myozitidou a 77 zdravych kontrol. U pacienti s myozitidou jsme naméfili vyznamée zvySené
hladiny S100A4 proteinu v porovnani se zdravymi kontrolami, nejvyssi hladiny S100A4 méli
pacienti s PM. Patogeneze DM je odlisnd od PM a nas vysledek ukazuje, Ze S100A4 protein
se ziejme vice ucastni na rozvoji PM.

Dvacet dva pacientii s myozitidou asociovanou s malignitou piekvapivé nemélo zvysSené
hladiny S100A4 oproti zdravym kontrolam. Sedmnact pacientd s pozitivitou anti-TIF1-y
protilatek, které jsou asociovany s malignitou u myozitidy, mélo dokonce hladiny S100A4
proteinu oproti zdravym kontrolam vyznamné snizené. To si vysvétlujeme pravdépodobnym
spotfebovanim S100A4 proteinu v nadorové tkani. Jinou moznosti je, Ze SI00A4 tvoii pfi
malignité¢ vice multimernich komplexti nez obvykle a tyto komplexy by nebyly pouZitou
ELISA metodou detekovany.

Zvysené hladiny S100A4 proteinu jsme zjistili i v podskupiné pacientt s anti-Jo1 protilatkami
a anti-PM-Scl protilatkami. Piitomnost téchto protilatek je asociovana S vySSim vyskytem
artritidy pfi myozitidé, porovnali jsme tedy S100A4 hladiny u pacientl s a bez artritidy
nehled¢ na autoprotilatkovou pozitivitu, zde jsmé vSak nenaSli rozdil. U pacientl s
revmatoidni artritidou pfitom sérova hladiny S100A4 koreluje s aktivitou artritidy.

Patogeneze artritidy pii myozitidé je vSak ziejmé odlisna od revmatoidni artritidy.
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Posledni analyzou byla korelace hladiny S100A4 s klinickou aktivitou onemocnéni. Hladina
S100A4 pozitivné korelovala s mnohymi klinickymi i laboratornimi parametry, zejména s
mimosvalovymi komponenty MYOACT skdére. Na druhou stranu hladina S100A4
nekorelovala se svalovou aktivitou onemocnéni, vysledkem svalového testu nebo svalové
biopsie. Z toho jsme usoudili, Ze S100A4 pravdépodobné reflektuje celkovou aktivitu
onemocnéni a systémovée pritomny zanét, spiSe nez aktivitu mistniho svalového pastizeni.
Zvysena hladina S100A4 proteinu tedy pravdépodobné nesouvisi s p¥itomnosti malignity, ale

s mimosvalovym, naptiklad plicnim, postizenim pifi onemocnéni myozitidou.

Tento ¢lanek jsem vypracovala pod vedenim prof. Ladislava Senolta a prof. Jiiiho
Vencovského v Revmatologickém tustavu v Praze. Vytvofila jsem kohorty pacientt,
zpracovala klinicka data, zjiStovala pfitomnost autoprotilatek metodou radioimunoprecipitace
a méfila hladiny S100A4 proteinu metodou ELISA, s podporou biostatistika jsem provedla

analyzu dat a nakonec napsala manuskript.
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The metastasis promoting protein ST00A4 levels
associate with disease activity rather than cancer
development in patients with idiopathic
inflammatory myopathies
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Abstract

development in patients with myositis.

cancer associated myositis was found.

Introduction: The aim was to evaluate ST00A4 protein as a biomarker of disease activity and potential cancer

Methods: Serum levels of ST00A4 were determined in 43 dermatomyositis (DM), 39 polymyositis (PM) and 22
cancer associated myositis (CAM) patients as well as in 77 healthy controls. The associations between S100A4 levels,
inflammation, disease activity, muscle strength and cancer development were evaluated.

Results: All myositis patients had significantly higher serum levels of S100A4 protein compared to healthy controls
(median (IQR): 31.5 (174 to 59.5) versus 23.8 (14.5 to 33.7) ng/ml, P <0.05). In patients with PM, serum levels of ST00A4
protein were significantly higher than in healthy controls (41.6 (24.2 to 123.1) versus 23.8 (14.5 to 33.7) ng/ml; P <0.001)
as well as in patients with DM (26.7 (11.3 to 47.5) ng/ml; P <0.05). The levels of ST00A4 were comparable between
myositis with and without cancer. In all myositis patients, serum S100A4 levels correlated with MYOsitis disease ACTivity
assessment (MYOACT) score (r = 0.34; P = 0.001), constitutional (r = 0.30; P = 0.003), pulmonary (r = 043; P = 0.0001)
and extramuscular disease activity (r = 0.36; P = 0.0001), as well as with creatine phosphokinase (r = 0.27; P = 0.015) and
lactate dehydrogenase (r = 0.37; P = 0.002) or c-reactive protein (CRP) levels (r = 0.24; P = 0.038). Multiple regression
analysis showed significant association between ST00A4 serum levels and extramuscular disease activity (3 = 0.552;

P =0.002) in PM patients and with MYOACT (3 = 0.557; P = 0.003) and CRP levels (3 = 0.391; P = 0.029) in DM patients.

Conclusions: Circulating levels of STO0A4 are elevated in patients with myositis and associate with several disease
activity parameters, particularly with extramuscular components. No relation between S100A4 levels and presence of

Introduction

Idiopathic inflammatory myopathy is a heterogeneous
group of chronic muscle disorders with main subtypes in-
cluding polymyositis (PM), dermatomyositis (DM), inclu-
sion body myositis and necrotizing myopathy [1]. The
diagnosis of myositis is based on the combination of sym-
metrical muscle weakness accompanied by elevation of
circulating muscle enzymes, characteristic electromyo-
graphy (EMG) and muscle biopsy findings. Extramuscular

* Correspondence: senolt@revma.cz

'Institute of Rheumatology, 12850 Prague, Czech Republic

’Department of Rheumatology, First Faculty of Medicine, Charles University
in Prague, Prague, Czech Republic

Full list of author information is available at the end of the article

( BioMVed Central

manifestations of myositis are common and include inter-
stitial lung disease, dysphagia or arthritis, and the presence
of distinctive skin rash in patients with DM [2]. An asso-
ciation of idiopathic inflammatory myopathy with malig-
nancy has been documented in a number of studies [3-5].
However, the molecular link explaining the increased
risk of cancer in myositis patients is still poorly under-
stood [6,7].

S100A4 protein represents an important member of
the S100 family of small calcium-binding proteins [8,9].
Interacting with several target proteins, S100A4 affects a
number of activities, accelerating tumorigenesis and in-
vasion of human cancers. At the molecular and cellular
level, the cancer-promoting properties of S100A4 are

© 2014 Plestilova et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
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caused by regulating cell motility, proliferation, apoptosis,
and by stimulation of angiogenesis and remodelling of the
extracellular matrix [10-14]. The expression of S100A4
protein correlates with the patient’s prognosis in breast
cancer [15], colorectal cancer [16] and variety of other tu-
mors [10,11]. We and others have recently demonstrated
increased expression of S100A4 at local sites of inflamma-
tion in several chronic inflammatory and autoimmune dis-
eases [17-21], including muscle tissue from patients with
idiopathic inflammatory myopathies [22]. Our results
showed, that in inflamed muscle, the S100A4 protein is
produced mainly by mononuclear cells present in the in-
flammatory infiltrates, by endothelial cells and by regener-
ating muscle fibres [22]. Moreover, we have previously
found increased circulating levels of SI00A4 in patients
with rheumatoid arthritis (RA) in comparison with control
individuals and demonstrated a positive correlation bet-
ween S100A4 and disease activity in RA [23].

Based on these findings we have conducted a study in
order to determine the S100A4 serum levels in myositis
patients, to evaluate the association between circulating
S100A4 and myositis disease activity and to assess a
potential role of S100A4 in cancer-associated myositis
(CAM).

Methods

Patients and disease activity assessment

A total of 104 patients with myositis (43 with DM, 39
with PM and 22 with CAM) and 77 healthy controls
were enrolled in the study. Longitudinal serum samples
were available for 11 patients. The interval between the
two blood withdrawals was 9+6 months. Myositis
patients were recruited from a single centre of the
inpatient and outpatient departments of the Institute of
Rheumatology in Prague. The diagnosis of DM and PM
was based on the Bohan and Peter criteria [24,25]. CAM
was defined as cancer occurring within 3 years of the
diagnosis of myositis. All individuals gave informed
consent to participate and the study was approved by
the Ethics Committee of the Institute of Rheumatology
in Prague.

Clinical disease activity was evaluated by the disease ac-
tivity core set measures proposed by International Myositis
Assessment & Clinical Studies Group (IMACS): myositis
disease activity assessment (MYOACT) and physician glo-
bal activity using visual analogue scales (VAS), manual
muscle testing (MMT) and the health assessment ques-
tionnaire (HAQ) [26]. Muscle biopsies performed within
one month from the blood withdrawal were available for
13 patients with PM.

Laboratory measurements
Blood samples were collected from all patients and con-
trol individuals and stored at —80°C until analysis. Serum
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S100A4 concentrations were measured by an ELISA kit
according to the manufacturer’s protocol (CycLex Co,
Ltd, Ina, Nagano, Japan) as demonstrated elsewhere [23].
The analysis was performed using the ELISA reader
SUNRISE (Tecan, Salzburg, Austria) at a wavelength of
450 nm.

Serum levels of the muscle-associated enzymes crea-
tine phosphokinase (CK) and lactate dehydrogenase
(LD), as well as C-reactive protein (CRP) were measured
by routine laboratory techniques. Myositis specific and
associated autoantibodies were detected by immunopre-
cipitation as described elsewhere [27].

Statistical analyses

The data were described as median (IQR) if variables
were not normally distributed and as mean (SD) if
normally distributed. The Kruskal-Wallis test and cor-
responding post-hoc analysis and Mann-Whitney test
were conducted for comparison between groups. Before
analysis of associations among variables, the data were
first transformed toward normality. Logarithmic trans-
formation was used because all variables were positively
skewed. Pearson’s product-moment correlation coeffi-
cients were calculated to quantify relationships between
disease activity, laboratory markers and S100A4 levels.
All correlations were adjusted for age, body mass index,
and disease duration using the partial correlation tech-
nique. Multiple linear regression analysis was performed
to establish whether specific factors were simultaneously
associated with the S100A4 as a dependent variable.
Covariates included age, sex and disease duration, as well
as laboratory markers (CRP, CK and LD) and disease ac-
tivity measures (MYOACT and its components, extramus-
cular and muscle disease activity, physician global disease
assessment, HAQ and MMT8) were considered as inde-
pendent variables. The appropriate predictors were chosen
using a backward stepwise elimination method. Missing
data were excluded using pairwise deletion. P-values <0.05
were considered statistically significant. A correlation co-
efficient of 0.1 to 0.3 was considered weak, 0.3 to 0.5 was
considered moderate and 0.5 to 1.0 was considered strong
correlation. The analysis was performed using SPSS 17.0
(SPSS, Chicago, IL, USA) and the graphs were pre-
pared using GraphPad Prism (version 5.00 for Windows,
GraphPad Software, San Diego, CA USA, [28]).

Results

Characteristics of patients

The characteristics of myositis patients and healthy con-
trols are summarized in Table 1, and types of cancer in
patients with CAM are given in Table 2. A majority of
patients with CAM had DM (n = 18). Disease duration
ranged from 0 tol8 months from diagnosis. Some pa-
tients were treated for specific overlap syndromes,
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Table 1 Characteristics and demographic data of patients with idiopathic inflammatory myopathies and healthy

controls
Dermatomyositis (DM) Polymyositis (PM) Cancer-associated Healthy controls (HC)
myositis (CAM)
Number 43 39 22 77
Gender, female/male 35/8 25/14 20/2 58/19
Age, years 58 (41 to 63) 55 (36 to 60) 64 (59 to 70) 45 (31 to 54)

S100A4, ng/ml

S100A4, ng/ml in females
S100A4, ng/ml in males
Disease duration, years
Biochemical markers
CRP, mg/L

CK, ukat/L

LD, ukat/L

Autoantibodies

Clinical features,
number

Muscle weakness

Rash

Mechanic’s hands
Raynaud'’s phenomenon
Arthritis

Interstitial lung disease
Cardiac involvement
Dysphagia

Disease activity
MYOACT

Constitutional DA, VAS
Cutaneous DA, VAS)
Skeletal DA, VAS
Gastrointestinal DA, VAS
Pulmonary DA, VAS
Cardiac DA, VAS
Extramuscular DA, VAS
Muscle DA, VAS

26.7 (113 to 47.5)
26.7 (9.0 to 54.7)
30.3 (195 to 44.8)
24 (04 10 83)

33(1.31090)

26 (1210 99)

44 (3510 64)

6*Mi-2

4*TIF1, 1*TIF1 + UTRNP
2*NXP2

3*PM-Scl

3*Jo-1

19*without known aAbs

43
)
18

15
10
21

06 (0.15t0 1.5)
6 (0to 18)
15 (0 to 30)

15 (4 to 34)
10 (3 to 44)

416 (24.2 t0 123.1)
54.2 (254 to 115.6)
413 (239 t0 157.9)
09 (0510 3.2)

4.7 (2210 26.1)
11.6 (20 t0 29.3)
7.1 (4210 109)
12*Jo-1;

1% Jo-1+ UTRNP;
1%Jo-1 4+ RNAPI 4+ RNAPII
2*PM-Scl

1*PL7

1*Ku

1*SRP

T*TIFT + AMA

15*without known aAbs

39

10
10

22

0.7 (02 t0 1.3)
8 (0 to 24)
0(0to6)
0(0to7)

0 (0to3)

6.5 (0 to 24.7)
0(0to0)

17 (3.5 to 32.5)
32 (14 to 53)

79

288 (126 t0 45.4)
288 (13.0 to 47.5)
20.3 (5.5 to 35.0)
0.6 (0.2 t0 3.6)

8.0 (3.2 to 26.6)
109 (1.5 t0 37.1)
52 (2910 6.0)
TT*TIF

4*Mi-2

2*Jo-1, 1*Jo-1 +Ro
1*SAE

3*without known aAbs

22
16

w v~ W

08 (05 to 1.8)
0 (0 to 285)
285 (0 to 52.8)
0(

0 (0 to 25.5)
0(0to13)

0(

20 (11.5 to 54.5)
37 (5.5 to 68.3)

23.8 (145 to 337)
222 (136 to 32.1)
323 (199 to 64.6)*
NA

NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA
NA
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Table 1 Characteristics and demographic data of patients with idiopathic inflammatory myopathies and healthy

controls (Continued)

Physician’s global disease
Assessment, VAS

HAQ

MMT8

Treatment

Treatment duration, months

Daily glucocorticoid dosage,
mg prednisone equivalent

Immunosuppressive drugs

19.5 (45 t0 437)

1.0 (03 to 1.9)
62 (52 to 74)

13.6 (09 to0 83.6)
10.0 (25 to 40.0)

11*MTX, 3*Plaquenil,

2% AZA, 2*CyA, 23*no
immunosuppressive drugs
at the time of blood
withdrawal, 2*before start
of the immunosuppressive
treatment

30.5 (225 t0 49.3) 425 (13510 52) NA
09 (05to 1.3) 1.0 (05 to 2.6) NA
71 (63 to 74.5) 56 (50.5 to 69.0) NA
20 (03 to 72.1) 14 (0.0 to 20.6) NA
25.0 (3.8 to 50.0) 6.3 (0.0 to 42.5) NA
T0*MTX, T*MTX + AZA, 4*MTX, 11*no NA

T*MTX + SAS, 4*CyA,
2*Plaquenil, 1*AZA, 15*no
immunosuppressive drugs
at the time of blood
withdrawal, 5*before start
of the immunosuppressive
treatment

immunosuppressive drugs
at the time of blood
withdrawal, 7*before start of
the immunosuppressive
treatment

Data are presented as number or median (IQR). *ST00A4 serum levels in males versus females, P = 0.025. NA, not applicable; CRP, C-reactive protein; CK, creatinine
phosphokinase; LD, lactate dehydrogenase; aAbs, autoantibodies; MYOACT, myositis disease activity assessment; DA, disease activity; VAS, visual analogue scale;
HAQ, health assessment questionnaire; MMT, manual muscle testing; MTX, methotrexate; AZA, azathioprine; CyA, cyclosporine A; SAS, sulfasalazine.

including myositis overlap with systemic lupus erythe-
matosus (n = 3) and systemic sclerosis (n = 3). Two
patients with immune-mediated necrotizing myopathy
(IMNM) were included in the PM subgroup, as they ful-
filled the Bohan and Peter classification criteria [24,25].
All patients had proximal muscle weakness. Rash was
present in 57%, mechanics hands in 35% and Raynaud’s
phenomenon in 21% of patients. Arthritis was diagnosed
in 31% and dysphagia in 44% of patients. Myositis-
associated interstitial lung disease and cardiac involve-
ment was present in 40% and 18% of patients, respectively.
The anti-TIF1 autoantibodies, known to be associated
with malignancy, were detected in 17 myositis patients

Table 2 Types of cancer in patients with cancer-associated
myositis

Type of cancer Number of patients

Breast cancer 8
Breast cancer + uterine cancer 1
Ovarian cancer 3
Tonsillar cancer 2
Uterine cancer 1
Prostate cancer 1
Hepatic cancer 1
Colorectal cancer 1
Sarcoma on the neck 1
Invasive thymoma 1
Metastatic cancer of unknown origin 1
Information missing 1
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(5 with DM, 1 with PM and 11 with CAM) [29]. Fifteen
patients were treatment-naive at the time of assessment.
In the 84 patients treated with glucocorticoids at the time
of blood withdrawal, the median dose was 15 mg of pred-
nisone or its equivalent per day ranging from 2.5 to
100 mg per day. Twenty-seven patients received metho-
trexate in addition to glucocorticoids, six patients were
treated with cyclosporine A, three with azathioprine and
two with hydroxychloroquine (one in monotherapy). Four
patients were not treated at the time of blood sample col-
lection, but were on immunosuppressive drugs previously.

Circulating S100A4 is elevated in myositis patients

The levels of serum S100A4 were higher in all myositis
patients than in healthy controls (31.5 (17.4 to 59.5) versus
23.8 (14.5 to 33.7) ng/ml, P <0.05). Patients with PM had
higher serum levels of S100A4 compared to healthy con-
trols (41.6 (24.2 to 123.1) versus 23.8 (14.5 to 33.7) ng/ml,
P <0.001) or to patients with DM (to 26.7 (11.3 to 47.5)
ng/ml, P <0.05). There was not a significant difference
between patients with DM or CAM and healthy controls
(26.7 (11.3 to 47.5) or 28.8 (12.6 to 45.4) versus 23.8 (14.5
to 33.7) ng/ml, both P <0.05) (Figure 1).

The levels of serum S100A4 were higher in healthy
male compared to female subjects, but there were no
significant sex-related differences in S100A4 levels in
myositis patients (Table 1). A weak inverse correlation
between S100A4 levels and disease duration was
observed in all myositis patients (r=-0.27; P = 0.006).
In this context, patients who were treated for longer
than 6 months (n = 50) compared with those who were
treated for a shorter period of time (n = 54) had lower
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Figure 1 Circulating S100A4 levels in patients with polymyositis
(PM), dermatomyositis (DM), cancer-associated myositis (CAM)
and healthy controls (HC). Horizontal lines represent the median. The
Mann-Whitney U-test was used to calculate P-values for differences
between groups.

levels of S100A4 (22.0 (9.6 to 43.4) versus 38.7 (27.2
to 65.2) ng/ml, P = 0.002). However, serum levels of
S100A4 did not correlate with daily dose of prednisone
and were not affected by age. In addition, in longitudinal
serum samples S100A4 levels decreased during the treat-
ment; however, due to the limited number of samples
for investigation (n = 11), this change was not statisti-
cally significant (86.4 (40.0 to 218.4) versus 45.2 (28.9 to
139.9) ng/ml, P = 0.195).

Association between S100A4 levels and myositis-specific
and associated autoantibodies

Serum levels of S100A4 were compared between patients
positive or negative for the myositis-specific and asso-
ciated autoantibodies directed against Jo-1, Mi-2, PM-Scl
and TIF1 antigens (Figure 2). Other autoantibodies were
rare and did not allow statistical comparisons. Anti-PM-
Scl-positive patients (n = 5) had significantly higher levels
of S100A4 compared to anti-PM-Scl-negative patients
(n = 99) (98.1 (60.7 to 206.3) versus 30.3 (16.4 to 56.3)
ng/ml, P = 0.008), and similarly, albeit with a smaller
difference, anti-Jo-1-positive patients (n = 25) had higher
S100A4 levels than anti-Jo-1-negative patients (n = 79)
(38.0 (29.1 to 120.6) versus 28.5 (12.1 to 57.2) ng/ml,
P = 0.038). No difference was observed between anti-Mi-
2-positive (n = 10) and -negative (n = 94) patients (32.4
(8.5 to 48.9) versus 31.5 (18.4 to 61.3) ng/ml, p = 0.440).
Surprisingly, anti-TIF1-positive myositis patients (n = 17),
who are more likely to develop cancer, had lower levels of
S100A4 than anti-TIF1-negative ones (n = 87) (17.1 (11.3
to 25.1) versus 36.6 (21.8 to 66.7) ng/ml, P = 0.001).
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Association between S100A4 levels and myositis disease
activity

Increased serum levels of S1I00A4 were associated with
several measures of disease activity in myositis patients
overall (Figure 3). Specifically, we found a moderate cor-
relation of S100A4 serum levels with the MYOACT score
(r = 0.34; P = 0.001), constitutional (r = 0.30; P = 0.003),
extramuscular (r = 0.36; P = 0.0001) and pulmonary
disease activity (r = 0.43; P = 0.0001), but not with skeletal
disease activity (r = 0.13; P =0.208). In addition, there
was a weak correlation of SI00A4 with CRP (r = 0.24;
P = 0.038) as well as with CK (r = 0.27; P = 0.015) and
moderate correlation with LD (r = 0.37; P = 0.002) serum
levels. On the other side, there was no difference in
S100A4 levels between myositis patients with (n = 32) and
without (n = 72) arthritis (32.3 (17 to 65) versus 31.5
(17 to 58) ng/ml, P = 0.890).

In patients with PM, S100A4 serum levels moderately
correlated with MYOACT (r = 0.43; P = 0.010) and with
constitutional (r = 0.43; P = 0.011), pulmonary (r = 0.44;
P = 0.008), and extramuscular disease activity (r = 0.50;
P = 0.003). Additional multiple correlations are given
online in Additional file 1: Table S1. There was no
correlation of S100A4 serum levels with the degree of
endomysial inflammatory infiltrate and/or MHC-I overex-
pression in the muscle biopsies from patients with PM
(data not shown). No association was demonstrated bet-
ween S100A4 and CK (r = 0.33; P = 0.064), LD (r = 0.36;
P = 0.061), and CRP (r = 0.26; P = 0.169) serum levels in
PM patients.

In patients with DM, S100A4 serum levels correlated
moderately with MYOACT (r = 046; P = 0.004) and
pulmonary disease activity (r = 0.41; P = 0.011). Significant
correlations were found between S100A4 and CRP levels
(r = 0.38; P = 0.041), but not CK (r = 0.09; P = 0.631) or
LD (r = 0.19; P = 0.365) serum levels. In addition, we have
not observed any significant correlations between S100A4
serum levels and myositis disease activity or laboratory
markers in patients with cancer-associated myositis (data
not shown).

Multiple regression analysis revealed significant as-
sociation between S100A4 serum levels, pulmonary
disease activity (p = 0.369; P = 0.002), LD (p = 0.345;
p 0.005) and severity of dysphagia (p=-0.250;
P = 0.033) in the whole myositis patient group. When
analysing the group of PM patients, S100A4 levels were
associated only with extramuscular global assessment
(B = 0.552; P = 0.002), while in the group of DM
patients, S100A4 levels correlated with MYOACT
(B = 0.557; P = 0.003) and CRP (B = 0.391; P = 0.029).
The group of patients with cancer-associated myositis
was too small to perform multiple linear regression ana-
lysis. Furthermore, there were no significant bivariate
correlations within this group.
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Discussion

In this study we demonstrated 1) no relationship between
S100A4 and cancer-associated myositis; 2) increased
S100A4 serum levels in myositis patients; 3) a relationship
between S100A4 and some myositis-specific and myositis-
associated autoantibodies; and 4) association between
S100A4 levels and several features of myositis disease ac-
tivity, particularly with extramuscular symptoms.

There is a body of evidence that S100A4 protein is
associated with the development of several cancers and
particularly with their ability to metastasize [11,12,14].
Given the association of myositis, and dermatomyositis
in particular, with increased risk of cancer development
[6,7], it may be surprising that we have not observed

higher serum levels of S100A4 in patients with cancer-
associated myositis and that S100A4 levels were even
lower in those with anti-TIF1 autoantibodies, a bio-
marker that identifies a large proportion of myositis
patients with concomitant cancer [30]. We can speculate
that either there was S100A4 consumption in cancer tis-
sue or inability to detect enhanced formation of S100A4
multimeric forms that occur during malignancy [18,31].
Although S100A4 protein was initially studied in ma-
lignancy [10], there are several reports demonstrating
increased amounts of S100A4 in patients with various
inflammatory and autoimmune diseases [17,19-21,32]. In
addition, we have previously demonstrated that S100A4
is expressed mainly by infiltrating mononuclear cells,
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Figure 3 Correlations of circulating S100A4 levels with myositis disease activity (MYOACT) assessment and its components, constitutional
and pulmonary disease activity. DA, disease activity; VAS, visual analogue scale.
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few regenerating muscle fibres and endothelial cells in
myositis [22]. In this study, we found increased S100A4
serum levels in all myositis patients and particularly in
PM patients compared to those with DM and healthy
individuals. Thus, we suggest that S100A4 may either
reflect diverse pathological processes that occur in dif-
ferent myositis subtypes and/or that it plays a more
important role in PM than in DM.

Furthermore, there was a relationship between circu-
lating S100A4 and the presence of several autoanti-
bodies. We found that the levels of S1004 are elevated in
myositis patients positive for PM-Scl and anti-Jo-1, but
not Mi-2 antibodies. Both arthralgia and non-erosive
arthritis are common in myositis patients, especially in
patients with anti-synthetase autoantibodies such as
anti-Jo-1 [33]. As disease activity in patients with RA
correlated with S100A4 levels [18,23] and anti-Jo-1-posi-
tive patients had increased S100A4 serum levels, we
expected that presence of arthritis would contribute to
the elevation of S100A4 in myositis patients. However,
S100A4 levels were comparable between myositis
patients with and without arthritis, which may point to a
different pathogenesis of joint involvement in myositis
patients compared to those with RA. Thus, it can be
hypothesised that in myositis, SI00A4 may be associated
with systemic activation of the immune system rather
than with mechanisms driving arthritis during this
debilitating disease.

In our present study, we demonstrated weak to mo-
derate correlation between S100A4 serum levels and
various myositis disease-activity measures; on the other
side, we found no association between serum S100A4
protein levels and muscle strength or changes in the
muscle biopsy. These results may be consistent with the
findings showing that muscle fibres do not significantly
contribute to S100A4 production and myocytes do not
respond to stimulation with S100A4 protein by pro-
duction of pro-inflammatory cytokines [22,34]. Thus, we
can speculate that circulating S100A4 protein may re-
flect the global disease activity, including extramuscular
organ involvement, rather than functional muscle im-
pairment in inflammatory myopathy. In this context, as-
sociation between S100A4 levels and pulmonary disease
activity may be of clinical significance. However, these
results should be confirmed in further targeted studies.

Conclusion

In summary, we have demonstrated that circulating
S100A4 levels are elevated in myositis patients, espe-
cially in those with polymyositis, and correlate with se-
veral features of myositis disease activity, particularly
with extramuscular involvement, but not with the pres-
ence of cancer. Further studies evaluating the role of
S100A4 in myositis are needed.

83

Page 7 of 8

Additional file

[ Additional file 1: Multiple correlations.

Abbreviations

aAbs: autoantibodies; AZA: azathioprine; CAM: cancer-associated myositis;
CK: creatine phosphokinase; CRP: C-reactive protein; CyA: cyclosporine A;
DA: disease activity; DM: dermatomyositis; ELISA: enzyme-linked
immunosorbent assay; EMG: electromyography; EQUIV: equivalent;

HAQ: health assessment questionnaire; IMACS: International Myositis
Assessment & Clinical Studies Group; IQR: interquartile range; LD: lactate
dehydrogenase; MMT: manual muscle testing; MTX: methotrexate;
MYOACT: Myositis disease activity assessment; NA: not applicable;

PM: polymyositis; RA: rheumatoid arthritis; SAS: sulfasalazine; VAS: visual
analogue scales.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions

All authors were involved in drafting the article or revising it critically for
important intellectual content and all approved the final version to be
published. LP and LAC performed the laboratory measurements; HM and JV
enrolled patients in the study and provided clinical data for the patients; OP
participated in study design, statistical analysis and interpretation of data; LP,
LS and JV designed the study, analysed data and wrote the manuscript.

Acknowledgements

We thank Associate Professor Josef Zdmecnik from the Department of Pathology
and Molecular Medicine, Second Medical Faculty and University Hospital Motol,
Charles University in Prague, Czech Republic for assessing muscle biopsies. We
thank Dr Zoe E Betteridge and Professor Neil J McHugh from Royal National
Hospital for Rheumatic Diseases, NHS Foundation Trust, Upper Borough Walls,
Bath, for detecting myositis-specific and myositis-associated autoantibodies in
patients’ sera by radioimmunoprecipitation. This study was supported by the
Ministry of Health of the Czech Republic (MHCR) for conceptual development of
a research organization (023728), IGA MHCR (NT 13698-4), IMI project BTCure
(115142-2) and Research Project SW (260 031).

Author details

"Institute of Rheuratology, 12850 Prague, Czech Republic. Department of
Rheumatology, First Faculty of Medicine, Charles University in Prague,
Prague, Czech Republic. *Technology Centre of the Academy of Sciences,
Prague, Czech Republic.

Received: 17 April 2014 Accepted: 14 October 2014
Published online: 31 October 2014

References
1. Dalakas MC, Hohlfeld R: Polymyositis and dermatomyositis. Lancet 2003,
362:971-982.

2. Spiera R, Kagen L: Extramuscular manifestations in idiopathic
inflammatory myopathies. Curr Opin Rheumatol 1998, 10:556-561.

3. Hill CL, Zhang Y, Sigurgeirsson B, Pukkala E, Mellemkjaer L, Airio A, Evans SR,
Felson DT: Frequency of specific cancer types in dermatomyositis and
polymyositis: a population-based study. Lancet 2001, 357:96-100.

4. Buchbinder R, Forbes A, Hall S, Dennett X, Giles G: Incidence of malignant
disease in biopsy-proven inflammatory myopathy. A population-based
cohort study. Ann Intern Med 2001, 134:1087-1095.

5. Chen YJ, Wu CY, Huang YL, Wang CB, Shen JL, Chang YT: Cancer risks of
dermatomyositis and polymyositis: a nationwide cohort study in Taiwan.
Arthritis Res Ther 2010, 12:R70.

6. Zampieri S, Valente M, Adami N, Biral D, Ghirardello A, Rampudda ME,
Vecchiato M, Sarzo G, Corbianco S, Kern H, Carraro U, Bassetto F, Merigliano
S, Doria A: Polymyositis, dermatomyositis and malignancy: a further
intriguing link. Autoimmun Rev 2010, 9:449-453.

7. Zahr ZA, Baer AN: Malignancy in myositis. Curr Rheumatol Rep 2011,
13:208-215.

8. Ebralidze A, Tulchinsky E, Grigorian M, Afanasyeva A, Senin V, Revazova E,

Lukanidin E: Isolation and characterization of a gene specifically


http://arthritis-research.com/content/supplementary/s13075-014-0468-2-s1.docx

Plestilova et al. Arthritis Research & Therapy 2014, 16:468
http://arthritis-research.com/content/16/5/468

20.

21.

22.

23.

24.

25.

26.

27.

28.

expressed in different metastatic cells and whose deduced gene
product has a high degree of homology to a Ca2 + —binding protein
family. Genes Dev 1989, 3:1086-1093.

Donato R: $100: a multigenic family of calcium-modulated proteins of
the EF-hand type with intracellular and extracellular functional roles.

Int J Biochem Cell Biol 2001, 33:637-668.

Boye K, Maelandsmo GM: S100A4 and metastasis: a small actor playing
many roles. Am J Pathol 2010, 176:528-535.

Helfrman DM, Kim EJ, Lukanidin E, Grigorian M: The metastasis associated
protein S100A4: role in tumour progression and metastasis. Br J Cancer
2005, 92:1955-1958.

Klingelhofer J, Grum-Schwensen B, Beck MK, Knudsen RS, Grigorian M,
Lukanidin E, Ambartsumian N: Anti-S100A4 antibody suppresses
metastasis formation by blocking stroma cell invasion. Neoplasia 2012,
14:1260-1268.

Lukanidin E, Sleeman JP: Building the niche: the role of the S100 proteins
in metastatic growth. Semin Cancer Biol 2012, 22:216-225.

Wang L, Wang X, Liang Y, Diao X, Chen Q: ST00A4 promotes invasion and
angiogenesis in breast cancer MDA-MB-231 cells by upregulating matrix
metalloproteinase-13. Acta Biochim Pol 2012, 59:593-598.

Rudland PS, Platt-Higgins A, Renshaw C, West CR, Winstanley JH, Robertson L,
Barraclough R: Prognostic significance of the metastasis-inducing protein
S100A4 (p9Ka) in human breast cancer. Cancer Res 2000, 60:1595-1603.
Takenaga K, Nakanishi H, Wada K, Suzuki M, Matsuzaki O, Matsuura A,

Endo H: Increased expression of ST00A4, a metastasis-associated gene,
in human colorectal adenocarcinomas. Clin Cancer Res 1997, 3:2309-2316.
Grigorian M, Ambartsumian N, Lukanidin E: Metastasis-inducing S100A4
protein: implication in non-malignant human pathologies. Curr Mol Med
2008, 8:492-496.

Klingelhdfer J, Senolt L, Baslund B, Nielsen GH, Skibshgj I, Pavelka K,
Neidhart M, Gay S, Ambartsumian N, Hansen BS, Petersen J, Lukanidin E,
Grigorian M: Up-regulation of metastasis-promoting S100A4 (Mts-1) in
rheumatoid arthritis: putative involvement in the pathogenesis of
rheumatoid arthritis. Arthritis Rheun 2007, 56:779-789.

Zibert JR, Skov L, Thyssen JP, Jacobsen GK, Grigorian M: Significance of the
S100A4 protein in psoriasis. J Invest Dermatol 2010, 130:150-160.
Boomershine CS, Chamberlain A, Kendall P, Afshar-Sharif AR, Huang H,
Washington MK, Lawson WE, Thomas JW, Blackwell TS, Bhowmick NA:
Autoimmune pancreatitis results from loss of TGFbeta signalling in
S100A4-positive dendritic cells. Gut 2009, 58:1267-1274.

Cunningham MF, Docherty NG, Burke JP, O'Connell PR: ST00A4 expression
is increased in stricture fibroblasts from patients with fibrostenosing
Crohn’s disease and promotes intestinal fibroblast migration. Am J
Physiol Gastrointest Liver Physiol 2010, 299:G457-G466.

Cerezo LA, Kuncové K, Mann H, Tomcik M, Zémecnik J, Lukanidin E,
Neidhart M, Gay S, Grigorian M, Vencovsky J, Senolt L: The metastasis
promoting protein S100A4 is increased in idiopathic inflammatory
myopathies. Rheumatology (Oxford) 2011, 50:1766-1772.

Oslejskova L, Grigorian M, Hulejové H, Vencovsky J, Pavelka K, Klingelhofer J,
Gay S, Neidhart M, Brabcova H, Suchy D, Oslejskové L, Grigorian M, Hulejova
H, Vencovsky J, Pavelka K, Klingelhofer J, Gay S, Neidhart M, Brabcova H,
Suchy D, Senolt L: Metastasis-inducing ST00A4 protein is associated with
the disease activity of rheumatoid arthritis. Rheumatology (Oxford) 2009,
48:1590-15%4.

Bohan A, Peter JB: Polymyositis and dermatomyositis (first of two parts).
N Engl J Med 1975, 292:344-347.

Bohan A, Peter JB: Polymyositis and dermatomyositis (second of two
parts). N Engl J Med 1975, 292:403-407.

Isenberg DA, Allen E, Farewell V, Ehrenstein MR, Hanna MG, Lundberg IE,
Oddis C, Pilkington C, Plotz P, Scott D, Vencovsky J, Cooper R, Rider L, Miller
F, International Myositis and Clinical Studies Group (IMACS): International
consensus outcome measures for patients with idiopathic inflammatory
myopathies. Development and initial validation of myositis activity and
damage indices in patients with adult onset disease. Rheumatology
(Oxford) 2004, 43:49-54.

Betteridge Z, Gunawardena H, North J, Slinn J, McHugh N: Anti-synthetase
syndrome: a new autoantibody to phenylalanyl transfer RNA synthetase
(anti-Zo) associated with polymyositis and interstitial pneumonia.
Rheumatology (Oxford) 2007, 46:1005-1008.

GraphPad Software [http://www.graphpad.com]

84

29.

30.

31

32.

33

34.

Page 8 of 8

Betteridge ZE, Gunawardena H, McHugh NJ: Novel autoantibodies and
clinical phenotypes in adult and juvenile myositis. Arthritis Res Ther 2011,
13:209.

Chinoy H, Fertig N, Oddis CV, Ollier WE, Cooper RG: The diagnostic utility of
myositis autoantibody testing for predicting the risk of cancer-associated
myositis. Ann Rheum Dis 2007, 66:1345-1349.

Novitskaya V, Grigorian M, Kriajevska M, Tarabykina S, Bronstein |, Berezin V,
Bock E, Lukanidin E: Oligomeric forms of the metastasis-related Mts1
(S100A4) protein stimulate neuronal differentiation in cultures of rat
hippocampal neurons. J Biol Chem 2000, 275:41278-41286.

Senolt L, Grigorian M, Lukanidin E, Simmen B, Michel BA, Pavelka K, Gay RE,
Gay S, Neidhart M: ST00A4 is expressed at site of invasion in rheumatoid
arthritis synovium and modulates production of matrix
metalloproteinases. Ann Rheum Dis 2006, 65:1645-1648.

Katzap E, Barilla-LaBarca ML, Marder G: Antisynthetase syndrome.

Curr Rheumatol Rep 2011, 13:175-181.

Cerezo LA, Remakova M, Tomcik M, Gay S, Neidhart M, Lukanidin E, Pavelka
K, Grigorian M, Vencovsky J, Senolt L: The metastasis-associated protein
S100A4 promotes the inflammatory response of mononuclear cells via
the TLR4 signalling pathway in rheumatoid arthritis. Rheumatology
(Oxford) 2014, 53:1520-1526.

doi:10.1186/513075-014-0468-2

Cite this article as: Plestilova et al: The metastasis promoting protein
S100A4 levels associate with disease activity rather than cancer
development in patients with idiopathic inflammatory myopathies.
Arthritis Research & Therapy 2014 16:468.

( R
Submit your next manuscript to BioMed Central
and take full advantage of:
¢ Convenient online submission
e Thorough peer review
* No space constraints or color figure charges
¢ Immediate publication on acceptance
¢ Inclusion in PubMed, CAS, Scopus and Google Scholar
¢ Research which is freely available for redistribution
Submit your manuscript at ( -
www.biomedcentral.com/submit BiolVed Central

& J



http://www.graphpad.com

4.2.2. Normalizace hladin S100 proteinii po zahajeni konvenéni 1é¢by u pacienti
s Casnou revmatoidni artritidou

V casné fazi revmatoidni artritidy (RA) by brzka intervence nejspiSe mohla zabranit vzniku
kloubniho poskozeni. K ¢asnému nasazani individualizované 1éCby je nutnd znalost vhodnych
biomarkerti. Nad&nymi kandidaty jsou proteiny S100A8/9 (kalprotektin) a S100A12
(kalgranulin), zname jako “alarminy” — endogenni latky signalizujici po€inajici poskozeni
tkani. Jejich hladiny jsou u pacientii s RA zvySené jak lokalné v kloubni duting, tak systémové
v cirkulaci. Mnozstvi téchto S100 proteinti se snizuje pii 1écbé a koreluje s klinickou i1
laboratorni aktivitou artritidy.
Protoze vSechny dosavadni studie byly provedeny u pacientll s déletrvajici RA, cilem této
prace bylo vysettit hladiny S100 proteinii u pacientli s ¢asnou RA pted 1écbou, zjistit, jak se
zméni po zapoceti konvencni terapie, zhodnotit miru korelace s klinickou aktivitou RA a
moznost pouZiti jako biomarkery.
Sérové hladiny SIO0A8/9 a S100A12 jsme zm¢éfili metodou ELISA v kohorté 43 pacientd s
¢asnou RA a 32 zdravych kontrol. Zjistili jsme, ze hladiny S100A8/9 a S100A12 spolu
signifikantn¢ koreluji pied i behem 1écby, coz ukazuje na moznou spolecnou regulaci obou
alarmini. Pfed zacatkem léCby byly hladiny obou proteinti vyrazné zvySené a po tfech
mésicich konvenéni terapie se normalizovaly. ST00A8/9 vyznamé korelovalo s CRP, poctem
oteklych kloubti a hodnotou klinického skore DAS28, korelace S100A12 s témito parmetry
byla méné¢ vyznamnd. Zajimavé je, ze ani jeden S100 protein nekoreloval s hladinymi
protilatek anti-CCP nebo RF. Vstupni vysoké hladiny S100A8/9 byly obecné prediktorem
zlepSeni klinickych parametrtit RA a zména hladin SI00A8/9 pozitivné korelovala se zménou
klinickych parametri. Toto zjiSténi lze Castecné vysvétlit vysokou hladinou S100A8/9 u
pacientll s vysoce aktivni RA, tedy s vysokym CRP, poctem oteklych kloubii apod., které
umoziuji vyraznéjsi zlepseni pii 1€Cbé.
Uzk4 korelace hladin S100 proteinti s poétem oteklych kloubti nepiimo potvrzuje tvorbu S100
proteinli piimo v synoviadlni membrané postizenych kloubl a jejich prinik do cirkulace.
Zejména S100A8/9 je nad¢éjny biomarker u RA poskytujici dopliujici informace o

rozsahukloubniho zanétu.

Na této praci jsem se podilela méfenim hladin S100 proteinu metodou ELISA a pomoci s

naslednym zpracovanim dat.
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Decreases in serum levels of ST00A8/9
(calprotectin) correlate with improvements in
total swollen joint count in patients with
recent-onset rheumatoid arthritis

Lucie Andrés Cerezo', Hefman Mann', Ondiej Pecha?, Lenka Pletilovéa', Karel Pavelka', Jiti Vencovsky' and
Ladislav Senolt’

Abstract
Introduction: The aim of this study was to examine the serum levels of S100 proteins and to evaluate their role in
patients with recent-onset rheumatoid arthritis (RA).

Methods: Serum levels of STO0A8/9 and ST00A12 were analysed in 43 patients with recent-onset RA, both before
and three months after the initiation of conventional treatment, as well as in 32 healthy individuals. Disease activity

was assessed based on serum levels of C-reactive protein (CRP), the Disease Activity Score for 28 joints (DAS28)
and the total number of swollen joints count for 66 joints (SJC).

Results: The levels of serum ST00A8/9 and S100A12 were significantly higher in patients with recent-onset RA
compared to the levels in healthy individuals (P < 0.0001) and normalised after three months of treatment. Using
age- and sex-adjusted analysis, STOOA8/9 levels were correlated with CRP (r = 0439, P < 0.01), DAS28 (r = 0.501, P
= 0.002) and SJC (r = 0443, P = 0.007), while ST00A12 was less significantly correlated with these parameters.
Higher levels of ST00A8/9 at baseline predicted improvement in the levels of CRP and SJC over time. Moreover,
decreases in serum S100A8/9 were associated with decreased serum levels of CRP (r = 0459, P = 0.005) and
improvements in SJC (r = 0459, P = 0.005). In multiple linear regression analyses, decreases in STO0A8/9 but not
CRP were significant predictors for improvements in SJC (P = 0.001).

Conclusions: This study is the first to show normalisation of elevated S100 proteins in patients with recent-onset
RA after the initiation of conventional treatment. Therefore, ST00A8/9 might potentially be a predictive marker for
improvement in the total number of swollen joints in patients in the early phase of RA.

Keywords: rheumatoid arthritis, ST00 proteins, disease activity, relapse

Introduction

Rheumatoid arthritis (RA) is a chronic inflammatory
autoimmune disease characterised by synovitis and joint
destruction in which the infiltration of inflammatory
cells, the activation of synovial fibroblasts and the pro-
duction of a wide range of inflammatory mediators play
significant roles [1,2]. However, the exact pathological
processes involved in the initiation of RA remain
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( BioMVed Central

incompletely understood. Very early RA is suggested to
represent an immunopathologically distinct phase of the
disease in which a “window of opportunity” for early
drug intervention with the potential to prevent joint
damage may exist [3]. Recent studies have shown that
the development of established RA in patients in the
early stages of the disease can be predicted by using
clinical and serological measures [4-6]. Therefore, a bet-
ter understanding of the pathological mechanisms and
biomarkers during this early phase would be an impor-
tant way to determine possible new therapeutic targets

© 2011 Andrés Cerezo et al,; licensee BioMed Central Ltd. This is an open access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.
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and to tailor therapy to ensure optimal treatment for
individual patients.

S$100 calcium-binding proteins are multifunctional
proteins that are implicated in the regulation of a variety
of cellular activities [7]. The most familiar S100 proteins,
myeloid-related proteins SI00A8/9 (calprotectin) and
S100A12 (calgranulin C), have recently been proposed
as “alarmins,” which are the endogenous molecules that
signal the early phase of tissue and cell damage [8]. The
S100 proteins are expressed predominantly by neutro-
phils, monocytes and activated macrophages, and
increased S100 levels have been demonstrated in several
inflammatory diseases [9]. S100A8/9 and S100A12 are
increased locally at sites of inflammation as well as in
the circulation of patients with RA [10-13]. Moreover, a
tight correlation between S100 proteins and laboratory
and clinical markers of disease activity has been demon-
strated in patients with different arthritides [13-16]. In
addition, SI00A8/9 and S100A12 were shown to be
decreased locally in synovial tissue as well as in the
blood in response to different anti-inflammatory thera-
pies, including TNFa inhibitors, and they were upregu-
lated weeks before relapse became clinically apparent in
patients with previously well-controlled disease [16-19].
S100A8/9 was associated with measures of joint damage
in one cross-sectional study [20]. More importantly,
longitudinal data demonstrated that S1I00A8/9 was a
good prognostic biomarker for long-term radiographic
joint progression in patients with established RA [21].

However, S100 proteins have not yet been studied in
treatment-naive RA patients. Therefore, we explored the
following: (1) the levels of S100 proteins in patients with
recent-onset RA, (2) the effect of conventional treatment
on the levels of serum S100 proteins, (3) the association
between S100 proteins and disease activity and (4) a
potential role of S100 proteins as surrogate predictive
markers in a short-term longitudinal study.

Materials and methods

Patients and clinical examination

A total of 43 patients with recent-onset RA were
included in this study. Inclusion criteria were as follows:
(1) age > 18 years, (2) fulfilment of the American Col-
lege of Rheumatology/European League Against Rheu-
matism (EULAR) 2010 classification criteria for RA at
baseline [22] and (3) symptom duration of less than six
months. None of the patients had been receiving dis-
ease-modifying antirheumatic drugs (DMARDs) or glu-
cocorticoids (GCs) at baseline. After the initiation of
conventional treatment, patients were prospectively fol-
lowed for three months. Disease activity was assessed
based on the Disease Activity Score for 28 joints
(DAS28) using the number of swollen and tender joints,
erythrocyte sedimentation rate (ESR) and the patient’s
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global assessment of activity on a visual analogue scale
(VAS) [23]. Swollen joints count for 66 joints (SJC) was
also evaluated. The clinical response was defined by the
EULAR response criteria [24]. Patients were charac-
terised as follows: good responders had a DAS28 < 3.2
plus a > 1.2 decrease in DAS28, and moderate respon-
ders were defined as having (1) DAS28 <3.2 plus a > 0.6
and <1.2 decrease in DAS28, (2) DAS28 < 5.1 > 3.2 plus
a > 0.6 decrease in DAS28 or (3) DAS28 > 5.1 plus a >
1.2 decrease in DAS28. Nonresponders were defined as
having a < 0.6 decrease in DAS28 or a DAS28 > 5.1
plus a <1.2 decrease in DAS28. The control group con-
sisted of 32 healthy individuals. The study was approved
by the local ethics committee, and informed consent
was obtained from all patients prior to initiation of the
protocol.

ELISA

Blood samples were collected from all patients at base-
line (before therapy) and three months after the start of
therapy. Serum samples were immediately centrifuged
and stored at -80°C until analysis. The levels of serum
S100A8/9 (Bithlmann Laboratories AG, Schonenbuch,
Switzerland) and S100A12 (CycLex Co., Ltd., Nagano,
Japan) were measured by using commercially available
ELISA kits according to the manufacturers’ protocols.
Absorbance was detected using the Sunrise ELISA
reader (Tecan Group Ltd., Salzburg, Austria) with 450
nm as the primary wavelength. Interassay and intraassay
reliability of the S100A8/9 assays were 5.3% and 6.2%,
respectively. Interassay and intraassay reliability of the
S100A12 assays were 3.3% and 3.4%, respectively. The
detection limits were 3 ng/mL for the S100A8/9 assay
and 56 pg/mL for the S100A12 assay. C-reactive protein
(CRP) was measured using nephelometry. Analyses of
serum anticyclic citrullinated peptide antibodies (anti-
CCP) and immunoglobulin M rheumatoid factor (IgM-
RF) were carried out using standard ELISA kits (Test
Line s.r.o., Brno, Czech Republic).

Statistical analyses

The concentrations of S100 proteins are expressed as
means + SEM. A Kolmogorov-Smirnov test of normality
was performed for all variables and their difference
scores. Pearson’s product-moment correlation coeffi-
cients and Spearman’s rank correlation coefficients were
used in cases of normal and non-normal variables,
respectively. When comparing patients and controls, the
independent samples ¢-test was used for normal vari-
ables and the Mann-Whitney U test was used as a non-
parametric alternative. Two-way analysis of variance
with repeated measures (time x groups) was conducted
to determine the differences between groups of patients
sorted on the basis of the level of disease activity. In
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addition, multiple linear regression analysis was per-
formed for differences in scores on the DAS28 and total
SJC, and appropriate predictors were chosen using a
backward stepwise elimination method. For all statistical
evaluations, P values below 0.05 were considered to be
statistically significant. Statistical analyses were per-
formed using SPSS version 17 software (SPSS Inc., Chi-
cago, IL, USA).

Results

Table 1 shows the baseline characteristics of the patients
and healthy controls. Overall, three patients with recent-
onset RA had erosions at baseline. Prior to treatment,
22 patients had highly active disease (mean DAS28 >
5.1), 19 patients had moderate disease activity (mean 3.2
< DAS28 < 5.1) and 2 patients had low disease activity
(mean 2.6 < DAS28 < 3.2). Initially, DMARD treatment
was started in 42 patients. Thirty-five patients received
methotrexate (mean dose at month 3: 14.86 mg/week;
range: 7.5 to 20 mg/week), six received sulphasalazine,
one received leflunomide and thirty-eight received GCs
(prednisone or equivalent; initial mean daily dose: 8.9
mg/day; range: 2.5 to 20 mg/day). After three months of
treatment, a significant reduction in disease activity was
observed (mean DAS28: 5.3 + 1.5 to 2.8 + 1.3; mean
SJC: 10.0 £ 9.2 to 1.7 = 3.6; mean CRP: 16.2 £ 19.8 to
4.2 + 5.8; P < 0.0001 for all comparisons). Thirty-nine
patients (90.7%) achieved good or moderate improve-
ment, and eighteen (41.9%) reached remission according
to the EULAR response criteria [24].

$100 proteins and disease activity at baseline

The levels of serum S100A8/9 correlated significantly
with S1I00A12 at baseline (r = 0.845, P < 0.0001), an
association that became even stronger when adjusted for

Table 1 Baseline characteristics of patients with recent-
onset RA and healthy controls®

Characteristics Recent-onset Healthy
RA controls

(n = 43) (n =32)

Gender, F/M 30/13 11/21

Mean age, years (£SD) 50.90 + 16.40 4397 + 154

Mean CRP, mg/L (+SD) 16.20 + 20

Mean ESR, mm/1% " (+SD) 3420 + 2372

Mean SJC out of 66 (£SD) 10.00 + 9.28

Mean DAS28 score (+SD) 531 + 151

RF positivity, n (%) 32 (74.4%)

Anti-CCP positivity, n (%) 22 (51.2%)

DMARDs/GCs, number of 42/35

patients

?Anti-CCP, anticyclic citrullinated peptide antibody; CRP, C-reactive protein;
DAS28, Disease Activity Score for 28 joints; DMARDs, disease-modifying
antirheumatic drugs; RA, rheumatoid arthritis; ESR, erythrocyte sedimentation
rate; F, female; GCs, glucocorticoids; M, male; RF, rheumatoid factor.
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age and sex (r = 0.901, P < 0.0001). This positive corre-
lation remained significant three months after the start
of the treatment. The levels of S100 proteins were not
affected by age or gender (data not shown).

In univariate analysis, the serum levels of S100A8/9
correlated positively with the levels of CRP (r = 0.553, P
< 0.0001), DAS28 (r = 0.469, P < 0.01) and SJC (r =
0.363, P < 0.05) at baseline (Figures 1A through 1C).
When adjusted for age and sex, these correlations
remained significant for CRP (r = 0.439, P < 0.01) and
became stronger for DAS28 (r = 0.501, P = 0.002) and
SJC (r = 0.443, P = 0.007). Similarly, the levels of
S100A12 correlated positively with the levels of CRP (r
= 0.350, P < 0.05) and DAS28 (r = 0.313, P < 0.05),
although there was only a trend for the correlation
between the levels of S100A12 and SJC (r = 0.292, P =
0.057) at baseline (Figures 1D through 1F). When
adjusted for age and sex, these correlations were lost for
CRP (r = 0.288, P = 0.083) but remained significant for
DAS28 (r = 0.354, P = 0.034) and became significant for
SJC (r 0.345, P = 0.039). Furthermore, neither
S100A8/9 nor S100A12 was associated with IgM-RF (r
= -0.056, P = 0.727, and r = 0.170, P = 0.289, respec-
tively) or anti-CCP levels (r = -0.195, P = 0.210, and r =
-0.044, P = 0.778, respectively).

Effect of conventional treatment on the levels of S100
proteins

The levels of serum S100A8/9 (mean 5.99 + 0.88 ug/mL
vs. 1.92 + 1.16 pg/mL; P < 0.0001) and S100A12 (mean
0.30 + 0.04 pg/mL vs. 0.13 + 0.11 pg/mL; P < 0.0001)
were significantly higher in patients with recent-onset
RA compared with healthy controls, and these levels
essentially normalised after three months of treatment
(mean S100A8/9: 5.99 + 0.88 pg/mL to 2.49 + 0.21 pg/
mL; P < 0.0001; mean S100A12: 0.30 + 0.04 pg/mL to
0.13 + 0.01 pg/mL; P < 0.0001) (Figure 2). Importantly,
after three months, the levels of SI0O0A8/9 but not
S100A12 were significantly lower in patients who had
achieved remission compared with those who showed
moderate or high disease activity (mean S100A8/9: 2.15
+ 1.11 pg/mL vs. 3.37 £ 1.34 pg/mL; P = 0.043). We
found significantly higher levels of baseline SI00A8/9
and S100A12 concentrations in patients with active dis-
ease compared with those with moderate disease activity
(mean S100A8/9: 7.96 + 1.52 ug/mL vs. 4.20 + 0.63 pg/
mL, P = 0.004, and mean S100A12: 0.37 + 0.07 pg/mL
vs. 0.24 + 0.04 pg/mL, P = 0.035, respectively). SI00A8/
9 and S100A12 serum levels significantly decreased over
time, particularly in patients with active disease (mean
S100A8/9: 7.96 + 1.52 pg/mL to 2.81 + 0.31 pug/mL and
mean S100A12: 0.37 + 0.07 pg/mL to 0.14 + 0.02 ug/
mL; P < 0.0001 for both comparisons). However, in
patients with moderate disease activity, a modest
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decrease in SI00A12 (mean 0.24 + 0.04 pg/mL to 0.13 +
0.02 pg/mL; P = 0.046) and a statistically insignificant
decrease in S100A8/9 (mean 4.20 + 0.63 pg/mL to 2.29
+ 0.26 ug/mL; P = 0.112) was observed. The levels of
S$100 proteins were not affected by different dosages of
GCs and/or methotrexate.

Predictive role of S100 proteins

Higher levels of S100A8/9 at baseline predicted an
improvement in the level of CRP (r = -0.397, P = 0.01)
and in SJC (r = -0.369, P < 0.05), but not in DAS28 (r =
-0.279, P = 0.07). When adjusted for age and sex, the
correlations of SI00A8/9 with changes in the levels of
CRP (r = -0.423, P = 0.01) and changes in SJC (r =
-0.423, P = 0.01) became stronger. The levels of
S100A12 at baseline were predictive of the change in
SJC (r = -0.376, P < 0.05), but not in the level of CRP (r
= -0.212, P = 0.184) or in DAS28 (r = -0.282, P = 0.07),
which remained significant when adjusted for age and
sex for baseline S100A12 and changes in SJC (r =
-0.360, P = 0.031).

Furthermore, we found that changes in serum
S100A8/9 positively correlated with changes in serum
levels of CRP (r = 0.476, P = 0.002), changes in DAS28
(r = 0.390, P = 0.01) and changes in SJC (r = 0.539, P <
0.001) (Figures 3A through 3C). When adjusted for age
and sex, the correlations remained significant for
changes in CRP (r = 0.459, P = 0.005) and changes in
SJC (r = 0.459, P = 0.005), but not for changes in
DAS28 (r = 0.258, P = 0.129). However, changes in
serum S100A12 correlated with changes in SJC (r =
0.379, P < 0.05), but not with changes in serum CRP (r
= 0.257, P = 0.105) or changes in DAS28 (r = 0.271, P =
0.079) (Figures 3D through 3F). Age and sex-adjusted
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changes in serum S100A12 also correlated only with
changes in SJC (r = 0.343, P = 0.04).

Multiple linear regression analysis showed that base-
line DAS28 and changes in DAS28 were easier to pre-
dict using CRP and S100A8/9 than baseline SJC and
changes in SJC (Tables 2 and 3). The levels of CRP
were more important predictors of DAS28 at baseline
than the levels of SI00A8/9, which were only marginally
acceptable as predictors of baseline DAS28 (P = 0.052)
(Table 2). The levels of both CRP and S100A8/9 at
baseline were only weak predictors of the baseline SJC
(P = 0.045 and P = 0.051, respectively). Interestingly, the
change in S100A8/9 levels was significantly associated
with the change in SJC over time (P = 0.001) (Table 3).
It can thus be suggested that decreases in serum
S100A8/9 over time predict improvements in the num-
ber of affected joints.

Discussion

To the best of our knowledge, this study is the first to
show elevated serum levels of S100 proteins in patients
with recent-onset DMARD/GC-naive RA, the associa-
tion between S100 proteins and disease activity and nor-
malisation of S100A8/9 in patients who achieve
remission after conventional treatment. Furthermore, we
have demonstrated that decreases in SI00A8/9 levels are
associated with clinical improvement in the number of
affected joints.

S100 proteins were previously found to be upregulated
in the inflamed synovial tissue, synovial fluid and blood
of patients with established RA [10-13]. However, in this
study, we have shown for the first time significantly
increased serum levels of both SI00A8/9 and S100A12
proteins in patients with recent-onset RA who had not
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Table 2 Multiple linear regression models for initial DAS28 and changes in DAS28°

Initial DAS28 (n = 43; r* = 0.422; F = 16.355; P < 0.000)"

ADAS28 (n = 41; r* = 0.349, F = 11.727; P < 0.000)°

Variables Parameter estimate SEM t-value P value Variable Parameter estimate SEM t-value P value
Intercept 4351 0.246 17.662 0.000 Intercept -2.117 0.277 -7.649 0.000
Initial CRP 0.037 0.010 3619 0.001 Initial CRP 0.080 0.038 2.124 0.040
Initial ST00A8/9 0.000 0.000 2.007 0.052 ACRP 0.136 0.042 3.248 0.002

2DAS28, Disease Activity Score for 28 joints; SEM, standard error of the mean; CRP, C-reactive protein. r* values are adjusted. ®Excluded predictors are age and
initial ST00A12. “Excluded predictors are age, initial ST00A12, initial S1T00A8/9, AS100A12 and AS100A8/9.

yet been exposed to conventional treatment. This is
consistent with previous reports showing elevated circu-
lating S100 proteins in patients with previously estab-
lished disease [10-13]. However, compared to previous
studies [19,25], the levels of SI00A8/9 measured in our
study were higher, which can be explained by the use of
various antibodies to detect different epitopes in differ-
ent ELISAs. In our commercial assay, an antibody
detecting an epitope which is dependent on S100A8/
S100A9 heterocomplex formation and calcium binding
was used. Nevertheless, this did not affect the compara-
tive study in general. It has previously been demon-
strated that the SI00A8/9 and S100A12 proteins show
decreased levels in the peripheral circulation in response
to different anti-inflammatory therapies [16,17]. Consis-
tent with such findings, we have shown in the present
study that the conventional treatment of patients with
DMARD/GC-naive early-stage RA reduces serum levels
of S100 proteins to the normal levels found in healthy
individuals. As expected, patients with very active dis-
ease at baseline had higher levels of SI00A8/9 and
S100A12 proteins that decreased more significantly as
the disease improved than did patients with moderate
disease activity. Furthermore, an association between
both serum S100 proteins in patients with recent-onset
RA is in agreement with previous reports on established
RA [26,27], which have indicated that SI00A8/9 and
S100A12 proteins may be coregulated early in the dis-
ease process.

In agreement with previous reports on established RA
[10-13,15,20,21], we found an association of both
S100A8/9 and S100A12 proteins with laboratory and
clinical markers of disease activity in patients with
recent-onset RA. Interestingly, this association was more
pronounced for S100A8/9 than for S100A12. Higher

baseline levels of SI00A8/9 predicted decreased CRP
levels and improvements in the total number of swollen
joints over time. Moreover, decreases in SI00A8/9 levels
were directly related to clinical and laboratory improve-
ments over time. Multivariate regression analysis
revealed that baseline SI00A8/9 values were not more
predictive of disease activity than traditional biomarkers
such as CRP and that they were only marginally accep-
table as predictors of baseline disease activity. However,
both CRP and S100A8/9 levels were found to be weak
predictors for the baseline number of swollen joints.
Interestingly, however, changes in the levels of S100A8/
9, but not CRP, were associated with changes in the
total number of swollen joints over time. It is evident
that S100 proteins are extensively produced by activated
immune cells of the synovial membrane and synovial
fluid in affected joints and pass into the blood circula-
tion [12,13]. Our data support the hypothesis that
S100A8/9 protein represents a suitable marker that pro-
vides important information about the extent of local
inflammation in affected joints, as shown by the strong
associations between the decrease in S100A8/9 levels
and improvements in swollen joint counts. Although
researchers in some studies have found an association
between S100 proteins and autoantibodies in patients
with RA [15,20,25], we have not confirmed these data,
which may be explained by a stronger association with
disease activity than with the autoimmune response in
the early phase of recent-onset RA. SI00A8/9 protein
has recently been demonstrated to predict 10-year
radiographic progression in patients with established RA
[21]. Although our study was not sufficiently long to
assess the effect of changes in SI00A8/9 levels on the
radiographic progression of early RA, it can be sug-
gested that a decrease in serum levels of SI00A8/9 over

Table 3 Multiple linear regression models for initial total SJCs and change in SJCs?

Initial SJCs (n = 43, r* = 0.260, F = 8.360; P = 0.001)°

ASJCs (n = 41, r* = 0.245, F = 13.974; P = 0.001)°

Variables Parameter estimate SEM t-value P value Variable Parameter estimate SEM t-value P value
Intercept 5093 1.712 2.975 0.005 Intercept -5.192 1.148 -3.500 0.001
Initial CRP 0.147 0.071 2.067 0.045 AST00A8/9 0.001 0.000 3738 0.001
Initial STO0A8/9 0.001 0.000 2010 0.051 - - - - -

35JCs, swollen joint counts; SEM, standard error of the mean; CRP, C-reactive protein. r* values are adjusted. Excluded predictors are age and initial ST00A12.
“Excluded predictors are age, initial ST00A12, initial ST00A8/9, initial CRP, AS1T00A12 and ACRP.
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time, which is associated with improvement in the num-
ber of affected joints, might be associated with inhibi-
tion of further structural joint damage. This remains to
be determined in future studies.

Conclusions

In summary, our data show elevated serum levels of
S100 proteins at the onset of RA and a normalisation of
S100A8/9 levels in patients who achieved remission
shortly after the initiation of conventional treatment.
Furthermore, decreases in SI00A8/9 rather than CRP
levels were associated with improvements in the total
number of swollen joints over time. Further studies are
needed to determine whether SI00A8/9 levels may have
a predictive value for further structural damage in
patients with recent-onset RA.
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4.3. Autoprotilatky

4.3.1. Piehledovy ¢lanek o anti-PM-Scl autoprotilatkach u myozitid

Anti-PM-Scl protilatky patii do skupiny autoprotilatek asociovanych s myozitidou, jejich
pozitivita je charakteristickd pro piekryvny syndrom myozitidy se systémovou skler6zou.
Pritkaz téchto protilatek je dobrym prognostickym markerem, anti-PM-Scl pozitivni pacienti
maji dobrou progndézu onemocnéni, které obvykle reaguje na lécbu nizkymi az stfednimi
davkami glukokortikoidu.

V tomto piehledovém ¢lanku jsme popsali strukturu a funkci PM-Scl antigenu (“exozomu™),
metody deketce anti-PM-Scl protilatek a vyskyt téchto protilatek u riznych systémovych

onemocnéni pojiva.

Tento souborny ¢lanek jsem napsala na zacatku mého doktorského studia pod vedenim mého

Skolitele prof. Jittho Vencovského.

Pozd¢ji jsem méfila hladiny anti-PM-Scl protilatek u pacientd s myozitidou, protilatkové
hladiny korelovaly s aktivitou onemocnéni a také s hladinami B Cell activating factor
(BAFF). Tyto vysledky jsme prezentovali formou posterti na mezinarodnich konferencich a

ptipravujeme je k publikaci.

EULAR 2013, Madrid, Cerven 2013

Plestilova L, Krystitkova O, Mann H, Hulejova H, Chinoy H, New P, Cooper RG, Charles P,
Betteridge ZE, Vencovsky J [SAT0197] B cell activating factor (BAFF) correlates with
disease activity and antibody levels in anti-PM-Scl positive patients with idiopathic
inflammatory myopathies Ann Rheum Dis 2013

EULAR 2012, Berlin, Cerven 2012

Plestilova L, Gheorghe K, Lundberg IE, Vincze M, Dankdé K, Charles P, Betteridge ZE,
McHugh N, Vencovsky J. [THU0253] Anti-PM-Scl autoantibodies in polymyositis and
dermatomyositis. Ann Rheum Dis 2012;71(Suppl3):240
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Souhrn

Anti-PM-Scl protilatky se nejéastéji vyskytuji u pacientt s pirekryvnym syndromem polymyositidy a systé-
mové sklerozy (31%), vzacnéji pri samotné myositidé (8-11%), nebo systémové skleroze (2%). Jejich pru-
kaz byva spojen s lepsi prognézou onemocnéni, které obvykle dobie reaguje na 1éébu nizkymi az stiedni-
mi davkami glukokortikoidi. PM-Scl autoantigenem je “lidsky exoz6m”, makromolekularni komplex 11-16
polypeptidu, ktery se v bunééném jadérku ucastni §tépeni prekurzorové rRNA a v cytoplazmé pomaha
degradovat zralou mRNA. Primarni protilatkova reakce proti PM-Scl komplexu je namiiena proti PM-
Scl-100 proteinu, jehoZz hlavnim epitopem je PM1-o peptid.

Kliéova slova: myositida, systémova skleréza, exozém, anti-PM-Scl, PM1-o

Summary
Plestilova L., Vencovsky J.: Anti-PM-Scl antibodies in myositis

Anti-PM-Scl antibodies are most frequently found in patients with overlap syndrome of polymyositis and
systemic sclerosis (31%), less frequently in myositis alone (8-11%), or systemic sclerosis (2%). Detection of
these antibodies is associated with better outcome of the disease, which usually responds well to the tre-
atment with low- to medium-dose glucocorticoids. The “human exosome” is a PM-Scl autoantigen, a mac-
romolecular complex of 11-16 polypeptides, which is involved in the degradation of precursor rRNA in
the nucleolus and in the degradation of mature mRNA in the cytoplasm. Antibody response against the
PM-Scl complex is primarily targeted against the PM-Scl-100 protein, the main epitope of which is PM1-o

peptide.

Key words: myositis, systemic sclerosis, exosome, anti-PM-Scl, PM1-o

Ces. Revmatol., 17, 2009, No. 4, p- 200-204.

UvVoD

Myositidy jsou ziskana zanétliva onemocnéni
priéné pruhovanych svalt. Projevuji se svalovou
slabosti, zvySenou hladinou svalovych enzymt
a charakteristickymi elektromyografickymi zmé-
nami. V biopsii svalové tkané je obvykle zjistén
mononuklearni zanétlivy infiltrat (1). Zakladni
klinick4 klasifikace rozliSuje dermatomyositidu
(DM), polymyositidu (PM), myositidu s inkluzni-
mi télisky (IBM), juvenilni dermatomyositidu
a PM/DM asociovanou s malignitou nebo s jinou
chorobou pojivové tkané (2).
sklerozou (Scl). Anglicky termin ,overlap syndro-
me“ popisuje podle nékterych autort prostou aso-
ciaci PM/DM s dalsi nemoci pojivové tkané, podle
jinych jde o sdileni nékterych klinickych znaku
(sklerotické ztlusténi dermis, hypomotilita jicnu,
mikroangiopatie) mozné pouze mezi DM a Scl (3).

Imunopatogeneze myositid
Dermatomyositida je prevazné protilatkové
zprostiedkované onemocnéni, piredpoklada se exi-
stence humoralni imunity namifené proti endo-
telu endomysialnich kapilar, které aktivuji kom-
plement. Utoéné slozky komplementu (membranu
atakujici komplex — MAC) se poté ukladaji ve sva-
lovych kapilarach. Zbyvajici kapilary se kompen-

zatorné dilatuji, pfesto dochazi k perifascikulér-
ni atrofii svalovych vldken. Aktivace komplemen-
tu vede zaroven k uvolnéni cytokinu zvySujicich
expresi adhezivnich molekul (VCAM-1, ICAM-1)
endotelovymi burikkami. Do perimysia a endomy-
sia pak mohou vstoupit CD4+ T buriky a makro-
fagy (2, 3).

Polymyositida je pfevazné bunécéné zprostiedko-
vand, v endomysiu se nachézeji klonalné expando-
vané CD8+ T bunky pronikajici do non-nekrotic-
kych svalovych vlaken. T lymfocyty se na myocyty
véazi pres ¢etné MHC molekuly 1. t¥idy, které jinak
zdravy sval exprimuje zcela minimalné (3).

V infiltratu u myositidy s inkluznimi télisky ta-
ké pievladaji CD8+ T burniky, ale vzhledem k exi-
stenci inkluznich télisek, chybéjici reakci na 1é¢-
bu glukokortikoidy a k vy$§imu véku nemocnych
se predpoklada degenerativni etiologie se sekun-
darni imunitni reakeci (2).

Autoprotilatky u myositid

Dle citlivosti pouzitych metod lze autoprotilat-
ky prokazat u 56 % az 80 % pacientu s idiopatic-
kou zanétlivou myopatii (1, 4). K autoprotilatkam
specifickym pro myositidu patii anti-Jo-1 (15-25 %)
a jiné antisyntetazové protilatky (napi. anti-PL-7,
anti-PL-12, anti-KS, anti-OJ) (3-5 %), anti-Mi-2
(6-14 %) a anti-SRP (2-5 %) (1, 4).

Jo-1 autoantigen je histidyl-tRNA syntetaza,
Mi-2 autoantigen se Gcastni remodelace chroma-
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tinu a tim spolureguluje transkripci a SRP (signal
recognition particle) zptisobuje kotranslaéni trans-
lokaci proteint na membranu ER (1).

Autoprotilatky asociované s myositidou se vy-
skytuji i u dalsich revmatickych nemoci bez systé-
movych znamek myositidy. Jsou to anti-Ro52 (25-
30%), anti-Ro60 (4-11 %), anti-La (5—-14 %), anti-
U1l RNP (6-15 %), anti-Mas (2 %), anti-PM-Scl
a dalsi (1,4).

Autoantigen Ro52 (SSA) je zfejmé E3 ubiquiti-
nova ligdza zapojena do transkripce RNA a tvor-
by IL-2 (5). Autoantigeny Ro60 a La jsou souéas-
ti Ro-ribonukleoproteinového komplexu (RNP),
ktery se ucastni transkripce RNA. Piesna funkce
tohoto komplexu zustava nejasni, uvazuje se
o uloze chaperonu pro RNA, kontrole kvality tran-
skript a ochrané transkript pied 3 -exonukleo-
lytickou degradaci (6). Autoantigen U1 RNP se na-
chazi v bunééném jadre a je zapojen do Stépeni
pre-mRNA. Mas je protein vazajici t-RNA (1) a au-
toantigen PM-Scl bude podrobné&ji probran v dal-
Sim textu.

K nékterym autoprotilatkam se vazi uréité kli-
nické piiznaky, napiiklad anti-Jo-1 byvaji ¢astéji
spojené s intersticialni plicni fibrézou. Pomoci au-
toprotilatek lze také piedvidat odpovéd na 1écbu.
Anti-Ro pozitivni pacienti dobie odpovidaji na sa-
motny prednison, zatimco u anti-Jol pozitivnich
pacientd byva vétsinou nutné podavat dalsi imu-
nosupresiva (napt. azathioprin, methotrexat) (4,7).

Anti-PM-Scl protilatky

Anti-PM/Scl protilatky se vyskytuji u 31 % pa-
cientd s prekryvnym syndromem polymyositidy
a systémové sklerézy. U pacientti se samotnou po-
lymyositidou jsou anti-PM-Scl protilatky ptitom-
né v 8%, u pacientti s dermatomyositidou v 11 %
a u pacientu se systémovou sklerézou ve 2 %. Vy-
jimeéné byly anti-PM-Scl protilatky zachyceny
u pacientt s myositidou s inkluznimi télisky, Sj6-
grenovym syndromem, SLE a se ziskanou hemo-
filii (8).

Nejcastéjsi symptomy asociované s anti-PM-Scl
protilatkami jsou myositida, Raynauduv fenomén
a artritida (tab. 1). Pacienti s anti-PM-Scl proti-
latkami obvykle dobfe reaguji na 1é¢bu nizkymi
az stfednimi davkami glukokortikoidu (8, 10).

Anti-PM/Scl protilatky castéji vznikaji u lidi
s ur¢itymi alelami MHC (HLA-DRB1%0301, HLA-
DQA1*0501, HLA-DQB1*#02), zatimco jiné MHC
alely pusobi proti jejich vzniku protektivné (HLA-
DRB1*15/%16, HLA-DQA1*0101). Je mozné, Ze
HLA polymorfismus zptisobuje rtiznost imunitni
odpovédi subjektt na podnéty z okoli, snad se li-
§i i mechanismus vzniku protilatek u jednotlivych
HLA haplotypu (11). K této domnénce piispiva
i pozorovani u 275 japonskych pacientd se systé-
movou sklerézou, u kterych nebyly anti-PM-Scl

protilatky nalezeny vtibec (8). V Japonsku je nao-
pak nejéastéjsi protilatkou pti prekryvném syn-
dromu mezi PM a Scl protilatka anti-Ku (12).

PM-Scl autoantigen

PM-Scl autoantigen je makromolekularni kom-
plex 11 az 16 polypeptidt s molekularnimi hmot-
nostmi v rozmezi 20 az 110 kDa (obr. 1) (13). Ana-
logické komplexy byly nalezeny u kvasinek Sac-
charomyces cerevisiae a u E. coli a pojmenovany
»,exozom® (14).

Jadrovy komplex exozému je tvoien deviti pro-
teiny. Vypada jako prsten ze Sesti proteint s RNa-
zovou aktivitou (PM-Scl-75, hRrp42, hRrp46,
hRrp41, hMtr3, OIP2), na kterych lezi tti protei-
ny schopné vazat RNA (hRrp4, hCsl4, hRrp40)
(obr. 1).

P#i uréitych bunéénych déjich nebo v uréité lo-
kalizaci se k jadrovému komplexu exozému vaze
jesté nékolik dalsich proteint, napiiklad PM-Scl-
100 v bunééném jadérku (8).

PM-Scl-75 hRrp41

‘ PM-
hRrp46 Scl-
2 100

OIP2 hMi3

Obr. 1. PM-Scl komplex (lidsky exozom) je tvofen prstencem
ze Sesti proteintt s RNazovou aktivitou (PM-Scl-75, hRrp42,
hRrp46, hRrp41, hMtr3, OIP2), na kterych lezi tii proteiny
schopné vazat RNA (hRrp4, hCsl4, hRrp40). K jadrovému kom-
plexu exozému se mohou piipojovat dalsi proteiny, napi. PM-
Scl100 (upraveno dle (8)).

Funkce lidského exozému

7Zda se, ze existuji dva razné typy exozomu s od-
lisnou strukturou, umisténim v burice a funkei.

Prvni typ se nachazi v bunééném jadérku, mé-
neé jiz v jadre, a jednou z jeho slozek je PM-Scl-100.
V jadérku se formuji ribozémy z jednotlivych
rRNA (58S, 5,8S, 18S, 25S) a proteinu. Tti z téchto
rRNA jsou transkribovany jako 35S prekurzorova
rRNA, kterou exozém pomaha rozstépit na jedno-
tlivé dilky. Pfes upravu malé jaderné RNA (small
nuclear RNA — snRNA) pomaha jaderny exozém
$tépit 1 prekurzorovou mRNA.

Druhy typ exozému se nachazi v cytoplazmé, je
vzécnéjsi a chybi mu PM-Scl-100 protein. Ugast-
ni se degradace zralé cytoplazmatické mRNA (14).
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Antigenicita jednotlivych sloZek exozému

Jednotlivé proteiny lidského exozému jsou ruz-
né silnym teréem protilatkové odpovédi. Proti PM-
Scl-100 proteinu tvoii protilatky témér vSichni an-
ti-PM-Scl pozitivni pacienti. Na PM-Scl-75 prote-
in reaguje 50-60 % anti-PM-Scl pozitivnich paci-
entl, ale jeho nova izoforma PM/Scl-75¢ je anti-
genicitou srovnatelnia s PM-Scl-100. Proti ostat-
nim slozkam exozému je reaktivita nizsi, pacien-
ti, ktefi na né reaguji, reaguji vidy i na PM-Scl-
100 nebo na PM-Scl-75 (tab. 2) (13).

Jedno z moznych vysvétleni nabizi teorie Site-
ni epitopa (,epitope spreading”), kdy by PM-Scl-
100 byl prvotnim autoantigenem a imunitni od-
povéd by se postupné rozsifovala na dalsi soucasti
exozému (15). To je ostatné pomérné casty jev
a projevuje se podobné v pripadé anti-nRNP/Sm
a anti Ro/La protilatek, protoze peptidy jsou umis-
tény na spoleéné strukture. Autoantigenem se
PM-Scl-100 stane nejspise modifikaci (fosforylace,
defosforylace, Stépeni kaspazami) v umirajici bun-
ce. Modifikovany antigen mutze byt translokovan
na bunéény povrch, uniknout do intersticia nebo
je se zbytky mrtvych bunék fagocytovan antigen
prezentujicimi bunikami, které jej pires MHC II vy-
stavi T bunikam (16).

Tab. 1. Nejéastgjsi klinické projevy piekryvného syndromu
spojené s pritomnosti anti-PM-Scl protilatek (9).

Klinicky projev % pacientt
Raynaudtv fenomén 100
Artritida/artralgie 97
Myozitida 88
Plicni fibréza 78
Sklerodaktylie 97
Sjogrentv syndrom 34
Dermatomyoziticka vyrazka 38
Dysfagie 78
Kalcinéza 47

Tab. 2. Antigenicita jednotlivych proteina lidského exozomu
(data pfevzata z (8)).

Proteiny exozému Antigenicita *
PM-Scl-100 (101 kD) 70-80%
PM-Scl-75 (47 kD) 46-80%
hRrp4 (33 kD) 50%
hRrp42 (32 kD) 21%
hRrp46 (25 kD) 18%
hCsl4 (21 kD) 14%
hRrp41 (26 kD) 10%
hRrp40 (29 kD) 7%

*Antigenicita = procento pacient reagujicich proti jednotli-
vym proteinum PM-Scl komplexu

Metody uzivané k prukazu anti-PM-Scl
protilatek

Pro prukaz anti-PM-Scl protilatek byly pouzi-
vany razné metody: nepfima imunofluorescence

Obr. 2. Anti-Pm-Scl produkuji homogenni jadérkovou fluo-
rescenci na Hep-2 burikach p#i nepiimé imunofluorescenci.
Mirnou jemné granularni fluorescenci vykazuje také jadro.
V délicich se bunikéch jsou v metafazi chromozomy negativni
a nebarvi se ani NOR (nucleolar organising region), na rozdil
chomackovité nebo skvrnité nukleolarni fluorescence zputso-
bené protilatkami proti fibrilarinu ¢i RNA polymeraze, kde by-
vaji dalsi doprovodné zmény v délicich se burikach.

PM Scl

@

PM Scl

(®)

Obr. 3. Reaktivita na PM1-o (a) a na PM-Scl-100 (b) u paci-
entlt s polymyositidou (PM), systémovou sklerézou (Scl)
a s prekryvnym syndromem PM/Scl (data pievzata z (6, 17)).

na Hep-2 burikach (obr. 2), imunodifuze s extrak-
tem z telecich brzlikt, imunoblot s extrahovatel-
nymi jadernymi antigeny (detekce anti-PM-Scl Ig
touto metodou je obtiZna pro slabou reaktivitu)
a imunoprecipitace z extraktu radioaktivné zna-
¢enych bunék.

Dnes se pro diagnostiku anti-PM-Scl protilatek
nejéastéji pouzivaji metody ELISA s rekombi-
nantnim PM-Scl proteinem exprimovanym E. co-
li nebo buiitkami hmyzu, enzymovy line-blot assay,
pripadné dalsi assaye (imunodot, ALBIA, protei-
novy ¢ip) (8, 10).

Obecné se soudi, ze pro ELISu je idealnim an-
tigenem kratky synteticky peptid — nejlépe hlav-
ni epitop, ktery je mozno syntetizovat nezavisle na
biologickych systémech a jehoz kvalita proto ne-
kolisa. Kratky peptid sniZuje pravdépodobnost ne-
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specifickych interakci mezi slozkami séra a pro-
teinem, v dlouhém proteinu se epitop muze nékdy
»Sschovat®. Pii malé velikosti jamek pouzivanych
pii metodé ELISA muze byt podstatna i vysoka
koncentrace epitopt na plochu, jiz l1ze s kratkymi
peptidy dosdhnout (10, 14).

PM1-a epitop

Snahou tedy bylo nalézt hlavni epitop u nej-
Castéjsiho antigenniho terce lidského exozému -
PM-Scl-100 proteinu.

Testovani odpovédi anti-PM-Scl pozitivnich sér
na fragmenty rekombinantniho PM-Scl-100 pro-
teinu urcilo polohu hlavniho epitopu v N-termi-
nalni tietiné PM-Scl-100 proteinu (AK 231-245).
Mutaéni analyza poté odhalila aminokyseliny 234,
protilatek. Hlavni epitop byl pojmenovan “PM1-o”
podle sekundarni struktury o-helixu, kterou zau-
jima. Sekvence aminokyselin PM1-o peptidu je
LDVPPALADFIHQQR (13, 17, 18).

Anti-PM1-o protilatky

Protilatky proti epitopu PM1-a byly metodou
ELISA prokazany u 7,5 % pacienta s polymyosi-
tidou, 13,2 % pacientt se systémovou sklerézou,
u 55 % pacienttt s PM/Scl pfekryvnym syndromem
au 1,7 % kontrol (obr. 3a) (10).

Reaktivita na PM1-a je tedy vy$si nez na PM-
Scl-100, kdy odpovida 8 % pacientti s myositidou,
3 % pacientt se systémovou sklerézou a 24 % pa-
cientd s prekryvnym syndromem PM/Scl (obr. 3b)
7).

Zajimavy je nerovnomérny narust odpovédi
mezi jednotlivymi skupinami pacienta p#i pou-
ziti PM-Scl-100 proteinu a PM1-a peptidu. Za-
timco pacienti s PM-Scl piekryvnym syndromem
reaguji na PM1-a priblizné dvakrat ¢astéji nez
na PM-Scl-100 (24 % — 55 %) a pacienti se systé-
movou sklerézou dokonce ¢tyiikrat ¢astéji (3 %
— 13,2 %), u pacientt s polymyositidou vidime
mirny pokles odpovédi (8% — 7,5 %) (obr. 3). Zda
se, ze anti-PM-1-a protilatky se vyskytuji cas-
téji u nemocnych, ktefi maji néjaké znamky
sklerodermie.

Michal Mahler et al. testovali 81 vzorka (paci-
enti s PM, DM, Scl, PM/Scl, melanomem a kon-
troly) na pritomnost protilatek proti rekombi-
nantnim PM-Scl proteintim a proti PM1-o pepti-
du. VSechna séra reagujici s PM-Scl-100 nebo
s PM-Scl-75 reagovala i s PM1-0. Ve skupiné pa-
cientt s piekryvnym syndromem PM/Scl (n = 32)
reagovalo 27,8 % vzorkt s PM1-o peptidem, aniz
by byla prokazana reakce s jakymkoliv z rekom-
binantnich proteint. V nékolika p¥ipadech byla
zjisténa piitomnost anti-PM1-o protilatek u pa-
cienti s HCV, SLE nebo s malignim melanomem
(13).

Je PM-Scl-75 hlavnim antigenem u Scl?

Zcela nové se objevil nazor, Ze u pacientt se systé-
movou skler6zou je hlavnim autoantigenem prote-
in PM-Scl-75. Hanke et al. testovali 280 sér pacientt
se systémovou skler6zou plus razné kontroly na pii-
tomnost anti-PM-Scl-100 a anti-PM-Scl-75 protila-
tek metodou LIA (line immunoblot assay) a v jejich
souboru tvorilo anti-PM-Scl-75 protilatky 10,4 % pa-
cientt se systémovou sklerézou, zatimco anti-PM-
Scl-100 protilatky pouze 7,1 % pacientt.

Prevalence jednotlivych protilatek se navic li-
gila podle druhu nemoci. Pacienti s difuzni skle-
rodermii tvoiili v 19,8 % anti-PM-Scl protilatky,
a to prevazné proti PM-Scl-75 proteinu. U paci-
entl s prekryvnym syndromem byl vyskyt anti-
PM-Scl protilatek zaznamenan v 17,6 %, a to pro-
ti PM-Scl-100 i PM-Scl-75 proteinu. U pacientt
s limitovanou systémovou sklerézou byly anti-PM-
Scl protilatky nalezeny pouze ve 3,5 %.

Hanke et al. tedy soudi, Zze pfi testovani pouze
na pritomnost anti-PM-Scl-100 protilatek by vel-
ka ¢ast pacientti se systémovou sklerdzou zusta-
la nepoznana (19). Mahler v§ak poukazuje na me-
todické nepresnosti studie, napriklad na nevhod-
né zvolené parametry svalového postizeni (CK
a svalova atrofie namisto EMG a biopsie) a na ne-
dostatecny popis pouzitého rekombinantniho PM-
Scl-100 antigenu (20).

ZAVER

Anti-PM-Scl protilatky jsou charakteristickym
sérologickym znakem pacientt s PM/Scl piekryv-
nym syndromem.

Anti-PM-Scl pozitivni pacienti maji oproti dal§im
pacientim s myositidou nebo se systémovou skle-
rézou lepsi prognoézu a obvykle dobfe reaguji na 1é¢-
bu nizkymi az stiednimi davkami kortikosteroida.

Primarni protilatkova reakce proti lidskému
exozému je namiiena proti PM-Scl-100 antigenu,
jehoz hlavnim epitopem je PM1-o. Zda se, zZe
todou pro stanoveni anti-PM-Scl protilatek. Toto
vySetieni je uziteéné pri diagnostice myositid, ma-
ze pomoci pii vybéru vhodné lécby a pii odhadu
prognézy. Uloha anti-PM-Scl protilatek v imuno-
patogenezi myositid vSak zatim zustava neznama.

Prdce byla podpoiena vyzkuvmnymi zdaméry
Ministerstva zdravotnictvi CR ¢ 00000023728.
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4.3.2. Autoprotilatky ovliviiuji incidenci artritidy p¥i idiopatické myozitidé

Artritida je Castym doprovodnym pfiznakem myozitidy [205], tato studie méla doplnit
chybéjici komplexni data o vyskytu artritidy u neselektované kohorty pacientti s myozitidou.
Celkem bylo na ptitomnost artritidy vySetfeno 106 pacientii s myozitidou. U 29% pacienti
byla artritida pfitomnd v okamziku vySetieni (cross-sectional), 53% pacientli mélo artritidu
nekdy v pritbéhu onemocnéni a u 22% pacientl se ptiznaky artritidy objevily pfed prvnimi
znamkami myozitidy. Nejcastéji se jednalo o symetrickou neerozivni polyartitidu postihujici
zapésti a drobné klouby na ruce, coz zejména pii zprvu chybéjicim svalovém postizeni mize
vést k chybné diagndze revmatoidni atritidy. NaSe studie potvrdila zndmou asociaci artritidy s
pfitomnosti antisynthetazovych protilatek anti-Jo-1, Zadné jiné vyznamné protilatkové
asociace jsme nena$li. VSech devét pacientli s pozitivitou revmatoidniho faktoru a dva
pacienti s ACPA protilatkami méli ptiznaky artritidy, diagnosticka kritéria revmatoidni
artritidy spliioval vSak pouze jeden pacient.

Tato studie popisuje artritidu jako Casty, obvykle vSak ne piili§ zavazny priznak myozitidy, na
ktery je tieba v klinické praxi pamatovat, protoze muze predchazet svalové postifeni a

ztézovat tak spravnou diagndzu myozitidy.
Na této praci jsem se podilela detekci autoprotildtek v séru pacienti metodou

radioimunoprecipitace, zpracovavala jsem také vysledky dalSich metod (nepifima

imunofluorescence, line immunoassay a Western blot) pro potieby studie.
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Arthritis in Idiopathic Inflammatory Myopathy:
Clinical Features and Autoantibody Associations

Martin Klein, Hefman Mann, Lenka Plestilova, Zoe Betteridge, Neil McHugh,
Martina Remdakové, Peter Novota, and Jifi Vencovsky

ABSTRACT. Objective. To determine the prevalence, distribution, and clinical manifestations of arthritis in a
cohort of patients with idiopathic inflammatory myopathies (IIM). Associations with autoantibody
status and HLA genetic background were also explored.

Methods. Consecutive patients with IIM treated in a single center were included in this
cross-sectional study (n = 106). History of arthritis, 68-joint and 66-joint tender and swollen joint
index, clinical features of IIM, and autoantibody profiles were obtained by clinical examination,
personal interview, and review of patient records. High-resolution genotyping in HLA-DRB1 and
HLA-DQBI1 loci was performed in 71 and 73 patients, respectively.

Results. A combination of patients’ medical history and cross-sectional physical examination
revealed that arthritis at any time during the disease course had occurred in 56 patients (53%). It was
present at the beginning of the disease in 39 patients (37%) including 23 cases (22%) with arthritis
preceding the onset of muscle weakness. On physical examination, 29% of patients had at least 1
swollen joint. The most frequently affected areas were wrists, and metacarpophalangeal and
proximal interphalangeal joints. Twenty-seven out of the 29 anti-Jo1-positive patients had arthritis at
any time during the course of their illness; this prevalence was significantly higher compared to
patients without the anti-Jol autoantibody (p < 0.0001). No association of arthritis with individual
HLA alleles was found.

Conclusion. Our data suggest that arthritis is a common feature of myositis. It is frequently present
at the onset of disease and it may even precede muscular manifestations of I[IM. The most common
presentation is a symmetrical, nonerosive polyarthritis affecting particularly the wrists, shoulders,
and small joints of the hands. We have confirmed a strong association of arthritis with the presence
of the anti-Jol antibody. (First Release May 1 2014; J Rheumatol 2014;41:1133-9; doi:10.3899/
jrheum.131223)

Key Indexing Terms:

IDIOPATHIC INFLAMMATORY MYOPATHIES ARTHRITIS AUTOANTIBODIES

Idiopathic inflammatory myopathies (IIM) represent a
group of systemic autoimmune disorders characterized by a

immune-mediated necrotizing myopathy, and inclusion
body myositis (IBM).

nonsuppurative inflammation of skeletal muscles as the
major manifestation. Distinct subgroups of IIM with
variable clinical and laboratory manifestations are recog-
nized, such as polymyositis (PM), dermatomyositis (DM),
juvenile dermatomyositis, cancer-associated myositis,
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Arthritis is commonly seen in patients with IIM;
however, comprehensive data on its presentation and on
manifestations in individual myositis subgroups are scarce!.
Arthritis is particularly frequent in patients with autoanti-
bodies directed against tRNA synthetases as part of the
antisynthetase syndrome?=3#3, but it is not limited to this
subgroup’8. Arthritis and/or arthralgias were reported in
33% of patients with IIM in a large multicenter Japanese
cohort used for a formulation of new classification criteria,
in which arthritis was included®. Other available infor-
mation originates from case reports'®-1112:13 or small
cohorts selectively defined by the presence of a specific
autoantibody or antisynthetase syndrome®14-13-16_ Arthritis
in patients with IIM is considered less severe and less
destructive when compared to the joint involvement in
rheumatoid arthritis (RA), but the few available reports
provide conflicting results on this aspect>--10-1112,13.14,15,16
The degree of reported joint involvement in myositis varies
from nonerosive arthritis'2 and subluxing arthropathy> to
erosive and destructive arthritis!013.14,
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The aim of our study was to provide comprehensive data
regarding joint involvement in unselected patients with IIM
from a single center. Specifically, we determined the preva-
lence of arthritis in patients with 1IM, its relation to the
course of the muscle disease, characteristics of arthritis such
as distribution and extent, as well as its association with
autoantibody profiles and HLA allelic polymorphisms.

MATERIALS AND METHODS

Patients and controls. All patients with IIM fulfilling diagnostic criteria
seen both at the outpatient and inpatient departments of the Institute of
Rheumatology between January and September 2012 were recruited into
the study. The diagnosis of PM and DM was based on the criteria of Bohan
and Peter!”-18, necrotizing myopathy and amyopathic DM were diagnosed
using the European Neuromuscular Centre Workshop (ENMC) criteria!®,
and the diagnosis of IBM was established using the Griggs criteria2’. All
patients had a muscle biopsy performed during the course of their disease;
however, the full description of the findings required for classification
according to the ENMC criteria was available only for the 76 biopsies
performed after 2004. The control group for the genetic substudy consisted
of 179 healthy subjects. The study was approved by the ethics committee
at the Institute of Rheumatology and all patients gave informed consent.

Clinical data. Basic demographic and clinical data including the history of
IIM onset, disease course, smoking history, and presence of lung
involvement (defined as a presence of active alveolitis or fibrotic changes
on radiograph or high-resolution computed tomography scan, and/or
DLCO < 70%) were obtained from all patients. Information regarding
presence or absence of arthritis in the past and/or at the current time with
respect to the onset, localization, and symmetry as well as other features of
joint involvement such as presence of joint deformities (“floppy thumb”)
was obtained during personal interviews with patients and/or from medical
records. Activity of arthritis and the degree of joint involvement were
assessed by both patients and physicians using visual analog scales (VAS).
A semiquantitative scale was used to evaluate the severity of joint
involvement as a proportion of total morbidity. History of arthritis was
established if the patient during personal interview reported having at least
1 painful and swollen joint in the past or if the presence of inflammatory
arthritis detected by an experienced rheumatologist was recorded in the
medical records. Current arthritis was defined as a presence of at least 1
swollen joint on physical examination using the 68/66-joint count.
Radiographs of the joints of hands and/or feet were available from 47
patients.

Autoantibodies. Autoantibody profiles of patients with IIM were deter-
mined during routine diagnostic examination using indirect immunofluores-
cence to screen for antinuclear antibodies (ANA) and anti-dsDNA (Immuno
Concepts), line immunoassay (Imtec Human), and Western blot-myositis
(Euroimmun) for detection of individual autoantibodies directed against Jo-1,
Mi-2, Ku, PM-Scl, PM-Scl75, PM-Scl100, PL-7, PL-12, EJ, OJ, SRP, Ro,
R052, La, Scl-70, and U1-RNP antigens. In-house-made 35S radioimmuno-
precipitation?! was used to confirm the results and to detect autoantibodies
not identified using commercial assays [against: transcriptional interme-
diary factor 1-y (TIF1-y), MDA5, NXP2, Zo, EIF, RNAP I (RNA
polymerase antibodies), RNAP II, and RNAP III]. Rheumatoid factors (RF)
were detected using a particle-agglutination assay (Fujirebio Inc.), and an
ELISA test for anticyclic citrullinated peptide (anti-CCP; TestLine Clinical
Diagnostics) was used to detect anticitrullinated protein antibodies
(ACPA).

HLA typing. Allelic polymorphism of HLA-DRB1 and HLA-DQBI genes
was analyzed by DNA-based typing using commercial sets (OneLambda)
according to manufacturer’s instructions.

Statistics. Demographics, clinical characteristics, and results are presented
as descriptive statistics. The continuous not-normally distributed variables

were analyzed by Mann-Whitney test; categorical data were analyzed by
Fisher’s exact test having p values estimated by Monte Carlo simulations
(n = 10,000), and Kaplan-Meier estimator was used for calculation of
survival analysis of arthritis. The significance of differences in allele and
gene frequencies was evaluated by Fisher’s exact test. We used GraphPad
Prism 5 (GraphPad Software), QuickCalcs online calculator
(graph-pad.com), and R (r-project.org) for statistical analyses. P values <
0.05 were considered statistically significant.

RESULTS
Demographic and clinical data of patients. In total, 106
patients with IIM were included in the study. Basic

demographic and clinical characteristics are summarized in
Table 1.

Prevalence and characteristics of joint involvement.
Combining patients’ medical history and cross-sectional
physical examination revealed that arthritis at any time
during the disease course had occurred in 56 patients
(52.8%; Table 2). Thirty-nine patients (36.8%) had arthritis
at disease onset.

Thirty-one patients (29.2%) presented with at least 1
swollen joint at the time of cross-sectional evaluation. Nine
additional patients had only joint tenderness, with no
swelling. We did not find any difference in the prevalence of
arthritis among individual IIM subgroups.

Table 1. Demographic and basic clinical data.

Patients, n 106

Sex; male/female 32/74
Age, yrs

Mean + SD 55.6 £ 14.1
Median (95% CI) 59 (52.8-58.3)

PM = 461 (43.4%)
Definite/probable/possible 26/11/9
DM = 40% (37.7%)
Definite/probable/possible 35/3/2
CAM = 8 (7.5%)

IMNM = 11 (7.5%)

IBM =1 (0.9%)

Diagnosis®

Disease duration, yrs®
Whole group
Arthritis patients
Nonarthritis patients

Lung involvement

Ever smokers

6.1+63(44,49-73)
68+5.7(50,53-83)"
53+6.8(3.0,33-7.2)"
37 (34.9%)
40 (37.7%)

4 Muscle biopsy evaluable according to the ENMC criteria was available
in 76 patients: 25 patients satisfied biopsy criteria for PM, 28 for DM, 11
for IMNM, 1 for IBM; 9 biopsies did not have typical changes, and 2 were
nonclassifiable, with significant pathologies, but not consistent with a single
diagnostic category!®. T Including 5 patients with overlap syndromes: 3
systemic sclerosis (SSc), 1 Sjogren syndrome (SS), and 1 rheumatoid
arthritis. ¥ Including 1 patient with clinically amyopathic dermatomyositis.
# Including 3 patients with overlap syndromes: 2 SSc and 1 SS. ® Shown as
mean = SD (median, 95% CI). * A significant difference was found
between disease duration in arthritis and nonarthritis patients (p = 0.04).
ENMC: European Neuromuscular Centre Workshop; PM: polymyositis;
DM: dermatomyositis; CAM: cancer-associated myositis; IMNM:
immune-mediated necrotizing myopathy; IBM: inclusion body myositis.
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Table 2. Arthritis in myositis subtypes. Data are n (%).

Diagnosis Arthritis at Arthritis at Current Arthritis”
Any Time"  Disease Onset™ (= 1 swollen joint)

PM (46) 27 (59) 19 (41) 17 (40)

DM (40) 22 (55) 15 (38) 11 (28)

CAM (8) 2(25) 1(13) 0 (0)

IMNM (11) 4 (36) 1(13) 2(18)

IBM (1) 1 (100) 1 (100) 1 (100)

Total (106) 56 (53) 39 (37) 31(29)

“Combination of patient history and clinical examination; “* Based on
patient history; # Arthritis present at the time of evaluation. PM: poly-
myositis; DM: dermatomyositis; CAM: cancer associated myositis;
IMNM: immune mediated necrotizing myopathy; IBM: inclusion body
myositis.

Probability of arthritis development. Patients with arthritis
had significantly longer disease duration than those without
arthritis (p = 0.04; Table 1). Patients who did not have
arthritis at disease onset have a 65.6% (95% CI 57.1-75.2)
overall probability of its future development and this proba-
bility gradually decreases to 33.9% (95% CI 23.6-48.7)
after 10 arthritis-free years (Figure 1). Thus, the probability
of having arthritis increases with the disease duration up to
66.1% (95% CI 51.3-76.4) after 10 years.

Arthritis at disease onset. Out of the 39 patients who had
arthritis at the onset of IIM, joint symptoms preceded
muscle weakness in 23 patients (59%) and occurred simul-
taneously in 16 (41%). Arthritis most commonly manifested

as symmetrical polyarthritis in 33 cases (84.6%); oligo-
arthritis (involvement of 2-4 joints) and monoarthritis
occurred in 5 (12.8%) and in 1 (2.6%) patient, respectively.

Current arthritis at the time of evaluation. Out of the 31
patients (29.2%) presenting with at least 1 swollen joint at
the cross-sectional evaluation, 5, 14, and 12 patients had 1,
2-4, and more than 4 swollen joints, respectively. One
patient had a newly diagnosed swollen joint at this exami-
nation for the first time.

Mean affected/tender/swollen joint counts in patients with
arthritis were 8.3 £9.1,8.4 £ 9.4, and 5.3 = 5.4, respectively.
Metacarpophalangeal (MCP) and proximal interphalangeal
joints of the fingers and thumbs, wrists, and shoulders were
the most frequently involved joints (Table 3).

Other forms of joint involvement. Deforming arthropathy
was present in 15 patients (14.2%). Extreme lateral insta-
bility of the first interphalangeal joint (“floppy thumb’)
occurred in 5 patients (4.7%); 4 of them had anti-Jo1-posi-
tive PM, and 1 had anti-Mi-2-positive DM. Deformity in the
first MCP was present in 3 patients (2.8%). All other defor-
mities affected separate individual joints. Five patients
(4.7%) had more than 1 joint deformity.

Radiographic characteristics of joint involvement. Radio-
graphs of peripheral joints were available in 47 patients.
Forty-six and 37 patients had radiographs of the hands and
feet, respectively. Out of the 15 patients with clinically
apparent deforming arthropathy, radiographs were available
in 9 (60%). Joint erosions were present in 2 patients:

<
-

Survival probability (Kaplan-Meier estimator)

0.0

[ 1
20 30 40

Disease duration

Figure 1. Probability of survival without arthritis. Probability of future development of
arthritis in patients with arthritis-free survival (solid line) with 95% CI (dashed lines).

Crosses (+) indicate censoring.
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Table 3. Distribution of arthritis at the time of examination.

No. Patients with Affected Joints (%)

Joint Tender Swollen Tender and/or Swollen
Temporomandibular 7 (6.6) 1(0.9) 7 (6.6)
Sternoclavicular 7 (6.6) 2 (1.9) 7 (6.6)
Acromioclavicular 13 (12.3) 0 13 (12.3)
Shoulder 22 (20.8) 0 22 (20.8)
Elbow 14 (13.2) 5@.7) 14 (13.2)
Wrist 20 (18.9) 11 (10.4) 23 (21.7)
Metacarpophalangeal I-V 18 (16.9) 12 (11.3) 22 (20.8)
Proximal interphalangeal I-V 20 (18.9) 20 (18.9) 22 (20.8)
Distal interphalangeal 1I-V 6(5.7) 5@.7) 7 (6.6)
Hip 4(3.8) — 4 (3.8)
Knee 9 (8.5) 3(2.8) 10 (94)
Ankle 12 (11.3) 6 (5.7) 13 (12.3)
Tarsal joint 11 (10.4) 3(2.8) 13 (12.3)
Metatarsophalangeal I-V 11 (10.4) 1(0.9) 11 (10.4)
Interphalangeal I-V 2(19) 0 2(1.9)
Patients with at least 1 joint affected 45 (42.5) 31(29.2) 52 (49)

destructive arthritis of carpal joints in a patient with an
overlap of PM with RA with a positivity of RF and anti-CCP
autoantibodies; and destructive arthritis of the second and
third metatarsophalangeal joints in 1 patient who was
anti-Jol-positive for DM.

Clinical aspects of IIM with arthritis. Myositis relapsed in
31 patients (29.2%) at any time during the course of the
illness. Arthritis was a feature of the relapse in 15 patients
(48.4%) and occurred most frequently concurrently with the
myositis flare (8 cases; 53.3%) or shortly before or after the
relapse of other myositis symptoms in 4 and 2 patients,
respectively; temporal pattern was not specified in 1 patient.
The most common manifestation of arthritis during IIM
relapses was polyarthritis or oligoarthritis in 7 and 6
patients, respectively (46.7 and 40%); detailed data on the
number of affected joints were not available in 2
individuals.

Arthritis was present at disease onset in 13 out of 31
patients (41.9%) who later relapsed and in 29 out of 75
(38.7%) who did not. Thus, the presence of arthritis at the
early phase of the disease is not predictive of future myositis
relapses (p = 0.8). Similarly, the presence of arthritis at
disease onset does not predict whether the relapse will be
associated with arthritis (p = 0.16).

Clinical relevance of arthritis. Arthritis activity and joint
damage was assessed using a VAS by both the patient and
the evaluating physician. The mean arthritis activity and
joint damage scores were relatively low in the whole group
owing to a significant proportion of unaffected individuals.
However, in patients with joint involvement, both mean
activity of arthritis and joint damage were considered to be
moderate (Table 4). Joint disease activity was rated higher
by patients than by physicians (p = 0.01). When joint
disease was considered as a proportion of total morbidity on

Table 4. Arthritis activity and damage. Data shown as mean + SD (n).

All Patients Patients with VAS > 0

MD activity 75+1538 194 +20.5 (41)
MD damage 62+156 212 +£22.8 (31)
Pt activity 140x215 26.5 £23.4 (56)

MD/Pt: Physician’s/patient’s assessment of activity/damage on visual
analog scale (VAS; 100 mm).

a semiquantitative scale, 66 patients (62.3%) felt that
arthritis did not play any role in the disease burden.
Contribution of arthritis to the overall morbidity was
reported to be small by 24 patients (22.6%), medium by 9
(8.5%), and large by 7 (6.6%).

Autoantibodies. Myositis-specific and myositis-associated
autoantibodies were tested in all patients and most patients
were also evaluated for the presence of additional autoanti-
bodies associated with other rheumatic diseases with
frequent joint involvement (i.e., RA, systemic lupus erythe-
matosus, Sjogren syndrome, and systemic sclerosis).
Autoantibodies were found in 87 patients (82.1%). Not
surprisingly, a strong association of anti-Jol antibodies with
arthritis was confirmed, with 27 out of 29 anti-Jo1-positive
patients (93%) having arthritis at some point during the
course of [IM. The incidence of arthritis among anti-Jo1-posi-
tive patients was significantly higher compared to the
anti-Jol-negative subjects (p < 0.0001). No significant
association between arthritis and autoantibody positivity
could be found for ANA (positive in 42.6% of tested
patients), RF (10.2%), anti-Ro52 (32.7%), anti-Ro (11.5%),
anti-PM-Scl (12.3%), anti-Mi-2 (6.7%), and anti-TIF-1y
(8.2%). Other autoantibodies were found in very low
frequencies and could not be statistically evaluated. Seven
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of 9 RF-positive patients and both patients with ACPA had
arthritis. ACPA were positive at relatively high levels
(patient No. 2: 239 U/1, patient No. 99: 114 U/l). Only patient
No. 2 fulfilled the 1987 American College of Rheumatology
(ACR) classification criteria for RA and was classified with
an overlap syndrome.

Arthritis and HLA status. Allelic polymorphism of
HLA-DRBI1 and -DQB1 genes was analyzed in 71 and 73
patients and 179 and 175 healthy controls, respectively.
Patients had higher frequencies of HLA-DRB1*03 (56%)
and HLA-DQB1*#02 (70%) alleles in comparison with the
control group (25% and 42%; p < 0.0001), but no evidence
of an association between arthritis and these or any other
HLA-DRBI1 or -DQBI alleles was observed (from p =
0.2205 to p = 1.0000).

DISCUSSION

We present patient history as well as cross-sectional data
regarding joint involvement in a cohort of 106 consecutive
patients with IIM seen between January and September
2012 in a single center. To our knowledge, our study repre-
sents the largest comprehensive overview of arthritis in an
unselected cohort of such patients. The results show that
arthritis is a common feature of myositis, affecting more
than half of patients overall. Individual subtype of IIM most
likely does not play a role in prevalence of arthritis. In the
majority of patients with arthritis it manifests already at the
onset of IIM, preceding symptoms of muscle weakness in
half and appearing simultaneously in another one-third.
Survival analysis shows that the highest probability of
future development of arthritis is at the beginning of the
muscle disease, gradually decreasing for up to 10 years of
disease duration, with a significant residual risk even after
that time (Figure 1). This is supported by the fact that
patients with arthritis had longer mean disease durations.
We may hypothesize that joint tenderness, without swelling,
found in 9 patients at cross-sectional examination might
represent the first sign of newly developing arthritis in these
patients.

Arthritis is also a common feature of disease relapses,
being present in about half of relapsing patients, most
frequently occurring at the same time as the muscle
symptoms. However, arthritis at the myositis onset is not
predictive of the presence of arthritis during myositis
relapses or of any future relapses of IIM.

The most frequently involved joints are the shoulders and
small joints of the hands — wrists, metacarpophalangeal
and proximal interphalangeal joints (each affecting about
one-fifth of the patients), followed by elbows, ankles, and
tarsal and acromioclavicular joints. The involvement of
hand joints mimicking the distribution of involvement in
RA together with the fact that arthritis often precedes the
onset of muscle weakness may contribute to an occasional
misdiagnosis of IIM as RA?2,

We have combined data obtained both in retrospective
and cross-sectional fashion; therefore we were not able to
use a uniform definition of inflammatory arthritis. For the
purpose of retrospective analysis, arthritis was defined as
either an inflammatory arthritis diagnosed by a rheumatol-
ogist in the past and documented in the medical records or
as a presence of both joint swelling and pain reported by the
patient during the interview. Every attempt was made to
confirm the inflammatory nature of the joint involvement
and to rule out symptoms that could have been caused by
osteoarthritis. For this reason a more stringent definition of
arthritis requiring a simultaneous presence of both joint
swelling and pain was applied. We are aware that, despite
our efforts, retrospectively collected data might have caused
arthritis overestimation. However, relying on medical
records only would miss many arthritis cases, because
especially mild and transitory forms of arthritis could have
gone unreported.

Almost 30% of patients with IIM in our cohort had clini-
cally apparent arthritis, defined as a presence of at least 1
swollen joint, at the time of cross-sectional evaluation.
Polyarthritis was the most frequent manifestation with a
mean of 5 affected joints. This suggests that, when specifi-
cally looked for, arthritis is a frequent manifestation of IIM.

In our cohort, a strong association of arthritis with the
presence of the anti-Jol autoantibody was confirmed. The
prevalence of arthritis among anti-Jol-positive patients was
over 93%, which is more than was reported in some other
studies'*?3. The distribution of affected joints in our
anti-Jol-positive patients was similar to previous reports
and confirms a close relationship of joint disease with
anti-Jol antibodies. We could not demonstrate an associ-
ation of arthritis with the presence of any other auto-
antibody, presumably because of the low numbers of
patients in other autoantibody subgroups. Indeed, an associ-
ation of arthritis with 2 other antisynthetase antibodies,
anti-PL-7'0 and anti-PL-1224, has been recently described.
In those studies, unlike in our cohort, patients were included
on the basis of autoantibody positivity rather than the
diagnosis of IIM, therefore introducing a selection bias.
Seven of 9 RF-positive patients and both patients with
ACPA had arthritis. Only 1 of those patients fulfilled the
1987 ACR classification criteria for RA. These findings are
in contrast with reports?>2® describing a relatively frequent
overlap of IIM with RA, but are consistent with the original
study of Bohan, ef al, who observed this combination more
rarely in 2.3% of patients?’, and also with other reports?8. It
may be clinically difficult to distinguish between arthritis as
a manifestation of myositis and as a main clinical feature in
RA, but the rare presence of typical deformities and radio-
graphic erosions in those with available radiographs argues
against the frequent existence of the overlap syndrome.

Association of HLA-DRB1 or HLA-DQBI1 polymor-
phism with arthritis was not found. As expected, we
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observed a higher frequency of HLA-DRBI1*03 in our
cohort. This allele has been associated with anti-Jol
antibodies??, but it may be present also in patients with
some other autoantibodies or without them. The absence of
the association of HLA-DRB1*03 and arthritis in our
patients suggests that the presence of anti-Jol rather than
HLA-DRB1*03 is the contributing factor.

Arthritis and joint involvement do not seem to signifi-
cantly contribute to the overall disease burden in most
patients with IIM. The activity of arthritis was generally
considered to be low to moderate by both patients and
physicians. Most patients assessed the contribution of
arthritis to the overall morbidity to be none or only mild. It
gives an impression that many patients perceive arthritis as
less bothersome than other manifestations of myositis.
However, in some patients arthritis contributes significantly
to the overall morbidity. Seven patients judged the contri-
bution of arthritis to be of large significance and in 2 of them
the total morbidity was driven mostly by joint involvement.
Moreover, nearly half of the IIM relapses were associated
with arthritis. Therefore, in some patients arthritis may be
the main complaint and the choice of drug therapy should
reflect this. However, because it is not known what
treatment is best for arthritis in myositis, the same drugs
used to treat other IIM manifestations are usually
prescribed.

Arthritis in IIM is rarely deforming or erosive. In our
cohort, deforming arthropathy was present in 15% of
patients and radiographic erosions were detected in
only 2 patients (1 overlap syndrome with RA and 1 with
anti-Jo1-positive DM); both patients had clinically apparent
deformities. These findings may be limited because not all
of our patients had radiographs performed. However,
because the radiographs were indicated based on the
presence and severity of joint involvement, it is likely that
most, if not all, patients with radiographic changes were
identified. Five of our patients had so-called floppy thumb
deformity3?; 4 of them (80%) were positive for anti-Jol
autoantibody, thus confirming a previous report on this type
of subluxing arthropathy!4.

We have documented that arthritis is a common, although
usually not severe, feature of IIM. It is often present at the
beginning of the disease, even preceding the onset of muscle
weakness in a substantial proportion of patients. Distribu-
tion of the most frequently involved joints is similar to that
seen in RA. In our group, arthritis was mostly not deform-
ing, although we found some previously described charac-
teristic deformities in some patients.
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4.3.3. Stoupajici incidence imunitné zprostiedkované nekrotizujici myopatie

Zdalo se nam, ze posledni dobou stale Castéji diagnostikujeme imunitné zprostfedkovanou
nekrotizujici myopatii (IZNM). Touto studii jsme se rozhodli ovéfit na$ klinicky dojem, a to
pomoci retrospektivniho zhodnoceni popist svalovych biopsii provedenych u pacientt
podezienim na myozitidu v letech 2004-2014. Sérii laboratornich metod vcetné
radioimunoprecipitace byly stanoveny autoprotilatky pfitomné v séru pacientd, dale byla
specificky testovana ptitomnost anti-HMGCR protilatky, ktera je asociovana s nekrotizujici
myozitidou.

Celkem 11% biopsii od pacientil s myozitidou ukazovalo obraz charakteristicky pro 1ZNM -
tj. nekrotickd svalova vlakna bez pifitomnosti zanétlivého infiltratu. V séru vétsSiny pacientd
bylo mozné detekovat autoprotilatky, nejéastéji anti-HMGCR, nésledované anti-SRP.
Vyznamé vzristajici vyskyt nekrotizujici myopatie byl nasi studii potvrzen. VSichni pacienti s
pozitivitou anti-HGMCR protilatek uzivali v minulosti statiny, z anti-HMGCR negativnich
pacientil uzivalo statiny 10%. Tato studie ukazuje na Gzkou souvislost mezi uzivanim statint,
tvorbou anti-HMGCR protilatek a obrazem nekrotizujici myozitidy. Zda se tedy, Ze zvySeni

incidence nekrotizujici myopatie v poslednich letech je zptisobeno nartistem v uzivani statinti.

Na této praci jsem se podilela detekci autoprotildtek v séru pacienti metodou
radioimunoprecipitace. Zpracovavala jsem také vysledky dalSich metod detekce
autoprotilatek (nepfima imunofluorescence, line immunoassay a Western blot) pro potieby

studie.
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Increasing incidence of immune-mediated
necrotizing myopathy: single-centre experience

Martin Klein'%*, Hefman Mann'?*, Lenka Plestilova'2, Josef Zameénik®,
Zoe Betteridge®*, Neil McHugh*® and Jifi Vencovsky'-2

Abstract

Objectives. Immune-mediated necrotizing myopathy (IMNM) is characterized by the predominant pres-
ence of necrotic muscle fibres in muscle biopsy and variable response to immunosuppressive treatment.
The aims of this study were to analyse the temporal trend of IMNM incidence in our centre over the past
10 years and to explore the role of statins as possible causative agents.

Methods. A retrospective evaluation of muscle biopsy results, clinical and laboratory data, including
antibody associations of all patients with idiopathic inflammatory myopathy newly diagnosed between
2004 and June 2014, was performed. Available sera were tested for the presence of anti-3-hydroxy-3-
methylglutaryl coenzyme A reductase (anti-HMGCR) autoantibodies.

Results. Of 357 biopsied patients, 233 fulfilled criteria for inflammatory/immune-mediated myopathy,
including 27 (11.6%) classified as IMNM. There were no patients with IMNM diagnosed between 2004
and 2007; subsequently, two to three cases of IMNM per year were seen during the period 2008-11, with
a substantial increase to 18 cases (66.6% of all IMNM biopsies) in 2012-14. Thirteen of 27 patients (48%)
had a history of statin use, 11 (85%) of whom had positive anti-HMGCR antibodies. There was no IMNM
patient without a history of statin use who was anti-HMGCR antibody positive.

Conclusion. Our data show an increasing incidence of IMNM, which is mainly accounted for by anti-
HMGCR-positive IMNM associated with the use of statins.

Key words: myositis, necrotizing myopathy, muscle biopsy, anti-3-hydroxy-3-methylglutaryl coenzyme A
reductase autoantibodies.

Rheumatology key messages

o A significant increase in necrotizing myopathy incidence has been observed in a single centre in recent years.
o Statin-induced necrotizing myopathies are mainly responsible for increased incidence of immune-mediated
necrotizing myopathy.

Introduction
"Clinical Department, Institute of Rheumatology, ?Department of
SRheumatoIogy, 1st Faculty of Medicine, Charles University in Prague, Immune-mediated necrotizing myopathy (IMNM) is a rela-
Department of Pathology and Molecular Medicine, 2nd Faculty of . . - L _
Medicine, Charles University in Prague and University Hospital Motol, tively newly reconze'd category .Of idiopathic mﬂamma
Prague, Czech Republic, “Department of Pharmacy and tory myopathy (IIM). It is characterized by the predominant

Pharmacology, University of Bath and *Rheumatology, Royal National presence of necrotic muscle fibres with minimal or no in-
Hospital for Rheumatic Diseases, Bath, UK s . . .
) ’ ) flammatory infiltrates in muscle biopsy and a variable
Submitted 24 October 2014; revised version accepted 19 May 2015 . .
degree of response to immunosuppressive treatment

Correspondence to: Jifi Vencovsky, Institute of Rheumatology, Na . . L
Slupi 4, 128 50 Prague 2, Czech Republic. [1-3]. IMNM itself is a heterogeneous group; it is often

E-mail: vencovsky@revma.cz associated with the presence of autoantibodies, for
*Martin Klein and Hefman Mann contributed equally to this study. example, anti-SRP or anti-3-hydroxy-3-methylglutaryl
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coenzyme A reductase (anti-HMGCR), each representing
about 3-6% of IIMs [3, 4]. The diagnosis of IMNM seems
to be becoming more frequent in our centre; therefore, we
decided to carry out a retrospective analysis of the annual
incidence of IMNM since 2004 and to compare it with the
incidence of other forms of myositis. We have also inves-
tigated a possible contribution of statins as causative
agent.

Patients and methods

Muscle biopsies, as well as clinical and laboratory data, of
all patients who were evaluated at the Institute of
Rheumatology between January 2004 and June 2014 for
suspicion of IIM were retrospectively reviewed. This time
period was selected because since 2004 all muscle biop-
sies have been performed in the same hospital and were
read by a single expert pathologist (J.Z.) [5]. Patients who
fulfiled Bohan and Peter myositis criteria [6, 7] or
European Neuromuscular Centre (ENMC) [1] criteria for
necrotizing myopathy or Griggs criteria for IBM [8] were
included in the analysis as cases of inflammatory/
immune-mediated myopathy. All patients signed an
informed consent form, and the study was approved by
the local ethics committee (Ethics committee of the
Institute of Rheumatology, Prague, Czech Repubilic).
Muscle samples were obtained by open biopsy from the
quadriceps muscle (mostly lateral vastus muscle) under
local anaesthesia. Isopentane-frozen samples were
examined using haematoxylin and eosin staining, a spec-
trum of histochemical and immunohistochemistry reac-
tions and by electron microscopy [9]. Biopsy results
were subcategorized, blinded to the clinical diagnosis, ac-
cording to the report of the 119th ENMC workshop [1] as:
IMNM, PM, DM, non-specific myositis and IBM. Biopsies
with significant pathologies but not consistent with a
single diagnostic category, were labelled as non-classifi-
able. Biopsies with no pathological changes or with mild
non-specific abnormalities were classified as normal. Only
good-quality muscle biopsies that provided a sufficient
amount of tissue were considered for the study.
Personal history, clinical data, laboratory results and
data regarding environmental exposure were obtained
from the patient database and/or hospital records.
Anti-HMGCR autoantibodies were measured by ELISA
in 218 patients and in 62 healthy controls. Sera were
tested without knowledge of clinical details. Briefly, 96-
well plates were coated with 1.0 ul/ml HMGCR antigen
(Sigma-Aldrich, St Louis, MO, USA) in PBS overnight at
4°C prior to being blocked in PBS-0.1% BSA-0.1%
Tween at room temperature for 2h. Serum samples
were diluted 1/200 in PBS-0.1% Tween and were added
to the plate in duplicate for 2 h at 4°C. Plates were washed
three times in PBS-0.1% Tween prior to the addition of
1:30000 goat anti-human IgG (Sigma-Aldrich) at 4°C for
30min. Plates were washed three times in PBS-0.1%
Tween and incubated in TMB Substrate Solution
(Sigma-Aldrich) at 4°C for 10 min. Reactions were stopped
with 1 M H,SO,, and plates were read at 450 nm. Negative
cut-offs were calculated from the mean optical density + 3
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s.p. of healthy controls. All positive samples were con-
firmed on at least two repeated ELISAs.

Autoantibody profiles of IIM patients were determined
during routine diagnostic work-up using IIF to screen for
ANA and anti-dsDNA (Immuno Concepts, Sacramento, CA,
USA), line immuno-assay (Imtec Human, Wiesbaden,
Germany) and myositis-westernblot (Euroimmun, Libeck,
Germany) for detection of individual autoantibodies directed
against Jo-1, Mi-2, Ku, PM-Scl, PM-Scl75, PM-Scl100, PL-
7, PL-12, EJ, OJ, SRP, Ro, Ro52, La, Scl-70 and U1-RNP
antigens. In-house-made %3S radioimmunoprecipitation [10]
was used to confirm the results and to detect
autoantibodies not captured using commercial assays (anti-
bodies to TIF-1y, MDA5, NXP2, Zo, EIF3, RNAP |, RNAP I
and RNAP lll). RFs were detected using a particle-agglutin-
ation assay (Fujirebio Inc., Tokyo, Japan), and an ELISA test
for anti-CCP (Test-Line Clinical Diagnostics, Brno, Czech
Republic) was used to detect antibodies against ACPA.
Data on country-wide statin use were obtained from publicly
available information at the Czech State Institute for Drug
Control Web page [11, 12].

Demographics, clinical characteristics and results are
presented as descriptive statistics. Categorical data
were analysed by x? test and Fisher’s exact test. We
used GraphPad Prism 5 (GraphPad Software, La Jolla,
CA, USA) for statistical analysis.

Results

Of the 357 patients who had muscle biopsy performed
during the period 2004-14, 233 patients [171 (73.4%) fe-
males; mean age 55.45 (13.66) years] were diagnosed
with inflammatory/immune-mediated myopathy. Muscle
biopsy results evaluated according to the 119th ENMC
workshop report [1] were classified as PM in 65 (27.9%),
DM in 90 (38.6%), IMNM in 27 (11.6%), non-specific myo-
sitis in 5 (2.1%) and IBM in 6 (2.6%) cases. Five (2.1%)
biopsies were non-classifiable and 35 (15.0%) were
normal based on the above-mentioned criteria.

Eight patients had overlap syndromes: five with SLE, and
three with SSc. Two patients fulfilled criteria for MCTD [13].
Twenty-seven patients were diagnosed with cancer-asso-
ciated myositis, defined as occurrence of cancer within 3
years of IIM diagnosis, with breast and ovarian cancer
being the most frequent tumours in seven (26%) and five
cases (18%), respectively. Based on the clinical and hist-
ology ENMC criteria, IMNM was diagnosed in 27 patients,
of whom one had an overlap with RA and one had
skin melanoma.

Biopsy results, autoantibody profiles and selected clin-
ical and environmental characteristics of the patients with
necrotic biopsies are shown in Table 1. Apart from anti-
HMGCR autoantibodies and previous use of statins, we
have not found an association with any of the demo-
graphic, clinical, laboratory or environmental factors that
have been analysed.

Incidence

Overall, 27 (11.6%) cases were histologically classified as
necrotizing myopathy and diagnosed with IMNM based
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TasLe 1 Characteristics of patients with necrotizing myopathy in the muscle biopsy

Biopsy Duration Muscle Maximal Systemic

Gender/age, date, Autoantibodies Statin Statin of statin strength, serum CK and organ

VCELG month/year to use type use, years %2 Myalgia level, pkat/lb involvement
M/24 8/2008 SRP N — - 62.5 N 37 —
M/61 9/2008 Ro, La N — - 74.3 Y 75 Fever
M/31 11/2009 Jo-1 N — - 97.5 N 111 Fever, arthritis
F/62 11/2009 ANA N — - 73.8 N 16 —
F/55 1/2010 Ro52 Y S 3 56.3 Y 0.4 —
F/54¢ 5/2010 ANA N — - 88.6 N 38 —
M/19 12/2010 Jo-1 N — - 88.8 Y 279 Fever, arthritis
M/55 4/2011 HMGCR Y A UN 76.3 Y 211 —
F/67 10/2011 HMGCR Y S/A 3.75 73.8 N 172 —
F/64 2/2012 HMGCR Y A/R 6.5 66.3 Y 229 —
F/76 2/2012 HMGCR Y S/A 2 67.5 N 158 —
M/70 3/2012 HMGCR Y A 3 67.5 Y 157 —
F/43¢ 3/2012 CCP, ANA N — - 67.5 N 138 Arthritis
F/67 7/2012 SRP N — - 60 N 366 -
F/56 9/2012 SRP N — - 67.5 N 103 —
F/67 10/2012 HMGCR Y A 3 91.3 N 112 —
F/57 10/2012 N N — - 83.8 N 15 —
F/65 11/2012 HMGCR, CCP Y F 0.5 70 N 68 —
F/19 12/2012 N N - - 56.3 Y 200 —
M/73 1/2013 HMGCR Y A UN 63.8 N 80 -
F/72 2/2013 HMGCR Y A 1 year 62.5 N 24 -
F/77 7/2013 ANA Y A UN UN N 82 -
F/67 9/2013 HMGCR Y A 4 UN N 94 -
M/66 1/2014 HMGCR Y A 0.2 UN Y 27 -
M/49 4/2014  ANA, Ro60, La N — - 97.5 Y 128 Arthritis, RP
M/65 6/2014 SRP N - - 70 N 139 -
M/28° 6/2014 ANA, Ku N — - 85 N 70 -

#Muscle strength is shown as a percentage of maximal strength derived from the eight-muscle Manual Muscle Test [14].
®Normal range in our laboratory is 0.05-2.42 ukat/l. °Skin melanoma. 9Overlap syndrome with RA. ®Overlap syndrome with
SLE. A: atorvastatin; F: fluvastatin, HMGCR: 3-hydroxy-3-methylglutaryl coenzyme A reductase; M/F: male/female; R: rosu-
vastatin; S: simvastatin; UN: unknown; Y/N: yes/no.

on the ENMC criteria. There were no necrotizing myopa- the slides used for immunostaining. There were no detect-
thies diagnosed between 2004 and 2007. Subsequently, able differences in biopsy pattern with respect to the pres-
two or three cases of IMNM per year were seen during the ence or absence of anti-HMGCR antibodies.

period 2008-11, with a substantial increase to 10 cases
in 2012 (43.5% of all necrotizing myopathy biopsies

and 35.8% of biopsies performed that vyear), ) ) )
which is significantly more than during the 2004-11 Of 217 serum samples available, anti-HMGCR autoanti-

period [ (df1) = 54.124, P < 0.0001]. This trend was con- bodies were found in 15 (6.9%). Eleven of these 15 anti-
firmed in the following 18 months (January 2013 to June ~ HMGCR-positive patients had necrotic histology on
2014; Fig. 1): eight identified necrotizing myopathies also ~ Piopsy, and 4 were classified as PM based on a classical
exceeds the incidence observed during the years 2004-11 finding of invasion of inflammatory cells into muscle fibres
[x? (df1)=30.268, P <0.0001]. The rapid increase in the in three of them and inflammatory infiltration surrounding

incidence of necrotizing myopathy in the recent 2.5 muscle fibres without invasion in one case. Sixteen pa-
years (2012 to June 2014) represents a Signiﬁcant tients with 1IM who were not tested for anti-HMGCR anti-

Autoantibodies

change compared with previous years [x? (df1)=82.460, bodies neither had necrotic findings on biopsy nor used
P <0.0001]. statins.

Most biopsies of patients with IMNM displayed prom- Four IMNM patients were positive for anti-SRP antibo-
inent muscle fibre necrosis without any inflammatory infil- dies, two were anti-Jo-1 positive, two were anti-Ro/La

trates. Ten biopsies contained scarce lymphocytes, which positive, one was anti-Ku positive, one had isolated
stained positively for CD8 in six cases and for CD20 in one anti-Ro52 positivity and four were ANA positive with no
case, while in the remaining three cases lymphocytes identifiable specific autoantibody. Anti-CCP antibodies,
could not be typed because they were not present on considered highly specific for RA, were detected in two
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Fic. 1 Percentage distribution of biopsy results in individual years
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*Data from January 2013 to June 2014. Numbers in boxes indicate absolute numbers of biopsy results. IMNM: immune-
mediated necrotizing myopathy; NC: non-classifiable; N-SM: non-specific myositis.

IMNM patients; one of them had an overlap with RA (pa-
tient 13). Anti-HMGCR autoantibodies overlapped with
other autoantibodies in two patients only (anti-CCP and
ANA). There were no differences in muscle strength, pres-
ence of myalgia or serum creatine kinase levels between
anti-HMGCR-positive and -negative patients with IMNM.

Statin use

Of the total of 233 patients with [IM, 36 (15.5%) had a
history of prior statin use (data were not available for
two individuals). Among the 36 statin users, 15 (41.7%)
developed anti-HMGCR antibodies and 13 (36.1%) pre-
sented with necrotizing myopathy in the biopsy. Eleven of
the 13 patients with IMNM and a history of statin use were
positive for anti-HMGCR antibodies. The two IMNM pa-
tients exposed to statins without anti-HMGCR antibodies
were anti-Ro52 and ANA positive, respectively. All 15 anti-
HMGCR-positive patients had been treated with statins in
the past (100%), whereas only 21 out of the remaining 202
(10.4%) anti-HMGCR-negative [IM patients had a history
of statin use (P <0.0001). Thirteen of the 27 IMNM pa-
tients were statin users (48.1%), whereas only 23 among
204 (11.3%) non-IMNM patients had been exposed to
statins (P < 0.0001).

There is a strong association in our cohort between
statin use and the presence of anti-HMGCR-positive
necrotizing myopathy, because 11 of 15 anti-HMGCR-
positive patients who used statins developed IMNM.
There were only four anti-HMGCR-positive patients with
history of statin exposure who did not have necrotizing
myopathy. These four patients showed a classical poly-
myositis pattern on biopsy.
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These findings suggest a strong association of statin
use both with the development of anti-HMGCR antibodies
and with necrotizing myopathy.

Atorvastatin, simvastatin, fluvastatin and rosuvastatin
were used by 22 (61%), 9 (25%), 2 (5.5%) and 2 (5.5%)
patients, respectively. Four patients switched to different
statins, and in five patients (13.8%) the specific statin
used was not known. Individual drugs and details on
their use are summarized in Table 1.

None of the IMNM patients was on statins at the time of
biopsy [mean time between statin discontinuation and
muscle biopsy was 16.2 (28.8) months; range 2 weeks
to 8 years]. In the group of non-IMNM patients, five had
biopsy performed while using statins, and in two individ-
uals the exact date of statin discontinuation was not
known. In all the other non-IMNM patients, the mean
time between stopping statins and muscle biopsy was
7.5 (15.2) months (range 2 weeks to 5 years; not signifi-
cant). Three patients were on a combination of statin and
fibrate; two of them had a classical PM pattern in muscle
biopsy with one of them being anti-HMGCR positive, while
the third patient had normal biopsy findings and was anti-
HMGCR negative. Patients using statins were older than
non-users [64.5 (7.7) vs 53.8 (13.9) years; P <0.0001 for
whole group and 67.6 (6.6) vs 45.9 (18.1) years; P=0.0004
for the IMNM cohort].

Discussion

We report a significantly increasing incidence of IMNM
among patients evaluated for [IM in our centre over the
past 10 years. No IMNM cases were seen in the years
2004-07. The first patients with IMNM started to appear
during the 2008-11 period, with a sharp increase in 2012,
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GTOZ ‘0€ AIn uo Yyoenz 1eiseAiun ke /Hio'seulnolpioxo ABojorewnayl//:dny wolj pepeojumod


http://rheumatology.oxfordjournals.org/

Increasing incidence of IMNM

and this higher frequency has subsequently been main-
tained for 18 months. The referral pattern remained un-
changed during the whole period of our study. We have
evaluated all biopsies performed since 2004 in our centre,
irrespective of the final diagnosis, and all biopsies were
taken and processed in the same way at the same depart-
ment and read by a single experienced pathologist using a
pre-specified protocol for the recording of pathological
findings. Therefore, we believe the number of IMNM
cases is genuinely increasing over time and the results
are not influenced by recent interest in necrotizing
myopathies.

Based on our results, it seems that, for the most part,
statin-induced IMNM is responsible for the increasing
incidence. Ten out of 18 patients with IMNM seen in
2012-14 were treated with statins and all but one had
anti-HMGCR antibodies, thus confirming the likely role
of statins in the pathogenesis of the disease. In add-
ition, two other patients seen in 2011 were treated with
statins and were anti-HMGCR positive. Only two statin
users among IMNM patients did not have the anti-
HMGCR antibodies. Moreover, anti-HMGCR antibodies
were not found in any statin non-user with either IMNM
or another subtype of IIM. This strong association
of anti-HMGCR antibodies and statin use among
IMNM patients is remarkable and confirms previous re-
sults reported in patients from Johns Hopkins
University [15].

More than 80% of patients with statin-associated IMNM
from our cohort used atorvastatin. This finding probably
reflects the fact that atorvastatin has been the most fre-
quently prescribed statin in the Czech Republic since
2006 and is becoming increasingly popular (supplemen-
tary Fig. S1, available at Rheumatology Online) [11, 12].
However, the disease is not limited to atorvastatin users,
and other statins are also implicated. The average dur-
ation of statin use prior to the onset of symptoms was
2.67 years (range 2 months to 6.5 years), in accordance
with previous findings [16].

In summary, we describe an increased incidence of
necrotizing myopathy in recent years. Almost half of
the cases are anti-HMGCR-positive IMNM patients.
Statins are most likely to be responsible given the strik-
ing association with the presence of anti-HMGCR
positivity.
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5. Zavér

V ramci své dizertacni prace jsem se zabyvala tfemi molekularnimi aspekty (malé regulacni
RNA, S100 proteiny a autoprotilatky) revmatologickych onemocnéni.

Objevili jsme expresi nové tiidy malych regulaénich RNA, PIWI-interagujici RNA (piRNA),
v synovialnich fibroblastech (SF) pacienti s revmatoidni artritidou (RA) a osteoartrozou
(OA). Hladiny piRNA byly v RASF mirn¢ deregulované oproti OASF. Dale jsme zjistili, Ze
PIWIL proteiny, vazebni partneti piIRNA molekul, jsou regulovany prozanétlivymi cytokiny a
TLR-ligandy. Hypotézu, Ze PIWI/piRNA systém pomaha v synovidlnich fibroblastech
regulovat expresi retrotranspozému, se nam nepodaiilo potvrdit. Methylace ani exprese
LINE-1 se kratkodobym umlc¢enim PIWI proteini nezménily. Zjistili jsme vSak, ze PIWIL4
reguluje expresi histondeacetylazy 1 (HDACI), ktera vyrazné piispiva k destrukci RA kloubu.
Déle jsme provedli screening cirkulujicich miRNA (c-miRNA) u pacientu s idiopatickymi
zanétlivymi myopatiemi. Exprese Sesti c-miRNA byla odliSné u pacienti s myozitidou oproti
zdravym kontroladm, exprese dalSich tifi c-miRNA se ménila s aktivitou myozitidy. Myslime
si, ze nekteré z téchto deregulovanych c-miRNA mozna piedstavuji vhodny biomarker a
mohou pfispivat k patogenezi myozitidy.

Ve druhé casti dizertaéni prace jsou shrnuty vysledky praci zaméfenych na studium S100
proteinti u revmatologickych onemocnéni. Zjistili jsme zvySenou hladinu S100A4 proteinu u
pacienti s polymyozitidou a jeji s pfevazné mimosvalovou aktivitou onemocnéni. S100A4
protein byva pro sviij vyznam pii metastazovani nadorti nazyvan metastazin. Myozitida je
Casto asociovéana s malignitami a uvazovali jsme, zda by znalost hladiny S100A4 nepomohla
pomoci s jejich v¢asnou diagnostikou. SI00A4 vSak u pacientti s malignitou nebylo zvysené
oproti zdravym kontrolam, a pacienti s pozitivitou protilatek ani-TIF1-y, ktera je casto
doprovazi nadorové onemocnéni, méli dokonce hladiny S100A4 oproti zdravym kontoldm
snizené. Moznym vysvétlenim je spotiebovani S100A4 proteinu v nadorové tkani.

Proteiny S100A8/9 (kalprotektin) a S100A12 (kalgranulin) jsme studovali v kontextu ¢asné
revmatoidni artritidy. Popsali jsme vyznamné zvyseni jejich hladin v ¢asném stadiu RA a
jejich rychlou normalizaci po nasazeni 1écby. Zejména S100A8/9 vyznamné koreloval s
poctem oteklych kloubi, aktivitou onemocnéni a se zanétlivym markerem CRP. Vstupni
vysoké hladiny S100A8/9 byly navic dobrym prediktorem zlepseni klinickych parametrti. Zda
se tedy, ze S100A8/9 je nadéjny biomarker u RA poskytujici dopliiujici informace o rozsahu

kloubniho zanétu, coz by mohlo umoznit rychlejsi nasazeni individualizované 1é¢by.
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Tteti Cast dizertani prace je vénovana autoprotilatkdm u myozitidy. V piehledovém c¢lanku
jsem shrnula Udaje o anti-PM-Scl protilatkach, jejichz pfitomnost je charakteristicka pro
ptekryvny syndrom polymyositidy a systémové sklerdzy. Na nasledujicich dvou publikacich
jsem se podilela detekci autoprotilatek metodou radioimunoprecipitace, kterou jsem v
Revmatologickém ustavu zavedla. Pii prufezové studii vyskytu a charakteru artritidy u
myozitidy jsme zjistili, ze 53% pacienti s myozitidou mélo artritidu n¢kdy v priubéhu
onemocnéni a u 22% pacientt se piiznaky artritidy objevily jesté pied prvnimi znamkami
myozitidy. Nejcastéji se jednalo o symetrickou neerozivni polyartitidu postihujici zapésti a
drobné klouby na ruce, coz muze vést k chybné diagndze revmatoidni atritidy. Potvrdili jsme
znamou asociaci artritidy s pfitomnosti antisynthetazovych protilatek anti-Jo-1, Zadné jiné
vyznamné protiladtkové asociace jsme nenasli. Retrospektivni studie o incidenci nekrotizujici
myopatie popisuje vyznamny vzestup vyskytu této diive vzacné nemoci v poslednich letech.
V séru vétSiny pacientd s nekrotizujici myopatii jsme detekovali anti-HGMCR protilatky,
vsichni anti-HGMCR pozitivni pacienti anamnesticky uzivali statiny. Vzrastajici incidenci

nekrotizujici myopatie si tedy vysvétlujeme CastéjSim uzivanim statinti.

Patogeneze systémovych autoimunitnich onemocnéni je velmi komplexni a svoji doktorskou
praci jsem pfidala jeden dilek do velké skladacky. Lepsi porozuméni pfi¢inam a podkladim
revmatologickych onemocnéni pomuze nalézt nové cilené terapie a specificke biomarkery,

které umozZni 1é¢bu Sitou na miru konkrétnimu pacientovi.
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7. Seznam zkratek

ACPA
ACR
ADCC
ANA
ANCA
anti-CCP
anti-HMGCR
anti-TIF1-y
APC
BAFF
BCR
CAM
CD

CK
c-miRNA
CRP
DAS28
DAS28
DC

DM
DMARD
DNMT1
ELISA
EMG
EULAR
GK
H3K9
HAQ

HC
HDAC
HLA
IBM

IFN |
1M

IL

ILD
IMNM
1ZM
IZNM
LINE1

anti—citrullinated protein antibodies
American College of Rheumatology
autoantibody dependent cellular cytotoxicity
antinuclear antibodies

anti-neutrophil cytoplasmic antibody
anti-cyclic citrullinated peptide antibody
anti-3-hydroxy-3-methylglutaryl-coenzym A reductasis antibody
anti-transcriptional intermediary factor 1y antibody
antigen presenting cells

B cell-activating factor of the TNF family
B-cell receptor

cancer associated myositis

cluster of differenciation

creatine kinase

cirkulujici microRNA

C-reaktivni protein

disease activity score of 28 joints

disease activity

dendritic cell

dermatomyozitida

disease modifying antirheumatic drugs
DNA methyltransferaza 1

enzyme-linked immunosorbent assay
elektromyografie

the European League Against Rheumatism
glukokortikoidy

histon 3 lysin 9

health assessment questionnaire

healthy controls

histone deacetylase

human leukocytar antigen

inclusion body myositis

interferon | typu

idiopathic inflammatory myositis
interleukine

interstitial lung disease

immune mediated necrotizing myopathy
idiopatické zanétlivé myopatie

imunitné zprosttedkovana nekrotizujici myopatie
long interspersed nuclear element 1
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LPS
MAA
MAC
MCSF
MHC
MKN
MMP
MMT
MRNA
MSA
MSD
MYOACT
NncRNA
NET
NSA
OA
PAD
PBMC
piRNA
PIWI
PIWIL
PM
RA
RANKL
RF
RIP
RISC
SCID
SD
SEM
SF
SJC
SLE
SpA
SRP
SSc
TGF-B
TIMP
TLR
TNF-a
UTR
VAS

lipopolysaccharide

myositis associated autoantibodies
membrane attack complex
macrophage colony stimulating factor
major histocompatibility complex
mezinarodni klasifikace nemoci
matrix metalloproteinases

manual muscle test

messenger RNA

myositic specific autoantibodies
musculoskeletal diseases

myositis disease activity assessments visual analog scales

non-coding RNA

neutrophil extracellular trap
nesteroidnich antirevmatika
osteoartroza
peptidylarginindeaminaza
peripheral blood mononuclear cell
PIWI-interagujici RNA

P-element Induced Wimpy testis
PIWI-like

polymyozitida

revmatoidni artritida

receptor activator of NF-«xB ligand
revmatoidni faktor
radioimunoprecipitace
RNA-induced silencing complex
severe combined immunodeficiency disease
standart deviation

standart error of the mean
synovialni fibroblasty

swollen joint count

systémovy lupus erythematodes
spondyloartritidy

signal recognition particle
systémova sklerodermie
transforming growth factor
tissue inhibitor of metalloproteinase
toll-like receptor

tumor necrosis factor a
untranslated region

visual analogue scale
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