PhD tézis

Topoizomeraz I ellenes természetes és betegség asszocialt
autoantitestek epitop mintazatanak vizsgalata szisztémas

sclerosisban és szisztémas lupus erythemathosusban

Dr. Simon Diana

PTE KK Reumatoldgiai és Immunoléogiai Klinika

Témavezetok:

Prof. Dr. Czirjdk Laszlo
PTE KK Reumatolédgiai és Immunolégiai Klinika

Prof. Dr. Németh Péter
PTE KK Immunologiai és Biotechnologiai Intézet

Pécs

2010



TARTALOMJEGYZEK

ROVIDITESEK JEGYZEKE ...t ssseens 3
OSSZEFOGLALAS ...ttt 4
BEVEZETES ...ttt st 5
Velesziiletett €s adaptiv IMMUNIEAS .......ccceeeiuieiiieiiieiieeie e 5
Termeészetes IMMUNTENASZET ......co.ueiiuiiiiieiieetieriie ettt ettt s eebee st e nbeeeabe e e 7
BT BrSEIEEK .ottt ettt naeeenne 9
Természetes antitestek €s természetes autoantitestek..........oocoviiiiiiiiiiiiiiiiniiniienes 10
EIOZMENYEK ..ot ettt ettt ettt e et e st eenbeesnaeenreens 12
ANti-topo I autOaNtIteSTEK ... .eevviiiiiiiiciie e e 12
TOPO L ettt ettt ettt e et e ettt e et e st e et e e b e e 12
Anti-topo I autoantitestek Kimutatasa............ccceeeeiieeriieeiiie e 13
Anti-topo I autoantitestek klinikai jelentdSEge........ccuveviieviiriieniieniieiieeieeeeeve e 14
Anti-topo I autoantitestek epitop SPECIfICItASA ....ccuveeeruveeeiieeeieeeiie e 14
Anti-topo I autoantitestek lehetséges szerepe az SSc patomechanizmuséaban ............ 15
CELKITUZESEK ...ttt 18
ANYAGOK ES MODSZEREK .......couivimiiirriimriinresesssseesesssseesssssssssssesssesssesssessseeens 19
Vizsgalt SZETUMMUINTAK ........oiiiiiiiiiiiieciie ettt et e e e e ssae e e aaeeenaeas 19
Topo I antigén fragmens konyvtar 16treh0zasa...........cocveeviieiiiiniiiiiieieceee e 19
Szérumok tisztitasa protein G szefardz 0SzIopon..........cceeecvveeeciiieiciiieiiie e 20
Topo I antigén fragmens konyvtar affinitds szelekcioja.........ooeevveriiniininieneincniiennns 21
MBP-topo I fragmens fizi6s fehérjék elGallitdsa..........coovveviiiiiiiiiiiieeieece e, 22
A dcSSc-s, 1cSSc-s, SLE-s és kontroll szérumminték tesztelése MBP-topo I fizids
fragmenseken indirekt ELISA-Val........cocoiiiiiiiiiiiiceeeeeee e 24
Kompeticios ELISA az MBP-topo I fuzids fragmensekkel .........c..ocoviiniiiiniincnnnnnn. 24
A dcSSc-s, 1cSSc-s, SLE-s és kontroll szérummintak tesztelése MBP-topo I fuzios
fragmenseken Western blottal .............cocuiiiiiiiiiiiiiiie e 25
A topo I epitopok ellen termelddott antitestek reaktivitdsanak longitudinalis vizsgalata25
A felismert topo I fragmensek klinikai jelentéségének meghatarozasa.........c.ccccceeueeneee. 25
EREDMENY EK .....coituiiuiiriiaeiseiseeseessesise st ss sttt 26
Anti-topo I autoantitestek epitdp térképezése bakteriofag felszinen megjelenitett topo I
antigén fragmens KONYVEAITAL ..........cooviiiiiiiiiiiecie e e 26
Anti-topo I autoantitestek egészséges egyének szérumaban is kimutathatoak................ 27
Szisztémas autoimmun betegek szérummintainak reaktivitasa a topo I rekombinans F4
TrAZIMENISEI ...ttt ettt e et e et e et e e st e e bt e ssseeseeeabeesaeenseensnen 28
A topo I rekombinédns F4 fragmensét felismerik természetes autoantitestek .................. 29

SSc-s és SLE-s betegek szérummintdinak reaktivitasa az MBP-topo I fuzios fehérjéken30
A topo I epitopok ellen termelddott antitestek reaktivitdsanak longitudinalis vizsgalata31

Klinikai eredmMENYEK ..........ccoieiiiiiiiiiiieiieeie ettt ettt es 32
MEGBESZELES ..o e et ee ettt et et e et e e et et et et et et et et et et et et et et eeeeeeaeeens 35
PUBLIKACIOK JEGYZEKE ...ttt ee et et ee e eee e s s eeeesenaseeenees 44
TRODALOMIEGY ZEK ... e e ee s eneeneneeen. 45
KOSZONETNYILVANITAS ..o s e sesenens 57
MELLEKLETEK (AZ ERTEKEZES ALAPJAT KEPEZO PUBLIKACIOK)................ 58



ROVIDITESEK JEGYZEKE

AA
anti-topo [
APC
BCR
BSA
deSSc

GI

HRPO
IEL
iNKT-sejt
1cSSc
MAIT-sejt
MBP
MHC
MRI1
PAMP
PDGFR
PRR
PAGE
SLE

SSc

TCR
TLR

topo I

aminosav

anti-topoizomeraz I (Scl-70)

antigén prezentald sejt

B-sejt receptor

szarvasmarha szérum albumin

diffiz kutan szisztémas sclerosis
gasztrointesztinalis

tormaperoxidaz

intraepitelidlis limfocita

invarians természetes 616 T-sejt

limitalt kutdn szisztémas sclerosis

mukoza asszocialt invarians T-sejt
maltoz-koto fehérje

6 hisztokompatibilitdsi komplex

6 hisztokompatibilitasi komplexhez kapcsolodd 1-s molekula
patogénhez asszocialt molekularis mintazat
trombocita eredetli novekedési faktor receptor
mintazat felismerd receptor

poliakrilamid gélelektroforézis

szisztémas lupus erythematosus

szisztémas sclerosis

T-sejt receptor

Toll-szerl receptor

DNS topoizomeraz |



OSSZEFOGLALAS

Munkdm 6 célkitlizése egy szisztémds autoimmun betegségre, a szisztémas
sclerosisra (SSc) jellemz0 autoantitest, az anti-topoizomeraz I (Scl-70) (tovabbiakban anti-
topo 1) altal felismert epitopok térképezése az Immunoldgiai és Biotechnoldgiai Intézetben
korabban kifejlesztett fag konyvtar technika segitségével.

Vizsgélataink soran kimutattunk a topoizomeraz I (topo I) — az SSc-ben betegség-
asszocialtnak tekintett autoantitest cél antigénje - ellen termelddott természetes
autoantitesteket is. Elsoként sikeriilt kimutatnunk, hogy a topo I ellen termelddott
autoantitestek egyardnt jelen vannak egészséges, valamint kiilonb6zd szisztémas
autoimmun betegségben szenvedd egyének szérumdban is. Az epitop térképezési technika
segitségével Osszehasonlitottuk a természetes €s a patoldgias autoantitestek altal felismert
epitop mintazatokat. Azonositottuk azt az epitopot (F4), amely ellen mind egészséges
egyénekben, mind SSc-ben és szisztémas lupus erythematosus (SLE) esetén, valamint mas
szisztémas autoimmun betegségekben is autoantitestek mutathatok ki. Ez a topo I
molekulan beliil egy 150 aminosav hosszusagu, genetikailag konzervalt szakasz.

Az epitop térképezési technika segitségével bizonyitottuk, hogy ezen az
immundominans fragmensen kiviil a diffiz kutan SSc-s (deSSc-s), a limitalt kutdn SSc-s
(IcSSc-s) ¢és az SLE-s betegek széruma mas, eltérd topo I epitdopokon is mutat reaktivitast.
Megallapitottuk, hogy az anti-topo I autoantitestek altal felismert epitdp mintazat
kiilonbozik deSSc, 1cSSc és SLE esetén. Kimutattuk, hogy a vizsgalt topo I fragmensek
tobbségén mutatott reaktivitds egyéni kiilonbségekkel magyaradzhatd, nem pedig az adott
betegcsoportokra specifikus. Ugyanakkor a topo I molekula N-terminalis végén
elhelyezkedo F1 fragmensen (genetikailag egy relative 0jabb, csak a gerincesekre jellemzo
szekvencia) foként a dcSSc-s betegek széruma mutatott reaktivitast. A molekula egy masik
utal, hogy az F1 fragmens a dcSSc-re, az F8 fragmens az SLE-re specifikus epitopokat
tartalmazhat. A vizsgalt klinikai adatok statisztikai analizise sordn nem talaltunk
Osszefiiggést az anti-topo I antitest epitopok és az SSc klinikai manifesztacidja kozott,
ugyanakkor szignifikans kiillonbség mutatkozott az SSc-s betegek anti-F1 antitest pozitiv és
anti-F1 antitest negativ csoportjai kozott a betegségiik fennélldsanak iddtartamdban.
Mindezek alapjan az F1 fragmens ellenes autoantitestek megjelenése a késéi stadiumi
dcSSc tjonnan azonositott laboratoriumi diagnosztikai markere lehet, mig az anti-F8

antitest jelenléte egy enyhébb lefolyasti SLE-t jelezhet.



BEVEZETES

Minden tobbsejtii ¢161ény olyan védekez6 mechanizmusokkal rendelkezik, amelyek
képesek a korokozok eliminalasra anélkiil, hogy karositanak a sajat strukturakat. A sajat és
nem-sajat kozti kiilonbségtétel tehat kulcsfontossagh az immunologiai  funkciok
iranyitasdban. Mind a velesziiletett, mind a szerzett (adaptiv) immunvalaszban kiilénbdz6
szinti bioldgiai mechanizmusok biztositjdk a sajat strukturdk tolerancidjat és a
patogénekkel szembeni hatékony immunvélaszt. Ez a két rendszer nemcsak abban
kiilonbozik, hogy az evollicido mas és mas fazisaiban jelentek meg, hanem molekularis €s
sejtes komponenseiben, valamint szdmos, fontos funkcidban is eltérnek egymastol.
Ugyanakkor, a magasabb rendiieckben a szoros és koordinalt egyiittmiikodés a velesziiletett
¢s az adaptiv immunvalasz ko6zott mar nélkiilozhetetlen mind a hatékony védekezés
fenntartasaban, mind a sajat strukturak toleranciajaban.

Az evolucios szempontbol régebbi — a velesziiletett - és az jabban kialakult —
adaptiv - immunrendszer felépitése és mikddése kozotti kiilonbségek (pl. antigén
specificitds, memoria) tal nagyok ahhoz, hogy egyszerien ,.elony0s ¢s dominans”
mutaciokkal megmagyaradzhatok lennének. A bioldgiai mechanizmusaiban alapvetden
kiilonboz6 velesziiletett és a szerzett immunvalasz kozti 6sszekotd evolucids kapocsként a
kozelmultban kertiilt leirdsra az Un. ,természetes immunrendszer”, melynek mitkddésérol

csak napjainkban kezdenek Osszegytilni a részletes ismereteink.

Velesziiletett és adaptiv immunitas

A velesziiletett immunitas a patogének elleni védekezés els6 vonalaban jatszik
szerepet. Alapmechanizmusainak az evolucio korai szakaszédban torténd megjelenésére
utal, hogy minden tobbsejtli ¢l6lényben, igy a ndvényekben, a gerinctelenekben és a
gerincesekben is nagyon hasonldé molekuléris és sejtes funkciok formdjaban jelennek meg
(1). A velesziiletett immunitds evollciés szempontbol Osi receptorokat, Un. mintazat
felismerd receptorokat (,,pattern recognition receptor’”: PRR) hasznal. Ezek a nem-klonalis
eloszlasu receptorok a patogénekhez tarsuldo molekulak széles korét képesek felismerni, a
sajat-strukturdk karositdsa nélkiil. A patogénekhez tarsul6 molekuldris mintazatok
(,,pathogen associated molecular pattern”: PAMP) a mikrobialis metabolizmus konzervalt
termeékei és nélkiilozhetetlenek a mikroba tuléléséhez. A PAMP-ok tobb PRR célmolekulai

kozott is szerepelnek (2). A PRR-ok olyan, a védekezés elsd vonaldba lokalizalt, stratégiai



szerepet betoltd sejteken expresszalodnak, mint a felszini ham, a 1ép marginalis zongja,
valamint az antigén prezentald sejtek (APC - pl. a makrofadgok és a dendritikus sejtek). A
PRR-ek harom funkcionalis csoportjat kiilonitjiik el: az endocitézisban szerepet jatszo
receptorok (pl. a C-tipust lektinek), a szekretalt fehérjék (pl. a manndz kotd lektin), a
harmadik csoportként pedig a jelatvivd receptorok, a Toll-like receptorok (TLR) (3). A
TLR csalad tagjai altal felismert ligandok széles kore magaban foglalja a glikoproteineket,
ami az adaptiv felismerd rendszer felé mutat. igy a TLR csalad lehetséges, hogy egy fontos
mérfoldkovet jelent az adaptiv immunitasra jellemz0 felismer6 rendszer felé (4). A PAMP-
ok felismerése altal okozott egyik legfontosabb esemény a CD80 (B7.1) és a CD86 (B7.2)
kostimulacios molekulak sejtfelszini expresszidjanak fokozddasa az APC-k felszinén, ami
a T-dependens adaptiv immunvalasz elinditdsdhoz sziikséges. Ez is egy jo példa arra,
ahogy a velesziiletett immunitds amellett, hogy kozvetlen elsé vonalbéli védekezd
mechanizmusokat aktival, jelentésen hozzajarul az adaptiv immunvalasz kialakuldsédhoz is
(5). A PRR-ek molekularis mintazatokat ismernek fel és nem egy adott antigénre
jellegzetes molekula részletet (epitopot). A nagymértékii redundancia €s promiszkuitas
ellenére tokéletesen képesek elkiiloniteni a sajatot a nem-sajattol. Kézenfekvd
magyarazatnak tiinik, hogy a PRR-ek az evolucié soran fokozatosan alakultak ki és azok az
organizmusok, amelyek sajatot felismerd PRR-eket expresszaltak végiil kiszelektalodtak.
gy érthetd, hogy autoimmun jelenségeket eddig olyan él6lényekben, melyek csak
velesziiletett immunitassal rendelkeznek, nem észleltek.

Az adaptiv immunrendszer az evolucié soran késobb jelent meg. Az adaptiv
immunitds a gerincesekben az antigén specifikus felismerd molekuldk gyakorlatilag
végtelen készletét hozza létre, T- és B-sejt receptorok formdajaban (6). Ez a repertoar
immunitasban rendelkezésre alld6 nagyszamu antigén receptorral jar6 elény viszont a sajat
struktarak  potencidlisan karos felismerésének kockazataval jar egyiitt, ami
autoimmunitashoz vezethet. Ennek elkeriilésére gondosan szervezett szelekcios
mechanizmusok fejlédtek ki és miitkddnek folyamatosan a potencidlisan hasznos klénok
kivalasztasara és az autoreaktiv klonok eliminalasra vagy inaktivalasara (7, 8).

Mivel a velesziiletett felismerd rendszer tokéletesen kiillonbdzteti meg a sajat €s a
nem-sajat struktirdkat, a velesziiletett immunitas részvétele az adaptiv valaszok
aktivalasaban alapvetd fontossagi a periférias tolerancia fenntartdsaban is (9). A
kostimuléacios molekulak megjelenése az APC sejtek felszinén, mind a T-sejtek mind a B-

sejtek aktivalasahoz nélkiilozhetetlen. A megfeleld kostimuldcio hidnyaban az aktivacios



jel nem éri el az adaptiv immunrendszer aktivalodasdhoz sziikséges szintet (10). Szamos
tovabbi példa bizonyitja a két rendszer szoros egyiittmiikodését, de nem adnak

magyarazatot a fejlédéstani hattérrdl.

Természetes immunrendszer

A természetes immunrendszer hidat képez a velesziiletett és az adaptiv
immunrendszer kozott. A limfocitdk jellemzd fenotipusu ¢és specializalt funkcioju
meghatdrozott csoportjai — a T- és a B-sejtek egyardnt — részt vesznek ebben a
rendszerben. Ezek a sejtek korlatozott szamu, szemi-invarians, csiravonalban koédolt,
autoreaktiv antigén receptorokat hordoznak a felszinilikon, k6zos fenotipusos sajatsagokat
mutatnak, valamint rendelkeznek a velesziiletett és az adaptiv rendszerekre jellemzd
tulajdonsagokkal, ami egy atmeneti allapotra utal az immunrendszer evolucioja soran. A
természetes immunrendszer eddig megismert legfontosabb sejtes elemei az invarians
természetes 616 T (iNKT) sejtek, a mukoza asszocialt invarians T (MAIT) sejtek, a yo T-
sejtek és a B1 B-sejtek. Ezen sejtek antigén felismerésének funkcionalis jellemzoi
(valamint a B1 B-sejtek altal termelt immunglobulinok tulajdonsagai) kozelebb allnak a
mintazat felismerd receptorokhoz, mint a klasszikus adaptiv tipusi immunologiai
felismeréshez. Ezek a felismerd receptorok azonban valodi T- és B-sejt receptorok.
Feltételezhetd tehat, hogy az egyes limfocita alosztalyok kozott evolucios kiilonbségek
allnak fenn.

A nem-konvencionalis T-sejteknek csak két alcsoportja expresszal T-sejt receptort
(TCR-t) ¢és a kiilonbozd fajok kozott nagymértékben konzervalt non-polimorf {6
hisztokompatibilitasi komplex (MHC) Ib molekulat: az iNKT és a MAIT-sejtek (11, 12).
Ez a két sejtpopulacio invarians TCR alfa lanccal és nagymértékben korlatozott TCR
készlettel rendelkezik. Mindkét sejtcsoport szelekcigjaban hemopoetikus sejtek vesznek
részt, amelyek evolucidsan konzervalt MHC Ib molekulat expresszalnak: CD1d-t az NKT-
sejtek (13), a f6 hisztokompatibilitdsi komplexhez kapcsolodd 1-s molekulat (MR1-t) a
MAIT-sejtek szamara (14). A CD1d korlatozott iNKT-sejtek és az MR1 altal szelektalt
MAIT-sejtek a T-sejtek filogenetikailag konzervalt alcsoportjai, feltételezhetden kezdettdl
fogva alapvetd szerepet jatszanak az emlésok immunrendszerében.

A MAIT-sejtek timuszbeli non-B non-T hemopoetikus sejt felszini MR1 altali
szelekcidjuk sordn memoria fenotipusra tesznek szert, majd a gasztrointesztinalis (GI)
rendszer lamina propridjaban és a mezenteridlis nyirokcsomokban halmozodnak fel,

amihez a B-sejtek mellett a bélrendszer normal bakterialis kolonizacidja is sziikséges. Azaz



fejlodésiik egyedi mintazatot mutat, ami az iNKT és a yo T-sejtek kozotti atmenetnek felel
meg (15). A MAIT-sejtek az oralis uton szerzett fertézések lekiizdésében, valamint a GI
nyalkahartya egyensulyanak fenntartasdban jatszhatnak szerepet. Részt vehetnek a GI
immunvalasz kontrolldldsaban és az oralis tolerancia kialakuldsaban is. Az immunvélasz és
a tolerancia kozotti egyensuly fenntartdsa a GI rendszerben alapvetd fontossagu, ami
magyarazhatja a MAIT-sejtek fajok kozotti konzervaltsagat (16). A MAIT-sejtek
folyamatos funkcionalis aktivitadsara utal az is, hogy a keringd limfocitdk 1-4%-at teszik ki.

Az iNKT-sejtek a timuszban szelektdlodnak, sokasodnak ¢és itt alakul ki a
velesziiletett-szerli fenotipusuk és funkciojuk. A majban és a 1épben exogén stimulusoktdl,
mint példaul a normal bakterilis flora jelenlététdl fiiggetleniil akkumuldlodnak (17). Az
iINKT-sejtek fontos szerepet jatszanak mind a védekez6, mind a szabalyozo
mechanizmusokban. Az altaluk képviselt immunvalasz természete a kornyezetiik citokin
mintdzata altal meghatarozott. IL-10 termeld sejtekkel valé kolcsonhatasuk regulator T-sejt
tipust iNKT-sejtek indukcidjahoz (18), IL-12 termeld sejtekkel vald interakciojuk Thl
tipusu valaszhoz vezet, IFNy termelésiikkel mind a velesziiletett, mind az adaptiv
immunrendszer aktivaciojdhoz hozzajarulnak (19). Az iNKT-sejtek tobb bioldgiai
funkcidban is részt vesznek, igy fontos szerepet jatszanak a daganat sejtek eliminalasaban,
de leirtak szerepiiket az elhizas kialakulasaban is (20).

A 0 T-sejtek TCR készlete a velesziiletett immunrendszer sejtjeinek receptoraihoz
hasonloan az evolucié soran szelektalodott (21). A timuszban zajlo szelekcié nem a yo T-
sejtek antigén specificitasat, hanem a sejtek effektor funkciojat hatarozza meg.
Altalanossagban elmondhat6, hogy a v8 T-sejtek elsdsorban sajat antigéneket ismernek fel,
¢s az epitelidlis sejtek homeosztazisanak fenntartdsdban jatszanak szerepet (22). Az
intraepitelidlis limfocitdk (IEL) nagyon korai stddiumban elhagyjak a timuszt és a GI
nyalkahartyaban telepednek meg, ahol befejezddik az érésiik (23). S6ét specialis
intesztinalis limfoid aggregatumokban, tgynevezett kriptoplakkokban (,,cryptopatches”),
csontveldi eredetli prekurzorokbol, kdzvetleniil is kifejlédhetnek (24). A pozitiv szelekcio,
valamint az antigén specifikus elkotelez6dés hianya idedlis feltételnek tiinik ahhoz, hogy a
védekezés elsé vonalaban vegyenek részt. TCR-en keresztiili aktivacid soran a ligand-naiv
v T-sejtek IL-17-et, a gyulladas 6 iniciatorat termelik, mig a liganddal mar talalkozott yo
T-sejtek IFNy-t termelnek (25). Az IL-17 egyik f6 funkcidja a neutrofil granulocitak
expanzidjanak és érésének elésegitése a csontvelSben. fgy kritikus szerepet jatszanak az

akut gyulladasos reakcidé kezdetekor, amely olyan kérokozok ellen iranyul, amelyekkel



elészor talalkozik a gazdaszervezet. De ugyanez a mechanizmus indithat el autoimmun
folyamatokat egy sériilés sordn elérhetévé valo, addig az immunrendszer eldl rejtve maradt
sajat antigének ellen is (26). A yd T-sejtek tovabbi hatassal lehetnek az antigén specifikus
affT és B-sejtes valaszok kialakuldsara, ezzel a yd T-sejtek az adaptiv immunvalasz
megfeleld aktivalasdban is fontos szerepet jatszhatnak. Mivel a yd T-sejtek tobb ponton is
hozzajarulnak a szervezet immunkompetencidjahoz, érthetd miért maradtak fenn ezek a
sejtek az emldsdkben is, annak ellenére, hogy az antigén specifikus receptorral rendelkezd,

nagy hatékonysagu aff T- és B-sejtek is jelen vannak.

B1 B-sejtek

A periférids naiv B-sejt készlet harom kiilonb6z6é alcsoportra oszthatd: érett

follikularis B-sejtek, marginalis zona B-sejtek és B1 B-sejtek (1. tablazat).
A follikuléris B-sejtek a T-dependens centrum germinativum valaszokban vesznek részt,
mig a marginalis zoéna B-sejtek, specialis anatomiai elhelyezkedésiik miatt, a véraram utjan
¢érkezd patogénekre vélaszolnak T-independens modon. Mivel a marginalis zéna B-sejtek
nagy mennyiségben expresszaljdk a CD80 ¢és CD86 kostimulacidos molekulakat,
prezentalhatjak a véraram utjan érkezo antigéneket a T-sejtek szdmara, igy részt vehetnek a
T-dependens valaszokban is. Tovabba, a follikulusok irdnyaba antigén transzportald
sejtként is miikodhetnek.

Eredetileg a B1 B-sejteket egy kordbban T-sejt specifikusnak tartott glikoprotein
marker- a CDS5 expresszid -, alapjan kiilonitették el a B2 sejtektdl (27). Mivel a CD5
transzmembran glikoprotein, kapcsolatban all az antigén receptor jelatviteli komplexekkel,
a CDS5 molekulat a T-sejt és B-sejt receptorok negativ regulatoranak tartjak (28, 29).
Késobb egy CD5” B1 B csoport is azonositasra kertilt, amit B1b B-sejteknek neveztek el. A
azonban, ugy tlinik, hogy a B-sejt receptor (BCR)/CD19 komplex alapvetd fontossagu a
Bla ¢és a B1B-sejtek kozti fejlodési dontésekben (30). A sejtfelszini fenotipus mellett (31)
a Bl B-sejtek szdmos olyan tulajdonsaggal rendelkeznek, ami megkiilonbozteti dket a

konvencionalis B2 sejtektol.



Sejt tipus Sejtfelszini fenotipus

Erett follikularis B-sejt B220"IgD"IgM°CD23"CD21™
Marginélis zona B-sejt B2201gD" IgM™CD23 CD21"CD1d"
Bla B-sejt B2201gD" IgM"™CD11b(Mac-1) CD5"
B1b B-sejt B220'1gD"* IgM™CD1 1b(Mac-1)"CD5"

1. tablazat B-sejt alcsoportokra jellemz0 sejtfelszini markerek egérben

A Bl B-sejtek egy Onmegujitasra képes populacidt jelentenek, nagy széamban
talalhatok meg a savos hartydkon (a peritonedlis és a pleurdlis liregekben), mikézben
gyakorlatilag hidnyoznak a periférids nyirokcsomokbodl és alacsony szdmban taldlhatok
meg a lépben (32, 33). In vitro hosszu életiiek, forbolészterekkel proliferaciora birhatok, a
BCR keresztkotésével aktivalhatok (34-36). A Bl B-sejtek immunglobulin repertoarja
korlatozott a felhasznalt immunglobulin gének szamaban, a J-proximdlis V gének
atrendezddése domindl és jelentdsen kevesebb N inzercidt tartalmaz, mint a B2 B-sejteké
(37, 38).

Szamos bizonyiték van arra, hogy a B1 B-sejtek evolucios atmenetet képeznek a
velesziiletett €s az adaptiv immunitds kozott. Bar autoreaktivitasuk miatt maguk is
regulaci6 alatt allnak, ezen B1 B-sejtek fontos szerepet jatszanak az autoimmunitas
kontrollalasaban (39, 40). A B1 B-sejtek a csontveld elhagyasat kovetden ,természetes
moédon”  aktivalodnak egy autoantigén vagy egy antigén receptor idiotipikusan
komplementer V régidja altal (41-43). Néhany sejt affinitasérést kovetden magas affinitast
idegen, vagy sajat antigént felismerd antitesteket termel a CD5 expressziotol fiiggetlentil
(44).

A B1 B-sejtek funkcioi magukban foglaljak az immunvalasz korai szakaszaban
valo részvételt (45-47) és legfontosabban a természetes antitestek termelését, amit az is
alatdmaszt, hogy a besugarazott egérbe adoptiv transzferrel atvitt B1 B-sejtek visszaallitjak
a normadlis IgM szintet (48). Ezek az adatok valamint a Bl B-sejtek altal termelt
természetes antitestek tulajdonsagai arra utalnak, hogy a Bl B-sejtek egy evolucios

atmenetet képviselnek a velesziiletett €s az adaptiv immunitas kdzott.
Természetes antitestek és természetes autoantitestek

A természetes antitestek olyan immunglobulinok, amelyeket a Bl B-sejtek

termelnek az antigénnel valdo eldzetes immunizdlds nélkiil (49). Ezen antitestek
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genetikailag konzervalt patogén szekvencidkat ismernek fel, igy egy fert6zés soran a
védekezés elsé vonaldban szerepelhetnek (50). A természetes autoantitestek viszont az
evolucid soran konzervalt sajat strukturdkat is felismernek (2. tdblazat) és jelen vannak
mind egészséges egyének, mind szisztémds autoimmun betegségben szenveddk

szérumaban (51).

hésokk fehérjék (hsp) hsp65, hsp70, hsp90, ubikvitin

Enzimek aldolaz, citokrom ¢, SOD, NAPDH,
citrat-szintaz

sejtmembran komponensek B2-mikroglobulin, spektrin, acetilkolin
receptor

citoplazma komponensei aktin, miozin, tubulin, mioglobin,
mielin bazikus fehérje

sejtmag komponensei DNS, hisztonok

plazma fehérjék albumin, IgG, transzferrin

citokinek, hormonok IL-1, TNF, IFN, inzulin, tircoglobulin

2. tablazat Természetes autoantitestek altal leggyakrabban felismert antigének

Az autoreaktiv repertoarok mar az ontogenezis korai szakaszaban, a magzati
¢letben kivalasztddnak. A természetes autoantitestek tobbségét csiravonalbeli gének
kozvetleniil kodoljak (52), elsésorban IgM vagy IgG izotipusuak (53, 54), polireaktivak és
széles spektrumu affinitdst mutatnak a felismert epitopokhoz (55, 56). A polireaktivitas
nem jelenti azonban a specifikussdg hianyat, azaz minden polireaktiv természetes
autoantitest kiilonb6zd epitopok csoportjat ismeri fel és ilyen értelemben egyedi (57).
Szamos funkciét javasoltak mar a természetes autoantitesteknek: immunologiai
repertoarok szelekcidjaban vehetnek részt, szerepet jatszhatnak az elsédleges immunvalasz
felgyorsitasaban (58), apoptotikus sejtek eltakaritasaban segédkezhetnek (59), gyulladas
gatlo hatassal rendelkezhetnek (60), valamint hozzdjarulhatnak az immunologiai
homeosztazis fenntartdsdhoz (61). A természetes antitestek megkiilonboztetése a
természetes autoantitestektol kissé mesterkéltnek tiinhet, mivel a természetes antitestek
termelésének hatterében all6 B1 immunglobulin gén készlet korlatozottsaga, valamint a
nagyszamu felismert antigén miatt valdszinii, hogy jelen vannak sajat és nem-sajat

keresztreakciot egyarant mutatd specificitasok is (62, 63).
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El6zmények

Endoszimbiotikus evolucids eredetiik miatt a mitokondriumban
kompartmentalizalodott fehérjék egy érdekes atmenetet képeznek a prokaridta idegentdl a
nélkiilozhetetlen sajat molekuldk felé. A mitokondridlis 0Osszetevok szerkezeti ¢és
funkcionélis konzervaltsaga alkalmassa teszi azokat a velesziiletett és az adaptiv
immunvalasz kozti evolucidés kapcsolatok részletes vizsgalatara. A bels6é membran
enzimek, kiilondsen a citrat kor enzimei (koziiliikk is a citrat-szintaz) megfelelé modellt
jelentenek az eldbbiek vizsgalatara, mivel a sejtek fizioldgias korforgasa soran folyamatos
kapcsolatba keriilnek a velesziiletett ¢és az adaptiv komponensekkel egyarant.
Intézetiinkben kordbbi vizsgalatokkal kimutattunk citrat-szintdz ellenes autoantitesteket,
mind egészséges egyénekben, mind szisztémas autoimmun betegekben. Elvégeztiik ezen
autoantitestek epitop térképezését fiziologias és patologias allapotokban (szisztémas
autoimmun betegségekben). Azt talaltuk, hogy a citrat-szintdzon felismert epitop mintazat
jelentds eltérést mutat egészséges egyénekben €s szisztémas autoimmun betegekben (62,
63).

Ezek az elozetes vizsgalatok vetették fel egy jol definialt patologias allapotra
jellemzd, a klinikumban diagnosztikus értékkel bird autoantitest epitdp térképezésének
sziikségességét. Eldontendé kérdésiink az volt, hogy ezen betegség-asszocialt
autoantitest cél antigénje ellen termelédhetnek-e természetes autoantitestek is.
Feltételeztiik, hogy a természetes és a patologias autoantitestek altal felismert epitop
mintazatok oOsszehasonlito elemzése hozzajarulhat a természetes és a betegség-
asszocialt autoantitestek kozotti kiilonbségek jobb megismeréséhez.

Modellként az SSc diagnoézisaban jelentds topo I ellenes autoantitestek vizsgalatat

valasztottuk.

Anti-topo I autoantitestek
Topo I

A topo I a topoizomerdzok IB alcsaladjadba tartozé enzim, amely a kétszalu,
elhasitja és az elhasitott DNS 3 végi foszfatjahoz kovalensen kapcsolddik (64). A topo I
egy 765 aminosavbol (AA) 4ll6 enzim, amely 5 kiilonbozd régidt tartalmaz melyek
genetikailag kiilonb6zé mértékben konzervalt struktirdk: az N-terminalis domén (1-125

AA), kozponti domén (core subdomain) I-II (216- 435 AA), kozponti domén (core
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subdomain) III (436-636 AA), 6sszekotd (linker) domén (637-713 AA) és a C-terminalis
domén (714-765 AA) (65).

1. abra A human DNS topoizomeraz I szerkezete DNS komplexben
(Redinbo és mtsai, 1998)

Anti-topo I autoantitestek kimutatasa

Az anti-topo I autoantitesteket eldszor Western blottal mutattdk ki. Az SSc-s
betegek szérumaban 1évo immunglobulinok egy 70 kDA-os nuklearis fehérjével reagaltak,
igy ezeket az autoantitesteket eldszor anti-Scl 70 antitesteknek nevezték el (66). Azodta
kimutattdk, hogy az Scl-70 a topo I bomlasi terméke (67). Az anti-topo I antitestek
leggyakrabban IgG izotipisuak, de kimutattak mar IgA és IgM izotipusuakat is (68).
Laboratériumi diagnosztikai szamara jelenleg elérhetd anti-topo I kimutatasi lehetéségek
az indirekt immunfluoreszcencia HEp-2 sejteken valamint HEp-2 sejtek lizatumat illetve
rekombinans topo I antigéneket felhasznalé ELISA, immunoblot valamint Luminex
technikdk. A PTE KK Reumatologiai és Immunoldgiai Klinikan rutinszertien hasznaltdk a
HEp-2 sejteken végzett indirekt immunfluoreszcencia technikat. A kapott festddési
mintazatok alapjan kovetkeztettek a betegek szérumdban taldlhatd autoantitestekre. A
specifikus mintazatok felismerése nehézségekbe litkozhet, elkiilonitésiik nagy tapasztalatot
igényel, a kapott eredmény kvalitativ. A PTE KK Immunologiai és Biotechnologiai Intézet
- NAT altal NAT-1-1552/2008 nyilvantartasi szamon akkreditalt - diagnosztikai
laboratoriuméban a betegek szérumabol ELISA technikéval végzett vizsgalatokkal
mutatjdk ki az antinuklearis autoantitesteket. Az igy kapott objektiv, kvantitativ
eredmények nagymértékben hozzajarulnak a szisztémas autoimmun betegségek pontosabb

diagnézisdhoz.
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Anti-topo I autoantitestek klinikai jelentosége

Az SSc a kotdszoveti betegségek kozé tartozik, a bér és bizonyos belsé szervek (a
tiidd, a sziv, a gasztrointesztinalis traktus €s a vese) fibrozisaval és késoi atrofigjaval,
Az SSc-s betegek klinikailag a jelenlegi klasszifikacié alapjan két csoportra oszthatdak: a
dcSSc-re a bor és a tiidd, valamint egyéb belsd szervek kiterjedt fibrézisa jellemzd, mig
1cSSc-ben a vaszkularis eltérések dominalnak, a fibrozis mértéke korlatozott, elsdsorban a
test akralis részeinek borét érinti (72, 73)

Az anti-topo I antitest jelenlétéhez emelkedett mortalitds, pulmonaris fibrozis,
muszkuloszkeletalis és kardialis érintettség, valamint proteinuria tarsul (74). Az anti-topo I
autoanitest szérumszintje dcSSc esetén Osszefliggést mutat a bdr fibrozisanak
kiterjedtségével és a belsd szervi érintettség mértékével, ezért a betegség aktivitasi
markereként szolgalhat (75-77). Bar az anti-topo I autoantitesteket a dcSSc-re tartjak
jellemzodnek (78, 79) jelenlétiik nem korlatozodik teljes mértékben a deSSc-re, mivel anti-
topo I autoantitestek mutathatok ki az 1cSSc-s betegek egy részében is (78). Bar az anti-
topo I autoantitestek jelenléte SSc-re nagymértékben specifikusnak tartott (80), SSc mellett
SLE-ben, illetve mas — esetenként gyulladasos betegségekben - is kimutattak (81, 82).

Anti-topo I autoantitestek epitop specificitasa

Az anti-topo 1 antitestek epitop specificitdsat SSc-ben szamos korabbi
tanulmanyban vizsgaltak. Molekuléris bioldgiai modszerek segitségével tobb vizsgalat
soran is igazoltak, hogy SSc-s betegekben jelenlévé anti-topo I antitestek tobbféle epitopot
ismernek fel, bar a vizsgalatok soran hasznélt rekombinans topo I fragmensek eltérdek
voltak.

Rekombindns topo I-et hasznalva szdmos epitopot hataroztak meg a molekula

kozépsd és a C-terminalis részein (83-89). Verheijen és mtsai harom kiilonb6z6 epitdp
régiot allapitott meg, amelyek lefedik a teljes molekulat (84). D’ Arpa és mtsai a topo I hat
fragmensét expresszaltak és kimutattak, hogy az anti-topo I pozitiv szérumok tobbsége
szamos epitopot ismer fel (83). Kuwana €s mtsai négy epitop régiot talaltak a topo I
molekulan ¢és kimutattdk, hogy a 43 anti-topo [ pozitiv SSc-s szérumminta 83%-a
reaktivitdst mutatott azzal a fzios fehérjével, ami a topo I 485-601 AA fragmensét
tartalmazta (87). Piccinini és mtsai azt talaltdk, hogy a topo I 405-484 AA szakaszan az
Osszes altaluk vizsgalt anti-topo I pozitiv szérum mutatott reaktivitast, de nem talaltak

epiopokat a 485-765 AA kozott, ami az altaluk vizsgalt szérumminték kis szdmaval lehet
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magyarazhato (85). Hu és mtsai magas reakitvitast mutattak ki a kozponti szubdomén I és
IT (236-435) valamint a kozponti szubdomén III (436-636) ellen. Kimutattdk, hogy az
antitestek gyakrabban ismerik fel az I és II-es kozponti domént mint a IllI-as kdzponti
domént (89).

Szintetikus peptidekkel végzett epitop térképezés sordn négy {6 epitdpot

azonositottak, amelyek koziil harom a koézponti szubdomén I és II-ben (236-435 AA) egy
pedig a kozponti szubdomén IlI-ban (436-636 AA) taldlhaté (90). Ezen tanulmanyok
mindegyike anti-topo I antitestek altal felismert topo I fragmenseket irt le a 484-560 AA
régidoban, ebbdl arra kovetkeztettek, hogy az immundomindns B-sejt epitopok ezen a
région beliil helyezkedhetnek el. A fragmenseket a topo I doménes szerkezete vagy
antigenitds predikcio alapjan tervezték, igy mindkét esetben figyelmen kiviil hagyhattak
tovabbi lehetséges epitdopokat.

A topo I random fragmensekkel tortént epitop térképezésérdl ez ideig csak egy

tanulmany szamolt be (91). A molekula random fragmenseit limitalt dezoxiribonukleaz
emésztéssel allitottdk eld majd a létrehozott konyvtarat egy SSc-s beteg egyetlen
szérummintdjaval tesztelték. Egy immundomindns epitép régiot talaltak, az Osszekotd
domén 653-704 AA szakaszat. Az anti-topo I antitestek longitudindlis vizsgalata soran
ezen régidk elleni reaktivitds stabilnak bizonyult (89, 92), ugyanakkor egy kisszamu
szérummintdn alapul6 kisérlet soran az anti-topo I antitestek altal felismert régiok iddével
valtozast mutattak (93). Bar az anti-topo I autoantitestek epitop specificitasat SSc-ben
szamos csoport vizsgalta, a dcSSc-ban, 1cSSc-ban, SLE-ben megjelend anti-topo I

antitestek 0sszehasonlitd epitop térképezését ez ideig még nem végezték el.

Anti-topo I autoantitestek lehetséges szerepe az SSc patomechanizmusaban

Az SSc patomechanizmusa igen komplex, a funkcionalis (vazospazmus) ¢€s
morfologiai vaszkularis eltérések (vaszkularis endotél karosodas, kapillarislézid, kisartéria
1€z16), a kovetkezményes iszkémids-reperfiizids karosodds mellett a korképre jellemzé a
koros fibrozis kovetkeztében kifejezett kollagén és extracellularis matrix akkumulacié a
boérben valamint a belsé szervekben, illetve hatarozott autoimmun jelenségek (69-71, 94).
A betegség késdi stddiumaban pedig az obliterativ vaszkulopatia €s a szoveti atrofia valik
meghatdrozova. Az anti-topo I autoantitesteknek az SSc patomechanizmuséban jatszott
szerepe még nem tisztazott. Ugyanakkor szamos indirekt bizonyiték szol amellett, hogy az
anti-topo [ autoantitestek hozzajarulhatnak az SSc patogeneziséhez. Topo I szerepet

jatszhat a kollagén nagyfoku termelddésében, fokozhatja a kollagén tipust fehérje gén
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transzkripcidt. A topo I DNS kotd helyének és a kollagén gének szekvencia vizsgalatai
soran kapott eredmények alapjan lehetséges, hogy a dermalis kollagén gének
szerkezetiikbdl adodoan fokozottan érzékenyek a topo I aktivitdsara. A topo I molekulak
tobbsége fizioldgias inhibitorok altal inaktiv allapotban tartott, ezen negativ szabalyozas
elvesztése patoldgiai konzekvencidkkal jarhat (95, 96).

Az anti-topo I autoantitestek mar az SSc nagyon korai stddiumaban kimutathatéak
(97). Jelenlétiik altaldban a betegség sulyosabb formdjdhoz tarsul (74) és ezen
autoantitestek szérumszintje Osszefiiggésben allhat a betegség aktivitdsanak mértékével
(75-77). Mindazonaltal fontos lenne ezen klinikai szempontbol fontos jelenségek
molekularis és cellularis mechanizmusokkal torténo alatamasztasa, valamint annak
igazolasa, hogy az anti-topo I autoantitestek szerepet jatszhatnak az SSc patogenezisében.
Ehhez az immunolégiai eltérések és a fibrozis kozotti kapcsolat tisztazasa latszik a
kulcskérdésnek. Lehetséges, hogy az SSc specifikus autoantitestek képesek a fibroblasztok
felszinéhez kotddni és miofibroblaszt iranyu atalakuldst indukalni. A trombocita eredetli
novekedési faktor receptor (PDGFR) elleni stimuldlo autoantitesteket mar kimutattak SSc-
s betegek szérumaban (98, 99). Ugyanakkor ezen eredmények nagyszami beteganyagon
val6 megerdsitése még nem tortént meg.

Az intracellularis vagy nuklearis antigének ellen iranyuld antitestek feltételezett
patogenetikai szerepével kapcsolatban 4altaldnossagban felmeriilé kérdés, hogy ezen
antitestek hogyan képesek a sejtfelszinhez kotddni és sejtkarosodast eldidézni, vagy azt
folyamatosan fenntartani. Az anti-topo I autoantitestek fibroblasztok felszinéhez valo
kotodését mar leirtak (100), késobb azt talaltak, hogy a topo I molekula képes fibroblaszt
sejtek felszinéhez kotddni és igy kotddési helyet biztositani az anti-topo I autoantitesteknek
(101). Ugyanezen kutatocsoport azt is kimutatta, hogy a fibroblasztok felszinén 1év6 topo
Ugyanakkor a topo I molekula szamara a fibroblaszt felszinén a kotési helyet biztosito
ligand még nem Kkeriilt azonositasra, valamint a topo I hasonldé mértékben kotddott
egészséges egyénekbdl és SSc-s betegekbdl szarmazd fibroblasztokhoz. Bar mindezen
eredmények az els6 experimentalis bizonyitékat adjak az anti-topo I autoantitestek
sejtfelszinhez valo kotodésének, nem magyarazzak, hogy az anti-topo I antitestek miért
jellemzdek SSc-re és hogy milyen direkt vagy indirekt kapcsolat lehet ezen antitestek és a

fibrozis kialakulasa kozott.
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Bar az anti-topo I antitestek szerepe az SSc patogenezisében még nem tisztazott,
ugyanakkor a topo I elleni immunvélasz eltérd lehet az anti-topo I pozitiv betegekben, ami
kiilonb6z6 epitop specificitdsu anti-topo I autoantitestek termelddéséhez vezethet. Azaz az
anti-topo I antitestek jelenlétének tobbféle klinikai kovetkezménye is lehet, illetve az anti-
topo I antitestek jelenléte tobbféle patologias folyamatot is jelezhet. Mindezek alapjan az
anti-topo [ antitestek 4ltal felismert epitopok vagy epitdop mintdzatok azonositasa
hozzdjarulhat a korai diagnézishoz és segithet a kiilonbozd szervi érintettségek
elorejelzésében, a korai prognozis felallitasaban, és ezaltal az adekvat terapids stratégia

kivalasztasaban.
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CELKITUZESEK

1. Egy lambda fig felszinen megjelenitett topo I antigén fragmens konyvtar

létrehozasa.

2. A topo I lambda fag konyvtar affinitas szelekcioja ismerten magas anti-topo I
autoantitest titeri dcSSc-s, 1cSSc-s, és SLE-s betegek szérumabol izolalt IgG

izotipusu ellenanyagokkal.

3. A lambda fag felszinen megjelenitett topo I antigén fragmens konyvtar affinitas
szelekcioja alapjan kivalasztott szekvencidknak megfelelé maltoz-kotd fehérje
(MBP)-topo I fragmens fuzids fehérjék eldallitasa.

4. Nagyszdmu dcSSc-s, 1cSSc-s, SLE-s betegek ¢és egészséges egyének
szérummintainak tesztelése az MBP-topo I fuzios fragmenseken ELISA-val és
Western blottal.

5. A dcSSc-s, 1cSSc-s ¢és SLE-s betegek valamint egészséges egyének
szérummintaiban el6forduld anti-topo 1 autoantitestek epitép mintazatanak
Osszehasonlitésa.

6. Az anti-topo I autoantitestek epitdp mintazatanak longitudinalis vizsgalata.

7. A felismert topo I fragmensek klinikai jelentéségének meghatarozasa.
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ANYAGOK ES MODSZEREK

Vizsgalt szérummintak

A PTE KK Reumatologiai és Immunoldgiai Klinikan kezelt 293 SSc-s beteg koziil
59 (34 dcSSc-s, 25 1cSSc-s), a vizsgalt 265 SLE-s beteg koziil csak 8 mutatott anti-topo I
pozitivitast a rutin diagnosztikdban hasznalt konvencionalis anti-topo I ELISA teszttel
(Hycor). A kivalasztott 59 SSc-s ¢és 8 SLE-s betegtdl betegenként 3 szérummintat
vizsgaltunk, melyeket 6-12 honapos idok6zonként gyiijtottiink a 2004 és 2007 kozotti
idészakban. A betegek klinikai adatai a PTE KK Reumatologiai és Immunologiai Klinika
standardizalt protokollja szerint lettek rogzitve (102). A kutatds klinikai jelentéségének
szélesebb korben valdo megitéléséhez megvizsgaltuk a DE OEC AOK Belgyogyaszati
Intézet Reumatoldgiai Tanszéke altal rendelkezésiinkre bocsatott 51 anti-topo I pozitiv
SSc-s (11 dcSSc-s, 40 1cSSc-s) beteg szérummintajat is és elemeztiik klinikai adataikat.

Kontrollként 63 magyar (atlag életkor: 36.8 = 12.1 év; az Orszdgos Vérellato
Szolgéalat Pécsi Regiondlis Vérellatdé Kozponttol) 44 finn, 44 brit véradd (Prof. Fiist
Gyorgy ¢és Dr. Prohdszka Zoltan - SOTE III. Belgyogyaszati Klinika - 4ltal
rendelkezésiinkre bocsatva) és 65 1d0s egészséges egyén (atlagéletkor: 62.4 + 5.4 év, a
PTE KK Reumatolégiai és Immunolédgiai Klinikatol), valamint 110 i1dds, SSc-t6l és SLE-
tél kiilonb6zd szisztémas autoimmun betegségben (8 vasculitis, 40 szeronegativ
spondylarthritis, 11 myositis, 11 Sjogren szindroma, 10 arthritis psoriatica, 20 rheumatoid
arthritis, 10 polymyalgia rehumatica) szenvedd, anti-topo I negativ beteg (atlag életkor:
65.5 + 4.8 év, a PTE KK Reumatoldgiai és Immunologia Klinikatdl) szérummintait
hasznaltuk fel.

A vizsgalatok elvégzéséhez az etikai engedélyt a PTE KK Etikai Bizottsdga adta
meg. Megfeleld tajékoztatast kovetden minden beteg és egészséges egyén beleegyezd

nyilatkozatot irt ala.

Topo I antigén fragmens konyvtar létrehozasa

Egy egészséges vérado periférias vérébol Ficoll Paque (Amersham Pharmacia)
gradiens centrifugalassal tisztitott 5x10° mononuklearis sejtbl TriReagenssel (Sigma)
RNS-t izolaltunk. 5 pg totdl RNS-sel reverz transzkripcidt végeztiink Superscript II RT

enzimet (Invitrogen) hasznalva.
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A teljes hosszi human topo I-et kodolo cDNS-t a kovetkezd primerekkel
amplifikaltuk: 5’-ATGAGTGGGGACCACCTCCAC-3’ és 5’-
CTAAAACTCATAGTCTTCATC-3’. A PCR reakci6 100 pl végtérfogatban a
kovetkezdket tartalmazta: 300mM mindegyik dANTP-b6l, 1.5 mM MgSO4, 1 uM
mindegyik primerbdl, 5 ul ¢cDNS ¢€s 5 unit ProofStart DNS polimeraz (Qiagen). Az
amplifikaciot a kdvetkezd profillal végeztiik: 95 °C 5 min, majd 35 ciklus: 94 °C 45sec 58
°C 30sec, 72 °C 3 min, végsd extenzid: 72 °C 10 min. A PCR terméket 1.5%-0s agardz
gélen valasztottuk el, majd megtisztitottuk (Quiaquick Gel Extraction Kit, Qiagen), A-
addiciot kovetden T/A vektorba klonoztuk (InsT/Aclone PCR Product Cloning Kit,
Beckman Coulter CEQ 8800-zal.

A konyvtar 1étrehozasat a lambdaD-bio fag display vektor (Dr. Alessandra Luzzago
altal rendelkezéslinkre bocsatva; Instituto di Ricerche di Biologia Molecolare,
Olaszorszag) felhasznalasaval végeztiik (103) kisebb modositasokkal (62) Lényegében az
inzerteket Spel és Notl helyeket tartalmazé random primerek (104) valamint templatként a
fent emlitett plazmidbol BamHI és EcoRI enzimekkel (Promega) vald emésztés soran
kivagott topo I cDNS felhasznalasaval allitottuk eld. Tisztitas (Quiaquick PCR purification
kit, Qiagen) ¢és méret szelekcio (Wizard columns, Promega) utan az inzerteket Spel és Notl
enzimekkel (Promega) emésztettiik. Husz ligacids reakciodt allitottunk Ossze, amelyek
mindegyike 1 pg Spel/Notl emésztett lambdaD-bio DNS-t, 25 ng Spel/Notl emésztett
inzertet ¢s 30U T4 DNS ligazt (Fermentas) tartalmazott Sul végtérfogatban, majd 48 oran
at 4 °C -on inkubdltuk. A ligacios reakcidt ezutan fenol-kloroformmal extrahaltuk,
etanollal kicsaptuk, majd lambda fag részecskékbe csomagoltuk (Ready To Go Lambda
Packaging Kit, AmershamPharmacia). A lambda fagokat log fazisu E.coli BB4
fertézésével és LB agar lemezekre valo felvitelével amplifikaltuk. A plakkok kialakulasa
utan a fagokat SM pufferrel (100mM NaCl, 8.1 mM MgSOy4 50mM Tris-HCI pH 7.5)
¢jszakan 4t eludltuk, polietilén-glikolos kicsapéssal koncentraltuk, és protedz gatlokat
(Complete EDTA Free Proteasae Inhibitor Cocktail, Roche) tartalmazé pufferben

reszuszpendaltuk.

Szérumok tisztitasa protein G szefaroz oszlopon
Az 5 deSSc-s, 6 1cSSc-s és 4 SLE-s beteg PBS-sel kétszeresére higitott szérumat
haromszor engedtiik at protein G szefar6z oszlopon (Amersham Pharmacia). Mosas utan az

antitesteket pH 2.5 glicin-HCl-el elualtuk, a frakciokat 1 M TRIS-el neutralizaltuk, majd
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indirekt ELISA-val teszteltiilk anti-topo 1 reaktivitasukat tormaperoxidazzal (HRPO)

konjugalt anti-human IgG (Dako) masodlagos ellenanyagot hasznalva.

Topo I antigén fragmens konyvtar affinitas szelekcioja

A topo I antigén fragmens konyvtar affinitas szelekcidja a dcSSc-s, 1cSSc-s és SLE-
s betegek szérumabol protein G szefar6z oszlopon tisztitott anti-topo I ellenanyagokkal
lényegében a Santini és mtsai altal leirt modszer szerint tortént (105).

Az 5 dcSSc-s, 6 1cSSc-s és 4 SLE-s beteg szérumabdl protein G szefardz oszlopon
tisztitott anti-topo I ellenanyagokkal Nunc MaxiSorp lemezeket érzékenyitettiink, a
lemezeket blokkolas utan 10" topo I-lambda faggal 2 6ran 4t inkubaltuk. A lyukakat dtszor
mostuk, majd a kotédott fagokkal a lyukakban E.coli BB4 sejteket fertoztiink. A fertézott
baktériumokat LB agar lemezekre vittilk fel, majd a fagokat a fent ismertetett modon
elualtuk és koncentraltuk. Az affinitas szelekciot még kétszer megismételtiik. A harmadik
dusitas utan fiiggetlen klonokat allitottunk eld, végiil elvégeztiik a fag genomok megfeleld

szakaszanak DNS szekvenalasat.

1gG tisztitias protein G szefaréz oszlopon Tope I fragmens konyvtir megjelenitése
lambda fag felszinén
Topol cDNS
+
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Y., Y '
Y Y TopeI fragmenseket
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| —
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2. abra A topo I antigén fragmens konyvtar 1étrehozasa fag display technikaval
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MBP-topo I fragmens fuzios fehérjék eléallitasa

A lambda fag felszinen megjelenitett topo I antigén fragmnes konyvtar affinitas
szelekcioja alapjan kivalasztott topo I fragmenseket rekombinans MBP fuzios fehérjékként
expresszaltuk a pMal Protein Fusion and Purification System (New England Biolabs)
felhasznalasaval.

A kivélasztott topo I fragmenseket [AA 5-30 (F1), 69-92 (F2), 87-145 (F3), 450-
600 (F4), 640-705 (F5), 170-290 (F6), 295-350 (F7), 350-400 (F8), 295-400 (F9)] kodold
cDNSeket PCR-ral amplifikaltuk. Ehhez a kovetkez6 EcoRI és BamHI restrikcios helyeket

tartalmazo primereket hasznaltuk:

5’-GGAATTCCTGCACCTCCACAACGATTCCCA-3’ és

5’-CGGGATCCCGCTAATCTTTGTGTTTATCTTTG-3’ (F1),
5’-GGAATTCCTGCACAAAGATGGAAGCTCAGA-3’ ¢s
5’-CGGGATCCCGCTATTCCTCTTTTCGTTTTTCC-3’ (F2),
5’-GGAATTCCTGGAAAAACGAAAAGAGGAAAAG-3’ és
5’-CGGGATCCCGCTAAGCATCATCCTCATCTC-3’ (F3),
5’-GGAATTCCTGCTGAAAAAATGTGTGGACAAG-3’¢s
5’-CGGGATCCCGCTACTGCTGTAGCGTGATGGAG-3’ (F4),
5’-GGAATTCCTGTTTGAGAAGTCTATGATGAAC-3’ és
5’-CGGGATCCCGCTAGGCTTGAACTTCCAGCTTC-3’ (F3),
5’-GGAATTCCTGGATGGTAAATTGAAAAAACC-3’ és
5’-CGGGATCCCGCTACTCTTCATTAGTCATTTCC-3’ (Fo),
5’-GGAATTCCTGACCAACCTAAGCAAATGTG-3¢s
5’-CGGGATCCCGCTAAATCCTCTCTTTGTGG-3’ (F7),
5’-GGAATTCCTGATTGCTAACTTCAAGATAG-3’ és
5’-CGGGATCCCGCTACTTATGTCCTGGAGGAG-3’ (F8),
5’-GGAATTCCTGACCAACCTAAGCAAATGTG-3’ és
5’-CGGGATCCCGCTACTTATGTCCTGGAGGAGG-3’ (F9).

A PCR reakcié 100 pl végtérfogatban a kovetkezOket tartalmazta: 300mM mindegyik
dNTP-b6l, 1.5 mM MgSO4, 1 pM mindegyik primerbdl, 5 ul cDNS és 5 unit ProofStart
DNS polimeraz (Qiagen). Az amplifikacidt a kdvetkezo profillal végeztiik: 95 °C 5 min,
majd 35 ciklus: 94 °C 45 sec 58 C 30 sec, 72 °C 1 min, végs6 extenzid: 72 °C 10 min. A
PCR terméket 0,8%-0s agar6z gélen valasztottuk el, majd megtisztitottuk (Quiaquick Gel
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Extraction Kit, Qiagen), A-addiciot kovetden T/A vektorba klonoztuk (InsT/Aclone PCR
Product Cloning Kit, Fermentas). A fent emlitett plazmidb6l BamHI és EcoRI enzimekkel
(Promega) vald emésztés soran kivagott topo I cDNS szakaszokat pMal-c2 vektorba
klonoztuk. A konstrukciokat DNS szekvenalassal ellendriztiikk Beckman Coulter CEQ
8800-zal.

A fuzids fehérjéket E. coli TB1-ben expresszaltattuk a gyartd utasitasait alapul véve
(New England Biolabs). Lényegében a baktérium kultardkat 37 °C-on raz6 inkubatorban
ampicillint (50 pg/ml) és gliikozt (0.2%) tartalmazé LB médiumban addig novesztettiik,
amig a 600nm-en mért OD 0.7-1 kozotti értéket el nem érte.. Centrifugélast (5000rpm 10
perc) kovetéen a pelletet LB médiumban reszuszpendaltuk ¢és isopropyl-B-D-
thioglalctopyranozid (0.3 mM) hozzaadéasaval indukéltuk a fuzids fehérjék expresszidjat.
Két ords 30 °C—os razdban vald inkubalast kovetd centrifugalas (5000rpm, 10 perc) utdn a
pelletet proteaz gatlokat (Complete Mini EDTA Free Proteasae Inhibitor Cocktail, Roche)
tartalmazé PBS pufferben reszuszpendaltuk. 100 pg/ml koncentracidban lizozimet (Sigma-
Aldrich) adtunk hozza, majd 30 percig szobahdmérsékleten forgattuk. Ezt kovetden
folyékony nitrogénben fagyasztottuk, majd 55.5 °C-os vizfiirddben felolvasztottuk, amit
még négyszer megismételtiink. A baktériumok lizatumdhoz ezek utan 10 ug/ml
koncentracioban DNaz-t (Sigma-Aldrich) adtunk, majd szobahOmérsékleten 90 percig
forgattuk. Centrifugalast (10000rpm, 10 perc) kovetden a feliiluszot és a PBS-ben
reszuszpendalt pelletet valamint az indukci6 eldtti, PBS-ben reszuszpendalt baktérium
pelletet 10% merkaptoetanolt tartalmazo SDS mintapuferrel 1:1 ardnyban higitottuk, majd
10 perces forralas utdn 10%-o0s SDS-poliakrilamid gélelektroforézis (SDS-PAGE) soran
elvalasztottuk és Coomassie brilliant kék festéssel lathatova tettiik. Igy ellenériztik az
indukci6 sikerességét.

Az MBP-topo 1 fragmens fuzios fehérjéket amiléz gyantaval tisztitottuk a
kovetkezOk szerint: A rekombinans fuzids fehérjéket tartalmazo, PBS-sel a kétszeresére
higitott, 0.45 um-es sziirdn (Sarstedt) atszlirt feliiluszohoz hozzdadtuk a PBS-sel atmosott
amiloz gyantat, majd 4 °C —on forgattuk ¢jszakén at. Az MBP-topo I fragmens fuzids
fehérjeket 10 mM maltdzt és proteaz inhibitorokat (Complete Mini EDTA Free Proteasae
Inhibitor Cocktail, Roche) tartalmaz6 PBS pufferrel elualtuk. A tisztitott fehérjéket SDS-

PAGE-t kovetd Coomassie brilliant kék festéssel ellenOriztik.
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A dcSSc-s, 1¢SSc-s, SLE-s és kontroll szérummintak tesztelése MBP-topo I
fuzios fragmenseken indirekt ELISA-val

Az indirekt ELISA vizsgalatok soran 96 lyuka polisztirén Nunc Maxisorp
vagy MBP-vel érzékenyitettiink. A lemezeket mos6 pufferrel mostuk (PBS, 0.05% Tween-
20) majd 3% szarvasmarha szérum albumin (BSA) tartalmi mos6 pufferrel 1 6rdn at
blokkoltuk. A 2% BSA tartalmu moso6 pufferrel 1:250 aranyban higitott szérummintakat
triplikditumokban 1 6ran keresztiil inkubaltuk. Végiil a lemezeket HRPO-val jelolt, 1:5000
aranyban higitott anti-human IgG (Dako) vagy 1000-szeresre higitott anti-human IgM
(Dako) masodlagos antitestekkel 1 orat inkubaltuk. Pozitiv kontrollként az MBP fuzios
fehérjék kimutatasahoz elsddleges antitestnek nyul anti-MBP anitestet (New England
Biolabs) 1:5000 higitdsban, masodlagosnak HRPO-val jelolt kecske anti-nyul antitestet
1:500 higitasban hasznaltunk. A reakciot o-feniléndiaminnal (Sigma-Aldrich) hivtuk eld,
majd 492 nm-en mértiik az optikai denzitast (OD). Pozitivnak tekintettiik a reakciot, ha a
szérumminta MBP-topo I fragmensen mért reaktivitdsabol levonva az MBP-n mért

reaktivitasat a kapott OD>0.1.

Kompeticios ELISA az MBP-topo I fuzios fragmensekkel

A kompeticiés ELISA vizsgalatok soran 96 lyuka polisztirén Nunc Maxisorp
érzékenyitettiink. A lemezeket mosé pufferrel mostuk (PBS, 0.05% Tween-20) majd 3%
BSA tartalmt mosoé pufferrel 1 o6ran at blokkoltuk. A 2% BSA tartalmi mosé pufferrel
1:250 aranyban higitott, kivalasztott anti-F4 antitest pozitiv szérummintakat egy-egy 0, 10
vagy 50 ng MBP-topo I fuzios fragmenssel (F1-F9) 1 6ran keresztiil inkubaltuk. Majd az
igy elokészitett mintakkal az eldzdleg érzékenyitett €s blokkolt lemezeket 1 6ran keresztiil
inkubaltuk. Végiil a lemezeket HRPO-val jeldlt, 1:5000 ardnyban higitott anti-human IgG
(Dako) vagy 1000-szeresre higitott anti-human IgM (Dako) masodlagos antitestekkel 1
orat inkubaltuk. Pozitiv kontrollként az MBP fuzios fehérjék kimutatdsahoz elsdédleges
antitestnek nyul anti-MBP anitestet (New England Biolabs) 1:5000 higitasban,
masodlagosnak HRPO-val jel6lt kecske anti-nyul antitestet 1:500 higitasban hasznaltunk.
A reakcidt o-feniléndiaminnal (Sigma-Aldrich) hivtuk eld, majd 492 nm-en mértik az

optikai denzitast.

24



A dcSSc-s, 1¢SSc-s, SLE-s és kontroll szérummintak tesztelése MBP-topo I
fuzios fragmenseken Western blottal

Az indirekt ELISA-val kapott eredményeket Western blottal erdsitettiik meg. A 40
higitott MBP ftzids topo 1 fragmenseket valamint az MBP-t 10 perces forraldst kdvetden
10%-0s SDS-PAGE soran elvalasztottuk, majd nitrocelluld6z membranokra blottoltuk. A
nitrocellul6z membranokat 5% tejpor (Bio-Rad) tartalmi mosé pufferben (100mM NaCl,
10mM Tris-base pH 7.4, 0.1% Tween 20) 1 oran at blokkoltuk, majd 2% tejpor tartalmi
moso pufferrel 1:500 aranyban higitott szérummintakkal inkubaltuk ujabb 1 6ran keresztiil.
Mosast kdvetéen HRPO-val jelolt, 1:2000 ardnyban higitott anti-human IgG-vel (Dako) 1
orat inkubaltunk. Pozitiv kontrollként az MBP flzids fehérjék kimutatasahoz elsddleges
antitestnek nyul anti-MBP anitestet (New England Biolabs) 1:5000 higitasban,
masodlagosnak HRPO-val jeldlt kecske anti-nyul antitestet 1:2000 higitasban hasznaltunk.
A membranokat SuperSignal West Pico kemilumineszcens szubsztrattal (Pierce) hivtuk el

majd rontgen filmre exponaltuk.

A topo I epitopok ellen termelodott antitestek reaktivitasanak longitudinalis
vizsgalata

Az F1, F4 ¢és F8 fragmensek elleni reaktivitas idobeli allandosagénak vizsgalatahoz
az anti-topo I antitestek reaktivitdsat sorozat szérummintdkkal vizsgaltuk. A 34 dcSSc-s,
25 1cSSc-s ¢és 8 SLE-s betegtdl szarmazo, betegenként 3 szérummintat teszteltiik ELISA-
val. Az ELISA-val kapott eredményeket Western blottal tamasztottuk ala a 10 F1 pozitiv,
10 random modon kivalasztott F4 pozitiv és a 4 F8 pozitiv beteg szérummintdit vizsgalva.

A szérummintékat konvencionalis anti-topo I ELISA-val is teszteltiik.

A felismert topo I fragmensek klinikai jelentdségének meghatarozasa

A vizsgalt klinikai adatok statisztikai analizise soran a kategorikus adatokat chi-
négyzet teszttel, a folytonos valtozokat Student-féle t probaval vizsgaltuk. Az optikai
denzités és a folytonos valtozok kozotti osszefiiggéseket Spearman-féle korrelacios teszttel
vizsgaltuk.

A 0.05 alatti p érték esetén az eredményeket szignifikdnsnak tekintettiik. A

statisztikai analizist az SPSS statisztikai szoftver csomag segitségével végeztiik el.
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EREDMENYEK

Anti-topo 1 autoantitestek epitop térképezése bakteriofag felszinen
megjelenitett topo I antigén fragmens konyvtarral

Az anti-topo I antitestek altal felismert epitopok vizsgalatahoz 1étrehoztunk egy
lamba fag felszinen megjelenitett topo I anitgén random fragmens konyvtarat. A
létrehozott konyvtarunk megkdzelitéleg 2x107 véletlen kezdépontt és hosszusagl inzertet
hordozo klont tartalmaz. A konyvtar affinitas szelekciojat 5 dcSSc-s, 6 1cSSc-s és 4 SLE-s
betegek szérumabdl tisztitott IgG izotipust anti-topo I ellenanyagokkal végeztiik el. A
harmadik affinitas szelekcio utan 60 klont valasztottunk ki DNS szekvenalasra. A lambda
fag felszinen megjelenitett topo I antigén fragmens konyvtar affinitas szelekcidjaval kapott

eredmények alapjan az anti-topo I autoantitestek altal felismert epitop mintazat kiilonbozik

dcSSc, 1cSSc és SLE esetén (3. 4bra).
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3. abra A dcSSc-s, 1cSSc-s és SLE-s betegek szérummintai altal felismert topo I epitopok
mintazata eltérd

A dcSSc-s betegek szérumabodl tisztitott IgG-vel affinitds szelektalt fag klonok
kozott 11 kiilonbozd klon ismétlédott: 8 részben atfedd fag klon, amelyek az N-terminalis

domén AA 5-145 szakaszat lefed6 fragmenseket, 2 atfedé klon melyek a kodzponti
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szubdomén III AA 451-593 szakaszat lefedd fragmenseket jelenitenek meg, valamint 1
egyediilallo klon, amely az 6sszek6té domén AA 640-705 szakaszat reprezentalja.

Az 1cSSc-s betegek szérumabol tisztitott IgG izotipust antitestekkel vald affinitas
szelekcid sordn 6 kiilonbozo fag klont sikeriilt elkiiloniteni: 2 klon az N-terminalis domén
AA 40-61 és AA 176-184 szakaszat lefedo fragmenseket, 1 klon a kozponti szubdomén I-
IT AA 205-321 részét, 1 a kozponti szubdomén I-II és kozponti szubdomén III kdzotti
junkcid AA 399-445 szakaszat, 1 a kozponti szubdomén III AA 505-583 részét, 1 klon
pedig a C-termindlis domén AA 726-765 szakaszat lefedd fragmenst expresszalja.

Az SLE-s betegek szérumabol tisztitott IgG-vel affinitas szelektalt 6 fag klonok
koziil 5 a kozponti szubdomén I-II AA 296-400 szakaszat, 1 pedig a kdzponti szubdomén
IIT AA 491-571 részét reprezentalja.

A kapott eredmények alapjan megallapithatjuk, hogy a dcSSc-s betegek
szérummintai elsésorban az N-termindlis doménben, az SLE-s betegeké a kdzponti domén
I-1T teriiletén, mig az 1cSSc-s betegek szérummintai a topo I molekula teljes hosszdban
ismernek fel epitopokat. A topo I AA 451-593 szakaszdval azonban mindhdrom

betegcsoport mindegyik tagjanak szérummintdja mutatott reaktivitast.

Anti-topo I autoantitestek egészséges egyének szérumaban is kimutathatéak

A lambda fag felszinen megjelenitett topo 1 antigén fragmens konyvtarral kapott
eredmények megerdsitése érdekében rekombindns MBP-topo I fuziés fehérjéket allitottunk
el6. A fag konyvtar affinitds szelekciojaval kapott szekvencidknak megfeleléen

eléallitottunk kilenc MBP-topo I fragmens fuzids fehérjét (F1-F9)

(4. abra).
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4. abra A vizsgalataink soran el6allitott és alkalmazott MBP-topo I fiizids fehérjék
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A fuzids fehérjéket el0szor egészséges egyének szérummintaival teszteltiik,
amelyek az el6zdleg elvégzett konvencionalis ELISA teszt alapjan anti-topo I negativnak
bizonyultak. Azt az eredményt kaptuk, hogy a 63 magyar (atlag életkor: 36.8 + 12.1 év)
vérado 44%-anak szérummintdjaban a topo I F4 (AA 450-600) fragmense ellen IgG
izotipusu autoantitestek mutathatoéak ki. A tobbi topo I fragmenst (F1-3, F5-9) felismerd
antitestek a véradok szérummintaiban nem voltak kimutathatéak (3. tablazat). Az anti-topo
I autoantitestek egészséges egyénekben vald jelenlétének kiterjedtebb vizsgalata céljabol
44 finn ¢és 44 brit véradd valamint 65 1dds, egészséges magyar egyén (atlag életkor: 62.4 +
5.4 év) szérummintajat is teszteltilk. Mind az IgM mind az IgG izotipusu anti-F4 antitestek
jelen vannak egészséges egyénekben fliggetleniil az életkortol és a foldrajzi

elhelyezkedéstdl (3. tablazat)

Anti-F4 IgM pozitiv Anti-F4 1gG pozitiv
(atlag OD) (atlag OD)
37% 44%
Magyar véradok (63)
(0.254 + 0.057) (0.189 £ 0.066)
52% 9%
Finn véradok (44)
(0.343 £ 0.068) (0.350 £ 0.076)
76% 25%
Brit véradok (44)
(0.265 £ 0.047) (0.190 £ 0.043)
Idés, egészséges magyar 17% 51%
egyén (65) (0.205 £ 0.065) (0.359 + 0.083)

3. tablazat A topo I F4 fragmense elleni autoantitestek elofordulasi gyakorisaga
egészséges egyénekben

Szisztémas autoimmun betegek szérummintainak reaktivitasa a topo 1
rekombinans F4 fragmensén

Megvizsgaltuk 34 dcSSc-s, 25 1cSSc-s ¢és 8 SLE-s beteg konvencionalis ELISA-val
anti-topo I pozitivnak bizonyult szérummintajat, valamint 110 idds, SSc-t6l és SLE-t6l
kiilonbozd szisztémas autoimmun beteg sz€érummintajat, hogy kimutathatdéak-e benniik
anti-F4 antitestek. Az F4 fragmensen mind a 67 anti-topo | pozitiv szérumminta mutatott
reaktivitdst valamint az SSc-t6l és SLE-t6l kiilonb6zd szisztémds autoimmun beteg

szérummintaiban is kimutathat6 volt anti-F4 antitest (4. tablazat).
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Anti-F4 IgM pozitiv | Anti-F4 IgG pozitiv
(atlag OD) (atlag OD)
Idos, szisztémas autoimmun 71% 31%
beteg (110) (0.456 £ 0.092) (0.217 £0.052)
Anti-topo I pozitiv SSc-s és 53% 100%
SLE-s beteg (67) (0.726 £ 0.512) (0.735+0.212)

4. tablazat A topo 1 F4 fragmense elleni autoantitestek eloforduldsi gyakorisaga
szisztémas autoimmun betegekben

A topo I rekombinans F4 fragmensét felismerik természetes autoantitestek

Szisztémas autoimmun betegek és egészséges egyének szérumdban 1évd anti-F4
autoantitestek ELISA vizsgélataval kapott atlag OD értékek Osszehasonlitasa alapjan
megallapithatjuk, hogy az IgM izotipusu antitestek a legmagasabb titerben az anti-topo I
pozitiv SSc-s vagy SLE-s betegek szérumaban vannak jelen. Ugyanakkor nem hagyhatjuk
figyelmen kiviil, hogy mind a 67 anti-topo I pozitiv SSc-s vagy SLE-s beteg széruméban
kimutathatdéak voltak IgG izotipusu anti-F4 antitestek és ezen antitestek titere ebben a
csoportban volt a legmagasabb az Osszes vizsgalt csoport kozil.

Ezen eredmények alatdmasztasara a kilenc rekombinans topo I fragmenssel ¢s az
MBP-vel kompeticios ELISA-t végeztiink mindegyik vizsgalt csoportbdl a legmagasabb
anti-F4 antitest titeri szérummintakkal. Csak az F4 fragmens tudta szignifikans mértékben
gatolni a szérum reaktivitasat az F4 fragmens ellen (atlag anti-F4 IgM reaktivitds ODgo;:
0.58 = 0.18 kompeticid nélkiil; 0.28 = 0.08 a 10 pg F4 fragmenssel valé kompeticioval és
0.08 £ 0.03 az 50 ng F4 fragmenssel tortént kompeticioval; atlag anti-F4 IgG reaktivitas
ODygp: 0.48 £ 0.15 kompeticié nélkil; 0.32 + 0.11 a 10 pg F4 fragmenssel valo
kompeticidval és 0.06 £ 0.03 az 50 pg F4 fragmenssel tortént kompeticioval).

A kapott eredmények szerint mind az IgG mind az IgM izotipusu anti-F4 antitestek
nem csak az SSc-s betegek szérumdban vannak jelen, hanem kimutathatéoak SSc-tdl és
SLE-t6] kiilonboz6 szisztémds autoimmun betegek valamint egészséges egyének
szérummintdiban is fliggetleniil az életkortol és a foldrajzi elhelyezkedést6l. Az a tény,
hogy az egészséges egyének és az SSc-tdl valamint SLE-t6]l kiilonb6z6 szisztémas

autoimmun betegek anti-topo I negativnak bizonyultak a teljes hosszli antigént hasznélo
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konvenciondlis ELISA teszttel felveti a lehetdségét, hogy a 450-600 AA szakaszt

reprezentald F4 fragmens rejtve lehet a topo I molekula haromdimenzios szerkezetében.
Mindezek alapjan lehetséges, hogy az egészséges egyének ¢és a szisztémas

autoimmun betegek szérumaban kimutathaté F4 fragmens elleni antitestek a természetes

autoantitestek kozé tartoznak.

SSc-s és SLE-s betegek szérummintainak reaktivitisa az MBP-topo I fuzios
fehérjéken

A kilenc MBP-topo I rekombinéans fehérje elleni reaktivitast teszteltiik 34 deSSc-s,
25 1cSSc-s ¢és 8 SLE-s anti-topo I pozitiv beteg szérummintajaval. Az IgG izotipusu ELISA

vizsgalat eredményeit az 5. tdblazat tartalmazza.

dcSSc leSSe SLE
Topo I fragmensek (AA) (n = 34) (n = 25) (n=8)

F1 (5-30) 9 (26%) 1 (4%) 0

F2 (69-92) 1 (3%) 1 (4%) 0
F3 (87-145) 1 (3%) 0 0
F4 (450-600) 34 (100%) | 25 (100%) | 8 (100%)
F5 (640-705) 2 (6%) 0 0
F6 (170-290) 2 (6%) 2 (8%) 0
F7 (295-400) 0 0 1 (12%)
F8 (350-400) 0 0 4 (50%)
F9 (295-350) 0 0 1 (12%)

5. tablazat A  rekombinans topo 1  fragmensek felismerési  gyakoridsga

anti-topo I antitest pozitiv SSc-s és SLE-s betegek szérumaban

A topo I F4 fragmensét mindegyik, konvencionalis ELISA teszttel elézbleg anti-
topo I pozitivnak bizonyult dcSSc-s, 1¢SSc-s, valamint SLE-s beteg szérummintaja
felismerte. Az F1 fragmenst (5-30 AA) a 34 dcSSc-s beteg koziil 9 ismerte fel. Az F8
fragmenst (350-400 AA) a 8 koziil 4 SLE-s beteg széruma ismerte fel.
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A tobbi fragmens (F2-F3, F5-F7, F9) elleni antitestek 1-2 beteg széruméban voltak
kimutathatoak, jelenlétiiket egyéni kiillonbségek magyarazhatjak.

A topo 1 epitopok ellen termelodott antitestek reaktivitasanak longitudinalis
vizsgalata

Az F1, F4 és F8 fragmensek elleni reaktivitas idébeli valtozasanak vizsgélatahoz
ezen fragmensek ellen termelddott antitesteket teszteltiik az 59 SSc-s és 8 SLE-s betegtdl
szarmaz6, betegenként 3 szérummintaban, melyeket 6-12 hénapos 1dokozonként
gyljtottiink a 2004 és 2007 kozotti idészakban. Az ELISA-val kapott eredményeket
Western blottal erdsitettik meg a 10 F1 pozitiv deSSc-s beteg, 10 random moddon
kivalasztott F4 pozitiv beteg, valamint a 4 F8 pozitiv SLE-s beteg szérummintait
hasznalva. Mindegyik szérummintat konvencionalis anti-topo I ELISA-val is teszteltiik.

Longitudinalis vizsgalatunk sordn azt az eredményt kaptuk, hogy az F4 fragmens
ellen termel6dott antitestek reaktivitasa az esetek 94%-aban (61/67 beteg) idében allando
volt. A 67 beteg koziil 18-nak volt legalabb egy olyan szérummintéja, amelybdl anti-topo I
antitestek konvencionalis ELISA-val nem voltak kimutathatoak. Az egy beteghez tartozé
harom kiilonb6zd idopontban vett mintdk vizsgalata soran 8 esetben a legkorabbi minta
bizonyult konvencionalis ELISA teszttel negativnak. Az ELISA-val kimutatott anti-F4
antitestek jelenlétét Western blottal is igazoltuk (5/A éabra).

Az anti-F1 antitestek elleni reaktivitds iddbeli valtozast mutatott. Az anti-F1
antitestre pozitiv 9 dcSSc-s beteg koziil 4-nek a legkorabbi szérummintajaban F1 fragmens
elleni antitestek jelenléte nem volt igazolhatd, de az immunreakcid idével pozitivva valt és
er6sodott is. Egy esetben az anti-F1 antitestek a masodik mintdban kimutathatéak voltak,
de a harmadik mintdban mar nem. A maradék 4 dcSSc-s beteg esetében mind a 3
szérumminta pozitiv volt anit-F1 antitestre. Az ELISA-val kapott eredményeket ez esetben
is Western blottal timasztottuk ala (5/B abra).

Az anti-F8 antitestre pozitiv 4 SLE-s beteg koziil csak 1 beteg esetében volt iddben
alland6 az F8 fragmens ellen termel6dott antitestek reaktivitasa, 3 esetben idével valtozast
mutatott. Az anti-F8 antitestek Western blottal nem voltak kimutathatéak, ami arra utal,

hogy az ezen fragmens altal megjelenitett epitop(ok) konformacios epitopok.
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5. abra A topo I F4 és F1 fragmense elleni autoantitestek reprezentativ longitudinalis vizsgalata
Western blot technikaval

Klinikai eredmények

A vizsgalt klinikai adatok (borérintettség kiterjedése, kézkontrakturdk, azotémia
és/vagy malignus hipertonia, szivérintettség, artéria pulmonalis hipertonia, nyeldcsd
szlikiilet/tdgulat és diszmotilitds jelenléte, tiid6fibrozis kiterjedtsége, forszirozott vitél
kapacitas ¢és diffuzidos kapacitas értéke) statisztikai analizise soran nem taldltunk
Osszefiiggést az anti-topo I antitestek epitdp specificitasa €s az SSc klinikai megjelenése
kozott.

Azonban szignifikans kiilonbség mutatkozott az SSc-s betegek anti-F1 antitest
pozitiv és anti-F1 antitest negativ csoportjai k6zott a betegek életkoraban [F1 negativ SSc-s
betegek atlag ¢letkora: 54.8 = 13.5 év; F1 pozitiv SSc-s betegek atlag életkora: 63.9 + 9.4
év; p=0.048; (6/A tablazat)] és betegségiik fennallasanak idétartamaban [F1 negativ SSc-s
betegek atlagos betegség fennallasa: 10.0 £ 7.3 ¢év; F1 pozitiv SSc-s betegek atlagos
betegség fennallasa: 17.1 + 12.9 év; p=0.019; (6/B tablazat)]. Tovabba szignifikans volt a

kiilonbség a dcSSc-s betegek anti-F1 antitest pozitiv és anti-F1 antitest negativ csoportjai

32



kozott is a betegek életkoraban [F1 negativ deSSc-s betegek atlag életkora: 51.9 + 14.3 év;
F1 pozitiv dcSSc-s betegek atlag életkora: 63.7 £ 10.0; p=0.03; (6/A tablazat)].

A

Betegek szama Atlag életkor
(¢v)
Anti-F1 antitest negativ
SSc-s betegek 49 54.8+13.5
Anti-F1 antitest pozitiv N
SSc-s betegek 10 63.9+9.4
Anti-F1 antitest negativ
dcSSc-s betegek 25 S19+14.3
Anti-F1 antitest pozitiv .
dcSSc-s betegek ? 63.7+10.0
* p<0.05
B
Betegek szama Atlagos betegség fennallas
(¢v)
Anti-F1 antitest negativ
SSc-s betegek 49 10.0£7.3
Anti-F1 antitest pozitiv *
SSc-s betegek 10 17.1+12.9
* p<0.05

6. tablazat Anti-F1 antitest negativ és pozitiv SSc-s és dcSSc-s betegek atlag életkoranak és az
SSc-s betegek atlagos betegség fennallasanak 6sszehasonlitasa

A PTE KK Reumatolégiai €¢s Immunolégiai Klinikan kezelt SSc-s betegek
vizsgalatit a DE OEC AOK Belgyogyaszati Intézet Reumatolégiai Tanszéke altal
rendelkezésiinkre bocsatott 51 anti-topo I pozitiv SSc-s (11 dcSSc-s, 40 1cSSc-s) beteg
szérummintainak és klinikai adatainak analizisével kiegészitetve a korabbi eredményeinket
megerdsitettiik. A vizsgalt klinikai adatok statisztikai analizise soran ez esetben sem
talaltunk Osszefliggést az anti-topo I antitestek epitop specificitasa és az SSc klinikai
megjelenése kozott. Ugyanakkor szignifikans kiilonbség mutatkozott az SSc-s betegek
anti-F1 antitest pozitiv és anti-F1 antitest negativ csoportjai kozott a betegségiik
fennallasanak id6tartamaban [F1 negativ SSc-s betegek atlagos betegség fennallasa: 10.6 +
6.5 év; F1 pozitiv SSc-s betegek atlagos betegség fennallasa: 15.9 + 11.6 év; p=0.015; (7/A
tablazat)]. Szintén szignifikans volt a kiilonbség a dcSSc-s betegek anti-F1 antitest pozitiv
¢és anti-F1 antitest negativ csoportjai kozott a betegek életkoraban [F1 negativ dcSSc-s
betegek atlag életkora: 49.1 + 14.2 év; F1 pozitiv deSSc-s betegek atlag életkora: 59.6 +
13.1; p=0.035; (7/B tablazat)] valamint a betegségiik fennallasanak idGtartamaban is [F1
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negativ dcSSc-s betegek atlagos betegség fennalldsa: 8.9 + 4.8 év; F1 pozitiv SSc-s
betegek atlagos betegség fennallasa: 14.6 = 10.8 év; p=0.02; (7/A tablazat)].

A

Betegek szama Atlagos betegség fennallas
(¢v)
Anti-F1 antitest negativ
SSc-s betegek o7 10.6:£6.5
Anti-F1 antitest pozitiv *
SSc-s betegek 13 159+£11.6
Anti-F1 antitest negativ
dcSSc-s betegek 34 89+48
Anti-F1 antitest pozitiv *
dcSSc-s betegek 1 14.6£10.8
* p<0.05
B
Betegek szama Atlag életkor
(¢v)
Anti-F1 antitest negativ
dcSSc-s betegek 34 49.1+14.2
Anti-F1 antitest pozitiv %
dcSSc-s betegek 1 396+ 13.1
* p<0.05

7. tablazat Anti-F1 antitest negativ és pozitiv a PTE KK Reumatologiai és Immunoldgiai Klinikan
és a DE OEC AOK Belgyogyaszati Intézet Reumatologiai Tanszékén kezelt SSc-s és dcSSc-s
betegek atlagos betegség fennallasanak és a dcSSc-s betegek atlag életkoranak Gsszehasonlitasa

Annak tisztdzasara, hogy az F1 fragmens elleni antitestek specifikus-e SSc-re és
megjelenésiik nem csupan az oregedés kovetkezménye 65, az SSc-s betegekhez hasonld
¢letkoru (atlag ¢letkor: 62.4 + 5.4 ¢év) egészséges egyént valamint 110, az SSc-s
betegekhez hasonld életkorti (atlag életkor: 65.5 + 4.8 év), az SSc-t6l kiilonbozo
szisztémas autoimmun beteget is megvizsgaltunk. Az egészséges egyének szérummintai
kozil csak 1, az SSc-t6l kiillonb6zd szisztémas autoimmun betegek szérummintai kozil
pedig csak 4 (2 szeronegativ spondylarthritises, 1 myositises, 1 Sjogren szindrémas) volt
pozitiv az anti-F1 antitestre.

A 4 anti-F8 antitest pozitiv és a 261 negativ SLE-s beteg klinikai adatainak
Osszehasonlitdsa alapjan ugy tlinik, hogy az anti-F8 antitest pozitiv SLE-s betegeknek
Raynaud jelensége van, betegségiik pedig enyhébb lefolydsu (arthritis, ko&zponti

idegrendszeri és veseérintettség hidnya).
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MEGBESZELES

A kozelmultban leirt természetes antitestek evolucios 6sszekotd kapcesot jelentenek
a biologiai mechanizmusaiban alapvetden kiilonb6zé velesziiletett és a szerzett
immunvalasz kozott. Az immunvalasz elinditadsahoz hasonldan a tolerancia fenntartdsa is
magaban foglalja az immunrendszer mindharom részét. A velesziiletett, a természetes €s az
adaptiv immunrendszer 0sszetevoi kozti egylittmiikodés zavara a patogének ellen iranyulo
immunvalaszt, valamint a tolerancia kdrosodasat egyarant eredményezheti, hozzéjarulva az
immundeficiencidk és a patologias autoimmun jelenségek kialakuldsdhoz.

Az autoimmunitas kifejezés szamos kiilonb6zo etiologiaji  korképre utal.
Altalanosan elfogadott, hogy az autoimmun betegségek genetikai és kornyezeti faktorok
komplex interakcidjanak kovetkezményeként alakulnak ki, melynek részletei nagyrészt
még nem tisztazottak (106-108). Az autoimmun betegségek ko6zO6s vondsa a
szovetkarosodas, amelyhez mind a humoralis mind a cellularis immunvalasz hozzajarul.
Napjainkban mar széles korben elfogadott, hogy a természetes immunitas komponensei is
lényeges szerepet jatszanak az autoimmun rendellenességek kialakuldsdban és
fenntartdsaban. Mivel a legtdobb autoreaktiv valasz Onmagat korlatozo, szamos
kritériumnak kell az autoreaktiv limfocitdknak megfelelniiik ahhoz, hogy patologiassa
valjanak. Legfontosabb a folyamatos antigén prezentacio ¢és a T-sejtek aktivacidjdhoz
sziikséges kostimulacids szigndlok jelenléte. Mindkét feltétel biztositasahoz jelentds
mértékben hozzajarulnak a természetes immunitdshoz tartozé sejtek és citokinek (11, 18-
19, 25-26).

A természetes immunitas alapvetd szerepet jatszik a fertdzésekre és sériilésekre
adott korai immunvalasz kialakuldsaban, a gyulladasos valasz elinditasaban. Megfigyelték,
hogy szdmos klinikai és kisérletes autoimmun betegség megjelenése, fellangolasa fertdzés
altal kivaltott gyulladasos valaszokkal provokalt, egy fertéz¢és gyakran erdsiti az aktudlisan
zajlo autoimmun valaszt (109-113). Epstein-Barr virus (114), parvovirus B19 (115, 116) és
leginkdbb a cytomegalovirus (117, 118) okozta fertdzések SSc kialakulasaban jatszott
szerepe is felmeriilt. Ismertek az autoimmun betegségekben célponttd valo antigének,
valamint a kiilonb6zd patogének konzervalt szekvencidi kozti primer szerkezetbeli
homologidk. Ez az tgynevezett ,,molekularis mimikri" intenziv kutatdsok targya, azonban
a fertézések kozvetlen oki szerepét az autoimmun betegségek kialakuldsaban csak néhany
korkép és csak néhdny beteg esetében sikeriilt elfogadhatéan bizonyitani (119-122). Mas

mechanizmusokrdl is feltételezik, hogy magyarazatul szolgalhatnak arra, hogy az infekciok
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hogyan torik meg a sajat antigénekkel szembeni toleranciat. Ilyen folyamatok lehetnek
példaul a jarulékos (,,bystander”) karosodas, az elrejtett epitopok felismerhetévé valasa,
valamint az epitép kiterjeszkedés (,.epitope spreading”) (123). Ugyanakkor a
legmeggy6zO0bb bizonyiték az infekciok autoimmunitdst provokald hatasardl abbol a
megfigyelésbol fakad, hogy a mikroorganizmusok gyulladast tudnak kivaltani. A gyulladas
a természetes immunrendszer egy vagy tobb sejtes elemének aktivacidjat vonja maga utan
(mint példaul iNKT-sejtek, y0 T-sejtek) ami kostimulacids jeleket szolgdltat mind az
adaptiv, mind az autoimmun vélasz kialakuldsahoz. A természetes immunrendszer sejtjei
autoreaktiv B- és T-sejteket aktivalhatnak direkt modon, vagy citokinek kozvetitésével,
amelyek Thl vagy Th2 irdnyba terelhetik az immunvalaszt (11, 18-19, 25-26).

A természetes immunrendszer masik fontos komponensei a természetes antitestek,
amelyek antigén stimulus nélkiil is jelen vannak. A természetes antitestek nagy része eleve
autoreaktiv, és genetikailag konzervalt struktarak ellen iranyul (49-51). A szisztémas
autoimmun betegségekben gyakran magas a sejt funkcionalis strukturai (nukleinsav,
sejtmag komponensek, receptorok stb.) ellen termelddott autoantitestek szintje. Jelenlétiik
szamos longitudinalis vizsgalat kimutatta, hogy a klinikai tiinetek megjelenése eldtt mar
évekkel megjelenhetnek az autoantitestek, igy prediktiv értékiik is lehet (124).

A betegség kezdete Osszefliggést mutathat az IgM izotipust autoantitestek helyett
az IgG izotipustiak megjelenésével. Bar az IgM izotipust autoantitestek funkcioi, vagy az
izotipus valtas szerepe nem pontosan ismertek, meg kell emliteni, hogy az IgM izotipusu
autoantitestek szerepet jatszhatnak az autoimmunitas elleni védelemben az apoptotikus
sejtek eltavolitasanak eldsegitésével ¢és a B-sejtek sajat antigének felé mutatott
tolerancidjanak fokozasaval (125). Mivel az immunrendszer egyik alapvetd feladata annak
megakadalyozasa, hogy sajat antigének gyulladasos reakciét provokaljanak, az
autoantitestek jelenléte a cél antigénnel szemben kialakult B-sejtes tolerancia
karosodasanak kovetkezménye. A tolerancia megvaltozasdhoz vezeté mechanizmusok még
nem teljesen ismertek. Azt gondolhatnank, hogy az autoreaktiv limfocitdk jelenléte
egészséges egyének periférids limfocita készletében arra utal, hogy az immunoldgiai
toleranciahoz vezetd folyamatok valojaban nem tokéletesek, de pontosabbnak tiinik azt
feltételezni, hogy a sajat védelme és az autoimmunitas kozotti hatar keskeny, sot, atfedést
is mutathat. Az autoreaktiv IgM izotipusi autoantitestek affinitds szintje ¢és lokalis
koncentracioja, valamint az antigén expozici6 iddzitése meghatarozhatja, melyik kimenetel

valosul meg, azaz, hogy autoimmun reakcio6 alakul-e ki, vagy tolerancia 1ép-e fel (126).
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A természetes autoantitestek jelenléte dnmagéaban nem elégséges az autoimmunitas
kialakuldsdhoz, a természetes immunrendszer legtobb komponense valamilyen mddon
szerepet jatszik az autoimmun eltérésekben. Néhanyan koziilik inkabb a betegség
patogenezisében, mig masok a kronikus betegség fenntartdsdban vagy annak néhany
immunitas komplex szerepét az autoimmun jelenségekben kiemeli az a tény, hogy
ugyanazon komponens kétélii fegyverként védo vagy triggereld szerepet jatszhat a fennalld
mikrokornyezet, a genetikai és az anatdmiai adottsdgok fiiggvényében.

Jelen munkank soran egy szisztémds autoimmun betegségre, az SSc-re jellemzd
autoantitest, az anti-topo | autoantitest epitop térképezését végeztik el valamint
megvizsgaltuk, hogy ezen betegség-asszocidlt autoantitest cél antigénje ellen
termelddhetnek-e természetes autoantitestek is. Bar az atfedd szintetikus peptidekkel vald
epitop térképezés széles korben alkalmazott technika (127, 128) de hatranyai kozé
tartoznak az in silico B-sejt epitop predikcidval jaré bizonytalansdgok (129), a nem
megjosolt, vagy konformdcios epitdopok lehetséges elvesztése, valamint annak a lehetdsége,
hogy a szintetikus peptidek csak részlegesen fedik le a primer szekvenciat. Ezen
problémak kikiiszobolése érdekében az epitdp térképezéshez egy alapjaiban mas modszert,
a fiziologias antigén konformaciot leginkdbb megkozelitd €s eldzetes epitop predikciot
nem igényld, bakteriofag felszini megjelenitést valasztottuk. A moddszer rekombinans
peptidek és proteinek valamely fag kdpenyfehérjéhez fuzionaltatott expresszidjat jelenti. A
technika nagy eloénye, hogy fizikai kapcsolat all fenn a bemutatott fehérje és az azt kodold
nukleinsav kozott, lehetové téve az ismételt affinitds szelekciot és az azt kovetd
sokszorositast. A peptidek bakteriofag felszini megjelenitése egy széles korben hasznalt
technika szamos felhasznéldsi lehetdséggel (130-133). A legaltalanosabban hasznalt
rendszerek a vizsgalni kivant fehérje valamely filamentézus fag kdpenyfehérjéhez valo
méretét, ezért munkank soran a fag felszinen megjelenitett topo I antigén fragmens
konyvtar 1étrehozasahoz a lambda bakteriofagokat valasztottuk.

A lambda bakteriofag felszinen megjelenitett topo I antigén fragmens kdnyvtarunk
random kezdéponti ¢és hosszasagu topo I fragmenseket tartalmaz, igy az eldzetesen
megtervezett fragmenseket, vagy az atfedd szintetikus peptideket alkalmazo moddszerek
teoretikus ¢és technikai limitaciditdl mentes. Ezzel a fag display alapu megkozelitéssel
Osszehasonlitottuk a dcSSc-s, 1cSSc-s és SLE-s betegek szérummintaiban eléfordul6 anti-

topo I autoantitestek epitop mintazatat. Azt talaltuk, hogy az anti-topo I autoantitestek altal
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felismert epitdp mintazat kiilonbozik dcSSc, 1cSSc és SLE esetén. Korabbi vizsgalatokhoz
hasonloan (83, 84, 86, 134, 135) mi is taldltunk egy, mind a 15 vizsgalt beteg széruma altal
felismert fragmenst, amely a 451-593 AA régioban helyezkedik el. Tovabba dcSSc-s
betegek széruma szadmos, az N-terminalis doménben (5-145 AA) talalhatdé rovid
fragmensen mutatott pozitivitast. Korabbi vizsgalatok soran, amelyeket az N-terminalis
régiot a 70 AA-tol kezdddden lefedd fuzios fehérjék segitségével végeztek el, azt talaltak,
hogy a molekuldnak ezen szakaszat felismerik az anti-topo I autoantitestek (84, 87, 93).
Ugyanakkor ennek ellenkezdjét irtdk le Hu és munkatarsai, akik a teljes N-terminalis
domént (1-123 AA) lefedd fuzids fehérjét hasznaltak €s nem sikeriilt ezt a régiot felismerd
anti-topo I antitesteket kimutatniuk (89). Ezeket az ellentmondonak tiind eredményeket
magyarazhatja a kiilonb6z0 modszerek és antigén konstrukcidk hasznélata, valamint a
konformaciot befolydsold faktorok szerepe, amelyek modosithatjdk a harmadlagos
szerkezetben rejtve elhelyezkedd rovid epitopokhoz vald hozzaférhetdséget. Fontos
megemliteni, hogy az altalunk az N-terminalis doménben Ujonnan azonositott epitopok
csak 20-30AA hosszuak. Az F1 fragmens (5-30AA) tartalmaz egy experimentalisan igazolt
granzim B hasitasi helyet (136). gy lehetséges, hogy in vivo a T-sejt mediélta citotoxikus
reakcid soran felszabadulé granzim B altali hasitds kovetkezményeként a topo I
molekuldban 0j antigén determinans jon létre az F1 fragmens formajaban. El6fordulhat,
hogy az antigénként a teljes hosszu topo I molekulat, vagy annak N-termindlis doménjét
hasznal6 in vitro vizsgalatok nem mutatnak ki ezen rovid epitopokat felismerd anti-topo I
anitesteket, amelynek hatterében konformacios valtozasok 4llhatnak, ami jelentds
konformacids érzékenységre utal.

A fag konyvtar affinitds szelekcigjaval kapott szekvencidknak megfelelden
eléallitottunk kilenc MBP-topo 1 fragmens fizios fehérjét. A fuzids fehérjéket eldszor
egészséges egyének szérummintdival teszteltiik és azt talaltuk, hogy az egészséges egyének
jelentds része rendelkezik a topo I F4 fragmense elleni IgM és IgG izotipusu antitestekkel.
Ez a topo I molekuldn beliil egy 150 aminosav hosszsagl, genetikailag konzervalt
szakasz. Nagyszamu szérummintat tesztelve kimutattuk, hogy mind az IgM mind az IgG
izotipusu anti-F4 antitestek az életkortdl és foldrajzi elhelyezkedéstdl fiiggetleniil jelen
vannak egészséges egyénekben. Tovabba F4 fragmens elleni antitestek voltak
kimutathatéak SSc-t6l és SLE-t6l eltérd szisztémas autoimmun betegségekben szenvedd
egyének szérummintaiban is. Az IgM izotipusu antitestek a legmagasabb titerben az anti-
topo I pozitiv SSc-s vagy SLE-s betegek szérumaban voltak jelen. Ugyanakkor nem
hagyhatjuk figyelmen kiviil, hogy mind a 67 anti-topo I pozitiv SSc-s vagy SLE-s beteg
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szérumaban kimutathatdak voltak IgG izotipusu anti-F4 antitestek €s ezen antitestek titere
ebben a csoportban volt a legmagasabb az 6sszes vizsgalt csoport koziil. Az a tény, hogy
ezen szérummintak a laboratoriumi diagnosztikdban rutinszeriien alkalmazott, antigénként
a teljes hosszu topo I molekulat hasznaldé ELISA teszttel negativnak bizonyultak, arra
utalhat, hogy az F4 fragmens altal képviselt szekvencia a teljes hosszi molekula
haromdimenzids szerkezetében rejtve lehet. Mindezek alapjan felmeriil annak lehetdsége,
hogy a kimutatott anti-F4 antitestek a természetes antitestek kozé tartoznak. Ismereteink
szerint ezek az elsd publikalt eredmények a topo I ellenes természetes autoantitestek
human szérumbdl tortént kimutatasarol.

Nem példa nélkiili az a jelenség, hogy természetes autoantitestek ismernek fel olyan
antigéneket, amelyek autoimmun betegségekben megjelend autoantitestek célpontjai is.
Szamos bizonyiték sz6l amellett, hogy a VIll-as faktor, tireoglobulin, DNS, endotél
sejtmembran komponensek ellenes autoantitestek jelen vannak egészséges egyének és
autoimmun betegek szérumaban is (137-140). Ugyanakkor anti-topo I antitesteket mutattak
ki glomerulonephritises betegek szérumdban (141). Kronikus graft versus host betegség
egyes eseteiben anti-topo I antitest pozitivitds mellett SSc-szerii tiinetek is kimutathatdéak
(142). Kronikus hepatitis C virus okozta majbetegségben szenveddk szérumaban
gyakrabban mutattak ki anti-topo 1 antitesteket, mint hepatitis C virus negativ
majbetegekében. Az anti-topo I antitest titer interferon kezelést kdvetden néhany esetben
csokkent, aminek hatterében inkabb az interferon immunmodulans hatasat, mint a virus
eliminalasat valészintisitik (143). Anti-topo [ antitest pozitivitdst primer biliaris
cirrhosisban is leirtak (144). Felmeriil a kérdés, hogy ezen esetekben kimutatott antitestek
patoldgias autoantitestek, vagy a természetes antitestek koz¢é tartoznak. Mivel a topo 1 F4-
es fragmense a molekula 150 AA hosszi szakasza, lehetséges, hogy a természetes és
betegség asszocialt anti-F4 antitestek altal felismert finom epitop mintazat kiilonb6zo.

SSc esetén kulcsfontossagi a korai diagnozis és a megfeleld terapia mielébbi
elkezdése, mivel alattomos kezdet utdn a betegség az esetek egy részében néhany év alatt a
beteg haldlahoz vezethet. Korai dcSSc esetén a diagndzis felallitasa viszont sokszor nehéz,
pedig siirgds, mert ebben az alcsoportban viszonylag gyorsan irreverzibilis, sulyos bels6é
szervi kéarosodasok alakulhatnak ki. A megfeleld terapia idoben vald elkezdése pedig
lényegbevago, mivel a prognozist alapvetden a folyamat aktivitdsa, és még inkabb a mar
1étrejott karosodasok mértéke hatarozza meg (145). Pulmonaris fibrozis kialakulasa esetén
kezelni csak a korai eseteket lehet, amig a fibrozis nem kiterjedt. A korai diagnozishoz

nagy felbontdsu tiid6-CT, valamint bronchoalveolaris lavage elvégzése sziikséges. A
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sulyos pulmonalis arteridlis hipertonia diagnoézis végsé kimonddsa csak a jobb szivfél
katéterezése utan lehetséges. A rossz prognoézis miatt viszont az invaziv vizsgalatot
indokolt esetben haladéktalanul el kell végezni (146, 147). A miokardidlis fibrézis
kialakulasanak kovetkezményeként valtozatos ingervezetési-ingerképzési zavarok
Iéphetnek fel, melyek hirtelen halalt okozhatnak (148-150). A malignus hipertoniaval,
gyorsan progredidlé azotémiaval-urémiaval jar6 un. scleroderma rendlis krizis az életet
kozvetleniil veszélyeztetd allapot (151, 152). Az SSc kezelése alapvetden nem megoldott,
azonban az egyes szervi érintettségnek megfeleld szupportiv kezeléssel, valamint bizonyos
szervek manifesztacidja esetén immunszuppressziv terapiaval a betegség kedvezden
befolyéasolhatd. A dcSSc prognozisa javulni latszik, de a gyors progresszioju, fatalis esetek
aranya még mindig magas. Az 1cSSc joindulatu megbetegedés, ami adekvat kezelés esetén
az ¢letkilatasokat alig befolyasolja (153-155).

Mivel az anti-topo I antitest jelenlétéhez emelkedett mortalitas, pulmonaris fibrozis,
muszkuloszkeletalis és kardialis érintettség, valamint proteinuria tarsul (74), valamint az
anti-topo I autoanitest szérumszintje dcSSc esetén Osszefiiggést mutat a bor fibrozisanak
kiterjedtségével és a belsd szervi érintettség mértékével, ezért a betegség aktivitasi
markereként szolgalhat (75-77). Bar az anti-topo I autoantitesteket a dcSSc-re tartjak
jellemzonek (78, 79), jelenlétiik nem korlatozodik teljes mértékben a dcSSc-re, mivel anti-
topo I autoantitestek mutathatok ki az 1cSSc-s és SLE-s betegek egy részében is (78, 80,
81, 82). Az F4 fragmensen a jelenleg rutin diagnosztikdban alkalmazott anti-topo I ELISA
vizsgalatban negativ eredménnyel rendelkez6 betegek is mutatnak pozitivitast. Ezek szerint
az F4 fragmenssel végzett ELISA vizsgalat a jelenleg rutin diagnosztikaban alkalmazott
anti-topo [ tesztnél érzékenyebb modszer lehet az anti-topo I pozitivitds meghatarozasara,
igy hozzdjarulhat a diagnozis minél koraibb feldllitdsdhoz, a betegség aktivitasanak
kovetéséhez.

Az SSc-s és SLE-s betegek anti-topo I antitest pozitiv szérummintait megvizsgalva
azt talaltuk, hogy a rekombinans topo I fragmenseink tobbségét (F2, F3, F5-7, F9)
felismerd antitestek nem a vizsgalt betegcsoportokra specifikusak, hanem egyéni
kiilonbségekkel magyarazhatdéak. Ez egyetértésben van a Henry €s munkatarsai altal
leirtakkal, akik individualis és longitudinélis kiilonbségeket allapitottak meg a topo I
molekulan felismert epitdpok kozott (93). Ugyanakkor minden, a rutin diagnosztikdban
hasznalt ELISA teszttel anti-topo I pozitivnak bizonyult beteg széruma tartalmazott anti-F4
antitestet. A topo I ezen kordbban is leirt immundomindns régidja mellett két 1) szakaszt

(F1 és F8) azonositottunk, melyekrél korabban még nem mutattak ki, hogy anti-topo I
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antitestek célpontjai lennének, melyek koziil az F1 fragmens genetikailag egy relative
ujabb, csak a gerincesekre jellemzd szekvencia, mig az F8 egy Osibb, genetikailag
nagymértékben konzervalt szakasz. Az F1 fragmenst felismerd antitestek a dcSSc-s
betegek 26%-aban, F8 fragmens elleni antitestek SLE-s betegek 50%-aban voltak
kimutathatéak, ezen fragmensek dcSSc-re illetve SLE-re jellemzd epitdpokat
tartalmazhatnak. A longitudindlis vizsgalat soran az anti-topo I antitestek F4 fragmens
elleni reaktivitasa 94%-ban éallando volt, az F1 és F8 fragmens elleni reaktivitds mértéke
id6vel valtozott.

Az anti-topo | autoantitestek epitop specificitdsa és az SSc bor és belsd szervi
manifesztacioi kozotti lehetséges Osszefliggéseket is elemeztiik.

Vizsgéltuk a borérintettség kiterjedtségét. Az ujjak borének vastagabba, feszesebbé,
nehezen elemelhetdvé valasat, sclerodactylia jelenlétét. A kezdeti tiinetek esetén a bor
megvastagodasa alapvetdé fontossagu. A borfolyamat jelen lehet az akralis részeken,
elsésorban perioralisan, fiileken és az orron (acrosclerosis). A térzs borének (és/vagy a
végtagok proximalis, konyok-térd feletti részének) érintettsége az SSc sulyosabb
formdjara, a dcSSc fennallasara utal. DcSSc-ben a belsd szervi tiinetek sulyossiga
altaldban parhuzamosan halad a borfolyamat kiterjedésének mértékével (156). Késoi
tiinetként tobbszords iziileti kontraktarak észlelhetok. Az egyéb bortiinetek kozé tartozik a
teleangiektazia, a hipo- és/vagy hiperpigmentacid, a szubkutan kalcinézis, az ujjbegyeken
1évo fekélyek valamint a csillag alaka hegek (157).

A Dbelsé szervi tlineteket tekintve a tidoérintettség a leglényegesebb. A két o
pulmonalis tiinetként az artéria pulmonalis hipertonia €s a pulmonalis fibrozis mértékét
vizsgaltuk. A pulmonalis fibrozis dominaldan a tiidok bazalis részein kezdddik, a folyamat
gyakran valik diffuzza. Késoéi kovetkezményként a [épesméztiidd képe is gyakori. Jellemzd
a korképre a restriktiv ventillaciés zavar fennallasa. A korai és egyben érzékenyebb
paraméter a difftizidés kapacitds csokkenése, amit a vitdlkapacitas aranyos csokkenése
kovet. A stlyos pulmonalis arteridlis hipertonidra jellemz6, hogy echokardiografia sordn a
szamitott jobb kamrai nyomas értéke emelkedett, a diagnézis végsé kimondasara azonban
csak a jobb szivfél katéterezése alkalmas. A 1égzésfunkcios vizsgalatok soran kozel
normalis vitalkapacitas mellett altalaban jelentds diffuzios kapacitas csokkenés észlelhetd
(146, 147). A gasztrointesztindlis rendszert érintd tiinetek koziil a nyeldcsd érintettségeként
diszmotilitas/hipomotilitas jelenlétét kerestiik, ami az egyik leggyakoribb bels6 szervi tiinet
(158). A késbébbiekben fibrotikus strikturak is kialakulhatnak, gyakran sulyos tagulattal.

Hipomotilitas a gasztrointesztinalis traktus egyéb szakaszain, a gyomorban, a vékony- és
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vastagbelekben is jelen van. Kés6i kovetkezményként malabszorpcios szindroma is
kialakulhat (159, 160). A sziv érintettség leglényegesebb eleme a miokardialis fibrozis,
melynek kovetkezményeként valtozatos ingervezetési-ingerképzési zavarok léphetnek fel.
A balkamra diasztolés funkciojanak karosodasa gyakori. A sziv koszorus ereinek 1ézidja, a
miokardiumban is el6forduld kapillaris karosodds a szivizomzat megbetegedését
stlyosbithatja (148-150). A vese érintettsége elsdsorban a korlefolyas elsd éveiben, dcSSc-
s betegeknél fordul elé. Az Un. scleroderma rendlis krizis rossz prognozist, malignus
hipertoniaval, gyorsan progredidld azotémiaval-urémiaval jar6 az életet kozvetleniil
veszélyeztetd allapot. Lényege az iszkémids vesekarosodas, amit a vese kisartéridinak
obliterativ vaszkulopatiaja okoz (151, 152).

A vizsgalt klinikai adatok statisztikai analizise sordn nem talaltunk 6sszefliggést az
anti-topo I antitest epitdp specificitds és az SSc klinikai megjelenése kozott. Ez
egyetértésben van a Henry és munkatdrsai altal talaltakkal, akik szintén nem tudtak
Osszefiiggést kimutatni az anti-topo I antitestek és a klinikai paraméterek kozott (93). A
betegség fennallasanak iddtartamdban 1év6 szignifikans kiilonbség az anti-F1 anitest
pozitiv és negativ dcSSc-s betegcsoportok kozott a longitudinélis vizsgalatunk soran kapott
eredményeinkkel egyiitt arra utalhat, hogy a topo I ellenes immunvélasz soran a molekula
immundomindns részének (F4-es fragmens) altaldnos felismerése mellett a betegség
késdbbi fazisdban jelenhetnek meg az N-termindlis domén ellenes autoantitestek. Ezek
szerint az F1 fragmens ellenes autoantitestek megjelenése a késdi stadiumu deSSc jonnan
azonositott markere lehet.

Az anti-F8 antitest pozitiv ¢és negativ SLE-s beteg klinikai adatainak
Osszehasonlitdsa alapjan Ugy tlinik, hogy az anti-F8 antitest pozitiv SLE-s betegeknek
Raynaud jelensége van, betegségilk pedig enyhébb lefolydsu (arthritis, kdzponti
idegrendszeri és veseérintettség hidnya).

Az SSc patogenezise nagyon Osszetett. Néhany kezdeti esemény vaszkularis
karosodashoz, gyulladashoz, a velesziiletett és adaptiv immunrendszer aktivalédasédhoz és
fibrézis kialakulasdhoz vezet. Ezen események hierarchikus sorrendje, ha egyaltalan
létezik ilyen, még nem teljesen tisztazott, de a vaszkularis karosodas egy korai és
elsédleges folyamatnak tlinik (161). Az anti-topo I autoantitestek az egyik legjellemzdbb
autoantitestek SSc-ben. Ugyanakkor autoantitestek mas nukledris és citoplazmatikus
antigének ellen is kimutathatdak SSc-ben. Szdmos kutatdcsoport mellett mi is
megvizsgaltuk az anti-topo I antitestek epitdp specificitdsat. Bar a moddszerek ¢és a

betegcsoportok kiilonbozdek voltak a vizsgéalatok sordn, ugy tlinik, hogy a topo I

42



molekuldnak van egy immundominans régioja (450-600 AA) amely a Ill-as kodzponti
szubdoménben taldlhat6. Mivel az anti-topo [ autoantitestek jelenléte elsOsorban a
stlyosabb fibrozissal jard dcSSc-re jellemzd, az anti-topo I antitestek vagy a fibrozis
kialakuldsdhoz jarulhatnak hozza, vagy mas események (vaszkularis vagy cellularis
karosodas) hatasara termelddhetnek és nincs patogenikus szerepiik az SSc kialakuldsaban,
de a folyamatok aktivitdsanak mértékét is tiikrozhetik. Az elsd feltételezés mellett szol, de
nem kell6 mértékben bizonyitja az anti-topo I antitestek fibroblasztokhoz valé kotddési
képességének kimutatasa.

Lehetséges, hogy a betegség asszocialt autoantitestek kialakulasanak alapvetd
feltétele a természetes antitestek jelenléte, mivel a természetes autoantitestek megfeleld
koriilmények kozott templatként szolgdlhatnak magasabb affinitdsu és izotipus valtason
atesett patologias autoantitestek kialakulasdhoz (162-164). IgG izotipusi betegség
asszocialt autoantitestek genetikailag meghatarozott epitopokat (epitop mintazatokat)
ismerhetnek fel, genetikailag predisponalt egyedekben jelenhetnek meg, ahogy azt egy
egypetéjli SLE-s ikerparokat vizsgald tanulméany is felvetette (165). A konzervativ
antigének elleni tolerancia tehat elsésorban genetikailag meghatarozott (konszenzus
szekvencidk). A tolerancia kialakulasaban, illetve fenntartasaban jelentkezd tartos
karosodds autoimmun betegség kialakulasdhoz vezethet. A mintdzat felismerési
mechanizmusr6l azt gondoltdk, hogy a velesziiletett immunitas jellegzetessége és az
evolucidsan alacsonyabb rendii fajok védekezési mechanizmusa, de eredményeink szerint a
természtes autoantitestek az antigén felismerd tulajdonsagaikat tekintve a mintdzat
felismerd receptorokat idézik, epitop mintazatokat ismernek fel. Az autoimmun
betegségekben kimutathatd patologids autoantitestek viszont foként egy jol koriilirt,

betegség-asszocialt szekvencia (epitdp) ellen termelddnek.

6. abra F1, F4 (piros), F8 (sarga) fragmensek abrazolasa a topo I szalagmodelljén;
F1 a kristalyositas soran nem latszott (http://pdb.rcsb.org/pdb/explore.do?structureld=1EJ9 alapjan)
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Abstract

Auto-antibodies against topoisomerase | (topo I) are frequently detected in sera of systemic sclerosis
(SSc) patients. Anti-topo | auto-antibodies are considered to be associated with the diffuse cutaneous
form of systemic sclerosis (dcSSc). However, anti-topo | auto-antibodies are also detected in limited
cutaneous systemic sclerosis (IcSSc) and systemic lupus erythematosus (SLE). In this study, we
compared the epitope specificity of anti-topo | auto-antibodies present in sera of dcSSc, IcSSc and
SLE patients. We have constructed an antigen fragment library displayed on bacteriophage lambda
and screened this library with IgG purified from patients’ sera. Regions of topo | selected from the
library were expressed as recombinant fusion proteins and were tested with ELISA and western blot.
We unexpectedly found that antibodies against a fragment of topo | {fragment F4 [amino acid (AA)]
451-593} could be detected in sera of healthy individuals and patients with inflammatory rheumatic
diseases other than SSc and SLE. Using sera of dcSSc, IcSSc and SLE patients, we showed that the

pattern of recognized epitopes is different between these patient groups. Fragment F4 was
recognized by all patients. Fragment F1 (AA 5-30) was recognized by 9 of 34 dcSSc patients.
Fragment F8 (AA 350-400) was recognized by four of eight SLE patients. Analysis of clinical data
revealed a significant difference between the F1-negative and F1-positive groups of SSc patients in
age and in the duration of the disease. According to our results, the newly identified fragments F1 and
F8 could represent characteristic epitopes for dcSSc and SLE, respectively.

Introduction

Systemic sclerosis (SSc) is a systemic autoimmune disorder
characterized by immune activation, vascular injury, inflam-
mation, fibrosis of the skin and various internal organs.
Activation of the immune system leads to production of
disease-specific auto-antibodies, lymphocyte activation and
secretion of various cytokines (1). The vast majority of SSc
patients has antinuclear antibodies, which predominantly
recognize DNA topoisomerase | (topo |), RNA polymerases,
centromere proteins and U3RNP (2). Anti-topo | auto-
antibodies are considered to be associated with diffuse cu-
taneous systemic sclerosis (dcSSc), while anti-centromere
auto-antibodies are generally detected in limited cutaneous

systemic sclerosis (IcSSc) (3, 4). However, the presence of
anti-topo | auto-antibodies may not be entirely restricted
to dcSSc. A subset of IcSSc patients were found to be pos-
itive for anti-topo | auto-antibody (3) and our findings are
also similar.

Clinically, patients with SSc could be classified into two
distinct subsets. dcSSc is characterized by extensive fibro-
sis of the skin, lungs and other internal organs, while in
IcSSc vascular abnormalities are dominating and fibrosis is
limited (5).

In addition to SSc, presence of anti-topo | antibodies has
been demonstrated in systemic lupus erythematosus (SLE)
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patients showing no clinical signs and symptoms of SSc
(6, 7). These findings suggest that the presence of anti-topo
| antibodies could have heterogeneous clinical consequen-
ces. The role of anti-topo | antibodies in pathogenesis of
SSc is not fully understood; however, immune response
against topo | may differ among anti-topo |-positive patients
leading to production of anti-topo | auto-antibodies with dif-
ferent epitope specificity.

Topo | is a 765 amino acid (AA) long DNA-relaxing enzyme
which contains five distinct regions: the N-terminal domain
(AA 1-215), core subdomains |-l (AA 216-435), core sub-
domain Il (AA 436-636), the linker domain (637-713) and
the C-terminal domain (AA 714-765) (8). Earlier studies us-
ing recombinant topo | fragments identified various epitopes
in the central and C-terminal part of the molecule (9-14). On
the basis of previously published reports, it seems that an
immunodominant region of topo | spans AA 489-573 (9, 10,
12, 13). However, a study which used recombinant fusion
proteins constructed on the basis of the domain structure of
topo | demonstrated that the core subdomains I-ll is recog-
nized more frequently than core subdomain IIl (15). Longitu-
dinal analysis of anti-topo | auto-antibodies revealed that
reactivity against these regions is stable (15, 16), though
a study using a limited number of sera showed that the
regions recognized by anti-topo | auto-antibodies vary over
time (17). While epitope specificity of anti-topo | auto-
antibodies has been studied by a number of groups, there
is no report of comparative epitope mapping in patients
with dcSSc, 1cSSc and SLE.

In this study, we have constructed an antigen fragment li-
brary of topo | displayed on bacteriophage lambda and
screened this library with sera of dcSSc, IcSSc and SLE
patients. Regions of topo | selected from the library were
expressed as recombinant fusion proteins and were further
tested with patients’ sera. Longitudinal analysis of epitope
specificities has been performed and compared with clinical
findings.

Materials and methods

Patients and controls

From the 293 patients in our total scleroderma cohort, 59
SSc cases were selected which showed anti-topoisomerase
antibody positivity on a conventional ELISA test (Hycor,
Vienna, Austria) (34 of these patients were classified as hav-
ing dcSSc and 25 were diagnosed 1cSSc). Out of 265 SLE
patients tested for the presence of anti-topo | antibodies with
a conventional ELISA kit, 8 showed positive reaction and
were selected for the present study. One hundred and se-
venty-seven serum samples from 59 SSc patients (three
from each patient) and 24 serum samples from 8 SLE
patients were obtained between 2004 and 2007 at 6-12
months intervals. The patients’ clinical data were encoded
using our standard protocol (18).

For controls, 63 sera from Hungarian blood donors (from
the Blood Transfusion Service of Baranya county; average
age: 36.8 = 12.1 years; 32 women and 31 men), 44 sera
from Finnish blood donors, 44 sera from British blood donors
(by the courtesy of Prof. G. Flst and Z. Prohaszka, 3rd De-
partment of Internal Medicine at the Semmelweis University,

Budapest) and 65 sera from Hungarian elderly healthy indi-
viduals (from the Immunology and Rheumatology Clinic, Uni-
versity of Pécs; average age: 62.4 = 5.4 years) were used.
Furthermore, 110 sera from Hungarian elderly anti-topo |
antibody-negative (measured by a conventional ELISA test)
patients with inflammatory rheumatic diseases other than
SSc and SLE (8 vasculitis, 40 seronegative spondylarthritis,
11 myositis, 11 Sjogren syndrome, 10 psoriatic arthritis, 20
rheumatoid arthritis, 10 polymyalgia rheumatica from the Im-
munology and Rheumatology Clinic, University of Pécs; aver-
age age: 65.5 = 4.8 years) were also investigated.

The study has been approved by the Ethical Committee
of the Medical Center of the University of Pécs. Informed
consent has been obtained from all patients and healthy
individuals.

Construction and affinity selection of topo | antigen fragment
library

The coding region of full-length human topo | was amplified
by PCR from cDNA reverse transcribed from total RNA. The
PCR product was cloned into a T/A vector using the InsT/
Aclone PCR Product Cloning Kit (Fermentas, Vilnius, Lithua-
nia). The identity of insert was verified by sequencing the
entire coding region of topo | on a Beckman Coulter CEQ
8800 instrument. Library construction was done using the
lambdaD-bio phage display vector (19) with minor modifica-
tions as described previously (20). The primary topo | library
contained 2 X 107 insert bearing independent clones; titer of
the amplified library was 3 x 10" mI~". Affinity selection of
topo | antigen fragment library with five dcSSc, six 1cSSc
and four SLE patient-derived IgG purified on protein G
sepharose (Amersham Pharmacia, Uppsala, Sweden) was
performed essentially as described (21). After the third
round of selection, individual clones were picked up for fur-
ther propagation and DNA sequencing.

Expression of recombinant topo | fusion proteins

Selected fragments of topo | were expressed as recombi-
nant maltose-binding protein (MBP) fusion proteins using
the pMAL Protein Fusion and Purification system (New
England Biolabs, Ipswich, UK). cDNAs coding for AA 5-30
(F1), 69-92 (F2), 87-145 (F3), 450-600 (F4), 640-705 (F5),
170-290 (F6), 295-350 (F7), 350-400 (F8) and 295-400 (F9)
were amplified with PCR primers containing EcoRI and
BamHI restriction sites and cloned into the pMal-c2 vector.
The reading frame and sequence of inserts were verified by
sequencing. Fusion proteins were expressed in Escherichia
coli TB1 and were purified from bacterial lysates with affinity
chromatography on amylose resin according to the manu-
facturer’s instruction (New England Biolabs). Integrity of puri-
fied proteins was verified by SDS-PAGE on a 10% gel
followed by Coomassie brilliant blue staining.

ELISA

The 96-well polystyrene plates (Nunc, Roskilde, Denmark)
were coated with recombinant topo | fragments or with MBP
in PBS at a concentration of 10 ug mi~". Plates were washed
with wash buffer (PBS, 0.05% Tween 20) and blocked with 3%
BSA in wash buffer for 1 h. Serum samples were incubated



in triplicates at 1:250 dilutions in wash buffer containing
2% BSA for 1 h. Finally, the plate was incubated with HRP-
conjugated anti-human-lgG secondary antibody (Dako,
Glostrup, Denmark) for 60 min. The reaction was developed
with o-phenylenediamine (Sigma-Aldrich, Budapest, Hun-
gary), and optical density (OD) was measured at 492 nm.

Immunoblots

Purified MBP fusion proteins or MBP (40 pg mi~") diluted 1:1
with SDS sample buffer were boiled for 10 min, separated
on a 10% SDS-polyacrylamide gel and transferred to nitro-
cellulose membranes. After blocking with 5% non-fat dry
milk (Bio-Rad, Budapest, Hungary) in wash buffer (100 mM
NaCl, 10 mM Tris-base pH 7.4 and 0.1% Tween 20) for 1 h,
membranes were incubated for 1 h with sera diluted 1:500
in 2% non-fat dry milk in wash buffer. After washing, HRP-
conjugated anti-human-IgG diluted at 1:2000 was added for
1 h. For detection of MBP fusion proteins, membrane strips
were first incubated with rabbit anti-maltose-binding protein
antibody (New England Biolabs) (1:5000), followed by incu-
bation with HRP-conjugated goat anti-rabbit antibody
(1:2000). Membranes were developed with SuperSignal
West Pico Chemiluminescent (Pierce, Rockford, IL, USA)
substrate and exposed to X-ray films.

Statistical analysis

Categorical data were analyzed by the chi-square test. To in-
vestigate the possible differences between patient groups,
frequency and mean values of continuous variables were
tested by Student’s t test. Spearman’s rank correlation coeffi-
cient was used to examine the relationship between the val-
ues of OD and continuous variables. A P value <0.05 was
considered statistically significant. Statistical analyses were
conducted using SPSS statistical software package.

Results

Epitope mapping of anti-topo | antibodies with phage
displayed topo | library

For identification of epitopes recognized by anti-topo | anti-
bodies, we have constructed a topo | antigen fragment li-
brary displayed on bacteriophage lambda and subsequently
screened this library with individual 1gGs purified from sera of
anti-topo I-positive patients (five dcSSc, six 1cSSc and four
SLE patients). After the third round of affinity selection, inserts
of 60 clones (30 from each patient group) were sequenced.
Alignment of deduced AA sequences with human topo |
showed that the pattern of recognized epitopes is different
between dcSSc, IcSSc and SLE patients (Fig. 1). Among
phage clones selected with IgG of dcSSc patients, 11 differ-
ent clones were found repeatedly: eight partially overlapping
phage clones displaying fragments covering AA 5-145 of the
N-terminal domain, two overlapping clones covering AA 451-
593 of core subdomian lll and a single clone representing
AA 640-705 of the linker domain. Selection with IgG of 1cSSc
patients resulted in six distinct phage clones: two clones cov-
ering AA 40-61 and 176-184 of the N-terminal domain, a sin-
gle clone displaying AA 205-321 of core subdomian Il
a clone representing AA 399-445 of the core subdomian
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Fig. 1. The pattern of recognized topo | epitopes is different between
dcSSc, 1cSSc and SLE patients. Deduced AA sequences of phage
clones selected with IgG purified from five dcSSc, six IcSSc and four
SLE patients are plotted along the human topo | sequence.

|-ll—core subdomain Il junction, a singe clone with AA
505-583 of core subdomain Ill and a single clone covering
AA 726-765 of the C-terminal domain. With selection using
IgG from SLE patients, six distinct phage clones were
obtained: five of these covered AA 296-400 of core subdo-
mains I-Il and single clone displayed AA 491-571 of core
subdomain IlI.

On the basis of these results, it seems that sera of dcSSc
patients recognize epitopes localized in the N-terminal do-
main, epitopes recognized by SLE patients’ sera are found
in core subdomains I-ll, while epitopes recognized by IcSSc
patients are scattered throughout the molecule. In addition
to this, there is common region of topo | (AA 451-593) rec-
ognized by all three groups of sera.

A recombinant fragment of topo | is recognized by naturally
occurring auto-antibodies

In order to verify results obtained by affinity selection of the
topo | antigen fragment library, we have constructed
recombinant topo I-MBP fusion proteins. On the basis of
fragments identified by library selection, nine fusion proteins
have been constructed and expressed (Fig. 2). To check
the possible background reactivity of normal sera and to set
up cut-off values for further measurements, recognition of
these fusion proteins was first tested with sera of healthy
individuals which were previously shown to be negative for
anti-topo | antibody by a commercial ELISA test. To our sur-
prise, 44% of sera derived from Hungarian blood donors
contained antibodies which recognized fragment F4 (AA
450-600) of topo |. The other fragments (F1-F3, F5-F9) were
not recognized by sera of healthy individuals. To further in-
vestigate this finding, we systematically examined 63 sera
from Hungarian blood donors (average age: 36.8 = 12.1
years; 32 women and 31 men), 44 sera from Finnish blood
donors, 44 sera from British blood donors, 65 sera from
Hungarian elderly healthy controls (average age: 62.4 = 5.4
years), 110 sera from Hungarian elderly patients with in-
flammatory rheumatic diseases other than SSc and SLE
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Fig. 2. Recombinant topo I-MBP fusion constructs used in this study.

(average age: 65.5 * 4.8 years) and 67 sera from anti-topo |
antibody-positive (measured by a commercial ELISA test)
SSc or SLE patients for the presence of antibodies against
fragment F4. We have found that antibodies against frag-
ment F4 with both IgM and IgG isotype are present in
healthy individuals irrespective of the geographical regions
and age groups tested (Table 1). In addition, antibodies
against fragment F4 could be detected in sera of patients
with inflammatory rheumatic diseases other than SSc and
SLE. Comparison of average OD values indicate that anti-
F4 antibodies with IgM isotype are present in the highest
titer in sera of anti-topo | antibody-positive SSc or SLE
patients. It is important to note that all 67 sera from anti-
topo | antibody-positive SSc or SLE patients were found to
be positive for anti-F4 antibodies with 1gG isotype, and the
titer of these antibodies was the highest in this group
among all groups tested.

To obtain further support for these findings, we performed
competition ELISA with each of the recombinant fragments
(F1-F9) and MBP using sera showing the highest reactivity
in each group (in total 48 sera were tested). Only fragment
F4 was able to significantly inhibit the sera’'s reactivity
against fragment F4 (mean anti-F4 IgM reactivity ODggp:
0.58 = 0.18 without competition; 0.28 £ 0.08 in competition
with 10 ug fragment F4 and 0.08 = 0.03 in competition with
50 pg fragment F4; mean anti-F4 IgG reactivity ODggo:
0.48 = 0.15 without competition; 0.32 £ 0.11 in competition
with 10 ug fragment F4 and 0.06 = 0.03 in competition with
50 pg fragment F4).

These findings indicate that the presence of antibodies
with both IgM and IgG isotype against fragment F4 of topo |
is not restricted to SSc, but could be detected in healthy
individuals and in sera of patients with inflammatory rheu-

matic diseases other than SSc and SLE. Collectively, these
data raise the possibility that antibodies against fragment
F4 detected in healthy individuals belong to the pool of natu-
rally occurring antibodies.

Recognition of recombinant topo | fusion proteins by SSc and
SLE patients’ sera

Next, we tested recognition of all nine fusion proteins with
sera of 67 anti-topo | antibody-positive patients (34 dcSSc,
25 1cSSc and 8 SLE) by IgG isotype-specific ELISA. The
results are summarized in Table 2.

Fragment F4 (AA 450-600) was recognized by all the 67
patients’ sera. Fragment F1 (AA 5-30) was recognized by
9 of 34, 1 of 25 and 0 of 8 dcSSc, IcSSc and SLE patients,
respectively. Fragment F8 (AA 350-400) was recognized by
four of eight SLE patients and none of the SSc patients.

Longitudinal analysis of topo | epitope reactivity

To determine whether antibody responses against fragments
F1, F4 and F8 remain constant over time, we measured anti-
body reactivity against these fragments by ELISA in three
serial serum samples of each patient. Results of ELISA
were confirmed by western blot in 10 F1-positive patients,
10 randomly chosen F4-positive patients and 4 F8-positive
patients. Each serum sample was also examined by conven-
tional anti-Scl-70 ELISA.

Longitudinal analysis showed that reactivity to fragment
F4 was stable in 61 cases (94%). Eighteen out of the 67
patients had at least one serum sample with no antibody
response against topo | measured by the conventional
anti-Scl-70 ELISA. Results of ELISA with fragment F4 were
confirmed by western blot, which showed that each sera
positive for F4 reactivity in ELISA was also positive in west-
ern blot (Fig. 3A).

The reactivity to F1 fragment varied over time. In four cases,
the earliest serum samples did not have any detectable anti-
bodies against F1, but the immunoreaction became positive
and stronger over time. In one case, reactivity against F1
appeared in the second sample but was absent in the follow-
ing one. All serum samples of the remaining four dcSSc
patients were positive for anti-F1 antibody. Results of ELISA
were confirmed by western blot, which showed a perfect cor-
relation of results obtained by the two methods (Fig. 3B).

Among the four SLE patients positive for antibody against
F8, the reactivity was stable in one patient and changed
in the remaining three patients. Fragment F8 was not

Table 1. Prevalence of topo | fragment F4 (AA 450-600)-specific antibodies in human sera

Anti-F4 IgM Anti-F4 1gG
Hungarian blood donors (63) 37% (0.254 = 0.057) 44% (0.189 = 0.066)
Finnish blood donors (44) 52% (0.343 = 0.068) 9% (0.350 = 0.076)
British blood donors (44) 76% (0.265 = 0.047) 25% (0.190 = 0.043)
Hungarian elderly healthy controls (65) 17% (0.205 = 0.065) 51% (0.359 = 0.083)
Hungarian elderly systemic autoimmune patients (110) 71% (0.456 = 0.092) 31% (0.217 = 0.052)
Anti-topo |-positive SSc and SLE patients (67) 53% (0.726 = 0.512) 100% (0.735 = 0.212)

Sera were tested for anti-F4 reactivity with isotype-specific indirect ELISA. The cut-off value for positivity was set at ODgso 0.100. Values in
parentheses following description of the groups indicate the number of individual serum samples tested. Percentage values indicate percentage
of positive sera. Numbers in parentheses following the percentage values indicate average OD.



recognized in western blot, indicating that the epitopes dis-
played by this fragment are conformational in nature.

Clinical findings

Statistical analyses of clinical data (extent of skin involve-
ment, hand contractures, azotemia and/or malignant hyper-
tension, cardiac involvement, dysmotility and stricture/
dilatation of esophagus, extent of lung fibrosis and forced

Table 2. Recognition frequencies of recombinant topo |
fragments determined by ELISA using anti-topo | antibody-
positive patients’ sera

Topo | dcSSc IcSSc SLE
fragments (AAs) (n=34) (n=25) (n=8)
F1 (5-30) 9 (26%) 1 (4%) 0

F2 (69-92) 1(3%) 1(4%) 0

F3 (87-145) 1(3%) 0 0

F4 (450-600) 34 (100%) 25 (100%) 8 (100%)
F5 (640-705) 2 (6%) 0 0

F6 (170-290) 2 (6%) 2 (8%) 0

F7 (295-400) 0 0 1(12%)
F8 (350-400) 0 0 4 (50%)
F9 (295-350) 0 0 1(12%)

Numbers indicate individual patients positive for the given fragments,
numbers in parentheses indicate percentage of positive sera.
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vital capacity) showed no association between anti-topo |
antibody epitope specificity and clinical presentation of SSc.
However, there was a significant difference between the
F1-negative and F1-positive groups of SSc patients in aver-
age age [F1 negative (number of patients: 49): 54.8 + 13.5
years; F1 positive (number of patients: 10): 63.9 = 9.4 years;
P = 0.048] and the duration of the disease [F1 negative
(number of patients: 49): 10.0 + 7.3 years; F1 positive (num-
ber of patients: 10): 17.1 = 12.9 years; P = 0.019]. More-
over, average age of dcSSc patients possessing sera
positive for F1 fragment was significantly higher compared
with the patients showing no detectable levels of antibody
against F1 [F1 negative (number of patients: 25): 51.9 *+
14.3 years; F1 positive (number of patients: 9): 63.7 = 10.0
years; P = 0.03].

To investigate whether antibodies against peptide F1 were
specific for SSc patients and the appearance of them is not
merely a consequence of aging, sera from 65 age-matched
(average age: 62.4 = 5.4 years) healthy controls were tested
for antibodies against F1. Only one serum sample was found
positive. To test whether the presence of antibodies against
fragment F1 is specific for SSc, sera from 110 age-matched
(average age: 65.5 * 4.8 years) patients with different con-
nective tissue diseases were also tested and only four serum
samples (two seronegative spondylarthritis, one myositis,
one Sjoégren syndrome) were found positive.

A
MW F4 MBP F4 MBP F4 MBP F4 MBP F4 MBP F4 MBP F4 MBP
220
100
60
45
30
20
070105 171105 260706 030206 270906 300307
Patient 3 Patient 7 a-MBP
B
Mw F1 MBP F1MBP F1 MBP F1 MBP F1 MBP F1 MBP F1 MBP
60
45
30
20
15
070105 171105 260706 030206 270906 300307
Patient 3 Patient 7 a-MBP

Fig. 3. Immunoblots using topo | fusion proteins F4 and F1 as antigens. Purified recombinant fusion proteins (panel A: F4, panel B: F1) or MBP
were separated on a 10% SDS—-polyacrylamide gel and transferred to nitrocellulose membranes. The membranes were cut into strips and probed
with serial serum samples (obtained at dates indicated) of patients or with an anti-maltose-binding protein antibody. MW, molecular weight

marker (kDa).
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Comparison of clinical data of the 4 F8-positive and the
261 F8-negative SLE patients suggested that SLE patients
with antibody against fragment F8 have Raynaud’s phenom-
enon and a milder presentation of the disease (lack of arthri-
tis, central nervous system and kidney involvement).

Discussion

In this study, we performed comparative epitope mapping of
anti-topo | auto-antibodies present in sera of SSc and SLE
patients. Our data clearly demonstrated that the pattern of
recognized epitopes is different between dcSSc, IcSSc and
SLE patients. In addition to an immunodominant part of topo
| (fragment F4), we identified two new regions which were
previously not shown to be targeted by anti-topo | antibod-
ies. Fragment F1 was specifically recognized by a subset of
dcSSc patients’ sera, while fragment F8 was recognized by
SLE patients. In addition, we demonstrated for the first time
that the presence of antibodies with both IgM and IgG iso-
type against an immunodominant fragment of topo | (frag-
ment F4) is not restricted to SSc, but could be detected in
healthy individuals and in sera of patients with inflammatory
rheumatic diseases other than SSc and SLE.

A number of research groups have studied the epitope
specificity of anti-topo | antibodies in SSc patients. However,
to date there is no report of epitope mapping of anti-topo |
antibodies in SLE patients. Using molecular biology strate-
gies, several studies have determined that anti-topo | anti-
bodies of SSc patients recognize multiple epitopes on topo |,
although the recombinant topo | fragments used varied
in these reports. Verheijen et al. (10) verified three different
epitope regions which are distributed over the entire protein.
D’Arpa et al. (9) expressed six fragments of topo | and dem-
onstrated that most of anti-topo I-positive sera recognize
multiple epitopes. Kuwana et al. (13) found four epitope
regions on topo | and reported that 86% of 43 anti-topo
I-positive SSc sera reacted with a fusion protein containing
AA 485-601 of topo |. Piccinini et al. (11) reported that
AA 405-484 of topo | was recognized by all the anti-topo
I-positive sera they examined but detected no epitopes be-
tween AA 485-765 which could be due to the small number
of serum samples examined. Epitope mapping performed
with synthetic peptides identified four major epitopes, three
of them in core subdomains | and Il (AA 207-441) and one
in core subdomain Il (AA 433-636) (22). Since each of
these studies have implicated topo | fragments located in
the region of AA 484-560, these findings strongly suggest
that immunodominant B cell epitopes recognized by anti-
topo | antibodies could be located within this region.

However, fragments used in these studies were designed
either on the basis of topo | domain structure or antigenicity
prediction, both of which could miss possible epitopes. With
the exception of work performed by Meesters et al. (23), to
date there is no report of epitope mapping on topo | with
random antigen fragments. This early work used a size-
selected random antigen fragment library constructed by
limited deoxyribonuclease digestion and screened this
library with serum of a single SSc patient. Therefore, we
have revisited this issue and constructed an antigen frag-
ment library of topo | displayed on bacteriophage lambda.

The library contains fragments of topo | with random starting
point and length, consequently it overcomes the theoretical
and technical limitations associated with pre-designed frag-
ments or overlapping synthetic peptides.

With a phage display-based approach, we found a charac-
teristic epitope pattern which seemed to be specific for the
different disease groups. A common fragment recognized
by all 15 patients’ sera was located in the region of AA 451-
593, which is in agreement with previously published results
(9, 10, 12, 24, 25). In addition to this, sera of dcSSc patients
recognized several short fragments (spanning AA 5-145) at
the N-terminal part of the molecule. Previous studies per-
formed with fusion proteins covering the N-terminal domain
starting from AA 70 reported that this part of the molecule is
recognized by anti-topo | antibodies (10, 13, 17). However,
the opposite has also been reported by Hu et al. (15), who
used a fusion protein covering the entire length (AA 1-213)
of the N-terminal domain and showed that this part of the
molecule is not targeted by anti-topo | antibodies. These
seemingly contradictory results may be explained by the dif-
ferent methods and antigen constructs used, and most im-
portantly by possible conformational factors which could
influence the accessibility of short epitopes buried in the ter-
tiary structure. It is important to note that the majority of new
epitope-containing fragments we have identified at the
N-terminal part spans only 20-30 AA. Fragment F1 (AA 5-30)
contains an experimentally proven granzyme B cleavage site
(26). Thus, it is possible that in vivo cleavage of topo | by
granzyme B released during T cell-mediated cytotoxic
responses results in the formation of a neo-antigenic deter-
minant represented by fragment F1. In vitro assays using
the full-length antigen or the full-length N-terminal domain
may fail to detect antibodies recognizing these short epito-
pes suggesting strong conformational sensitivity.

On the basis of fragments selected from the phage dis-
played antigen fragment library, we expressed nine topo
[-MBP fusion proteins. First, we tested recognition of these
fusion proteins with sera of healthy individuals and found
that a significant portion of healthy individuals posses anti-
bodies with IgM and 1gG isotype against fragment F4. Using
a large number of sera, we showed that the presence of
antibodies against fragment F4 is essentially independent of
the age and geographical origin of healthy individuals. In
addition, antibodies against fragment F4 could also be
detected in sera of patients with inflammatory rheumatic dis-
eases other than SSc and SLE. The fact that these sera were
shown to be negative for anti-topo | antibody by a commer-
cial ELISA test using the full-length antigen could indicate
that the sequence represented by fragment F4 could be hid-
den in the three-dimensional structure of the full-length mole-
cule. These findings raise the possibility that antibodies
against fragment F4 present in sera of healthy individuals
and patients with systemic autoimmune diseases could be-
long to the pool of naturally occurring antibodies. To our
knowledge, these are the first results demonstrating that nat-
ural antibodies (nAbs) against topo | are present in human
sera. The phenomena that nAbs could recognize self-anti-
gens which are also targeted by antibodies in autoimmune
diseases is not unprecedented. Several lines of evidence in-
dicate that antibodies recognizing factor VIII, thyreoglobulin,



DNA and endothelial cell membrane components are pres-
ent in sera of both healthy individuals and patients with auto-
immune diseases (27-30). Since fragment F4 represent
a 142 AA long portion of topo |, it is possible that the fine
epitope pattern recognized by nAbs and disease-associated
auto-antibodies within this part of topo | is different.

With the use of sera of 67 anti-topo | antibody-positive
patients, we showed that recognition of the majority of frag-
ments (F2, F3, F5-F7 and F9) is characteristic for the individ-
ual patient sera used for library screening, instead of being
characteristic for the given disease subgroup. This is in
agreement with result of Henry et al. (17), who found both in-
dividual and longitudinal differences in the recognized topo |
epitopes. However, antibodies recognizing the common F4
fragment (AA 451-593) were detected in all patient sera
tested. Fragment F1 (AA 5-30) was specifically recognized
by a subset of dcSSc patients’ sera, and fragment F8 (350-
400) was recognized by SLE patients, indicating that these
fragments could represent characteristic epitopes for dcSSc
and SLE, respectively.

Analysis of clinical data failed to demonstrate associations
between anti-topo | antibody epitope specificity and clinical
presentation of the disease. This is in agreement with results
of Henry et al. (17), who also reported lack of clear associa-
tion between changes in the anti-topo | antibody response
and clinical parameters. The difference in the duration of
disease between anti-F1 antibody-positive and -negative
dcSSc patients, together with findings of our longitudinal
analysis, may indicate that the anti-topo | immune response
could be explained by a general recognition of the immuno-
dominant part on the molecule (fragment F4), and the dis-
ease-associated auto-antibodies may target the N-terminal
part later during the course of the disease. Thus, auto-
antibodies against fragment F1 may represent a new marker
of late-stage dcSSc. The mechanism of this ‘epitope spread-
ing’ and factors which facilitate this in dcSSc remain to be
further investigated.

In summary, we have demonstrated for the first time that
antibodies against a fragment of topo | could be detected
in healthy individuals and in sera of patients with inflamma-
tory rheumatic diseases other than SSc and SLE. In addition
to this immunodominant part of topo |, sera of patients with
dcSSc, 1cSSc and SLE recognize distinct topo | epitopes.
We have shown that recognition of the majority of fragments
is characteristic for the individual patient, instead of being
characteristic for the given disease subgroup. However,
fragment F1 (AA 5-30) was specifically recognized by a sub-
set of dcSSc patients’ sera, and fragment F8 (350-400) was
recognized by SLE patients, indicating that fragment F1 and
F8 could represent characteristic epitopes for dcSSc and
SLE, respectively. Analysis of clinical data showed no signifi-
cant association between anti-topo | antibody epitope speci-
ficity and clinical presentation of the disease. However,
antibodies against fragment F1 may represent a new marker
of late-stage dcSSc.
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SSc systemic sclerosis

topo | topoisomerase |
References

1 Varga, J. and Abraham, D. 2007. Systemic sclerosis: a prototypic
multisystem fibrotic disorder. J. Clin. Invest. 117:557.

2 Okano, Y. 1996. Antinuclear antibody in systemic sclerosis
(scleroderma). Rheum. Dis. Clin. N. Am. 22:709.

3 Steen, V. D., Powell, D. L. and Medsger, T. A. Jr 1988. Clinical
correlations and prognosis based on serum autoantibodies in
patients with systemic sclerosis. Arthritis Rheun. 31:196.

4 Kuwana, M., Kaburaki, J., Okano, Y., Tojo, T. and Homma, M.
1994. Clinical and prognostic associations based on serum
antinuclear antibodies in Japanese patients with systemic
sclerosis. Arthritis Rheum. 37:75.

5 LeRoy, E. C., Black, C., Fleischmajer, R. et al. 1988. Scleroderma
(systemic sclerosis): classification, subsets and pathogenesis.
J. Rheumnatol. 15:9202.

6 Gussin, H. A, Ignat, G. P, Varga, J. and Teodorescu, M. 2001.
Anti-topoisomerase | (anti-Scl-70) antibodies in patients with
systemic lupus erythematosus. Arthritis Rheum. 44:376.

7 Hamidou, M. A., Audrain, M. A., Masseau, A., Agard, C. and
Moreau, A. 2006. Anti-topoisomerase | antibodies in systemic
lupus erythematosus as a marker of severe nephritis. Clin.
Rheumatol. 25:542.

8 Redinbo, M. R., Stewart, L., Kuhn, P., Champoux, J. J. and Hol,
W. G. J. 1998. Crystal structures of human topoisomerase | in
covalent and noncovalent complexes with DNA. Science
279:1504.

9 D’Arpa, P., White-Cooper, H., Cleveland, D. W., Rothfield, N. F.
and Earnshaw, W. C. 1990. Use of molecular cloning methods to
map the distribution of epitopes on topoisomerase | (Scl-70)
recognized by sera of scleroderma patients. Arthritis Rheum.
33:1501.

10 Verheijen, R., Van Den Hoogen, F, Beijer, R. et al. 1990.
A recombinant topoisomerase | used for autoantibody detection
in sera from patients with systemic sclerosis. Clin. Exp. Immunol.
80:38.

11 Piccinini, G., Cardellini, E., Reimer, G., Arnett, F. C. and Durban, E.
1991. An antigenic region of topoisomerase | in DNA polymerase
chain reaction-generated fragments recognized by autoantibod-
ies of scleroderma patients. Mol. Immunol. 28:333.

12 Cram, D. S., Fisicaro, N., McNeilage, L. J., Coppel, R. L. and
Harrison, L. C. 1993. Antibody specificities of Thai and Australian
scleroderma sera with topoisomerase | recombinant fusion
proteins. J. Immunol. 151:6872.

13 Kuwana, M., Kaburaki, J., Mimori, T., Tojo, T. and Homma, M.
1993. Autoantigenic epitopes on DNA topoisomerase [: clinical
and immunogenetic associations in systemic sclerosis. Arthritis
Rheum. 36:1406.

14 Seelig, H. P., Schroter, H., Ehrfeld, H. and Renz, M. 1993.
Autoantibodies against topoisomerase | detected with the natural
enzyme and overlapping recombinant peptides. J. Immunol.
Methods. 165:241.

15 Hu, P. Q., Fertig, N., Medsger, T. A. Jr and Wright, T. M. 2004.
Molecular recognition patterns of serum anti-DNA topoisomerase |
antibody in systemic sclerosis. J. Immunol. 173:2834.



16

17

18

19

20

21

22

23

Natural and pathologic antibodies against topoisomerase |

Kuwana, M., Kaburaki, J., Mimori, T., Kawakami, Y. and Tojo, T.
2000. Longitudinal analysis of autoantibody response to top-
oisomerase | in systemic sclerosis. Arthritis Rheum. 43:1074.
Henry, P. A., Atamas, S. P., Yurovsky, V. V., Luzina, |., Wigley, F. M.
and White, B. 2000. Diversity and plasticity of the anti-DNA
topoisomerase | autoantibody response in scleroderma. Arthritis
Rheum. 43:2733.

Czirjak, L., Kumanovics, G., Varju, C. et al. 2008. Survival and
causes of death in 366 Hungarian patients with systemic sclerosis.
Ann. Rheumn. Dis. 67:59.

Ansuini, H., Cicchini, C., Nicosia, A., Tripodi, M., Cortese, R. and
Luzzago, A. 2002. Biotin-tagged cDNA expression libraries
displayed on lambda phage: a new tool for the selection of
natural protein ligands. Nucleic Acids Res. 30:78.

Czdmpodly, T., Olasz, K., Simon, D. et al. 2006. A possible new
bridge between innate and adaptive immunity: are the anti-
mitochondrial citrate synthase autoantibodies components of the
natural antibody network? Mol. Immunol. 43:1761.

Santini, C., Brennan, D., Mennuni, C. et al. 1998. Efficient display
of an HCV cDNA expression library as C-terminal fusion to the
capsid protein D of bacteriophage lambda. J. Mol. Biol. 282:125.
Rizou, C., loannidis, J. P., Panou-Pomonis, E. et al. 2000. B-cell
epitope mapping of DNA topoisomerase | defines epitopes
strongly associated with pulmonary fibrosis in systemic sclerosis.
Am. J. Respir. Cell Mol. Biol. 22:344.

Meesters, T. M., Hoet, M., van den Hoogen, F. H., Verheijen, R.,
Habets, W. J. and Van Venrooij, W. J. 1992. Analysis of an
immunodominant epitope of topoisomerase | in patients with
systemic sclerosis. Mol. Biol. Rep. 16:117.

25

26

27

28

29

30

Kato, T., Yamamoto, K., Takeuchi, H. et al. 1993. Identification of
a universal B cell epitope on DNA topoisomerase |, an autoantigen
associated with scleroderma. Arthritis Rheum. 36:1580.

Kuwana, M., Kaburaki, J., Medsger, T. A. Jr and Wright, T. M.
1999. An immunodominant epitope on DNA topoisomerase | is
conformational in nature: heterogeneity in its recognition by
systemic sclerosis sera. Arthritis Rheum. 42:1179.
Casciola-Rosen, L., Andrade, F., Ulanet, D., Wong, W. B. and
Rosen, A. 1999. Cleavage by granzyme B is strongly predictive of
autoantigen status: implications for initiation of autoimmunity.
J. Exp. Med. 190:815.

Algiman, M., Dietrich, G., Nydegger, U., Boieldieu, D., Sultan, V.
and Kazatchkine, M. D. 1992. Natural antibodies to factor VIII
(anti-hemophilic factor) in healthy individuals. Proc. Natl Acad.
Sci. USA 89:3795.

Bouanani, M., Piechaczyk, M., Pau, B. and Bastide, M. 1989.
Significance of the recognition of certain antigenic regions on the
thyroglobulin molecule by natural autoantibodies from healthy
subjects. J. Immunol. 143:1129.

Sabbaga, J., Pankewycz, O. G., Lufft, V., Schwartz, R. S. and
Madaio, M. P. 1990. Cross-reactivity distinguishes serum and
nephritogenic anti-DNA antibodies in human lupus from their
natural counterparts in normal serum. J. Autoimmun. 3:215.
Ronda, N., Haury, M., Nobrega, A., Kaveri, S. V., Coutinho, A.
and Kazatchkine, M. D. 1994. Analysis of natural and disease-
associated autoantibody repertoires: anti-endothelial cell 1gG
autoantibody activity in the serum of healthy individuals and
patients with systemic lupus erythematosus. /Int. Immunol.
6:1651.



Autoimmunity Reviews 8 (2009) 692-696

journal homepage: www.elsevier.com/locate/autrev

Contents lists available at ScienceDirect

Autoimmunity Reviews

=
AUTOIMMUNITY
REVIEWS

Anti-topoisomerase I autoantibodies in systemic sclerosis

¥

Tamdas Czompoly ?, Didna Simon P, Laszl6 Czirjak®, Péter Németh **

¢ Department of Immunology and Biotechnology, University of Pécs, Szigeti iit 12., H-7643, Pécs, Hungary
b Department of Immunology and Rheumatology, University of Pécs, Akdc u. 1., H-7632, Pécs, Hungary

ARTICLE INFO

ABSTRACT

Article history:

Received 15 January 2009
Accepted 10 February 2009
Available online 13 February 2009

Keywords:

Systemic sclerosis
Autoantibodies
Anti-topoisomerase |
Epitope mapping

Systemic sclerosis (SSc) is an autoimmune disease characterized by fibrosis of the skin, vascular
abnormalities and activation of the immune system. The majority of SSc patients have
autoantibodies against nuclear antigens. Among these antibodies against topoisomerase [
(topo I) are frequently detected in sera of SSc patients. Since the discovery of these antibodies
as immunoglobulins reacting with a 70 kDa nuclear protein (Scl-70), a massive body of clinical
and experimental data has been generated. In this review we summarize accumulated evidence
about anti-topo | autoantibodies in SSc, including results of epitope mapping studies and
investigations on the possible pathogenic role of these antibodies.
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. Introduction

Systemic sclerosis (SSc) is a systemic autoimmune
disorder characterized by immune activation, vascular injury,
inflammation, fibrosis of the skin and various internal organs.
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Activation of the immune system leads to production of
disease specific autoantibodies, lymphocyte activation and
secretion of various cytokines [1]. Patients with SSc could be
classified into two clinically distinct subsets. Diffuse cuta-
neous SSc (dcSSc) is characterized by rapid fibrosis of the
skin, lungs and other organs, while in limited cutaneous SSc
(1cSSc) vascular abnormalities are dominating and fibrosis is
limited predominantly to the acral regions [2]. However,
possible limitations of this two subset based classification
system has been identified by a recent analysis of the EUSTAR
database which indicated that a subset classification distin-
guishing anti-topoisomerase | and anti-centromere antibody
positive subsets may even be clinically more relevant [3].
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Moreover, introduction of additional subsets reflecting inte-
grated clinical parameters has also been proposed (reviewed
in [4]).

The vast majority of SSc patients have antinuclear
antibodies, which predominantly recognize DNA topoisome-
rase I (topo I), RNA polymerases, centromere proteins, and
Th/To [5,6]. In addition antibodies against several other
structures (including U3RNP, PM/Scl, B23, Ku, snRNP, mito-
chondrial components, defined or undefined cell surface
antigens present on endothelial cells and fibroblasts, and
extracellular antigens) could also be detected in sera of SSc
patients (reviewed in [7]). However, the role of these
antibodies in the pathogenesis of SSc is not clearly
demonstrated.

In this review we summarize accumulated evidence about
anti-topo I autoantibodies in SSc, including results of epitope
mapping studies and investigations on the possible patho-
genic role of these antibodies.

2. The family of topoisomerases

Topoisomerases change the tertiary structure of the DNA
molecule either by relaxing supercoiled DNA through break-
ing and rejoining one strand at a time (type I enzymes) or by
catalyzing catenation/decatenation, knotting/unknotting of
DNA rings through breaking and rejoining DNA in a double-
stranded fashion (type Il enzymes) [8,9]. Type I enzymes are
further classified to type IA subfamily if the enzyme forms a
covalent link with the 5’ end of broken DNA, or type IB
subfamily when the enzyme binds covalently to the 3’
phosphate. Topoisomerase activity has been detected in a
variety of species from bacteria through mammals. In humans
six distinct topoisomerase enzymes have been identified:
topoisomerase I (topo I) a type IB enzyme, topoisomerase Il a
type Il enzyme with two isoforms (topo Il and topo IIB3),
topoisomerase Il a type IA enzyme with two isoforms (topo
[l and topo 11IB), and mitochondrial topoisomerase I which
is a type IB enzyme. Topo I has a significant homology with
mitochondrial topoisomerase I (52% identity, 64% similarity),
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while the other human topoisomerases have primary
sequences showing no homology with topo I.

3. Identification of antibodies against topoisomerases

Anti-topo I autoantibodies were first identified by immu-
noblotting in sera of SSc patients as immunoglobulins reacting
with a 70 kDa nuclear protein, and were termed anti-Scl-70
antibodies [10]. Since then it has been shown that Scl-70 is the
breakdown product of topo I [11]. In addition to SSc the
presence of anti-topo I antibodies has been demonstrated in
systemic lupus erythematosus (SLE) patients showing no
clinical signs and symptoms of systemic sclerosis [12,13].

While anti-topo I antibodies considered to be present almost
exclusively in SSc, the presence of anti-topo Il autoantibodies
has been demonstrated in a number of autoimmune disorders
including SSc [14], localized scleroderma [15], idiopathic
pulmonary fibrosis [16], systemic lupus erythematosus [17],
juvenile rheumatoid arthritis [18], and insulin dependent
diabetes mellitus [19]. To date the presence of autoantibodies
against other members of the topoisomerase family has not
been demonstrated. Since anti-topo I autoantibodies are
considered to have a high specificity for SSc in further parts of
this review we will address anti-topo I antibodies.

4. Anti-topoisomerase I autoantibodies: isotype,
prevalence, and association with clinical parameters

Anti-topo I antibodies are most frequently detected with
IgG isotype, although the presence of anti-topo I antibodies
with IgA and IgM isotype has also been demonstrated [20].
The mean frequency of anti-topo I autoantibodies among SSc
patients is around 20%, with a high specificity for SSc [21].
Anti-topo I autoantibodies are considered to be associated
with dcSSc [22,23]. However, the presence of anti-topo I
autoantibodies may not be entirely restricted to this subset,
since a subgroup of IcSSc patients was also found to be
positive [3,22]. Anti-topo I autoantibody is found to be
associated with increased mortality, pulmonary fibrosis,
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Fig. 1. Results of epitope mapping studies performed with topoisomerase I. Identified epitope regions are indicated by black boxes. Abbreviations on the left
indicate the investigated diseases or disease subsets. SSc: systemic sclerosis, dcSSc: diffuse cutaneous systemic sclerosis, 1cSSc: limited cutaneous systemic
sclerosis, SLE: systemic lupus erythematosus. Numbers in square brackets indicate references cited.
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musculoskeletal and cardiac involvement, and proteinuria [3].
The level of anti-topo I autoantibody correlates with the
extent of fibrosis of the skin and internal organ involvement
in dcSSc, and may serve as an activity marker of disease [24].

5. Epitope mapping of anti-topoisomerase I antibodies

Topo 1 is a 765 amino acid (AA) long enzyme which
contains five distinct regions: the N-terminal domain (AA
1-215), core subdomains I-II (AA 216-435), core subdo-
main Il (AA 436-636), the linker domain (637-713), and
the C-terminal domain (AA 714-765) [25].

In search for immunodominant epitopes, or to survey
changes in the pattern of recognized epitopes a number of
research groups have studied the epitope specificity of anti-
topo I antibodies in SSc patients. Using molecular biology
strategies several studies have demonstrated that anti-topo I
antibodies of SSc patients recognize multiple epitopes on topo
I, although the recombinant topo I fragments used varied in
these reports. Verheijen et al. verified three different epitope
regions which are distributed over the entire protein [26].
D'Arpa et al. expressed six fragments of topo I and demon-
strated that most of anti-topo I positive sera recognize
multiple epitopes [27]. Kuwana et al. found four epitope
regions on topo I and reported that 86% of 43 anti-topo I
positive SSc sera reacted with a fusion protein containing AA
485-601 of topo I [28]. Piccinini et al. reported that AA 405-
484 of topo I was recognized by all the anti-topo I positive
sera they examined but detected no epitopes between AA 485
and 765 which could be due to the small number of serum
samples examined [29]. Hu et al. reported a high reactivity
against core subdomains I and II (AA 236-435), and core
subdomain III (AA 436-636) [30]. Epitope mapping per-
formed with synthetic peptides identified, four major epi-
topes, three of them in core subdomains I and Il (AA 236-435),
and one in core subdomain Il (AA 436-636) [31]. Since some
of these studies have implicated topo I fragments located in
the region of AA 484-560, these findings strongly suggest that
immunodominant B cell epitopes recognized by anti-topo I
antibodies could be located within this region (Fig. 1).

However, fragments used in these studies were designed
either on the basis of topo I domain structure or antigenicity
prediction, both of which could miss possible epitopes. Until
recently there was a single report of epitope mapping on topo
[ with random antigen fragments [32]. This early work used a
size selected random antigen fragment library constructed by
limited deoxyribonuclease digestion, and screened this
library with serum of a single systemic sclerosis patient.
They found a major epitope region spanning AA 653-704 of
the linker domain. This region has been produced as a fusion
protein and was recognized by 70% of anti-topo I positive sera
used in subsequent testing.

Given the limited experimental data obtained by random
antigen fragments we recently revisited this issue and
constructed an antigen fragment library of topo I displayed
on bacteriophage lambda [33]. The library contains fragments
of topo I with random starting point and length, consequently
it overcomes the theoretical and technical limitations asso-
ciated with pre-designed fragments or overlapping synthetic
peptides. We used this library to compare the epitope
specificity of anti-topo I antibodies present in sera of dcSSc,

1cSSc and SLE patients. Our data demonstrated that the
pattern of recognized epitopes is different between dcSSc,
1cSSc and SLE patients (Fig. 1). On the basis of these results it
seems that sera of dcSSc patients recognize epitopes localized
in the N-terminal domain, epitopes recognized by SLE
patients' sera are found in core subdomains I-II, while
epitopes recognized by 1cSSc patients are scattered through-
out the molecule. In addition to this there is a common region
of topo I (AA 450-600) recognized by all three groups of sera.

6. Naturally occurring autoantibodies against a
recombinant fragment of topoisomerase I

On the basis of fragments identified by library selection we
expressed fusion proteins and investigated recognition of
these fragments using a large number of sera from healthy
controls, patients with SSc, patients with SLE and patients
with inflammatory rheumatic diseases other than SSc and
SLE. We have unexpectedly found that the presence of
antibodies with both IgM and IgG isotype against an
immunodominant part of topo I (AA 450-600) is not
restricted to SSc, but could be detected in healthy individuals
and in sera of patients with inflammatory rheumatic diseases
other than SSc and SLE. The fact that these sera were shown to
be negative for anti-topo I antibody by a commercial ELISA
test using the full length antigen could indicate that the
sequence represented by AA 450-600 could be hidden in the
three dimensional structure of the full length molecule. These
findings raise the possibility that antibodies against this
fragment present in sera of healthy individuals and patients
with systemic autoimmune diseases could belong to the pool
of naturally occurring antibodies. However, since this recom-
binant fragment of topo I represents a 150 AA long sequence,
it is possible that the fine epitope pattern recognized by
naturally occurring antibodies and disease associated auto-
antibodies within this part of topo I is different.

7. Possible pathogenic roles of anti-topoisomerase I
antibodies

The pathogenic role of anti-topo I autoantibodies in SSc is
not clearly demonstrated. However several lines of indirect
evidence suggest that anti-topo I autoantibodies could
contribute to the pathogenesis of SSc. Anti-topo I antibodies
could be detected at a very early stage of the disease [34]. The
presence of anti-topo I antibodies is suggested to be
associated with a more severe subset of SSc [3], and the
level of these antibodies seems to correlate with the activity
of the disease [24]. However, these important clinical findings
need to be substantiated by demonstration of the direct
molecular and cellular mechanisms by which anti-topo I
antibodies could play a role in pathogenesis of SSc.

The missing link seems to be in the connection between
immunological abnormalities and fibrosis. In theory, the
presence of SSc specific autoantibodies which would be
capable to bind to the surface of fibroblasts and induce
myofibroblast like phenotypic changes represents an attrac-
tive mechanism to form a connection between these
processes. In fact the presence of stimulatory autoantibodies
against the platelet derived growth factor receptor (PDGFR)
in sera of SSc patients has been reported (reviewed in [35]).
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These antibodies were shown to induce phosphorylation of
PDGFR, and upregulation of alfa-smooth muscle actin and
type collagen expression in fibroblasts [36]. However,
confirmation of these results in an extended set of patients
is not provided to date. Moreover a study where anti-PDGFR
antibodies were measured by immunological methods and
not by bioactivity assays, showed that the presence of anti-
PDGFR antibodies is not restricted to SSc, but could also be
detected in healthy individuals [37]. This study raise the
possibility that antibodies against PDGFR belong to the pool of
naturally occurring antibodies. Similarly to the possibility
raised by our results obtained with a recombinant fragment of
topo I, it is possible that the fine epitope pattern recognized
by naturally occurring antibodies and disease associated
autoantibodies within the PDGFR is different, which could
explain the discrepancies obtained by bioactivity and immu-
nological assays.

In case of the pathogenic role of antibodies directed
against intracellular or nuclear antigens there is a general
problem, namely how these antibodies are capable to bind to
the cell surface and induce or sustain cellular damage. Binding
of anti-topo I autoantibodies to the surface of fibroblasts has
been demonstrated [38], later on the same group has shown
that topo I is capable of binding to the surface of fibroblast cell
lines, thus this fibroblast surface bound topo I provides a
binding site for anti-topo I antibodies [39]. This group also
showed that the presence of topo I-anti-topo I immunocom-
plexes on the surface of fibroblasts stimulates adhesion and
activation of monocytes in vitro. However, the ligand which
forms a binding site for topo I on the fibroblast surface is not
yet identified, and topo I has been found to bind in
comparable quantities to both normal and SSc derived
fibroblasts. Together these findings though provide the first
experimental evidence for cell surface binding of anti-topo I
autoantibodies, neither explain why anti-topo I antibodies are
formed almost exclusively in SSc, nor demonstrate a direct or
indirect link between these antibodies and fibrosis.

8. Conclusions

The pathogenesis of SSc seems to be highly complex. Some
ill defined initiator events could lead to vascular injury,
inflammation, activation of both innate and adaptive immune
system and fibrosis. The hierarchical order of these events, if
there is such an order at all, is not yet been clearly established,
however vascular injury seems to be an early and primary
process [40]. Anti-topo I autoantibodies are certainly among
the most frequently detected autoantibodies in SSc. However,
antibodies against several other nuclear or cytoplasmic
antigens are also present in SSc. A number of groups,
including ours, examined the epitope specificity of anti-topo
I autoantibodies. Though the methods used and patient
populations examined vary among these studies, it seems
that there is an immunodominant part of topo I in core
subdomain Il (between AA 450 and 600). The association of
anti-topo I autoantibodies with dcSSc which is dominated by
fibrosis could implicate either that anti-topo I autoantibodies
play a causative role in fibrosis, or these antibodies are
produced as a consequence of other events (vascular or
cellular injury) and play no pathogenic role in SSc, but reflect
only the activity of these events. The former scenario is

supported but not unequivocally proven by the demonstra-
tion of cell surface binding of anti-topo I antibodies on
fibroblasts.

Take-home messages

» Anti-topoisomerase I (topo I) autoantibodies are considered
to be associated with diffuse cutaneous systemic sclerosis
(dcSSc), however the presence of anti-topo I autoantibodies
may not be entirely restricted to this subset, since a
subgroup of patients with limited cutaneous SSc were also
found to be positive.

The presence of anti-topo I antibodies has also been
demonstrated in systemic lupus erythematosus (SLE)
patients showing no clinical signs and symptoms of
systemic sclerosis.

On the basis of epitope mapping studies it seems that there
is an immunodominant part of topo I located in core
subdomain III (amino acids 436-636).

Antibodies against a recombinant immunodominant frag-
ment (amino acids 450-600) of topo I could also be
detected in sera of healthy individuals, these antibodies
possibly belong to the pool of naturally occurring
autoantibodies.

Indirect clinical evidence suggest that anti-topo I auto-
antibodies could contribute to the pathomechanism of SSc,
which is supported by the demonstration of cell surface
binding of anti-topo I antibodies on fibroblasts.
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Study of functional variants of the BANK1 gene in rheumatoid arthritis

BANK1 gene variants have previously been identified as systemic lupus erythematosus (SLE) susceptibility markers;
however it has not been tested whether they are associated with rheumatoid arthritis (RA) as well. In a recent study
intended to investigate one functional (rs17266594) and two potentially functional (rs10516487 and rs3733197) gene
variants, Orozco G, et al. (Arthritis Rheum 2009;60:372-379) enrolled four different cohorts: 1,080 RA patients and 1,368
healthy controls from Spain, 278 RA patients and 568 healthy controls from Sweden, 288 RA patients and 287 healthy
controls from Argentina, and 288 RA patients and 288 healthy controls from Mexico. Samples were genotyped for BANK1
single-nucleotide polymorphisms (SNPs) using a TagMan 5'-allele discrimination assay. Statistical analysis comparing allele
and genotype distributions was performed with the chi-square test. They did not find a significant association between RA
and the rs10516487 and rs17266594 BANK1 polymorphisms. However, there was an increase in the major alleles among RA
patients. Similarly, for rs3733197, there was an increase in the major allele among patients in every cohort. Nevertheless,
this skewing reached statistical significance in the Spanish (P =0.01, odds ratio [OR] 1.17 [95% confidence interval (95% CI)
1.03-1.32]) and Argentinean (P=0.04, OR 1.31 [95% CI 1.00-1.72]) populations. They found a significant association of
rs10516487 (P=0.005, OR 1.15 [95% CI 1.04-1.28]) and rs3733197 (P=0.0009, OR 1.17 [95% CI 1.07-1.29]) with RA in the
pooled analysis. In a 3-SNP haplotype analysis, they found that the major TGG haplotype was significantly associated with
RA (P=0.005, OR 1.14 [95% CI 1.04-1.25]). In addition, they found a common CAA haplotype that was protective against RA
(P=0.0004, OR 0.82 [95% CI 0.74-0.92]). Such results suggest that BANK1 SNPs and haplotypes may contribute to RA
susceptibility with a low risk.
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Abstract

Because of their endosymbiotic evolutionary origin, proteins compartmentalized into mitochondria represent an interesting
transition from prokaryotic foreign to essential self molecules. We investigated the presence of naturally occurring antibodies
(nAbs) recognizing mitochondrial inner membrane enzymes. Epitope mapping analysis of a mitochondrial inner membrane
enzyme, citrate synthase (CS) by synthetic overlapping peptides and phage display libraries using sera from healthy individuals
and from patients having systemic autoimmune disease revealed CS recognizing nAbs with [gM isotype. We analyzed cross-
reactive epitopes on human CS, bacterial CS, and various standard autoantigens. We have found that the fine epitope pattern on
CS is different under physiological and pathological conditions. Moreover sera affinity purified on CS cross reacts with
nucleosome antigen, which cross-reactivity could be mapped to a short epitope on human CS. These data indicate that in theory,
nAbs “specific” for a given self antigen could fulfill the function of participating in innate defense mechanisms and at the same
time recognize a target antigen in a systemic autoimmune disease. Thus, at the level of recognized epitopes there is a possible
link between the innate like part and the adaptive-autoimmune arm of the humoral immune system.
© 2008 Elsevier B.V. All rights reserved.
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1. Introduction

Molecular recognition and molecular discrimination are
of key importance for proper function of the immune
system. Due to the high diversity encoded in immunoglo-
bulin genes and because of sophisticated clonal selection
mechanisms, antibodies of the adaptive immune system
theoretically could make precisely this distinction. How-
ever, natural (auto)antibodies seem to be exceptions to this
rule. Naturally occurring antibodies (nAbs) are immuno-
globulins mostly of IgM isotype with low affinity, and are
secreted without immunization with antigen [1,2]. These
antibodies can recognize genetically conserved sequences
of wild range of pathogens and may serve in the first line of
immune defense during an infection [3]. High affinity
hapten recognition is characteristic for the adaptive style
immune response; however, natural antibodies exhibit a
“pattern recognition” like feature. Naturally occurring
autoantibodies (nAAbs) present in the serum of both
healthy humans and patients with systemic autoimmune
diseases recognize a set of self-structures that have been
conserved during evolution [4]. Most nAAbs belong to the
IgM or IgG isotype [5,6], and show polyreactivity with a
broad range of affinities for the recognized epitopes [7].
Discrimination of nAbs from nAAbs is somewhat artificial,
since given the limited immunoglobulin gene repertoire
driving natural antibody production and the numerous
distinct antigens recognized, it is highly probable that
specificities with self non-self cross-reactivity exist.

Because of their endosymbiotic evolutionary origin,
proteins compartmentalized into mitochondria represent an
interesting transition from prokaryotic foreign to essential
self molecules. The structural and functional conservation
of mitochondrial components makes them candidate
antigens for detailed analysis of antibodies with possible
self non-self cross-reactivity. No classical mitochondrion
targeted autoimmune disease — with the exception of
primary biliary cirrhosis is known, suggesting a well
established tolerance both at the innate and adaptive level.
The inner membrane enzymes, especially the citric acid
cycle enzymes offer appropriate models for testing
immunoreactivity against them, since they are in contin-
uous connection with both innate and adaptive components
of the immune system during physiologic turnover of cells.

In our previous work we have performed epitope
mapping on human citrate synthase (hCS) to develop a
model for comparative analysis of the predicted and the
immunoserologically verified epitopes of circulating
autoantibodies [8]. In this review we summarize accu-
mulated evidence about the immunological recognition of
mammalian mitochondrial citrate synthase, compare
these evidences with data obtained by work on bacterial
citrate synthase, and discuss our findings in context of
recent developments in the field of natural antibodies.

2. Presence of antibodies recognizing mammalian
mitochondrial enzymes in human sera

We have screened a large number of sera from healthy
blood donors with different geographical background
(Hungary, United Kingdom, and Finland) for antibodies
against mammalian mitochondrial inner membrane
enzymes (citrate synthase (CS), pyruvate decarboxilase
complex (PDC), and malate dehydrogenase (MDH)). We
have found that sera of approximately 10% of healthy
individuals contain IgM antibodies recognizing CS, PDC
and MDH. The prevalence of CS, PDC or MDH
recognizing antibodies with IgG isotype was approximately
4%. Among sera of patients with various systemic
autoimmune diseases including systemic lupus erythema-
tosus (SLE), IgM antibodies against CS and MDH were
found in 24%, and 16% of sera tested, respectively. We
demonstrated presence of these antibodies in infants and
followed the titer of anti-CS antibodies in healthy adults
over a five year period. We have shown that titer of anti-CS
antibodies with IgM isotype is constant over time and
characteristic for the given individual, while titer of anti-CS
antibodies with IgG isotype is low and fluctuating. On the
basis of this evidence we hypothesize that anti-CS
antibodies with IgM isotype of healthy individuals and
patients with systemic autoimmune disease could belong to
the pool of nAAbs, while the presence of those with IgG
isotype could be result of the adaptive immune response [9].

3. Isotype of nAbs and nAb producing cells

On the basis of data obtained from mice nAbs were
initially considered to be mainly of IgM isotype [10,11],
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however, since then it has been demonstrated that in
addition to IgM, nAbs with IgG and IgA isotype are also
present in human sera [5,12]. Moreover it seems that the
majority of nAbs in human sera belongs to the IgG
isotype [5,7].

Cellular and molecular mechanisms behind the
isotype switch of nAbs from IgM to IgG are poorly
understood. However, it has been reported recently that
the majority of CD4" CD25" regulatory T cells in
humans also express dual TCRs [13]. Since data on the
possible interaction of regulatory T cells and nAb
producing B cells (B1 B cells and marginal zone B cells
in mice) is very limited, the significance of this finding
in regulation of human nAb production remains unclear.

4. Anti-CS antibodies with IgG isotype appear after
heart transplantation

The sporadic and transient appearance of anti-CS
IgG could be the result of adaptive immune response
triggered by either foreign antigens or release of CS into
the circulation from internal organs as heart and liver
during pathological conditions. We screened sera of
heart transplant patients for anti-CS antibodies. We
sought that CS is released during post-transplantation
vasculopathy, and this could elicit an adaptive type
immune response. Indeed we have found that the
frequency of high titer anti-CS IgG in sera of heart
transplant patients is significantly higher than in healthy
individuals (20% vs. 4%) [14]. The presence of induced
anti-CS IgG in heart transplant patients raise the
question whether these antibodies are produced as a
result of isotype switch from nAbs with IgM isotype or
produced against different epitopes originally not
recognized by nAbs. Epitope mapping of anti-CS IgGs
suggested an altered epitope pattern compared to
healthy individuals [14].

5. Polyreactivity of affinity purified anti-CS antibodies

Polyreactivity is a generally accepted feature of nAbs
[7], with examples including cross-reactivity between
proteins, carbohydrates and nucleic acids. [15,16]. In
order to adequately characterize the anti-CS antibodies
detected in human sera, we attempted affinity purifica-
tion of these antibodies from sera of healthy individuals
and patients with systemic autoimmune diseases. The
eluted anti-CS antibodies were exclusively with IgM
isotype. We tested cross-reactivity of these anti-CS IgMs
on MDH, PDC and target antigens of various auto-
immune diseases. We observed no cross-reactivity with
mitochondrial inner membrane enzymes; however to our

surprise anti-CS IgM affinity purified from sera of SLE
patients recognized the nucleosome antigen. We have
extensively verified this cross-reactivity with the use of
competition experiments and immunocytochemistry [9].
It is important to note that the anti-CS IgM showing
nucleosome cross-reactivity has been affinity purified
from sera of SLE patients, and the immunoglobulin gene
repertoire coding for light chains in SLE patients has
been demonstrated to resemble the repertoire of nAb
producing CD5" adult and fetal B cells [17].

6. Epitope mapping of antibodies against human
citrate synthase

We performed detailed epitope mapping analysis of
anti-CS antibodies with the use of overlapping synthetic
peptides, phage displayed CS antigen fragment or random
peptide libraries. We carried out comparative epitope
mapping of anti-CS IgM and IgG from healthy individuals
and heart transplant patients. According to our results the
appearance of anti-CS IgG in heart transplant patients
seems to be the result of isotype switch from IgM, since
the majority of recognized epitopes is identical when anti-
CS IgM is compared to anti-CS IgG, but we detected some
linear epitopes which differ from healthy individuals [ 14].

To investigate the molecular mechanism behind CS—
nucleosome cross-reactivity on a CS antigen fragment
library displayed on phage lambda we carried out
comparative epitope mapping analysis of anti-CS IgM
affinity purified from sera of healthy individuals and
SLE patients. We have shown that, while there is no
favored region of the hCS molecule recognized
exclusively either by healthy individuals or patients
with SLE, the fine epitope pattern is different in the two
groups examined [9].

We have isolated a phage clone from a random peptide
library corresponding to amino acids 145—150. of hCS, and
performed competition ELISA for CS and nucleosome
antigen. This phage clone inhibited the CS reactivity of
anti-CS IgM affinity purified from sera of SLE patients but
not from sera of healthy individuals. Moreover it also
inhibited the nucleosome reactivity of anti-CS IgM affinity
purified from sera of SLE patients. These results indicate
that the CS—nucleosome cross-reactivity at least in part is
caused by antibodies recognizing the hCS epitope (amino
acids 145—150.) mimicked by this particular phage clone.

7. Epitope mapping of antibodies against bacterial
citrate synthase

Since a number of studies demonstrated that nAbs
play an important role in first line defense mechanisms
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of the humoral immune response [18,19], we analyzed
the possible overlap in epitopes recognized on hCS and
bCS. We have used anti-CS IgM affinity purified on
mammalian CS for epitope mapping on bCS. Three
cross-reactive epitopes were identified on bCS, which
interestingly show only a limited homology with hCS.
On the basis of comparative epitope mapping with sera
from healthy individuals, patients with systemic auto-
immune diseases and heart transplant patients epitopes
recognized on bCS could be grouped into the following
categories: epitopes recognized by sera of all indivi-
duals, epitopes recognized only by sera of healthy
individuals, and epitopes recognized only by sera of
patients with systemic autoimmune diseases and heart
transplant patients. There were no differences in the
epitope pattern among autoimmune patients and heart
transplant patients.

8. Structural basis of polyreactivity

Our affinity purified anti-CS IgM antibodies are
essentially polyclonal, however the fact that their
nucleosome cross-reactivity could be linked to a short
epitope on hCS (amino acids 145—150.) indicates that
the pool of CS—nucleosome cross-reactive antibodies is
oligoclonal. By analyzing the primary sequence we have
not found any significant homology between the cross-
reactive epitope identified on hCS and protein compo-
nents of the nucleosome. Several lines of evidence
indicate that homologies in the primary sequence of
distinct molecules are not sufficient to explain cross-
recognition of them by the same antibodies. It has
recently been suggested that the concept of molecular
mimicry should be fine tuned to structural mimicry,
which explains cross-recognition with similarities in the
three dimensional molecular shape of the epitope
instead of analyzing primary sequence [20].

Structural data about the other side of the coin, the
paratope of a germline monoclonal Ab, has recently been
published by Sethi et. al., which in our opinion could have
general implications on polyspecificity of nAbs [21].
Authors of this paper have reported crystallographic data
about the paratope both in antigen-free and peptide-bound
state. They showed that the paratope of this germline
antibody exhibits conformational variability in the
antigen-free state, but surprisingly it is locked in one
common conformation when bound to three structurally
unrelated peptides with totally different primary
sequence. The three structurally independent peptides
utilized different parts of the paratope for binding, but
interaction with two tyrosine residues were found to be
conserved among them. Interestingly mutated amino

acids in the affinity matured form of the germline Ab were
found to be distant from the key contact residues, and
none of the peptides were recognized by the affinity
matured Ab. Thus affinity maturation also resulted in
narrowed specificity without changing amino acids in key
contact positions. Although these data were obtained with
ahapten “specific” germline Ab and affinity matured form
of it, given the germline sequence usage of nAbs this
mechanism could explain the polyreactivity of the anti-CS
antibodies.

In summary hCS recognizing antibodies are present
in human sera. Anti-hCS antibodies with IgM isotype
seem to belong to the pool of nAAbs. The fine epitope
pattern on CS is different under physiological and
pathological (SLE) conditions. Sera affinity purified on
CS cross reacts with nucleosome antigen. This cross-
reactivity could be mapped to a short epitope on hCS.
There are cross-reactive epitopes on human and
bacterial CS. These data indicate that in theory,
nAAbs “specific” for a given self antigen could fulfill
the function of participating in innate defense mechan-
isms and at the same time recognize a target antigen in a
systemic autoimmune disease. Thus, at the level of
recognized epitopes there is a possible link between the
innate like part and the adaptive-autoimmune arm of the
humoral immune system.

Take-home messages

e Human citrate synthase (hCS) recognizing antibodies
are present in human sera.

® Anti-hCS antibodies with IgM isotype seem to
belong to the pool of naturally occurring antibodies.

® The fine epitope pattern on CS is different under
physiological and pathological (SLE) conditions.

® Sera affinity purified on CS cross reacts with
bacterial CS and nucleosome antigen.

® In theory, naturally occurring antibodies “specific”
for a given self antigen could fulfill the function of
participating in innate defense mechanisms and at the
same time recognize a target antigen in a systemic
autoimmune disease.
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Is the heart affected in Primary Sjogren syndrome? an echocardiographic study

Sjogren syndrome is a chronic autoimmune exocrinopathy disease leading to xerostomia and keratoconjuctivitis
sicca. Sjogren syndrome may present as primary disease or secondary to other autoimmune diseases.
Lymphoproliferative malignancies are the most serious complication of Sjogren syndrome. Cardiac involvement
is prevalent in many autoimmune diseases; the association of this complication with primary Sjogren syndrome is
not well established. Recently Vassiliou et al (Clinical and Experimental Rheumatology 2008; 26:109-112) studied
ecocardiographic abnormalities in 107 consecutive patients with primary Sjogren and no apparent heart disease
compared with 112 healthy controls. Mitral, Aortic and Tricuspid regurgitation were more prevalent among
Sjogren patients, so were pericardial effusion, Left ventricular mass index and pulmonary hypertension. The
presence of palpable purpura, low complement levels, cryoglobulins and anti Ro antibodies were associated with
different heart abnormalities. The authors concluded that silent cardiac involvement is relatively common in
primary Sjogren syndrome. Although the clinical impact of these finding is unclear echocardiographic studies,
especially for Sjogren patients with palpable purpura, low complement and autoantibody reactivity, should be
considered.
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Abstract

Natural antibody (nAb) producing B-1 B cells are considered an intermediate stage of evolution between innate and adaptive immunity. nAbs
are immunoglobulins that are produced without antigen priming. nAbs can recognize foreign targets and may serve in the first line of immune
defense during an infection. Natural autoantibodies (nAAbs) present in the serum of both healthy humans and patients suffering from systemic
autoimmune diseases recognize a set of evolutionarily conserved self-structures. Because of their endosymbiotic evolutionary origin, proteins
compartmentalized into mitochondria represent an interesting transition from prokaryotic foreign (non-self) to essential (self) molecules. We
investigated the possible overlap in recognized epitopes of innate and self-reactive nAbs and surveyed changes in physiological autoreactivity
under pathological autoimmune conditions. Epitope mapping analysis of a mitochondrial inner membrane enzyme, citrate synthase (CS) (EC
2.3.3.1) by synthetic overlapping peptides and phage display libraries using sera from healthy individuals and from patients having systemic
autoimmune disease revealed CS recognizing nAAbs with IgM isotype. We analyzed cross reactive epitopes on human CS, bacterial CS, and
various standard autoantigens. The anti-CS nAAbs by participating in the nAb network, could function in innate defense mechanisms and at the
same time recognize a target antigen (nucleosome) in a systemic autoimmune disease. Thus, at the level of recognized epitopes there is a possible
new link between the innate like component and the adaptive-autoimmune arm of the humoral immune system.
© 2005 Elsevier Ltd. All rights reserved.

Keywords: Natural antibody; Mitochondrial inner membrane enzyme; Epitope mapping; Phage display; Multi-pin ELISA; Systemic lupus erythematosus; Autoim-
munity

1. Introduction

Several lines of evidence indicate that natural antibody pro-
ducing B-1 B cells represent an intermediate stage of evolution
between innate and adaptive immunity. In fact they play an
important role during the early phases of immune responses
(Martin et al., 2001; Wardemann et al., 2002; Baumgarth et
al., 1999). While they need to be under control and regulation
because of their autoreactivity, these innate B cells themselves

* Corresponding author. Tel.: +36 72 536290; fax: +36 72 536289.
E-mail address: peter.nemeth@aok.pte.hu (P. Németh).

0161-5890/$ — see front matter © 2005 Elsevier Ltd. All rights reserved.
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play an important role in controlling autoimmunity (Boes et al.,
2000; Cocca et al., 2001).

Natural antibodies (nAbs) are immunoglobulins that are pro-
duced without immunization with antigen (Coutinho et al.,
1995). These molecules can recognize foreign targets and may
serve in the first line of immune defense during an infection
(Ochsenbein et al., 1999). In contrast, natural autoantibodies
(nAAbs) present in the serum of both healthy humans and
patients suffering from systemic autoimmune diseases recog-
nize a set of self-structures that have been conserved during
evolution (Cohen and Young, 1991). Most nAAbs belong to the
IgM or IgG isotype (Mouthon et al., 1995; Avrameas, 1991)
and show polyreactivity with a broad range of affinities for the



1762 T. Czompdly et al. / Molecular Immunology 43 (2006) 1761-1768

recognized epitopes (Lacroix-Desmazes et al., 1998). Several
functions have been suggested for nAAbs: they may participate
in the selection of immune repertoires, play a role in the accel-
eration of primary immune responses (Ehrenstein et al., 1998),
aid the clearance of apoptotic cells (Peng et al., 2005), possess
anti-inflammatory effects (Miletic et al., 1996) and contribute to
the maintenance of immune homeostasis (Lacroix-Desmazes et
al., 1996).

Because of their endosymbiotic evolutionary origin, proteins
compartmentalized into mitochondria represent an interesting
transition from prokaryotic foreign to essential self-molecules.
To date there are a limited number of epitope mapping analyses
performed on human antigens recognized by nAAbs. In par-
ticular little is known about the possible overlap in recognized
epitopes of innate and self-reactive nAbs. Moreover, the possi-
ble changes in physiological autoreactivity under pathological
autoimmune conditions remain unclear.

To address these problems we have chosen a mitochondrial
inner membrane enzyme, citrate synthase (CS) (EC 2.3.3.1) for
epitope mapping using sera of healthy individuals and patients
having systemic autoimmune disease (systemic lupus erythe-
matosus, rheumatoid arthritis, undifferentiated connective tissue
disease, polymyositis/dermatomyosits, systemic sclerosis, Ray-
naud syndrome and Sjorgen syndrome). We investigated the
presence of CS recognizing nAAbs both in healthy and autoim-
mune patients. The molecular recognition pattern on CS was
analyzed and compared under physiological and pathological
(autoimmune) conditions. We analyzed cross reactive epitopes
on human CS, bacterial CS, and various standard autoantigens.
Our data indicate that the anti-CS nAAbs have an individually
characteristic fine epitope pattern which is independent from the
actual condition of the immune system by participating in the
nAb network.

2. Materials and methods
2.1. Patients and control sera

Serum samples from healthy individuals: 63 Hungarian blood
donors from the Blood Transfusion Service of Baranya county,
Pécs (age: 36.8£17.1 years; 32 women, 31 men); a stan-
dardized panel from 51 British blood donors and 176 Finnish
blood donors (by the courtesy of professor G. Fiist and Z. Pro-
haszka, 3rd Department of Internal Medicine at the Semmelweis
University, Budapest); 44 serum samples from healthy infants
from the Pediatrics Clinic, University of Pécs (age: 11.5+4.5
months; 26 females, 18 males) and samples of patients with
systemic autoimmune diseases: 326 clinically well-documented
cases of systemic lupus erythematosus (SLE), rheumatoid
arthritis, undifferentiated connective tissue disease, polymyosi-
tis/dermatomyosits, systemic sclerosis, Raynaud syndrome and
Sjorgen syndrome from the Immunology and Rheumatology
Clinic, University of Pécs (age: 44.2 + 14.1 years; 284 women,
42 men) were used in this work with the permit of the
Ethical Committee of the Medical Center of the University
of Pécs.

2.2. Detection of mitochondrial enzyme specific
autoantibodies by ELISA

Ninety-six well polystyrene plates (NUNC) were coated with
CS, malate dehydrogenase (MDH; EC 1.1.1.37) and pyruvate
dehydrogenase (PDH; EC 1.2.4.1) from porcine heart (Sigma)
in 0.1 M bicarbonate buffer, pH 9.6. Following the satura-
tion of non-specific binding sites with 0.5% gelatin (Sigma)
in PBS (pH 7.3), serum samples were incubated in triplicates
at 1:100 dilutions in washing buffer (PBS, 0.05% Tween 20)
for 60 min. Finally, the plate was incubated with HRPO con-
jugated anti-human-IgA, or -IgG or -IgM specific secondary
antibody (Dako) for 60 min. The reaction was developed with
o-phenylenediamine (Sigma), and measured on an iEMS MF
microphotometer (ThermoLabsystem) at 492 nm. Cut-off val-
ues of each groups examined were calculated from the aver-
age of measured OD492 data. Sera having higher O.D. value
than average + 2SD were considered positive. All measurements
were standardized with a monoclonal anti-citrate synthase anti-
body (Clone 4H3-ES5) we produced previously (Nemeth et al.,
1991).

2.3. Affinity purification of sera on CS

CS from porcine heart was coupled to cyanogen-bromide
activated sepharose 4B (Sigma) according to the manufac-
turer’s instructions. Fifteen millilitres sera of 30 healthy
blood donors and 14 patients with autoimmune disease were
passed three times through the CS-sepharose resin. After
washing antibodies were eluted in glycine-HCL pH 2.5,
fractions were neutralized with 1M Tris and were tested for
CS reactivity with indirect ELISA using HRPO conjugated
anti-human-IgA, or -IgG or -IgM specific secondary antibody
(Dako).

2.4. Cross reactivity testing of CS affinity purified sera

Cross reactivity with additional mitochondrial inner mem-
brane enzymes was tested with indirect ELISA using MDH and
PDH from porcine heart (Sigma) as antigens.

Reactivity with E. coli CS was tested with pin-bound over-
lapping decapeptides as described previously (Petrohai et al.,
2004; Nyarady et al., 2005).

Recognition of autoantigens implicated in various autoim-
mune diseases were tested using indirect ELISA kits devel-
oped for the quantitative measurement of double stranded DNA,
nucleosome, Cenp-B, MPO, PR3, alpha-fodrin, gastric pari-
etal cell, intrinsic factor, Asca, gliadin, tissue transglutaminase,
cardiolipin, 32-glycoprotein-1, phosphatidyl serine, prothrom-
bin (Orgentech) and Sm, RNP, SSA, SSB, Scl-70, Jo-1, CCP,
thyreoglobulin, glomerular basal membrane (Hycor) specific
autoantibodies.

2.5. Construction of a CS antigen fragment library

Total RNA was isolated using TriReagent (Sigma) from
3 x 10° mononuclear cells obtained by Ficoll Paque (Amer-
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shamPharmacia) gradient centrifugation from peripheral blood
of a healthy blood donor. Five micrograms of total RNA was
reverse transcribed with Superscript II RT (Invitrogen) accord-
ing to the manufacturer’s instructions. cDNA encoding for the
full length human mitochondrial citrate synthase was amplified
with the following primers: 5'-ATGGCTTTACTTACTGCGGC-
3’ and 5-TTACCCTGACTTAGAGTCCAC-3'. The PCR reac-
tion contained 300 mM of each dNTP, 1.5 mM MgSQq4, 1 puM
of each primer, 5 .l cDNA and 5 units of ProofStart DNA poly-
merase (Qiagen) in a 100 .l final volume, cycling was done with
the following profile: 95°C 5 min, 35 cycles of 95°C 1 min,
51°C 30s, 72 °C 2 min, final extension at 72 C for 10 min. The
PCR product was separated on a 1.5% agarose gel and purified
using the Quiaquick Gel Extraction Kit (Qiagen). Following A-
addition it was cloned into a T/A vector using the InsT/Aclone
PCR Product Cloning Kit (Fermentas). The identity of insert
was verified by sequencing on an ABI3100 Avant genetic
analyzer.

Library construction was done using the lambdaD-bio phage
display vector (a kind gift from Dr. Alessandra Luzzago; Insti-
tuto di Ricerche di Biologia Molecolare, Italy) as described
(Ansuini et al., 2002). In brief, inserts were produced by tagged
random primed elongation and amplification using Spel and
Notl tagged random primers (Santi et al., 2000) and CS cDNA
as template excised with BamHI and EcoRI (Promega) diges-
tion from the plasmid mentioned above. Following purification
with the Quiaquick PCR purification kit (Qiagen) and size selec-
tion on Wizard columns (Promega) inserts were digested with
Spel and Notl (Promega). Twenty ligations were set up con-
taining 1 pg of Spel/Notl digested lambdaD-bio DNA, 25ng
of Spel/Notl digested insert, 30U of T4 DNA ligase (Fermen-
tas) in a final volume of 5wl and incubated 48 h at 4 °C. The
ligation mixture was phenol-chloroform extracted, ethanol pre-
cipitated and packaged with the Ready To Go Lambda Pack-
aging Kit (AmershamPharmacia). Phage were amplified by
infecting log phase E. coli BB4 cells and plating them on
LB agar plates. After plaque formation phage were eluted by
an overnight incubation in SM buffer (100 mM NaCl, 8.1 mM
MgSOy4, 50 mM Tris—HCI pH 7.5), concentrated with polyethy-
lene glycol precipitation and resuspended in SM buffer supple-
mented with Complete EDTA Free Proteasae Inhibitor Cocktail
(Roche).

2.6. Affinity selection of CS antigen fragment library

Affinity selection of CS antigen fragment library with CS
affinity purified sera was performed essentially as described
(Santini et al., 1998). Briefly, microtiter plates were coated with
affinity purified anti-CS sera or anti-CS monoclonal antibody
(mAb) 4H3ES5 (developed in our lab) at 10 pg/ml in coating
buffer. After blocking 10'° phage were incubated for 2 h at room
temperature. Wells were washed five times and bound phages
were recovered by in well infection of E. coli BB4 cells. The
infected bacteria were plated on LB agar plates and phage were
eluted then concentrated as described above. The affinity selec-
tion was repeated one more time and individual clones were
picked up for DNA sequencing.

2.7. Random peptide library screening

The filamentous phage library displaying cyclic nine amino
acid random peptides as a fusion to the N-terminal of the M13
major coat protein VIII was constructed previously (Felici et al.,
1991). Affinity selection of phages with CS affinity purified
sera from SLE patients was performed using the biopanning
technique (Parmley and Smith, 1988). In brief, microtiter plates
were coated with affinity purified anti-CS sera (40 wg/ml dur-
ing the first and 4 pg/ml during the second and third rounds of
panning). After washing with PBS/0.05%Tween-20 and block-
ing with a solution containing PBS/3%BSA, 10'° ampicillin
transducing unit (ATU) phage (blocked with PBS/1%BSA) was
added and incubated for 2 h at room temperature. The plate was
washed with PBS/Tween-20 (0.05% in the first or 0.5% in the
second an third round of panning) and the bound phage were
eluted with 1 mg/ml BSA/0.1 M glycine pH 2.2. Following neu-
tralization with 2M Tris, 10 ml XL1-Blue (O.D.ggp:0.5) was
infected and plated on LB agar plates containing 50 pg/ml ampi-
cillin. The next day the colonies were scrapped off the plates,
were resuspended in 10ml LB and were superinfected with
10'! plaque forming unit (PFU) M13KO7 helper phage. After
an overnight incubation at 37 °C, phage were precipitated with
16.7% PEG8000/3.3 M NaCl twice and resuspended in TBS.
Enrichment was monitored by indirect ELISA with phage pools
after each selection step. Following the third round of panning,
randomly chosen clones were picked up and tested for reac-
tivity with the selecting sera by indirect ELISA. Based on the
ELISA results forty clones were selected for DNA sequenc-
ing.

3. Results

3.1. Anti-mitochondrial enzyme specific antibodies in
healthy individuals and systemic autoimmune patients

Using simple binding ELISA we demonstrated the pres-
ence of antibodies recognizing CS, MDH, and PDC both
in the sera of healthy individuals and systemic autoimmune
patients. Isotype specific ELISA showed that enzyme spe-
cific antibodies with IgM isotype are more frequently present
in all investigated groups than that of IgG or IgA isotypes
(Table 1). No differences were found among the subgroups
of healthy individuals; however, the incidence of anti-CS and
anti-MDH autoantibodies with IgM isotype was significantly
higher in autoimmune patients compared to the healthy con-
trols.

We continued our investigations with CS specific IgM
autoantibodies because this group showed the most char-
acteristic pattern of distribution. We followed the titer of
anti-CS IgM antibodies in 53 healthy individuals selected
from British and Hungarian blood donors with repeated
sample collection minimum three times during a 5-year
period. We have found that the CS reactivity of individual
sera remained permanently constant over this time period
(Fig. 1).



1764 T. Czompdly et al. / Molecular Immunology 43 (2006) 1761-1768

Table 1
Prevalence of mitochondrial inner membrane enzyme specific antibodies in human sera
CSIgA CS IgG CS IgM MDH IgA MDH IgG MDH PDC IgA PDC IgG PDC IgM
(%) (%) (%) (%) (%) IgM (%) (%) (%) (%)
Hungarian blood-donors 4 3 10 3 2 8 3 3 10
(63)
British blood-donors (51) 5 4 12 3 3 9 3 4 10
Finnish blood-donors 5 3 9 2 2 8 3 5 10
(176)
Healthy infants (44) 2 2 7 4 4 9 2 4 9
Systemic autoimmune 5 3 24 4 4 16 4 4 6
patients (326)

Sera were tested for citrate synthase (CS), malate dehydrogenase (MDH) and pyruvate dehydrogenase (PDH) reactivity with isotype specific indirect ELISA. Values

in parentheses indicate the number of individual serum samples tested.

3.2. Affinity purification and cross reactivity testing of CS
reactive sera

To exclude the masking effects of nonspecific bindings we
purified anti-CS antibodies from 44 human sera (30 healthy and
14 autoimmune patients: 9 with SLE, 3 with systemic sclerosis
and 2 with rheumatoid arthritis) by affinity chromatography for
further experiments. Affinity purification was successful only in
those cases (2 healthy and 2 SLE patients) when the actual serum
had extraordinary high (OD492>1.5) anti-CS reactivity. The
eluted anti-CS antibodies were exclusively with IgM isotypes
(data not shown).

Cross reactivity of affinity purified anti-CS antibodies with
other mitochondrial inner membrane enzymes (MDH and PDC)
was tested by indirect ELISA. The affinity purified anti-CS anti-
bodies have not recognized these enzymes (data not shown).

Subsequently, we applied a synthetic peptide fragment library
in multi-pin ELISA to test whether antibodies affinity puri-
fied on CS from porcine heart (identity with human CS: 96%)
would be able to recognize epitopes on bacterial CS from E.
coli (identity with human CS: 25%). Only three cross reacting
sequences were found: amino acids 124-133: FRRDSHPMAV
(identity with human CS: 40%, similarity: 60%); amino acids
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Fig. 1. CS reactivity in healthy individuals over a 5-year period. CS reactivity
of sera from 53 healthy individuals was followed up during a 5-year period with
IgM isotype specific indirect ELISA.

174-183: MCYKYSIGQP (identity with human CS: 30%, simi-
larity: 40%) and amino acids 351-360: YFIEKKLYPN (identity
with human CS: 40%, similarity: 60%).

In order to examine the cross reactivity of affinity purified
anti-CS sera on autoantigens having a role in various autoim-
mune diseases, we performed several indirect ELISAs with
commercially available autoantibody kits. The affinity purified
anti-CS sera from two SLE patients recognized nucleosome anti-
gen (Fig. 2A). To exclude the possibility of CS contamination
in the nucleosome antigen preparation we used our anti-citrate
synthase mAb (Nemeth et al., 1991) in the same ELISA system.
For further verification of our results we carried out competition
ELISA experiments using CS from porcine heart as competitor
(Fig. 2B).

In order to obtain further support for these findings we
screened 46 additional SLE patients for CS and nucleosome
reactivity and performed CS affinity purification from the 11
double positive (high CS and nucleosome reactivity) patients’
sera. All of the above mentioned 11 CS affinity purified sera
recognized the nucleosome antigen, which reactivity could be
inhibited in competition with CS (mean nucleosome reactiv-
ity O.D. (450): 0.38 & 0.15 without competition; 0.21 4 0.09
in competition with 10 wg CS and 0.08 £0.03 in competition
with 50 g CS). In addition we performed fluorescent immuno-
cytochemistry on Hep-2 cells using a commercially available
kit from Diasorin. All of the CS affinity purified SLE patients’
sera resulted a low-intermediate staining intensity in the nucleus
— and the nucleoli of the nuclei were consequently negative —
characteristic for the recognition of nucleosomes. We found an
intermediate-high staining intensity in the cytoplasm, charac-
teristic for the recognition of CS (data not shown). Our results
show that there is indeed a cross reactivity of anti-CS antibodies
from SLE patients with nucleosome antigen.

3.3. CS antigen fragment library construction

For analysis of fine epitope structure of anti-CS autoantibod-
ies we constructed a CS antigen fragment library displayed on
bacteriophage lambda. The library contains approximately 107
insert bearing independent clones. First we tested the library by
performing an affinity selection with an anti-CS mAb. After the
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Fig. 2. Anti-CS antibodies from SLE patients recognize nucleosoma antigen.
(A) Affinity purified anti-CS sera from two SLE patients (SLE) and two healthy
(H) individuals were tested for nucleosome reactivity. Numbers in parentheses
indicate the protein concentration in wg/ml. CS contamination of the nuclesome
antigen was controlled with an anti-CS mAb 4H3ES (a-CS mAb). (B) Com-
petitive ELISA with CS: Affinity purified anti-CS sera from two SLE patients
(10 pg/ml) were preincubated with the indicated amount of CS (g/100 1) for
1 h then reactivity for nucleosome antigen was tested. All measurements were
performed in triplicates and were repeated in three independent experiments.
*p<0.05, ™ p<0.001.

Table 2
Alignment of anti-CS mAbD selected phage clones with human CS

50 100 150 200 250 300 350 400 450
Human CS amino acids

Fig. 3. Alignment of anti-CS sera selected phage clones with human CS.
Deduced amino acid sequences of phage clones selected with affinity purified
anti-CS sera prepared from healthy individuals (A) and patients with SLE (B)
are plotted along the human CS sequence.

second round of affinity selection 30 clones were chosen for
DNA sequencing. Among them four distinct sequences were
found repeatedly (Table 2). These sequences could be aligned
with amino acids 7-65 of human CS and the minimal epitope of
our anti-CS mAbD could be restricted to amino acids 31-59.

3.4. Affinity selection of CS antigen fragment library with
CS purified sera

After the effectiveness of our phage displayed CS antigen
fragment library for epitope mapping was demonstrated, we
moved forward to the epitope mapping of affinity purified anti-
CS sera. Following two rounds of affinity selection 20 clones
selected with each serum were picked up for DNA sequencing.
In contrast to the selection with our anti-CS mAb these clones
carry short peptide sequences which could be also aligned to
human CS (Fig. 3). These short sequences are scattered through
the human CS sequence and it seems that practically the same
regions of the molecule are recognized by the two groups of sera.
However, it is important to note that the fine epitope pattern is
different in the two groups examined.

3.5. Random peptide library screening with CS purified
sera

To get additional data about the basis of CS-nucleosome cross
reactivity we screened a nine amino acid random peptide library
with CS affinity purified sera from two patients with SLE. The

Number of independent isolations

Deduced amino acid sequence

5 AARLLGTKNASCLVLAARHASASSTNLKDILADLIPKEQARIKTFRQQHGKTVVGQITV
8 TNLKDILADLIPKEQARIKTFRQQHGKTV

9 ASCLVLAARHASASSTNLKDILADLIPKEQARIKTFRQQHGKTVVG

6 ASCLVLAARHASASSTNLKDILADLIPKEQARIKTFRQQHGKTV

huCS AARLLGTKNASCLVLAARHASASSTNLKDILADLIPKEQARIKTFRQQHGKTVVGQITV

The number of independent isolations refers to the clones sequenced and found identical for the four distinct inserts. huCS indicates amino acids 7-65 of human CS.
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Table 3
Alignment of CS affinity purified sera selected random peptides with human CS

Number of independent isolations Deduced amino acid sequence

2 APASPYQCG
1 APASPYQSG
5 EAASPYQSH
5 YAAPSSQSH
9 YAAPSRQSH
18 YAAPSHQSH
huCS 145-150 AALPSH

The number of independent isolations refers to the clones sequenced and found
identical for the given peptide. huCS indicates amino acids 145-150 of human
CS.

40 sequenced clones carry similar peptides which show partial
homology with human CS (Table 3) We performed competi-
tion ELISA with the phage clone most resembling CS (YAAP-
SHQSH, phage#5) both for CS and nucleosome antigen (Fig. 4).
According to our results, phage#5 inhibited the CS reactivity of
CS affinity purified sera from SLE patients but not from healthy
individuals. When tested for blocking nucleosome reactivity,
phage#5 proved to be an efficient inhibitor of the nucleosome
reactivity measured with CS affinity purified sera from SLE
patients. These results indicate that the CS-nucleosome cross
reactivity at least in part is caused by antibodies recognizing the
CS epitope (amino acids 145-150) mimicked by phage#5.

4. Discussion

In this study we demonstrated the presence of natural anti-
bodies recognizing CS both in healthy individuals and in patients
with systemic autoimmune disease. Our finding that the majority
of these antibodies have IgM isotype, their presence in infants
and the long term stability of serum titers in adults indicates
that these specificities belong to the nAAb repertoire established
early in postnatal life (Mouthon et al., 1995; Stahl et al., 2000).

Since CS has not been implicated as target antigen in any
autoimmune disease we investigated, it seems to be an appro-
priate model protein to examine potential changes in physio-
logical autoreactivity under conditions of systemic autoimmune
disease. In our previous study (Petrohai et al., 2004) we per-
formed comparative epitope mapping on human CS with sera
from healthy individuals and heart-transplanted patients using
overlapping synthetic peptides. We detected similar recognition
patterns in healthy group as in the present study, but in heart-
transplanted patients both epitope pattern and the isotype of the
anti-CS autoantibodies were different: strong dominance of [gGs
was found with altered fine epitope specificities in strong rela-
tionship with the clinical stage (graft rejection).

Epitope mapping with overlapping synthetic peptides is a
widely used technique (Maeji et al., 1995; Uray et al., 2003),
but it’s constraints include the in silico B-cell epitope predic-
tion used for selection of antigenic regions (Nyarady et al.,
2005), the partial coverage of primary sequence by synthetic
peptides and the possible loss of all unpredicted or conforma-
tional epitopes. Since these effects could have influenced our
results, we performed the epitope mapping using a basically
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Fig. 4. Competition for CS and nucleosome antigen with a phage clone selected
from a random peptide library. We performed competition ELISA with phage#5
(YAAPSHQSH), selected with CS affinity purified SLE patients’ sera from a
random peptide library. (A) CS affinity purified sera from patients with SLE or
healthy individuals (SLE#1, #2 and H#1, #2 at 1 p.g/ml) were preincubated with
1010 phage#5 (ph5) or wild type (wt) particles for 1 h at 4 °C, then reactivity for
CS was measured by indirect ELISA. (B) CS affinity purified sera from patients
with SLE (SLE#1, and #2 at 10 wg/ml) were preincubated with 100 phage#5
(ph5) or wild type (wt) particles for 1 h at 4 °C, then reactivity for nucleosome
antigen was measured by indirect ELISA. *p <0.05, **p <0.003.

different technique: bacteriophage surface display of peptides is
an extensively used technique for a variety of applications (Scott
and Smith, 1990; McCafferty et al., 1990; Marks et al., 1991;
Farilla et al., 2002). The most commonly used systems are based
on fusion to a filamentous phage coat protein. However, the life
cycle of these phages limits the size of the displayed peptide,
therefore we have chosen phage lambda for construction of a
CS antigen fragment library. The library contains fragments of
CS with random starting point and length; consequently it over-
comes the theoretical and technical limitations associated with
the overlapping synthetic peptide approach. According to our
results obtained with phage displayed antigen fragments, while
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there is no favored region of the CS molecule recognized exclu-
sively either by healthy individuals or patients with SLE, the fine
epitope pattern is different in the two groups examined.

Since previous studies suggested that natural antibodies play
an important role in the innate like component of the humoral
immune response (Martin et al., 2001; Wardemann et al., 2002;
Baumgarth et al., 1999), we investigated the possible overlap
in nAAb recognized epitopes on mammalian and bacterial CS.
Due to the prokaryotic origin of mitochondria, CS represents an
attractive target molecule to examine the self-reactive nAAbs’
capability to recognize epitopes on the foreign counterpart of the
same molecule. To achieve this, we used sera affinity purified on
mammalian CS for epitope mapping on CS from E. coli, using
the overlapping synthetic peptide method. The three recognized
sequence shows a limited homology with human CS, though
identical amino acids with a possible anchor function are present
at corresponding positions. These amino acids contain either
polar or charged side chains, which is in agreement with previous
reports about the preferential amino acid composition of nAAb
epitopes (Novick et al., 1992; Pashov et al., 2002). The three
peptides, according to the three-dimensional model, are located
on the surface of the molecule. Moreover, two of the peptides
(124-133 and 174-183), though separated by 50 amino acids in
the primary sequence, are in close proximity on the structural
model, indicating that they represent the same antigenic region.

We tested whether CS affinity purified nAAbs cross react
with other self-antigens implicated in various autoimmune dis-
eases. The surprising cross reactivity of SLE patients’ CS affinity
purified sera with nucleosome antigen could not have been
unequivocally explained by the results of epitope mapping per-
formed either by the synthetic overlapping peptide or phage
displayed antigen fragment method. Therefore we screened a
random peptide library displayed on filamentous phage. In this
system random peptides are presented at high copy number,
making the identification of low affinity interactions easier. We
isolated a phage clone (phage#5) which carries a peptide corre-
sponding to amino acids 145-150 of human CS, and while it has
no effect on sera from healthy individuals, it is capable of inhibit-
ing both the CS and nucleosome reactivity of CS affinity purified
SLE patients’ sera. Reviewing our data obtained by phage dis-
played CS antigen fragment library revealed that alambda phage
clone, carrying practically the same part of the CS molecule
as the filamentous phage clone #5, was isolated with the SLE
patients’ sera. Therefore, on the basis of evidence substantiated
by the random peptide and CS antigen fragment library meth-
ods, we conclude that this CS epitope (145-150) is preferentially
recognized by the SLE patients’ sera. The cross reactive epitope
identified on human CS (145-150.) is located on the surface of
the molecule. It is interesting to note that it is part of the region
which contains two of the E. coli CS cross reactive determinants
(124-133 and 174-183). We hypothesize that this (124-183)
part of the molecule is the major target for both the self-reactive
(pathological) and innate like nA Abs. We did not find homology
in the primary structures between the isolated huCS 145-150
peptide fragment and the nucleosome proteins; however, the iso-
lated sequence motif (AALPSH) is hydrophobic and it is able to
induce similar immunoreactivity as the also strongly hydropho-

bic nucleosome sequences. Our data call the attention for the
general changes in self-recognition network under pathological
conditions resulting changes on cross-reacting epitope patterns.
In conclusion, we demonstrated the presence of CS recog-
nizing nAAbs. We showed that, the fine epitope pattern on CS is
different under physiological and pathological (SLE) conditions.
We identified cross reactive epitopes on human and bacterial
CS. In addition we demonstrated cross reactivity of CS affinity
purified sera with nucleosome antigen. These data indicate that
in theory, nAAbs “specific” for a given self-antigen could ful-
fill the function of participating in innate defense mechanisms
and at the same time recognize a target antigen in a systemic
autoimmune disease. Thus, at the level of recognized epitopes
there is a possible new link between the innate like part and the
adaptive-autoimmune arm of the humoral immune system.
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Abstract

Objectives. To evaluate the construct validity of the European Scleroderma Study Group (EScSG) activity
index and to propose modifications if necessary.

Methods. One hundred and thirty-one consecutive patients were investigated and re-evaluated 1 year
later. Modified Rodnan skin score (MRSS), skin ulcers and joint contracture numbers, hand anatomic
index (HAI), BMI, spirometry, carbon monoxide diffusing capacity (DLco), left ventricular ejection fraction,
pulmonary arterial hypertension, HAQ Disability Index (HAQ-DI), patient skin self-assessment questionnaire
and several biomarkers were recorded, in addition to the data required for the EScSG activity index.
Statistical analysis was performed by categorical principal component analysis (CATPCA).

Results. The EScSG activity index appeared in the same dimension as the HAQ-DI, ulcer score and joint
contractures, MRSS, patient-reported skin score and HAI by CATPCA. Parameters of lung involvement
appeared in another dimension. We constructed a 12-point activity index that was equally associated with
both dimensions, by adding the forced vital capacity/DLso, change in DLgo, change in the ulcer scores,
HAQ-DI and patient-reported skin score. Biomarkers including vascular endothelial growth factor, soluble
P-selectin glycoprotein ligand-1, CRP and albumin were related to both the EScSG and the 12-point
index, though they did not improve the total variance of the model.

Conclusion. The construct validity of the EScSG activity index is good, though the lung-related disease
activity may not be sufficiently represented. Further validation steps may be required for both the EScSG
and our 12-point activity index.

Key words: Systemic sclerosis, Scleroderma, Disease activity, Systemic sclerosis activity index,
Self-assessment questionnaire, Biomarkers, Skin ulcers, Categorical principal component analysis.

Introduction

SSc is a multisystem autoimmune disease, with complex
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presence of scleredema, digital ulcers, arthritis, ESR,
hypocomplementaemia, and patient-reported worsening
of skin, vascular and cardiopulmonary symptoms [3, 4].
However, these criteria await further validation, as con-
struct validity has only been confirmed on a small cohort
of 30 SSc patients, and further work is also requested to
prove the responsiveness of the index. Additional clinical
parameters that could indicate the activation of the dis-
ease might be the appearance or worsening of ulcers;
worsening in the musculoskeletal, gastrointestinal or
renal symptoms of the patients; and signs of interstitial
or vascular pulmonary involvement.

The key points in the disease process are endothelial
cell injury, inflammation, immune activation and collagen
deposition by activated fibroblasts. Theoretically, disease
activity assessment should reflect all these important fac-
tors, and also their impact on the function of different
organ systems.

Several biomarkers of immune activation, ongoing
fibrosis and vascular injury have been published as poten-
tial indicators of disease activity in SSc [5, 6]. The
endothelial cell activation marker, von Willebrand factor
antigen (VWWFAg), seems to correlate with the extent of
internal organ involvement [7, 8]. P- and E-selectin con-
tribute to the adhesion and activation of leucocytes. The
level of the soluble form of E-selectin (sE-selectin) was
found to be elevated in SSc [9]. P-selectin glycoprotein
ligand-1 (PSGL-1) is a high-affinity ligand for P-selectin; its
soluble form acts as an antagonist for selectins. In SSc,
the elevated serum levels of soluble PSGL-1 (sPSGL-1)
were found to be associated with a lower frequency and
severity of lung fibrosis [10]. The angiogenic factor vascu-
lar endothelial growth factor (VEGF), is permanently
up-regulated in SSc, and this could be essential in a par-
adox manner to the decreased angiogenetic activity that
characterizes this particular disease [11].

With regard to markers of fibrosis, procollagen Type |
N-terminal propeptide (PINP) level correlated with
changes in the MRSS [12]. The cross-linked collagen |
carboxy-terminal telopeptide (serum cross-laps; CTX-1),
a marker of collagen degradation was found to be corre-
lated with the extent of skin involvement (MRSS),
acute-phase protein levels and indicators of decreased
pulmonary function (DLco < 75%) [13]. The serum level
of procollagen Type Il N-terminal propeptide (PIIINP) cor-
related with the extension of skin involvement and also
indicated the prognosis of the disease. PIIINP was found
to correlate positively with MRSS and inversely with DLgo
[14].

Markers of inflammation include elevated ESR and CRP
level, which may be signs of increased disease activity
and unfavourable prognosis [14-16]. Several studies
including our own [14-16] showed that the value of ESR
was significantly higher in patients with dcSSc than in
those with IcSSc.

Markers of pulmonary fibrosis/involvement include
Krebs von Lungren 6 antigen (KL-6), which is a mucin-like
protein produced by Type Il alveolar epithelial cells.
Circulating KL-6 concentration strongly correlated with
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the severity of interstitial lung disease (ILD), and also
with disease activity in one study [17-20]. Type Il alveolar
epithelial cells also produce surfactant proteins, including
surfactant proteins A and D (SP-A and -D), which are
raised in scleroderma-associated ILD. The levels of
SP-A and -D correlated with the activity of the disease
[18, 21].

Markers of immune activation include the B-cell activa-
tion factor (BAFF). A recent study demonstrated elevated
BAFF level and correlation of BAFF level with skin fibrosis
in patients with SSc [22]. The proliferation-inducing ligand
(APRIL) is a TNF superfamily member with close homol-
ogy to BAFF. In a recent study, serum APRIL levels tended
to be higher in patients with dcSSc when compared with
those with IcSSc, and SSc patients with elevated APRIL
levels had significantly higher incidence of pulmonary
fibrosis and decreased vital capacity [23].

The soluble CD40 ligand (sCD40L) is released from acti-
vated CD4* T cells. CD40-CD40L interactions activate
B cells, up-regulate endothelial adhesion molecules
and induce fibrosis. A recent study showed that patients
with dcSSc exhibited relatively persistent elevations
of sCD40L concentration, whereas temporary eleva-
tions were observed in IcSSc patients during follow-up
[24]. Another study reported the association of plasma
sCD40L concentrations with the presence of digital
ulcers in SSc patients. Concentrations of plasma
sCD40L were also significantly higher in patients with pul-
monary arterial hypertension (PAH) [25]. With regard to the
anti-topo | autoantibody, higher titres of it were found in
patients with very active disease (based on clinical evalu-
ation) compared with those with inactive disease, and a
recent study also found that anti-topo | levels correlated
with disease activity, MRSS, forced vital capacity (FVC)
and DLco [26, 27].

In this study, we further confirmed the content and con-
struct validity of the EScSG activity index in a large cohort
of SSc patients, and we have explored possible new
activity markers. Additionally, we also made attempts to
improve the existing activity index by adding some new
disease activity-related items, in spite of the fact that the
numerous biomarkers that were studied showed some-
what controversial results.

Patients and methods

Study groups

In our prospective study, 131 consecutive, unselected
patients with SSc were included and re-investigated
12 (1.3) months later. A further 3-year re-investigation is
also planned. Diagnosis of scleroderma and classification
into dcSSc or IcSSc subgroups were performed at entry
based on the criteria proposed by LeRoy et al. [28]. The
female/male ratio was 9.9:1 (17:1 in IcSSc group and
4.8:1 in dcSSc group, respectively), mean (s.n.) age at
entry into the study was 55.9 (11.6) years [57.4 (10.3)
years in the IcSSc group and 52.6 (13.8) years in the
dcSSc group, respectively]. Disease duration was defined
as the period of time in years, from the date of onset of the
first non-RP symptom until the patient’s first and second
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investigation during the study. The mean (s.n.) disease
duration was 8.1 (7.2) years [8.6 (7.5) years in the
IcSSc group and 7.0 (6.3) years in the dcSSc group,
respectively]. One hundred and twenty-three patients
appeared for the 1-year re-investigation, five patients
died during those 12 months and three were lost to
follow-up.

Demographical, clinical and laboratory items were rec-
orded by our standard protocol [14, 16]. Patients under-
went echocardiography, spirometry, DLco measurement
and high-resolution CT, if necessary. PAH was defined
by right heart catheterization [29, 30]. Oesophageal
involvement was established with barium swallow or
oesophago-gastroscopy. Scleroderma renal crisis was
recorded as kidney involvement. Musculoskeletal involve-
ment (flexion contractures on hands, arthralgia, arthritis,
symmetrical muscle weakness/bilateral quadriceps
muscle strength <3 on a 1-5 scale) and presence of
myositis were also evaluated.

MRSS was assessed according to the standard method
[31]. Three investigators, unaware of the clinical presenta-
tion of the particular patients, performed a parallel inves-
tigation of each case. Previously, the examiners [Z.B.,
H.F., G.K,, C.V. and L.C.] underwent an MRSS assess-
ment validation process [29, 32]. The presence and sever-
ity of skin ulcers on the whole body surface was encoded
on a 0-3 scale (0: no ulcer; 3: extended ulcer or presence
of gangrene) and summarized in the ‘ulcer score’ variable.
Patients also filled out our newly developed and validated
skin self-assessment questionnaire [33]. This particular
questionnaire contained questions about skin thickness
(in regions identical with those evaluated by MRSS),
which were summarized in the ‘17-area thickness score’
variable.

The Hungarian validated version of the Scleroderma
HAQ was used [34], and the HAQ Disability Index
(HAQ-DI) was calculated, corrected with aids and devices.
Medsger Disease Severity Scale [35] and EScSG activity
index [3, 4] were also evaluated. For the hand function
assessment, the hand anatomic index (HAI) was used
(measure of open hand span minus closed hand span
divided by the maximal lateral height of the hand) [36].
The presence of joint contractures was blindly evaluated
by an experienced physical therapist [Z.B. or H.F.]. The
‘number of contractures’ variable was counted as the sum
of contractures of the following bilateral joints (by sum-
marizing the presence of contractures in all joint axes):
shoulder, elbow, wrist, the MCP joint of the second and
third fingers, the PIP joint of the second and third fingers,
hip, knee and ankle (range 0-30). Joint contracture was
defined as a decrease of >25% of the normal range of
motion in at least one joint axis.

Laboratory tests included blood cell counts, ESR, CRP,
haemoglobin, haematocrit, serum creatinine kinase (CK),
lactate dehydrogenase (LDH), total protein, serum albu-
min and complement (C3, C4). Clinical data of the enrolled
patients are depicted in Table 1. More detailed data
about these patients were previously published
elsewhere [33].

www.rheumatology.oxfordjournals.org

ELISA and RIA

The serum concentrations of VEGF and BAFF (R&D
Systems GmbH, Wiesbaden-Nordenstadt, Germany),
SP-D (AntibodyShop, Gentofte, Denmark), CTX-1
(Nordic Bioscience Diagnostics A/S, Herlev, Denmark),
anti-topo | antibody titre (Hycor Biomedical GmbH,
Kassel, Germany), APRIL and sCD40L (Bender
MedSystems GmbH, Vienna, Austria) were measured
using commercial ELISA kits, the evaluation of KL-6
using an ELISA kit (Sanko-Junyaku, Tokyo, Japan) was
determined as described [37]. Levels of sE-selectin,
sPSGL-1 (Bender MedSystems GmbH, Vienna, Austria),
VvWF (United States Biological, Swampscott, MA, USA),
were determined from plasma samples, using commercial
ELISA kits according to the manufacturer’s instructions.
Serum PIIINP and PINP concentrations were determined
by RIA using RIA kits from Orion Diagnostica (Espoo,
Finland).

As controls for these particular tests, the sera of
51 patients with primary RP (PRP) and 30 healthy volun-
teers were used. Informed consent was obtained from all
patients and control subjects participating in the study.
The project was approved by the local Research Ethics
Committee of the University of Pécs, Hungary (Approval
No. 2720/2006).

Statistical analysis

The normality of distribution for the laboratory and clinical
parameters was investigated by the Kolmogorov—Smirnov
test. As the majority of these parameters had non-normal
distribution, median values were determined and non-
parametric tests (Mann-Whitney U-test and Wilcoxon
test, respectively) were used to compare patient and
control subgroups, or baseline and 1-year re-investigation
data.

As the clinical laboratory data contained dichotomous,
fractional and continuous variables, we used categorical
principal component analysis (CATPCA) to evaluate the
relationship of these particular items to the EScSG activity
index. CATPCA analysis determines the direction and
magnitude of correlations between numerous pairs of dif-
ferently scaled variables in a simple (i.e. 2D) space. In
CATPCA, the relationships between the variables (repre-
sented by their correlations with the principal compo-
nents) are graphically displayed by depicting the
variables as vectors. The position of the particular vectors
with respect to the axes of the graph indicates the com-
ponent loadings. The angles between the vectors repre-
sent the correlations between the variables. Variables
forming an angle of <45° with the vector of the reference
variable (namely, the EScSG activity index) are considered
related to it [38]. In the case of two principal components,
the visual inspection and interpretation of the graphical
representation of the relationships is feasible. Parallel vec-
tors indicate a direct correlation, projections with opposite
slopes indicate inverse correlation, whereas perpendicu-
lars indicate no correlation.

For the study of association between the clinical
parameters and the EScSG activity index, the number of
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TasLe 1 Clinical parameters of the 131 SSc patients enrolled into the follow-up study

Total Total IcSSc lcSSc dcSSc dcSSc
(baseline) (first year) (baseline) (first year) (baseline) (first year)
No. of patients 131 123 90 41
Female: male ratio 9.9:1 9.2:1 17:1 4.8:1
Age, mean (s.n.), years 55.9 (11.7) 57.2(11.4) 57.4 (10.3) 52.6 (13.8)
Disease duration, mean 8.1(7.2) 9.1 (7.3) 8.6 (7.5) 7.0 (6.3
(s.p.), years
Clinical data
RP, n (%) 131 (100) 123 (100) 90 (100) 87 (100) 41 (100) 36 (100)
MRSS, mean (s.p.) 3.6 (3.9) 2.5(3.2) 2.3 (2.3) 1.7 (1.7) 6.4 (5.0) 4.4 (4.8)
Lung involvement
Bibasilar fibrosis®, n (%) 46 (35.1) 38 (30.9) 32 (35.6) 26 (29.9) 14 (34.1) 12 (33.3)
Diffuse fibrosis®, n (%) 23 (17.6) 33 (26.8) 11 (12.2) 20 (28.0) 12 (29.3) 11 (30.6)
Honeycombing?, n (%) 17 (13.0) 17 (13.8) 10 (11.1) 7 (8.0 7(17.1) 10 (27.8)
FVC, mean (s.p.) 96.5 (19.7) 96.6 (19.8) 100.0 (17.9) 99.6 (18.5)  88.7 (21.4) 89.3 (21.1)
DLco, mean (s.p.) 64.5 (17.5) 62.7 (18.1) 67.6 (16.2) 65.2 (16.7) 57.8(18.5) 56.5(20.2)
PAH, n (%) 10 (7.6) 11 (8.9) 8 (8.9) 9 (10.3) 2 (4.8) 2 (5.6)
Cardiac involvement
LVEF < 50%, n (%) 4 (3.1) 3 (2.4) 3 (3.3 3 (3.4) 1(2.4) 0 (0.0
Diastolic dysfunction, n (%) 68 (51.9) 68 (55.3) 49 (54.4) 50 (57.5) 19 (46.3) 18 (50)
Oesophageal involvement®, n (%) 76 (58) 78 (63.4) 45 (50) 50 (57.5) 31 (75.6) 28 (77.8)
Gastrointestinal symptoms®, n (%) 96 (73.2) 94 (76.4) 64 (71.1) 64 (73.6) 32 (78) 30 (83.3)
Muskuloskeletal involvementd, n (%) 117 (89.3) 86 (69.9) 78 (86.7) 59 (67.8) 39 (95.1) 27 (75)
Renal involvement, n (%) 2 (1.5 1(0.8) 1(1.1) 1(1.1) 1@2.4) 0 (0.0

aFindings on HRCT; Psigns of oesophageal involvement on barium swallow or oesophago-gastroscopy; °defined by heartburn,
dysphagia, bloating, diarrhoea or faecal incontinence during last month; 9defined by muscular weakness (strength of quad-
riceps <3 on a 1-5 scale), myositis, peripheral arthralgia or arthritis or hand contracture (presence of contracture on physical

examination in at least one of the PIP joints, MCP joints or wrists). For details, see ‘Patients and methods’ section.

dimensions was determined depending on the percentage
of variance contained by the axes of dimensions. When no
remarkable increase in the total variance was detected by
the introduction of an additional dimension, the optimal
number of dimensions was reached.

We also attempted to generate a new index that
reflected disease activity better than the original EScSG
index; therefore, we introduced variables considered to be
relevant in the assessment of disease activity one by one
into the modified index. The relationship of the generated
index to the basic clinical parameters was tested each
time with CATPCA. The final version was reached when
the new index was associated with both dimensions (i.e.
was placed at equal distance from both dimension axes).
The SPSS 15.0 for Windows (SPSS, Chicago, IL, USA)
program was used for all analyses.

Results

Clinical characteristics and biomarker results in
the SSc patients

The clinical parameters of the patients are depicted in
Table 1. As we compared the median values of biomarker
levels of the SSc patient group with healthy controls and
patients with PRP, PINP, CTX-1, SP-D and KL-6 were
found to be significantly higher in the SSc group, both at
baseline and 1-year re-investigation compared with both
control groups (P <0.01). The sCD40L titre in the SSc
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group was elevated only compared with the PRP patients.
On the contrary, the levels of sPSGL-1 were significantly
lower in the scleroderma patients in comparison with the
two control groups. Interestingly, the sE-selectin level was
higher in the PRP group compared with the SSc patients
and healthy controls (Table 2).

Comparing the IcSSc and dcSSc subsets, CTX-1, SP-D
and KL-6 also differed significantly between the two SSc
subsets at baseline investigation, with higher median
values in dcSSc patients. At 1-year re-investigation, the
SP-D and KL-6 values also differed significantly between
the I1cSSc and dcSSc patients; however, the difference
between the CTX-1 values in the two SSc subsets disap-
peared (Table 3).

When the changes in the median biomarker levels at
1-year follow-up were studied, PIINP and BAFF levels
increased significantly in the SSc group. Their levels at
the time of re-investigation were significantly higher in
comparison with the two control groups (difference not
seen at baseline investigation). sPSGL-1 levels also
increased significantly at 1-year follow-up. In contrast,
APRIL and sCD40L levels decreased significantly during
the follow-up period (Table 2).

Relationship of the EScSG activity index to the
clinical parameters

We evaluated the relationship between the EScSG activity
index and certain clinical parameters including MRSS,
17-area thickness score, disease duration, HAQ-DI,
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TaBLE 2 Median (percentiles) values of the investigated laboratory parameters in SSc patients, patients with PRP and
healthy controls

SSc baseline (n=131)

SSc 1 year (n=123) Healthy controls (n =30) PRP (n=51)

PIINPSS, pg/ 3.8 (3.1-4.5) 4.3 1 (3.8-5.2) 0 (3.7-4.4) 6 (3.4-4.2)
PINP, pg/l 450" T (34-65) 44.5* 't (30-60.1) 33 5 (28.3-44.5) 33 0 (25.7-37.8)
CTX-1, ng/ml 0.4 1 (0.2-0.6) 0.3* 77 (0.2-0.6) 2 (0.2-0.3) 2 (0.1-0.3)
SPD, ng/ml 1997.4* 11 (1367.1-3736.8) 1961.4* 1 (1218.8-3709.2) 1238 9 (648.6-1445.5) 1199 6 (734-1727.3)
VWFSS, ug/ml 30.07f (21.9-38.6) 33.4 (25.8-41.3) 28.6 (22.6-40) 37.8 (28.1-48.8)
SPSGL-155, U/ml  241.8** Tt (170.6-298.4)  262.3* ' (214-314.3) 324.2 (273.6-361.8) 322.9 (288.5-388.5)
VEGF, pg/ml 122.1 (80.2-192.5) 129.2 (88.7-201.8) 93.8 (60-164.2) 111.7 (78.4-227.9)
sE-selectin®, ng/ml  34.417 (25.5-46) 34.411 (24.7-47.8) 32.1 (21.3-41.3) 89.2 (34.7-226.7)
KL-6, U/ml 802.2 11 (534.3-1246.7) 935.3** 71 (583.8-1323.3) 516.3 (316.5-644.4) 625.7 (387.7-744.8)
BAFFSS, pg/ml 413 (338.2-561.3) 556.9** 11 (439-690.4) 383 7 (327.5-435.4) 440.4 (385.1-564.7)
APRILSS, U/ml 9.8 7t (7.2-11.5) 3.2 (1.5-6.9) 9 (2.2-4.8) 4 (2.1-7.7)
sCD40LSS, U/ml 2.0~ 1 (1.4-2.6) 1.771 (1.3-2.2) 4 (1-2.3) 1.1 (0.6-1.7)

*P < 0.05; **P <0.01 between the SSc and healthy control groups; P <0.05, 7P < 0.01 between the SSc patients and those
with PRP; SP <0.05, 58P < 0.01 between the baseline and 1-year follow-up levels of laboratory parameters in SSc patients.
Bold characters represent significant differences between the subgroups.

TasLE 3 Median (percentiles) values of the laboratory parameters in the SSc subsets during the baseline and 1-year

re-investigation

IcSSc baseline

dcSSc baseline
(n=90) (n=41)

IcSSc 1 year

dcSSc 1 year
(n=87) (n =36)

PIINP, pg/! 8 (3.2-4.5) 3.7 (2.9-5) 3 (3.8-5.1) 2 (3.7-6.5)
PINP, pg/l 45 2 (36.2-67.3) 41 (31.1-64.5) 45 5 (31.4-59.3) 42 1 (28.3-63)
CTX-1*, ng/ml 4 (0.2-0.5) 0.5 (0.3-0.7) 3 (0.2-0.6) 3 (0.2-0.5)
SPD**, 1, ng/ml 1829 6 (1198.6-3175.6) 2899 (1762.8-5123.1) 1737 2 (1089.4-3277.7) 2799 7 (1815.4-5763.4)
VWF, pg/ml 29.1 (22.6-36.3) 32.7 (19.3-43.1) 33.2 (25.5-39.8) 35 (27.6-50.1)
SPSGL-1, U/ml 239.0 (172.9-297.7) 250.7 (164.8-303.4)  271.4 (213.4-317) 248.3 (216-294.3)
VEGF, pg/ml 118.1 (80-190.6) 144.0 (81.7-225.7)  124.7 (87-197.8) 142.6 (93.1-231.7)
sE-selectin, ng/ml  33.2 (24.9-45.8) 37.0 (26.1-51) 36.2 (24-50.4) 33.9 (25.6-44.7)
KL-6*, 1, U/ml  760.2 (464.7-1076) 1045.5 (676.4-1884.4) 844.2 (533-1190.2)  1176.3 (690.3-2345.7)
BAFF, pg/ml 413 2 (344.9-510.8) 413 0 (311.4-691.4) 569 3 (465.9-711.2) 545 7 (424-683.2)
APRIL', U/ml 6 (7-11.6) 8 (8.6-11.1) 8 (2.1-10) 5 (0.8-5.9)
sCD40L, U/ml 2. (1.5-2.5) 9 (1.3-2.8) 8 (1.3-2.4) 7 (1.2-2)

*P <0.05, **P < 0.01 between the IcSSc and dcSSc subgroups at baseline evaluation; TP < 0.05, TTP < 0.01 between the IcSSc
and dcSSc subgroups at 1-year re-investigation. Bold characters represent significant differences between the subgroups.

FVC, FVC/DLco, left ventricular ejection fraction (LVEF),
presence of PAH, HAI of the dominant side, BMI, ulcer
score and number of joint contractures and age at entry
into the study. The disease activity-related clinical param-
eters were distributed into two dimensions by CATPCA,
explaining 32.9% of the total variance. The introduction of
a third dimension led to an increase of ~10% in total vari-
ance; however, only the age of patients was placed into
this additional dimension. Therefore, we decided to con-
tinue the examination of data with the 2D model.

The EScSG activity index loaded in the first dimension
and showed association with the HAQ-DI, ulcer score,
MRSS, 17-area thickness score and number of contrac-
tures, and showed inverse correlation with the HAI
(decrease in HAl meaning the worsening of hand function).

www.rheumatology.oxfordjournals.org

The parameters of pulmonary involvement (FVC, FVC/
DLco) loaded in the second dimension and the 1-year
follow-up data showed the same settings (Fig. 1).

Development of a new 12-point activity index

As the lung-related parameters were independent of the
EScSG activity index (Fig. 1), we generated a new index
that reflects lung-related disease activity somewhat
better. The selection of variables was based on clinical
judgement and not by a statistical iterative method. We
considered that two independent parallel methods for the
assessment of a particular organ involvement may lead to
a more appropriate result; therefore, we introduced the
patient skin self-assessment, skin ulcer score, HAQ-DI,
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Fic. 1 CATPCA with the clinical data and the EScSG activity index in systemic sclerosis patients. (A) Baseline data of 131
consecutive SSc patients. (B) 1-year follow-up data of 123 consecutive SSc patients. Contractures: number of con-
tractures, Ulcers: ulcer score. Parameters found to be correlated with the EScSG activity index by CATPCA are indicated
by bold type and marked with an asterisk. For details, see ‘Patients and methods’ section.
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change in DLgo and FVC/DL¢ ratio. We decided to use
the ‘minimal clinically relevant treatment effect’ values as
threshold limits (AMRSS: 3-7.5 points based on the base-
line MRSS values, ADLco: 9-10%, AHAQ-DI: 0.2-0.25)
defined on a Delphi exercise [39]. In general, these
values are higher compared with the ‘minimally important
difference’ values (AMRSS: 3.2-5.3 and AHAQ-DI: 0.1-
0.14) [40].

We tested the model by CATPCA each time after each
new introduced item. The final version was reached when
the newly generated activity index was at approximately
equal distance from both dimensions (Fig. 2). Although the
total variance of the newly generated 12-point index was
not significantly higher than that of the EScSG activity
index (32 vs 30%), it belonged equally to both dimensions
by CATPCA (Fig. 2). The newly constructed activity index
contained the following new variables: the change in
DLco =9% [39] over 1 year with 0.5 point value and
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FVC/DLco > 1.8 [41] with 1 point value were introduced
as new objective parameters of heart/lung involvement.
The patient-reported worsening in ‘heart/lung component’
counted for only 1 point in the new index and the
patient-reported change in skin thickness was also
scored at half of the original weight (0.5 point). As an
objectively measurable parameter of change in skin
status, we introduced the change in MRSS > 3-7.5
points at 1-year follow-up (based on the minimal clinically
relevant treatment effect defined by a Delphi exercise,
depending on the baseline MRSS score) [39].
Additionally, we introduced the ‘change in ulcer score’
variable, which scored the appearance of new ulcers on
patients who had none at baseline investigation and also
the increase in the ulcer score at 1-year follow-up. This
variable counted as an additional 0.5 point. Another half a
point was added to the index if the HAQ-DI > 1 (which
means moderate or severe disability that may be caused
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Fic. 2 CATPCA with the 1-year follow-up clinical data and the 12-point activity index of 123 consecutive SSc patients.
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TasLe 4 The differences between the structure of the EScSG activity index and the newly generated 12-point activity

index in SSc

EScSG activity index

12-point activity index

Domain Item Domain Item

Skin MRSS > 14 1.0 Skin MRSS > 14 0.5
17-area patient score > 142 0.5

Scleredema 0.5 Scleredema 0.5

ASKin® (patient) 2.0 ASKin® (patient) 1.0

AMRSS > 3-7.5° 1.0

Vascular Digital ulcers 0.5 Vascular Digital ulcers 0.5
AVascular® (patient) 0.5 AVascular® (patient) 0.5

AUlcer score® 0.5

Joints Arthritis 0.5 Joints Arthritis 0.5
HAQ-DI > 1 0.5

AHAQ-DI> 0.2 0.5

Lung/heart DLco <80% 0.5 Lung/heart DLco <80% 0.5
ALung/heart? (patient) 2.0 Alung/heart? (patient) 1.0

ADLgo > 9%" 0.5

FVC/DLco > 1.8 1.0

Laboratory ESR > 30mm/h 1.5 Laboratory ESR > 30mm/h 1.5
Hypocomplementaemia’ 1.0 Hypocomplementaemia’ 1.0

Total score 10.0 12.0

aChange in patient-reported 17-area thickness score over 1 year; Pchange in skin symptoms during last month; °change in
MRSS over 1 year; change in vascular symptoms during last month; ®appearance of ulcers or increase in severity of ulcers
over 1-year re-investigation; ‘change in HAQ-DI over 1 year; %change in cardiopulmonary symptoms; "change in DLgo during 1
year. (patient): reported by the patients; 'C3, C4 or total complement decreased. For details, see ‘Patients and methods’
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section,

by extensive skin involvement, characteristic of early dif-
fuse scleroderma) and change in HAQ-DI > 0.2 point at
1-year assessment was also scored with 0.5 point. Thus,
the total score of the newly generated activity index was
12.0 points (Table 4).

The relationship of the 12-point activity index to the
clinical parameters of 1-year re-investigation was also

www.rheumatology.oxfordjournals.org

examined by CATPCA. The disease activity-related
clinical parameters were distributed into two dimensions,
identical to those seen in the previous CATPCAs (Fig. 2).
However, the 12-point activity index was equally
associated with both dimensions, as it appeared at
almost equal distance between the axes of the two dimen-
sions indicating that pulmonary involvement, and vascular
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and fibrotic processes (predominantly characterized in
dimension 1) were equally represented in this new index.
The total variance was 32% in the CATPCA.

Relationship of the investigated biomarkers to the
EScSG and 12-point activity index

Another aim of the study was to investigate the possible
correlation of laboratory parameters and biomarkers with

the EScSG activity index. A series of laboratory parame-
ters were introduced in the CATPCA analysis, and those
markers were considered to be related to the activity
index, having been associated with it both at baseline
and at 1-year re-investigation (Fig. 3). Serum albumin,
VEGF, VWF, sPSGL-1 and CRP were found to be in con-
sistent correlation with the EScSG activity index at both
investigations.

Fie. 3 Relationships between the EScSG activity index, clinical data and various laboratory parameters in SSc patients
using CATPCA. (A) Baseline data of 131 consecutive SSc patients. (B) 1-year follow-up data of 123 consecutive SSc
patients. Parameters that were found to be correlated with the EScSG activity index by CATPCA are indicated in bold
type marked by an asterisk. For details, see ‘Patients and methods’ section.
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Fic. 3 Continued.

B
sE-selectin
0.6
HAl KL-6
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BAFF*
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CK* anti-topo |
17-area thicknes§ score
PINP Contractures
-0.61
CTX-1
I I I I T
-1.0 -0.5 0.0 0.5 1.0
Dimension 1

We also examined the relationship between these lab-
oratory parameters and the 12-point activity index. VEGF,
albumin, sPSGL-1 and CRP were related to the EScSG
activity index and also our 12-point activity index.
Furthermore, our modified index was associated with
the anti-topo | titre, KL-6, SP-D, PINP and PIIINP (Fig.
4). The total variance of this model was similar to the orig-
inal (28 vs 26.1% in the original EScSG model).

As the 12-point activity index proposed by our research
team cannot be used at the first visit of the patient to the
physician’s office, in a further step we studied the simpli-
fied activity index, omitting the parameters of change
(AMRSS, Aulcer score, AHAQ-DI, ADLCO), without mod-
ifying the weight of the remaining variables. Thus, in com-
parison with the EScSG activity index, this 8.5-point
activity index contained the 17-area thickness score
reported by the patient, the moderate to severe disabil-
ity reflected by the HAQ-DI and pulmonary vascular invol-
vement characterized by the FVC/DLcgo ratio. This
particular index showed a good correlation with the
EScSG activity index both at baseline and 1-year re-inves-
tigation (Spearman’s p=0.911, P <0.001 and p=0.831,
P <0.001, respectively), and furthermore, the total vari-
ance of the 8.5-point activity index was also similar to
the EScSG activity index (34.6 vs 32.9% at baseline inves-
tigation and 32.2 vs 30% at 1-year follow-up, respectively)
(data not shown). The distribution of the variables was
very similar to that seen with the EScSG activity index.

www.rheumatology.oxfordjournals.org

The 8.5-point activity index also showed the same corre-
lations with the biomarkers as seen with the EScSG activ-
ity index at baseline and with the 12-point activity index at
the 1-year re-investigation (data not shown).

Conclusions

The EScSG activity index developed in a European multi-
centre study is the only available instrument for the
assessment of disease activity in SSc. Its validity has
only been tested on a relatively small unselected
patient cohort [3]. A recent study examined a simple
preliminary model of eight variables. Similar to our find-
ings, in this particular model, the authors also included
musculoskeletal symptoms and an additional variable
of pulmonary involvement (exertional dyspnoea) besides
scleredema, MRSS, fatigue, DLco, ESR and digital
ulcer. This model was found to perform similarly to the
existing EScSG disease activity score in early and late
SSc [42].

MRSS assessment plays a central role in disease activ-
ity assessment in patients with early dcSSc, because
these patients are potential candidates for therapeutic
trials. However, a new subgroup of patients with low
MRSS, but severe internal organ involvement comparable
with high MRSS patients was also identified recently [43].
Still, the majority of SSc patients have relatively long dis-
ease duration and a low MRSS. We therefore think that
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Fic. 4 Relationships between the 12-point activity index, clinical data and various laboratory parameters of 123 con-

secutive SSc patients by CATPCA (1-year follow-up data).
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the evaluation of ongoing obliterative vasculopathy,
inflammatory phenomena and organ-specific activity mar-
kers might be appropriate tools for the assessment of dis-
ease activity in unselected SSc patients in clinical
practice.

The EScSG activity index is a very useful and appropri-
ate tool to assess disease activity in SSc, although some
domains of this particular index may still be a topic of
debate [44, 45]. In our present study, we evaluated the
EScSG activity index on a large, unselected, consecutive
SSc cohort, containing both IcSSc and dcSSc patients, as
seen in the multicentre study performed by the EScSG [1-
4]. We confirmed that the construct validity of the EScSG
activity index is good. Additionally, we have found that
two feasible physical examinations, namely the ulcer
score and number of contractures, were also strongly cor-
related with the EScSG activity index (Fig. 1). Therefore,
we recommend that the usefulness of these two clinical
parameters as disease activity markers should also be
evaluated in forthcoming studies. We previously assumed
that patients could also provide valid and reliable data
regarding their skin involvement; therefore, we have
recently developed and validated a skin self-assessment
questionnaire. This particular patient-reported ‘17-area
thickness score’ correlated with the MRSS and also with
the EScSG activity index [33]. Furthermore, our CATPCA
analysis revealed that the EScSG activity index might not
reflect sufficiently the pulmonary interstitial and vascular
involvement of the disease, as the lung-related
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parameters were sorted into a separate dimension by
CATPCA analysis (Fig. 1).

The 12-point index constructed by us includes some
new, feasible parameters like patient-reported 17-area
thickness score, HAQ-DI, change in MRSS, HAQ-DI and
DLco at 1-year follow-up, the change in ulcer score and
the FVC/DL¢o ratio. Like the EScSG activity index, our
newly developed index also does not sufficiently include
gastrointestinal and kidney involvement of scleroderma
patients.

This particular new index appropriately reflects the pul-
monary interstitial and vascular involvement of the dis-
ease, but the total variance of this newly generated
instrument was not significantly higher than that of the
EScSG activity index (32 vs 30%).

In our attempt to enhance the information referring to
objectively measurable change in organ involvement, we
introduced some parameters of change (e.g. in DLgo,
MRSS, HAQ-DI and ulcer score). Further studies and val-
idation steps will be required to clarify the usefulness of
the 12-point activity index for the follow-up of SSc
patients. A further 3-year re-investigation of our cohort is
also planned.

At the first examination of the patient these particular
changes cannot be assessed. Omitting the new parame-
ters for assessing the changes, 8.5 points remain which
sufficiently reflect disease activity. The 8.5-point activity
index is highly correlated with the original EScSG activity
index and may be used for the first investigation.

www.rheumatology.oxfordjournals.org

0TO0Z ‘TT 8unr uo s2ad Jo Alsianiun re 61o°sjeuinolpiojxo’ABojorewnayl//:dny wolj papeojumod


http://rheumatology.oxfordjournals.org

Disease activity evaluation in SSc

There is a need to find biomarkers that can reliably
reflect either the overall or the organ-specific disease
activity, as in many cases there is a lack of evident clinical
signs and symptoms in the progression of a certain organ
involvement. Numerous biomarkers have been studied,
but the results seem to be somewhat controversial.
We have selected several promising biomarkers to test
their usefulness on our large consecutive patient cohort.
We found increased median values of the level of PINP,
and Type | collagen degradation marker, the CTX-1 was
also increased in our SSc patients compared with con-
trols, as also seen in other clinical investigations [13].
We also confirmed that SP-D and KL-6 may be useful
diagnostic markers and indicators of disease activity
and also damage in patients with pulmonary interstitial
diseases [17, 46]. On the contrary, lower serum levels of
sPSGL-1 were found in the SSc patients compared with
the healthy controls and PRP patients, potentially indicat-
ing a protective role against pulmonary involvement [10].

A previous study found higher VWF levels in patients
with RP and SSc compared with healthy controls [47],
and the levels in the Raynaud group were slightly higher
than in scleroderma patients [48]. The elevated levels of
vWF and sE-selectin levels in our PRP patients might
reflect that the endothelial cell activity in these patients
with shorter disease duration might be more pronounced
compared with the SSc group with relatively longer dis-
ease duration (mean 8 years).

The CATPCA, performed both with the baseline and
1-year re-investigation data, revealed the relationship of
five markers, namely CRP, albumin, VEGF, sPSGL-1 and
VWF to the EScSG activity index. Our group has already
found that the increase in CRP influenced the prognosis of
scleroderma [13]. The quantification of gastrointestinal
involvement in SSc is difficult because every part of it
can be involved. The relationship of albumin with both
activity indices might be a reflection of the malabsorption
associated with a more active stage of disease, thus may
reflect additional organ involvement. The decrease in
albumin can also be considered as a sign of inflammation.
The elevated markers of endothelial cell activation (VWF)
and angiogenesis (VEGF) have also previously been found
to be signs of an ongoing pathological disease process [8,
49, 50]. Endothelial cell activation is one of the primary
events in the pathogenesis. Moreover, the altered angio-
genesis and tissue hypoxia cause many of the character-
istic symptoms of the disease (e.g. presence of digital
ulcers, capillary abnormalities, teleangiectasia). sPSGL-1
was identified in a study as a possible protective marker
against pulmonary fibrosis; its role in disease activity
should be further evaluated.

Four out of these aforementioned five laboratory mar-
kers (VEGF, albumin, CRP, sPSGL-1), identified by
CATPCA, were found to be associated with both the
EScSG activity index and the 12-point index (Figs 3
and 4). The 12-point index also reflected the pulmonary
involvement as well as the vascular and fibrotic compo-
nent of disease activation. Therefore, those laboratory
markers that were related to the 12-point activity index

www.rheumatology.oxfordjournals.org

may also be potential candidates for further investiga-
tions in the search for further valuable activity markers
in scleroderma. These are the anti-topo | titre, KL-6,
SP-D, PINP and PIIINP, which might reflect pathological
processes that were under-represented in the original
index.

In summary, our findings confirm that the EScSG activ-
ity index is a good composite index with good construct
validity. Its face, content and construct validity have been
previously proved, but demonstration of responsiveness
is still lacking. However, our results also indicated that this
index may not represent sufficiently the ongoing pulmo-
nary interstitial and vascular involvement; therefore, fur-
ther validation steps are required in the future. In spite
of the fact that the biomarkers investigated in this study
did not perform adequately to our expectations in the
CATPCA model, we identified some clinical assessment
tools and laboratory markers that deserve further attention
in future studies, and we also constructed a new 12-point
activity index that may better represent the interstitial and
vascular lung activity of the disease.

The evaluation of skin ulcers and contractures, CRP,
serum albumin level, VEGF, vVWF and sPSGL-1 are poten-
tial candidates for future studies. If the 12-point activity
index proves to be a reliable, more sensitive index of dis-
ease activity, the role of KL-6, SP-D, anti-topo | antibody,
PINP and PIIINP would also be worth considering for fur-
ther evaluation.

Rheumatology key messages

e The construct validity of the EScSG scleroderma
activity index is good.

e The newly introduced 12-point activity index
encompasses lung-related disease activity in SSc
better.
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