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1. Uvod: Autoimunitni systémova onemocnéni — prehled chorob a soucasné

w

poznani v patogeneze a 1écbé

1.1  Charakteristika mechanismu rozvoje autoimunitniho onemocnéni

Autoimunitnimi onemocnénimi je nazyvana variabilni skupina chorob, které maji

spole¢ny rys ve své patogenezi: v imunitnim systému doslo k selhani rozpoznani organismu

vlastnich antigent, které jsou oznaceny jako patogeny a je proti nim namifena humoralni

a 1 bunéna imunitni reakce vedouci k poskozeni tkani. Klinicky pribéh autoimunitnich

onemocnéni je variabilni — podle postizenych organt a tkani rozliSujeme autoimunity na

organové specifické a systémoveé.

Autoimunitni onemocnéni,
jak  organové specificka, tak
systétmova (viz Tabulka 1), se
vyskytuji cca u 5% populace
a patii kzavaznym davodim
morbidity osob v reprodukénim
veku. Onemocnéni zacinaji
v kterémkoliv véku, u nékterych
jsou castéji  postizeny = Zeny.
Etiopatogeneza téchto chorob je
Sirokd, K vypuknuti  choroby
u geneticky vnimavé o0soby je
nutné piispéni dalsich vlivi, a sice
individudlnich  (v€k,  hladiny
pohlavnich  hormonti), faktord
zevniho prostiedi (biologickych,
chemickych ¢i fyzikélnich)

a psychického a fyzického stresu.

Tabulka 1. Autoimunitni onemocnéni

Systémova Organové specificka

Revmatoidni Roztrousena
artritida skleroza

Sjogrenuv syndrom | Gravesova choroba

Systémova Hashimotova
sklerodermie thyreoiditida

Autoimunitni

Polymyositida bt

. Primarni biliarni
Dermatomyositida o
cirhoza
Systémovy lupus Autoimunitni
erythematodes gastritida
Psoriaticka artritida | Crohnova choroba

syndrom
Systémové vaskulitidy| Ulceroézni kolitida




1.1.1 Prolomeni tolerance viici vlastnim antigenim

K prolomeni autotolerance vede komplexni, mnohastupniovy, navzajem se prolinajici
a ovlivilujici proces, na kterém se podili slozky a buiiky jak adaptivni, tak i pfirozené
imunity. Lidsky organismus ma dvé urovné mechanismi tolerance vici svym vlastnim
antigentim. Jedna se o toleranci centralni a periferni.

Centralni  tolerance se  projevuje  vprubéhu velmi ¢asného  vyvoje
imunokompetentnich bunék (B a T lymfocytd), ktery probihda vthymu, v ptipadé T
lymfocytt, nebo v kostni dieni, béhem zrani B lymfocyti, a je pe€livé regulovan lokalnim
mikroprostfedim - mezibunéénymi kontakty a cytokiny. Pti vyvoji B lymfocyta v kostni
dieni dochazi preskupovanim gent pro H a L fetézce k syntéze povrchového imunoglobulinu,
antigenné specifického receptoru BCR. Kritickym momentem Vv dal$im vyvoji B bunék je
testovani reakce tohoto receptoru k nabizenym autoantigenim — pokud se knim vaze
s vysokou afinitou, dochazi Kk indukci apoptézy buniky. U T lymfocytl je selekce béhem
vyvoje jesté prisngj§i a vyzrava pouze 98% pro-thymocyti. Nezralé T lymfocyty s jiz
definitivnim receptorem TCR jsou exponovany autoantigenim na povrchu dendritickych a
epitelialnich bun¢k v klife thymu. Pokud reaguji s molekulami hlavniho histokompatibilniho
komplexu (MHC) s navazanymi vlastnimi peptidy, dostavaji silny podnét k apoptdze a jsou
zlikvidovany (1-3). Na druhou stranu, odstranény jsou i nezralé T lymfocyty s nedostatecnou
vazbou kK MHC molekulam a zraly T lymfocyt je jen ten, ktery je schopny S nizkou afinitou
reagovat s MHC proteiny — ttidou I. v pfipadé CD8+ T bunék a tiidou II. CD4+ T lymfocytd.

Autoreaktivni builky, které pfece jen uniknou centralnimu mechanismu negativni
selekce mohou byt jesté ztlumeny nékolika mechanismy v periferii (2). Jedna se o klonalni
deleci, kdy autoreaktivni bunky po setkani s autoantigenem hynou aktivaci apoptozy
(naptiklad interakci apoptotického receptoru Fas s ligandem FasL), klonalni anergii, kdy
nedojde k aktivaci bunky, nebot’ chybi signaly kostimula¢nich molekul a klonalni ignoranci,
kdy jsou autoantigeny exprimovany v podprahovém mnozstvi, které neposkytuje dostateény
signal k aktivaci. Dal§i moznosti je aktivni suprese autoreaktivnich lymfocytd — a to dalSimi
imunitnimi bunikami (napifiklad T regulaénimi lymfocyty) a jejich produkty, naptiklad
cytokiny jako je interleukin (IL)-10 nebo transformujici rustovy faktor (TGF)-p (1-4).
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1.1.2 Geneticka rizika a autoimunitnich onemocnéni

Genetika autoimunitnich onemocnéni vykazuje nékolik specifik.  Autoimunitni
choroby, az na vyjimky, jako je napiiklad autozomalné recesivni onemocnéni -
polyglandularni syndrom I., u kterého je identifikovdno nékolik mutaci genu nazvaného
autoimunitni regulator (AIRE) (1, 4), jsou polygenni a nevykazuji klasickou mendelovskou
dédicnost. I piesto se ale autoimunity Casteji vyskytuji v postizenych rodinach. Agregace
onemocnéni v rodiné je ddna konstantou lambda (As), kterd urcuje pomér mezi prevalenci
choroby mezi ptibuznymi postizeného jedince k prevalenci v bézné populaci, As > 5 znamena
signifikantni spolupodil genetickych faktort na rozvoj onemocnéni. V radmci autoimunitnich
onemocnéni se As li§i u jednotlivych onemocnéni — napiiklad psoriasis vulgaris (PV)
dosahuje 4-11, ale u psoriatické artritidy (PsA) 27-47 (5), u systémového lupusu
erythematodu (SLE) a céliakie dosahuje hodnot az 30 (6,7), u Crohnovy choroby 20-35 (8),
roztrousené sklerozy (RS) 20-40 (9), ale u autoimunitniho diabetu (T1D) pouze 15 (10) a
revmatoidni artritidy (RA) 5-10 (11). Pro identifikaci genetickych rizik byla sledovana i
shoda rozvoje onemocnéni u dvojcat; autoimunitni choroby vykazuji vesmés statisticky
vyznamny rozdil konkordance vzniku choroby mezi dvoj¢aty mono- a dizygotnimi. U
monozygotnich dvojcat je konkordance vyssi, napiiklad cca 83% u monozygotnich versus
16% u dizygotnich dvojcat a vyskytem céliakie (12) nebo 42% versus 7% s T1D (10).
Konkordance nizsi nez 100% znamena nutnost ptispéni dal$ich faktord k rozvoji choroby.

DalSim specifikem v genetice autoimunit je to, Ze u pfibuznych jedince nemocného s
autoimunitni chorobou, jak systémovou (SLE, RA a dalsi), tak i orgdnové specifickou (RS,
céliakie, T1D a dalsi) existuje zvySené riziko k rozvoji nejen jiz manifestované autoimunitni
choroby, ale 1 autoimunity jiné (13, 14). Riziko rozvoje onemocnéni ndm v tomto urcuje
standardizovany pomér incidence (SIR), tj. podil poctu pozorovanych a ocekavanych
ptipadi. Hemminki et al. vrecentnich studiich sledoval vzajemné vztahy nékolika
autoimunitnich chorob, a sice SLE, RA, céliakie, ankylozujici spondylitidy (AS), zanétlivych
sttevnich zanét (Crohnovy choroby a ulcerézni kolitidy) a T1D na rozsdhlém poctu
nemocnych a jejich ptibuznych (15). Zjistil naptiklad, ze déti nemocnych rodic¢t s RA maji
az 2.96x vyssi riziko vzniku AS oproti zdravé populaci. SIR je pro déti RA rodi¢t zvyseno |
u dalsich systémovych onemocnéni, napiiklad SLE (2.13) a Sjogrenova syndromu (2.25) aiu
organove specifickych, napt. Hashimotovy thyreoiditidy (1.54) nebo perniciéozni anémie

(1.53) (16). Obdobn¢ existuje riziko vyssiho vyskytu dal$i autoimunity u jedince postizeného
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jiz jednou autoimunitou, naptiklad u TIDM je az 20x vyssi riziko rozvoje céliakie (17) a cca
4.5x vyssi riziko vzniku autoimunitni thyreoiditidy (18).

Uvedeny fenotypovy overlap nékolika autoimunit u jednoho jedince nebo jedné
rodiny je zpusoben i overlapem rizikovych genetickych lokalit u rliznych autoimunit (viz

Tabulka 2). K rozvoji autoimunitnich chorob pfispiva vétsinou nékolik rizikovych gent.

Tabulka 2. Pfehled genu asociovanych s patogenezi nékolika autoimunitnich onemocnéni

Geny
Lokalita Nazev Funkce Asociované choroby Literatura
SLE, RA, PsA, AS,
RS, T1D, GD, 6,7,9,12,19-
céliakie, PV, CD, UC 26

6p21.3-22.2 MHC HL.A L. a II. Ttidy - Prezentace
antigenu

Rcc-ep‘for p1;0 IL-23, S:umulac-c UC, CD, AS, céliakie,

T lymfocyti, NK bunék a PV

makrofagi 8, 20,24, 25,27

Soucast receptoru pro 1L-2,

aktivace T lymfo,uloha ve zrani RA, RS, T1D, GD

CD4+CD25+bunék

Kostimulaéni molekula

cytotoxickych T lymfocyta,

suprese T lymfocytt

Stimulace proliferace T, B a

IL-2, IL.-21 NK bunék a naivnich

CD45RA+ T lymfocyti

Intracelularni receptor

bakterialni produkti,

transdukee signalu k NFkB

TNF-a inducibilni protein 3, RA, SLE, T1D, CD,
blokuje inhibitor NFkB PV

IL-2Ralfa
1(8175))

RA, SLE, T1D, CD,
UC, GD, HT

RA, T1D, céliakie,
PsA, UC, SLE

NOD2/CARD
15

TNFAIP3
20, 34, 37-40
Intracelularni molekula, soudast

signalni drahy Jak-Stat, RA, SLE, LSe¢

nezbytna pro 1L.-12 signal

Tyrosin. fosfataza T lymfocyti
yrosin. fosfatdza T lymfocytt, RA, SLE. T1D, GD.

bun¢k b 6,20, 41- 44
SLE: systémovy lupus erythematodes, RA: revmatoidni artritida, PsA: psoriaticka artritida, AS: ankylozujici
spondylitida, RS: roztrousena skleroza, T1D: autoimunitni typ diabetu, GD: Graves-Basedowova choroba, PV: psoriasis
vulgaris, UC: ulcerdzni kolitida, CD: Crohnova choroba, HT: Hashimotova thyreoiditida, L.Sc: limitovana sklerodermie;
IL: interleukin, TNF-o:tumor nekrotizujici faktor-a, NFkB: nuklearni faktor kappa B, Jak-Stat: Janus kinaza-Signalni
transduktor a aktivator transkripce

PTPN22 supresor vyvoje a aktivace T

Detekce rizikovych gent je provadéna pomoci vazbovych analyz ,,linkage analysis®
(10, 18, 19, 22). Pomoci této metody se sleduje vyskyt mnoha polymorfnich markera —

mikrosatelitovych  nebo i  jednonukleotidovych  polymorfismti  (single-nucleotide
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polymorphism, SNP) v rodinach postizenych jistym onemocnénim. Detekce probiha
metodami fragmentacni analyzy anebo piimé sekvenace. Ve vysledcich se pak hleda
odchylka od predpoklddané mendelovské dédicnosti, ktera znamend vazbu daného markeru
se vznikem onemocnéni. Pomoci statistického testu LOD score se porovnava hypotéza, ze je
dany marker ve vazb¢é s onemocnénim s pravdépodobnosti, ze s onemocnénim ve vazb¢ neni.
K studiim tohoto typu je nutné mit rodokmen sledovanych rodin.

Dalsi moznosti detekce rizikovych genti a alel jsou asocia¢ni studie. U asociacnich
studiich se sleduje frekvence jist¢tho genetického znaku (SNP, mikrosatelitového
polymorfismu, delece atd.) u kohorty nemocnych a u kohorty zdravych jedincu. Detekce
muize probihat molekularné genetickymi metodami obdobné jako u ,,linkage analysis* studii
(. ptima sekvenace, fragmentacni analyza), ale i polymerazova feté¢zcova reakce (PCR) s
analyzou délky restrikénich fragmenti (RFLP) nebo sekvenéné specifickych primert (SSP),
eventuelné oligonukleotidii (SSO). Vybér sledovaného genetického polymorfismu je dan
vétsinou jeho efektem na funkci genu (ovlivnéni exprese genu, vlivem na strukturu peptidu,
atd.). V poslednich letech probihaji rozsahlé asocia¢ni studie na velkych poétech nemocnych
lidi a zdravych kontrol metodami celogenomovych screeningti (genome-wide association
studies, GWAS). Pomoci GWAS Ize detekovat tisice SNP ¢i jinych polymorfismi véetné
inserci, deleci a nové i lokalit s duplikaci DNA na zakladé microarray analyz (6-9, 20,21,23-
26). Frekvence detekovanych alel se poté porovnava mezi nemocnymi a zdravymi pomoci
statistickych testll (kontingen¢ni tabulka, Fischer exact test a dalsi) a stanovuje se statisticka
vyznamnost — hodnota p. V asocia¢nich studiich je nutno p hodnotu korelovat poctem
pozorovani (napiiklad Bonferroniho korekce). Dale se statisticky hodnoti mira rizika - Odds
Ratio (OR). OR urcuje, kolikrdt ma jedinec nesouci urCity geneticky znak vysSsi riziko
onemocnéni v porovnani s jedincem, ktery tento znak nema.

Hlavni rizikovou ,,autoimunitni* oblasti, ktera je s vysokou statistickou vyznamnosti
opakované detekovana u riznych autoimunitnich chorob (viz Tabulka 2), je oblast kratkého
raménka 6. chromozoému, 6p21.3-22.2 (5, 6, 9, 19-26). Tato lokalita obsahuje cca 200 genu,
pficemz minimalné 40% je spojeno s imunitnimi reakcemi. V oblasti se vyskytuje soubor
genil spojenych reprezentaci antigent — hlavni histokompatibilni komplex, ktery obsahuje
geny HLA (human leukocyte antigens), 6p21.3-21.1. Rozeznavame HLA 1. tfidy (HLA-A,
B, C, G, E aF) a HLA II tfidy (HLA-DR, DQ, DP, DM, DO). Oblast dale obsahuje dalsi
HLA-geny, jako jsou geny MIC- A-G (MHC- class | related chain, A-G) a geny spojené se
zpracovanim peptidu molekul HLA 1. tfidy, TAP 1, 2 (ATP-binding cassette transporter).
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Dalsi pocetnou skupinou genli oznacovanych jako HLA III. tfidy jsou geny ovliviiujici

prabéh imunitni odpovédi. Jedna se o geny pro slozky komplementu (C2, 4), molekularni

chaperony (Hsp70) a cytokiny — napiiklad tumor nekrotizujici faktor alfa (TNF-a) nebo
lymfotoxiny (LTA a B) a dalsi. V blizkosti HLA oblasti, v oblasti 6p22.2 je lokalizovan i gen

pro prolaktin, PRL (47).

1.1.2.1 Polymorfismus HLA 1. a II. tFidy a autoimunita

HLA oblast je vysoce polymorfni - Vsoucasnosti bylo detekovano 6403 alel

v oblastech HLA 1. a Il. tfidy (viz Tabulka 3). Mezi jednotlivymi alelami pak eXistuje

vazebna nerovnovaha — to znamena, ze urcité alely se
dédi spole¢né za vzniku danych haplotypt. Geny HLA
I a II. tfidy koduji povrchové transmembranoveé
glykoproteidy, které maji zasadni roli v prezentaci
antigenu.

HLA geny I. a Il. tfidy se dédi kodominantn¢,
a proto jsou na povrchu bunék exprimovany produkty
gent zdédénych po matce i po otci. Genetické variace
v oblasti vazebnych mist wurCuji schopnost HLA
molekuly vazat (auto)antigen. Polymorfismus alel a
haplotypt v HLA oblasti vykazuje vyznamné populacni
odlisnosti (48) a urCuje dostatecny repertodr vazebnych
mist pro endogenni a exogenni peptidy (antigeny).

Molekula HLA 1. tiidy se sklada z tézkého alfa
fetézce nekovalentné spojeného s B2 mikroglobulinem,
jehoz gen je lokalizovan na 15. chromozému, 15q21-22.
Te&zky tetézec alfa je kodovan geny HLA-A, B a C. Alfa
fetézec ma 2 polymorfni domény (al a a2), které
ohraniCuji zlabek — misto pro navazani antigenu, a
nepolymorfni doménu o3, nachéazejici se blizko bunécné
membrany. Do vazebného mista HLA 1. tfidy,
slozeného ze dvou alfa helix Sroubovic ohraniCujicich
dno beta skladaného listu, se mohou vazat peptidy o
velikosti 8-10 aminokyselin pochazejici z endogennich
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cizorodych proteinti. Tyto proteiny jsou degradovany V cytoplazmé a transportovany do
endoplazmatického retikula, kde se spojuji s HLA molekulou béhem jeji syntézy. Molekula
HLA 1. tfidy S navazanym peptidem je poté exprimovana na povrchu bunééné membrany
jadernych bunék a rozpoznavana CD8+ T lymfocyty (49).

Molekuly HLA 1II. tfidy se skladaji ze dvou fetézcu, alfa a beta. Oba fetézce jsou
kodovany geny HLA - alfa fetézec geny A (HLA-DRAL, DQAL, DPA1) a fetézec beta geny
B, HLA-DRB1, DQB1 a DPB1. HLA-DRBI patii mezi nejpolymorfnéjsi geny HLA oblasti
(viz Tabulka 3). Polymorfni domény al a Bl ohraniCujici vazebné misto, nepolymorfni
domény a2 a B2 jsou blizko bunééné membrany. Vazebné misto u HLA Il. tiidy, slozené
rovnéZ ze dvou alfa helix Sroubovic ohranicujici dno beta skladaného listu, je vice otevieno
a mohou se do n¢&j vazat peptidy o velikosti 15-35 aminokyselin. Repertoar, ktery je HLA
molekula 1. tfidy schopna véazat, ¢ini 650-2000 ruznych peptidl, které mohou byt pivodu
endogenniho i exogenniho. Splynuti HLA molekuly II. tfidy s peptidem probiha na rozdil od
molekuly 1. tfidy az po definitivni syntéze HLA — jeji pfipraveny prekurzor, jehoz vazebné
misto je chranéno invariantnim fetézcem, je uvolnén po dokonceni své syntézy do sekre¢nich
vacku. Ty fazuji s endozémy obsahujici peptidy z fagocytovanych antigenti a az v této chvili
dochazi k uvolnéni invariantniho fetézce a navazani peptidu. Kompletni molekula HLA II.
tiidy je poté vystavena na povrchu antigen prezentujicich bunék a rozpoznavana CD4+ T
lymfocyty (50).

Nekteré alely HLA 1. a II. tfidy, eventueln¢ haplotypy HLA, mohou byt spojeny
s autoimunitnimi onemocnéni (51-58). Pro porovnani je uveden vyskyt jednotlivych
genetickych variant u riznych autoimunit, viz Tabulka 4. Velikost rizika vzniku choroby je
u riznych autoimunit rizna. Vzhledem Kktomu, Zze autoimunitni onemocnéni maji
multifaktoridlni etiopatogenezu a na jejich rozvoji se podili jak genetické, tak zevni faktory,
neznamena jesté¢ samotnd pritomnost rizikové alely (anebo haplotypu) rozvoj autoimunitni
choroby, avSak zvysuje jeji pravdépodobnost. Céliakie je napiiklad asociovana s haplotypem
HLA II. tfidy: HLA -DQA1*0501 - DQB1-0201, ktery se vyskytuje u 90% nemocnych a jen
u 30% zdravych jedinct (52). Uvedeny haplotyp koéduje HLA-DQ2 molekulu, kterad
preferenéné vaze gliadin. Céliakie se vSak objevi pouze u 4% s uvedenym haplotypem lidi.
Obdobné u ankylozujici spondylitidy se onemocnéni objevi pouze u 5% nosici HLA-B27
alely. Diky odlisné schopnosti polymorfnich HLA molekul vazat antigeny, mohou byt
nekteré HLA alely (eventuelné haplotypy) rizikové pro jedno onemocnéni, ale ochranné pro
druhé — naptiklad HLA-DQBI1*0602 je rizikovou pro vznik roztrousené sklerozy
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a systétmového lupusu erythematodu, ale protektivni pro vznik autoimunniho diabetu (51, 54,
56, 58).

Tabulka 4. Rizikové alely, haplotypy a genotypy HLA L a I ttidy u automunitnich chorob

v kavkazské populaci
Prumérny vyskyt znaku (%)
Choroba HLA Nemocni Zdravi  Literatura

(DRB1%03)-DQA1*0501-
DQB1*0201
DRB1#0304-DQB1+%02-
Gravesova choroba DQA1*0501
Autoimunitni diabetes DRB1*#0401-DQB1*0302
Psoriasis vulgaris Cw*0602
DRB1%1501; DQA1*0102;
Roztrousena skleroza DQB1%0602
Systémovy lupus DRB1#0301 -DQB1%0201
erythematodes DRB1*1501 -DQB1%0602
DRB1#0401
DRB1%0401/0401
DRB1*0401/0404
DRB1*0404
DRB1*0404/0404
DRB1#0101
B*2702; B*2705; B*2704;
Ankylozujici spondylitida B*2707
Psoriaticka artritida Cw*0602
DRB1%0404
DRB1%1104
Systémova sklerodermie DPB1*1301
DPB1#0301
DQA1*0501
Polymyositida DRB1#03-DQA1%05-DQB1%(2
Dermatomyositida DRB1*03-DQA1*05-DQB1*(2

Revmatoidni artritida

Mechanismu, jakymi HLA polymorfismus ovliviiuje imunitni funkce, je nékolik:
geneticky polymorfismus, lokalizovany v oblasti exont kodujicich ¢ast peptidu vazebného
mista, vede K jisté primarni struktufe peptidu. V nékterych piipadech pak dochazi k odlisné
terciarni struktui'e vazebného mista a rozdilné afinité k (auto)antigeniim a jejich nedostate¢né
vazb¢ k HLA molekule a nasledné¢ odlisné afinité k TCR receptoru. Dalsi moznosti je odlisné
intracelularni zpracovani antigenti u vybranych HLA molekul, coz vede k prolongovani
infekce a moznému vyvolani systémové odpovédi. Piikladem je asociace HLA-B27

a reaktivni artritidy - recentné bylo prokazano prodlouzené piezivani a replikace Salmonella
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enteritidis u HLA- B27 pozitivni bunééné linie lidskych monocytd (53). Neékteré
z exogennich antigend, napiiklad Epstein-Barrové virus (EBV) nebo cytomegalovirus
(CMV), Streptococcus pyogenes a dalsi, mohou zpusobit ,,molekularni mimikry“ — to je
podobnost mikrobidlnich antigenti s ur¢itymi HLA molekulami. Typicky je timto
mechanismem zvazovan U¢inek HLA-B27 u ankylozujici spondylitidy anebo HLA-Cw6
a keratinu v patogeneze psoriazy. V imunitnich mechanismech ovliviiuje HLA systém vznik
centrdlni a periferni tolerance, nebott HLA molekuly jsou exprimovany v mistech vyvoje
a zrani imunitnich bunék. V oblasti thymu mutze dojit diky zménéné afinité nékterych HLA
molekul k TCR receptoru k uniku autoreaktivnich T lymfocytt anebo k nedostate¢né selekci
regulacnich T lymfocytd. V periferii mohou pak HLA molekuly vazat autoantigeny a spustit
autoimunitni odpoveéd’ (48, 51).

Asociace HLA antigenl, detekovanych sérologickymi technikami, s revmatickymi
chorobami byla zjisténa v letech 1971 (asociace HLA-B8 a systémového lupusu
erythematodu), 1973 (asociace HLA-B27 a ankylozujici spondylitidy) a 1976 (asociace
HLA-DR4 a revmatoidni artritidy). Molekularn¢ genetické metody K detekci rizikovych
alel HLA systému byly pouzity v 90. letech minulého stoleti a HLA oblast je stale
popisovanou rizikovou oblasti v GWAS provedenych u revmatickych onemocnénich ve 21.
stoleti (6, 19-23).

U SLE byla pivodni asociace s HLA-B8 (59) postupné vysvétlena vazebnou
nerovnovahou mezi touto alelou a HLA-DRB1*0301. Vznika tak, zejména pro kavkazskou
populaci, rizikovy haplotyp: HLA-B8-DRB1*0301-DQA1*0501-DQB1*0201 (60-63), ktery
je ve vazbé i s geny HLA IIL. tfidy — deleci C4A/CYP21A (64). Haplotyp HLA-DRB1*03-
DQB1*0201 je nazyvan ,,autoimunitnim haplotypem®, nebot’ se ¢asto vyskytuje 1 u dalSich
autoimunitnich onemocnénich (viz Tabulka 4). Dalsim rizikovym haplotypem SLE
Vv kavkazské, ale i japonské populaci je DRB1*1501-DRB5*0101-DQA1*0102-DQB1*0602
(64, 65), i kdyZ nebyl prokazan v nékterych studiich v kavkazské populaci (61, 62). U SLE
tak panuji vrizikovych a i ochrannych HLA alelach/haplotypech vyrazné geografické
odlisnosti, a to nejen ve velkych populacich (hispanska, kavkazska, afroamericka), ale
I Vjednotlivych populacich kavkazského plvodu (stfedoevropska, severoevropska,
jihoevropska). Genotyp HLA neni spojen s klinickymi projevy nemoci, ale potvrzeny jsou
asociace s autoprotilatkovou aktivitou — haplotyp HLA-DRB1*03-DQB1*0201 s anti-La,
dsDNA protilatkami a haplotyp HLA-DRB1*1501-DQB1*0602 s protilatkami anti-Ro a anti-
Sm (63).
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U RA je genetika HLA alel/haplotypt spojena S protilatkovou aktivitou a potazmo
I pribéhem choroby. Sérologicka asociace s antigenem HLA-DR4 byla rozklicovana do
nasledujicich alel HLA-DRB1*04: 0401, 0404, 0405 a 0408, dale byla jako rizikova
identifikovana HLA-DRB1*0101 a 1001 (66, 67), pticemz homozygoti pro jednotlivé alely
nebo heterozygoti pro rizikové alely maji vyssi riziko choroby (viz Tabulka 4). Spole¢nym
rysem téchto alel je tzv. sdileny epitop, tj. konzervativni struktura peptidu v 70-74 (QKRAA,
QRRAA, RRRAA - kde Q je glutamin, Klysin, R arginin, A alanin) v misté tfetiho
hypervariabilniho tseku DRB1. Tato variabilita se nachazi v oblasti alfa helixu vazebného
mista molekuly HLA a na mysSich modelech byla zjiSténa vyssi schopnost aktivovat CD4+T
lymfocyty. Alely ,,sdileného epitopu jsou spojeny se seropozitivni revmatoidni artritidou
a recentné byla prokazana asociace RAA epitopu se vznikem protilatek proti citrulinovanym
peptidim (ACPA) (68). ACPA vznikaji citrulinaci argininovych zbytku, patii ke specifickym

S rozvojem AS je spojen antigen HLA-B27 a z celkem 65 alel genu HLA-B27 byly
identifikovany jako rizikové alely HLA-B*2702 a *2705 u kavkazské a HLA-B*2704
a *2707 u asijské populace (51, 69), na druhou stranu protektivnimi jsou alely HLA-B*2706
a *2709. HLA-B27 a HLACw*0702 se vyskytuje €astéji i u nemocnych s axialni formou
PsA (70). PsA je, obdobn¢ jako psoriaza, spojena s HLA-Cw*0602, pficemz ochrannymi
alelami je zdaji byt HLA-Cw*0802 a *0701 (70).

[ dalsi revmaticka systémova onemocnéni jsou spojena S polymorfismy v HLA
oblasti. Recentné byla publikovana multicentricka asociacni studie u systémové sklerodermie
(SSc), sledujici odlisnosti mezi populaci kavkazskou, hispanskou a afroamerickou. U vSech
populaci byly identifikovany jako rizikové alely: HLA-DPB1*0301 a HLA-DQA1*0501,
u kavkazské a hispanské populace jest¢ alela HLA-DRBI*11 a jeji subtyp *1104
a u kavkazské populace jesté: HLA-DRB1*0404 a DPB1*1301, u afroamerické pak pouze
HLA-DRB1*0804. | v pfipadé SSc existuje vyraznéjsi asociace s profilem typickych
autoprotilatek: HLA-DRB1*0404 s autoprotilatkami proti centromeram a RNA-polymeraze
11, HLA-DRB1*1104 a DPB1*1301 proti topoizomeraze (71). U zanétlivych onemocnéni
svalstva  panuji  imunogenetick¢é rozdily mezi dvéma hlavnimi  chorobami
- dermatomyositidou (DM) a polymyositidou (PM), a to i napii¢ populacemi. DM je spojena
v kavkazské 1 afroamerické populaci S rizikovym haplotypem HLA-DRB1*03-DQB1*02
(72, 73), PM je stimto haplotypem spojena jenom v kavkazské populaci (72). Dalsi
odlisnosti jsou, pro PM ochranné alely HLA-DRB1*0701 a DQA1*0201, které jsou vsak
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asociovany s vyssim vyskytem autoprotilatek proti jadernym proteiniim, anti-Mi2, typickych

pro DM (72).

1.1.2.2 Dalsi geny HLA I.tfidy: MHC-class | related genes (MIC)

Dalsi rizikovou oblasti pro rozvoj autoimunity jsou neklasické geny HLA 1. tiidy —
MIC (MHC-class | related gene). Oblast je ulozena 46.4 kb smérem k centrometfe od HLA-B
lokusu a obsahuje celkem 7 gent: MIC-A, B, C, D, E, F a G (74). Geny MIC-A a B jsou
piepisovany do peptidu, MIC-C-G jsou pseudogeny. Oblast MIC-A i B je, obdobné jako
HLA 1. a II. t¥idy, vysoce polymorfni a prozatim bylo identifikovano 73 alel MIC-A a 31 alel
MIC-B. Produkty MIC-A a B jsou polypeptidy exprimované pod vlivem bunécného stresu,
infekce a na povrchu nékterych nadorovych bunék. Na rozdil od HLA 1. tfidy nejsou MIC-A
a B molekuly spojeny s 2 mikroglobulinem a neprezentuji antigeny. Ob& molekuly jsou
vSak rozpoznavany NKG2D receptorem piirozenych zabijecti (NK bunck) a yd T lymfocytl a
CD8+ T lymfocytt (75, 76) a podili se tak na likvidaci poSkozenych bun¢k.

Produkt genu MIC-A je 43kD polypeptid obsahuji 383 aminokyselin. Sklada se ze tii
casti — extracelularni domény (al, a2, a3), transmembranové a cytoplasmatické ¢asti. Gen
MIC-A se skladd ze 6 exonil a jeho promotorova oblast obsahuje vazebna mista pro
nasledujici transkripéni faktory: nuklearni faktor kappa B (NFxB), aktiva¢ni protein-1 (AP-
1), aktiva¢ni transkripéni faktor-2 (ATF-2), c-Fos, c-Jun a dalsi. Exprese MIC-A je vyvolana
proteiny tepelného Soku (heat shock proteins), infekénimi agens (CMV, adenovir 5,
Mycobacterium tuberculosis, enteropaticka Escherichia coli) a expozici v podminkach
poskozujicich DNA (ionizujici zéafeni, inhibitory DNA replikace, chemikaliemi ovliviiujici
strukturu chromatinu). MIC-A je exprimovan pouze v nékterych buikach (viz Tabulka 5) a

prozatim nebyl detekovan ve strukturach centralniho nervového systému.

Polymorfismus - MIC-A genu se  RyUNNRTRNEIRY M exprese MIC-A
tyka  hlavn€ exond - 2-4 - kodujicich epitelialni bunky stieva a zaludku

monocyty
exonu 5 kodujiciho transmembranovou  keratinocyty

extracelularni domény al, o2, a3, (77) a

Cast (78). V oblasti extracelularnich domén  fibroblasty

polymorfismy (jednonukleotidové, — dfenové bunky thymu

inzerce/delece) udavaji variabilitu  epitelidlni bunky solidnich tumort:

vazebného mista pro NKG2D receptor -  Plic, prsu, ledvin, vajecniku, prostaty
a stieva

rozliSuji se alely svysokou (alely *001,

20



*002, *007 a *017) a nizkou afinitou k receptoru (alely *004, *006, *008, *009, *010), které
se navzijem lisi v zaméné aminokyseliny methioninu/valinu v pozici 129 (79).
Polymorfismus Vv transmembranové ¢asti MIC-A je odlisny — jedna se o mikrosatelitovy
polymorfismus s opakovanim tripletu [GCT], (78). Doposud bylo identifikovano podle poctu
opakovani [GCT]4.10 celkem 8 alel: MIC-A4, 5, 6, 7, 8,9, 10 a MIC-A5.1 (78, 80, 81). Alela
MIC-A5.1 je dana 5 opakovanimi [GCT]s a inserci G mezi druhou a tieti repetici, ¢imz je
vytvofen piedCasny stop kodon v pozici 304 patého exonu. Tato alela ma zkracenou
transmembranovou ¢ast a zcela ji chybi cytoplasmaticka cast (82). Nekteré MIC-A alely jsou
shodné v extracelularni ¢asti, ale li$i se v transmembranovych alelach, na druhou stranu mezi
nc¢kterymi extracelularnimi a transmembranovymi alelami existuje vazebnd nerovnovaha a
jsou identifikovany haplotypy: MIC-A*008-A5.1; MIC-A*002-A9 a MIC-A*009-A6 (83).
Polymorfismus MIC-A alel je spojovan s vnimavosti k autoimunitnim chorobam, rozvojem

selhani pfihojeni transplantatd a né€kterych nadorovych chorob.

1.1.2.3 Ostatni rizikové genetické oblasti

I dalsi rizikové oblasti pro rozvoj autoimunity obsahuji geny spojené s fungovanim
imunitniho systému (viz Tabulka 2). U autoimunit a zvlasté revmatickych chorob existuji
rozdily v expresi cytokinti a chemokinu (IL-2, 6, 17 a dalsich) (7, 24, 25, 32-35). Abnormalni
je 1 mezibunééna komunikace — polymorfni receptory pro cytokiny (IL-2R, IL-23R a dalsi)
(6, 8, 9, 20, 26, 27, 29) mohou mit odlisné schopnosti k vazbé svého produktu a imunitni
synapse muze byt abnormalni i v pfipadé povrchovych a kostimula¢nich molekul (CTLA-4
a dalsich) (20, 27, 30, 31). Béhem poslednich let se stale do popiedi zajmu dostavaji geny,
které koduji molekuly intracelularnich signalnich drah, naptiklad Jak-Stat (Janus kindzy
a signalni transduktory a aktivatory transkripce), NFkB, molekul mechanismi apoptozy,
a dalsi (6, 20, 34, 36-46).

Na rozvoji fenotypu autoimunity se podili interakce mezi jednotlivymi geny, interakce
mezi genetickymi a epigenetickymi mechanismy, recentné se zvaZuje role genového
imprintingu - maternalniho v pfipad¢ juvenilni idiopatické artritidy (JIA) (84) a Crohnovy
choroby (85) a paternalniho u PSA (36). V neposledni fad¢ i interakce mezi genetickou

vnimavosti a environmentalnimi faktory.
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1.1.3 Environmentalni faktory a autoimunita

Kandidatnich faktorti ze zevniho prostiedi, které se podili na vzniku autoimunit, je
fada. Patii k nim infekce, chemikalie v¢etné 1é¢iv a polutantt, fyzikalni faktory — typicky UV
zéateni v patogenezi SLE, ale i1 dietni a socialni zvyklosti, véetné koufeni cigaret. Tyto vlivy
provazi jedince v pribéhu zivota a dulezitost setkdni Snimi je dana poznanim, Zze
konkordance chorob u dizygotnich dvojcat je vyssi nez u sourozenci (6-14). Mechanismy,
jakym zasahuji zevni faktory do patogeneze imunitni odpovédi, jsou stale studovany.

Infek¢ni agens maji nékolik moznosti, jak spustit autoimunitni proces. Jednim z nich
je antigen spreading® tj. odhaleni dfive skrytého autoantigenu (napf. z imunologicky
privilegovanych mist béhem zanétu, piikladem je jedna z teorii vzniku roztrousené sklerozy)
anebo ektopickou expresi HLA molekul II. tfidy, adhezivnich a stresovych molekul (napf.
MIC-A) a zvySeni tak moZnosti interakce antigen prezentujicich bun€k (APC) s T lymfocyty.
»Molekularni mimikry* umozni pfetrvavani imunitni reakce na infekéni agens kvili
podobnosti télu vlastnich autoantigenti s antigennimi epitopy bakterii (Streptokoky skupiny
A, Yersenia enterocolitica, Salmonela sp., Chlamydia trachomatis, a dal$i) anebo virQ, zvIasté
EBV, CMV, parvoviru B19 a nékterych retroviri (2, 86). Piiklady jsou zkiiZzena reakce mezi
antigenem M Streptokoka skupiny A a proteinem M sarkolemy myocytd v patogenezi
revmatické horecky, recentné je popsand imunitni reakce namifend na tento antigen a télu
vlastni keratin v patogenezi psoridzy u HLA - Cw*0602 pozitivnich osob (87) a zktizena
reakce mezi nukledrnimi antigeny EBNA1 a EBNA2 EBV viru a jadernymi antigeny Ro60,
Sm v patogenezi SLE. Virové infekce se ovSem nepodili jen na prolomeni autotolerace, ale
1 na pretrvavani imunitni reakce. U virovych infekei, naptiklad EBV, dochézi k intermitentni
reaktivaci infekce, coz vede k opakované antigenni stimulaci imunitniho systému. EBV, ale
1 CMV, navic produkuji antiapoptotické a nékterym cytokinlim podobné proteiny, jako napf.
IL-10 a bcl-2, ¢imz se podili na pietrvavani patologické imunitni reakce vcetné
immortalizace autoreaktivnich bun¢k (88).

K chemickym latkam, jejichz vySsi expozice je spojena s autoimunitou, patii kiemik,
rtut’, aromatické uhlovodiky, jod a dalSi. Mechanismy, jakymi chemikalie ptisobi, jsou riizné,
napiiklad nadbytek jodu v potravé vede k vysoce jodizovanému tyreoglobulinu, ktery je
imunoreaktivni, snaze se proti nému tvoii autoprotilatky a mize dojit k vyvoji autoimunitni
thyreoiditidy (89). Kfemik zase indukuje apoptdzu a zvysuje tak naloz autoantigenti (90).

Samostatnou kapitolou piisobeni chemickych faktorti na rozvoj autoimunity je léky
indukovany lupus erythematodes. Byla identifikovana fada 1éCiv (napiiklad hydralazin,
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procainamid, penicillamin, sulfasalazin a dalsi), kter¢ mohou onemocnéni vyvolat.
V klinickém pribéhu Ize u tohoto onemocnéni vysledovat tplné zlepSeni stavu po vysazeni
rizikového 1éciva. Jednim z mechanismi jejich u¢inku je ovlivnéni epigenetickych
modifikaci, metylace kyseliny deoxyribonukleové (DNA). Metylace je postsyntetickd uprava
DNA, kdy nukleotid cytosin je zménén na metylcytosin. Tato zména inhibuje vazbu
transkripénich faktord (TF) k promotorim cilovych genll a je tak zménéna jejich exprese.
Metylace DNA je provadéna enzymem metyltransferdzou, jejiz aktivita mize byt ovlivnéna
dvéma zplsoby, pfimo jejim inhibitorem anebo snizenim jeji exprese. Hypometylace CD4+T
lymfocytdh méni expresi geni pro CDI1a, perforin, CD70 a interferon gamma (IFN-y) a
dramaticky ovliviiuje jejich schopnost reagovat na vlastni antigeny (91). CD4+ T lymfocyty
se stavaji autoreaktivnimi - ztrati potfebu reagovat na komplex HLA II. tfidy s navazanym
antigenem a kreakci jim staéi pouze molekula HLA II. t¥idy. Navic, jsou schopny
stimulovat B lymfocyty k produkci protilatek (92). Procainamid je kompetitivni inhibitor T-
bunééné DNA metyl transferdzy a hydralazin inhibuje jeji expresi cestou signalni drahy ERK
(extracelular signal-regulated kinase).

Cetné retrospektivné provedené studie u nemocnych s RA, SLE, ale i RS, Gravesovou
chorobou a dalSimi poukazuji na fakt, ze se v jejich pfedchorobi vyskytla udélost, ktera
vyrazné ovlivnila jejich psychickou anebo fyzickou pohodu (93). | kdyz neni prozatim
jednoznaéné prokazan kauzalni vztah mezi psychickym anebo fyzickym stresem a rozvojem
autoimunity, vzajemné vztahy mezi nervovym, humoralnim a imunitnim systémem znamy
jsou. Imunitni bunky (zejména monocyty, NK, CD4+ T i B lymfocyty, ale i dal§i) exprimuji
na svém povrchu receptory pro hypofyzarni hormony (pro prolaktin, adrenokortikotropni a
rastovy hormon, a dal§i) a intracelularni receptory pro hormony S§titné zlazy a
glukokortikoidy a pod jejich vlivem se diferencuji a produkuji cytokiny. Na druhou stranu
nékteré cytokiny, napt. IL-1, 2, 6, TNF-a a dalsi, uvoliiované pfi zanétu, stimuluji syntézu a
sekreci nékterych hypothalamickych liberinti a i hypofyzarnich hormont. Nerovnovaha
V téchto neurohumordlné¢ — imunitnich vztazich muaze patiit k faktorim podporujicich

patologickou imunitni reakci, jeji pfetrvavani a idealni prostfedi pro rozvoj autoimunit.

1.1.4 Hormonalni zmény a autoimunita

Z klinického pozorovani 1 literarnich udaji vyplyva, Ze néktera autoimunitni
onemocnéni se objevuji prevazné u zen. Pomér Zen a muza se lisi u jednotlivych onemocnéni
— nejvetsi pomér, az 9:1 (Zeny versus muzi) lze vysledovat u Sjogrenova syndromu
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(autoimunitni postizeni zlaz s vnitini sekreci — zejména slznych a slinnych), néasleduje SLE
a autoimunitni thyreoiditida (94). Z druhé strany existuji nemoci jako T1D nebo ulcer6zni
kolitida, kde je pomér muzi/Zeny vyrovnany anebo AS s pfevahou muzii. Pohlavni
dimorfismus ve vnimavosti k rozvoji autoimunit je vysvétlovana vlivem pohlavnich

hormonii, zejména estrogent a prolaktinu (95).

1.1.4.1 Estrogeny a autoimunita

Estrogeny ovliviiuji imunitni funkce. Efekt estrogenti je dan aktivaci estrogenovych,
pfevazné intracelularnich nuklearnich receptort (ER o a B) exprimovanych V perifernich
mononuklearnich bunkach (PBMC), konkrétné CD4+T, CD8+T lymfocytech, B lymfocytech
a monocytech. ER a a B se vazi pfimo k regulaénim oblastem geni Vv oblastech DNA
nazvanych ERE (Estrogen-responsive elements) anebo pusobi jako kofaktory/korepresory
ostatnich transkripcnich faktort (naptiklad AP-1, NFxB a dalSich), coz ma dilezité
konsekvence Kk regulaci zanétlivého procesu. Existuji vSak i membranové formy ER a a
spojené s intracelularni  signalizaci  (mitogenem  aktivovanych  kindz, MAPK,
fosfatidylinostiol 3 kindzy, PI3K) vedouci k aktivaci kinaz ERK 1/2, p38 a JNK s funkci
regulace exprese genil (96), ale i negenomickymi funkcemi — uvolnéni oxidu dusnatého
zPBMC (97). Estrogeny zasahuji do vyvoje a funkce B lymfocyti tim, ze nevedou
k eliminaci autoreaktivnich B bunéénych klonii a v periferii aktivuji B autoreaktivni

lymfocyty, coz vede ke zvySené tvorbé autoprotilatek v fadé IgG (95, 98, 99).

1.1.4.2 Prolaktin a autoimunita

PRL je nejenom cirkulujici hormon uvolfovany z adenohypofyzy, ale i lokalné
plsobici cytokin. Prolaktin ovliviiuje Zivotné dileZité procesy v bufice, jako je apoptdza,
proliferace a diferenciace a ucastni se i sekrecni aktivity, motility a dalSich schopnosti
fungujici bunky. PRL je syntetizovan v thymocytech (100), v monocytech béhem svého
vyzravani (101) a T a B lymfocytech izolovanych ze sleziny, lymfatickych uzlin a tonzil, tj.
mist, kde prodé€lavaji sviyj funkeni vyvoj (102).

Prolaktin psobi béhem imunitni odpovédi v n€kolika krocich. Podporuje vyzravani
T a B lymfocytli a monocytit do dendritickych bunék, zvysuje jejich schopnost prezentovat
antigen, podporuje syntézu IL-12 a je tak jednim z faktord v pocatcich aktivace imunitniho
systému (103). Béhem uméle navozené imunitni reakce, pfi pokusech in vitro, prolaktin
zvySuje mitogenem stimulovanou proliferaci lidskych i mySich T, B lymfocyti a NK bunék
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(103, 104). V perifernich mononuklearnich bunikach a makrofazich PRL béhem stimulace
mitogenem, a razantné méné sam, zvysSuje produkci cytokinid I1L-12, IL-1B, IFN -y a TNF-a
in vitro (105, 106, 107) i in vivo (108). Prolaktin stimuluje CD4+T i CD8+T lymfocyty
k syntéze IFN-y, TNF-a a IL-2 (104, 109). Takizawa a kol. zjistili, Ze PRL in vitro stimuluje
expresi alfa fetézce receptoru pro IL-2 (CD25) na povrchu PBMC (110) a tak se vytvaii
idedlni prostfedi pro proliferaci T lymfocytd. Stimulaéni aktivita PRL je ¢astecné zavisla na
jeho syntéze v imunitnich buinikdch a jeho autokrinnimi a parakrinnimi ucinky, nebot’ pfi
podani anti-PRL protilatek je potlacena sekrece IL-2 a IFN-y i exprese kostimulacnich
molekul CD69 a CD40L az o 50% (104). Recentni in vivo studie ukazuji, Zze hladina PRL
koreluje s poc¢tem B lymfocytti a panhypopituitarni jedinci s nizsi hladinou prolaktinu nejsou
schopni adekvatné reagovat na vakcinaci (111). PRL stimuluje proliferaci B-lymfocyti
a zvySuje syntézu imunoglobulint (112). Prolaktin se patrné podili na kooperaci mezi B a T
lymfocyty béhem sekundarni syntézy protilatek. Chavez-Rueda a kol. zjistili in vitro, Ze pod
vlivem PRL jsou zvySen¢€ exprimovany kostimula¢ni molekuly CD40 a CD40L, i kdyz CD40
pouze nesignifikantné¢ (104).

PRL je peptidovy hormon a jako takovy potiebuje k zahdjeni svého ucinku
membranovy receptor, receptor pro prolaktin (PRL-R), viz Obrazek 1. PRL-R patii, spolu
s receptorem pro erytropoetin, leptin, G-CSF, GM-CSF, IL-2, 7 a dal$imi, do rodiny
cytokinovych receptorti subrodiny I (113). PRL-R byl identifikovan téméf na vSech bunkach
organismu. Lidské imunitni bunky - NK, T i B lymfocyty, monocyty, dendritické buiiky,
exprimuji PRL-R Vv rlizném mnoZstvi, coZ udava i jejich citlivost k pisobeni PRL. Navic i
lokalni mnozstvi PRL v mikroprostiedi primarnich i sekundarnich lymfatickych organt a
mist, kde probihd diferenciace imunitnich bun€k na zacatku a v pribchu imunitni reakce,
muize ovlivnit trvani a pribéh imunitni odpovédi. PRL-R s navazanym PRL spousti fadu
nitrobunéénych pochodii, které maji za cil aktivovat pfislusné geny, eventuelné ovlivnit
nitrobunécné pochody (zvySeni intracelularniho vapniku, atd). PRL-R je spojen
s proteinkindzami tyrosinového typu: Jak, Src, ZAP 70 proteinkindzami. Mezi Jak kinazy
spojené s PRL-R patfi Jak-2, mezi Src pak hlavné¢ Fyn. Do ucinku prolaktinu v bunce je
zapojeno nékolik intracelularnich signalnich drah: Jak-STAT, Ras/Raf/MAPK, PI-3K/Akt,
PLC/DAG/PKC, Fyn/Vav, IRS-1/PI-3K (98-101,103-106,108,112-114)), viz Obrazek 2.
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Obrazek 1. Typy receptoru pro prolaktin (PRL-R)
Lidsky PRL-R se vyskytuje ve 4 variantach, které¢ vznikaji alternativnim splicingem. PRL-R

se skladéa ze 3 domén: a — extracelularni; b — transmembranova; ¢ — cytoplasmaticka

1. Dlouha varianta: Je

nejéastéjsi a schopna 1 2 3 4

aktivovat vSechny a
intracelularni cesty, vyskytuje *

se ve vSech lymfatickych .
organech (kostni drent, ;:Egm mista pre

lymfatickych uzlinach, thymu | yazebna {nifsta ;1;;:3:,11:10 c
i slezin¢) 1 na leukocytech 12],:;:_',; Kinazy, auiofosfmylaci

v cirkulaci

2. Stiredni varianta:

Zachovana schopnost aktivace intracelularnich cest spojenych s Jak-2, omezena schopnost
aktivovat Src kinazy. Prevazné je exprimovana ve slezin¢, kostni dfeni, omezené
Vv lymfatickych uzlindch (LU) a minimalné v thymu a perifernich lymfocytech.

3. AS varianta: Omezena vazba prolaktinu, avSak rychlej$i schopnost aktivovat intracelularni
cesty. Pouze 1/3 vSech PRL-R je tato varianta, vyskytuje se omezené v LU, slezing, thymu i
leukocytech v cirkulaci, minimalné v kostni dfeni.

4. PRL-BP: PRL-vazajici peptid je schopen PRL vézat, nikoli spustit intracelularni cesty.
Vyskytuje se sporadicky.

Exprese prolaktinu v imunitnich burikach je dulezita pro jeho cytokinové funkce. PRL
je protein o velikosti 23 kDa sloZzeny ze 199 aminokyselin, obsahuje 6 cysteinovych zbytkd,
které davaji vznik 3 disulfidovym mistkim. Vytvaii 2 vazebna mista pro sviij receptor (114).
Gen pro prolaktin lezi v oblasti 6p22.2-21.3 a je uspofadan do 5 exond odd€lenych 4
rozsahlymi introny (115). Exon 1 je rozdvojen a je mistem zacatku transkripce: exon 1
v adenohypofyze a pfedsunuty exon 1A v mimohypofyzarnich lokalitach. Pfed obéma exony
1 se rozkladaji 2 na sobé nezavislé regulacni oblasti - tsek 5 000 bp (part bazi) pred exonem
1 urcuje transkripci v adenohypofyze, kdezto 3000 bp rozsahla oblast pfed exonem 1A fidi
transkripci v mimohypofyzarnich lokalitach (116). Pfi transkripci PRL genu tak vznikaji 2
typy mRNA: hypofyzarni a o 150 bp delsi mimohypofyzarni. Mimohypofyzarni mRNA
obsahuje exon 1A, ktery vSak neni pfepisovan do peptidu a béhem translace je tvofen jediny
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prohormon PRL o velikosti 227 aminokyselin (26 kDa), ktery je identicky ve vSech bunkéach,
které PRL produkuji.

Zmeény hladiny prolaktinu a jeji souvislost s pruibéhem organoveé specifickych i
systémovych autoimunitnich onemocnéni byla prokazana na experimentalnich modelech i
V humanni medicin€. V Tabulce 6 jsou popsany piiklady chorob ve vztahu K vyssi hladiné
prolaktinu. Zvysena hladina prolaktinu byla poprvé zjisténa u muzt se SLE na konci 80. let
minulého stoleti (117). Od té doby probehly cetné studie tykajici se tohoto hormonu a
cytokinu. Mirna hyperprolaktinémie (HPRL) se vyskytuje u 15-30% nemocnych SLE (118) a
zvySena hladina prolaktinu je spojena s aktivitou onemocnéni (119, 120). Vera-Lastra a kol.
pozorovali signifikantni pokles hladin prolaktinu a hodnot SLEDAI béhem Sesti mésicii 1écby
glukokortikoidy a hydroxychlorochinem u 27 Zen s glomerulonefritidou a 16 Zen s kozné-
kloubnim flarem (121). V literatuie vSak najdeme prace, které souvislost mezi HPRL a
aktivitou SLE nepotvrdily. Pfi¢inou diskrepance jsou protilatky proti prolaktinu (anti-PRL
IgG), diky nimz se cirkulujici 23 kDa prolaktin méni v komplex 23kDa-1gG PRL, in vivo
neucinny makroprolaktin. Leanos-Miranda a kol. detekovali anti-PRL IgG u 5% nemocnych
SLE, avSak u SLE s hyperprolaktinémii jsou zachyceny az u 40% (122). SLE nemocni
s HPRL a vyssi koncentraci makroprolaktinu maji nizsi aktivitu onemocnéni a aktivita SLE je
spojena s volnym, bioaktivnim prolaktinem (119, 120).

V ptipadé RA byl pomocny vliv prolaktinu na rozvoj onemocnéni prokazan na
experimentdlnich modelech (123, 124). V humanni mediciné jsou vysledky dosud
publikovanych praci rozporné - nékteré prace popisuji vyssi, stejnou anebo i nizs§i sérovou
hladinu PRL. Mateo a kol. zjistila vy$§i hladinu PRL u muzd, ktera koreluje s trvanim
nemoci a stupném rentgenového nalezu (125). Zvysena hladina prolaktinu v séru nemocnych
se SSc koreluje s mnohocetnym postizenim a aktivitou onemocnéni (126, 127). Czuwara-
Ladykowska a kol. sledovala v recentni praci vliv PRL na T-lymfocyty, prokazala, ze
lymfocyty SSc pacientli produkuji mRNA prolaktinu a pod vlivem PRL zvySené exprimuyji
CD25 (128). Prozatim neni jasné, zda ma PRL né&jakou ulohu v patogenezi Pm a DM. Jenom
jedna studie prokézala hyperprolaktinémii u 24% nemocnych s PM a kupodivu, zvysSena
hladina PRL nebyla zjisténa u DM (129). Bohuzel, v této praci neni uvedena laboratorni ani

klinické charakteristika pacientti.
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Obrazek 2. Intracelularni signalizace prolaktinu v imunitnich buiikach

1. PRL-R po navazani PRL dimerizuje, tim dojde k pfibliZzeni cytoplazmatickych kindzovych
domén, které se zacnou vzéjemné fosforylovat na tyrosinovych reziduich a k aktivaci Jak-2.
2. Nasleduje navazani Stat 1, 3 a 5, jejich fosforylace, coZ jim umozni se spojit v dimery a
stat se tak aktivnimi .

3. Aktivované Stat cestuji do jadra, kde se vazi na GAS (y-interferon binding site) a aktivuji
expresi gentt IRF (Interferon) -1, SOCS 2, 3 a 7 a iNOS (inducibilni syntdzu oxidu

dusnatého) ptisobi jako kofaktory ostatnich transkripénich faktora a jadernych receptori.

synteza obecnych TF a
IRF-1.. komponent translaé. ap.
PIAS W c-myc  c-jun c- fos Elk-1
— — Proliferace, diferenciace, apoptoza,
Regulace imunitni odpovédi, regulace imunitni odpovédi
syntéza cytokini

4. CIS a SOCS inhibuji aktivitu Jak-2, SOCS 7 inhibuje vstup dimert Stat do jadra, PIAS
inhibuje vazbu dimerit STAT k DNA.

5. Fosforylace aminokyseliny serinu v pozici 349 vede k oznaceni receptoru a jeho degradaci.
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6. Aktivovany PRL-R spusti fosfolipazu C (PLC-y), ktera $tépi membranové lipidy za vzniku
inositol-3 fosfatu (InsP3) a diacylglycerolu (DAG). DAG aktivuje proteikinazu C (PKC),
ktera fosforyluje Raf a icastni se tak aktivace MAP kinaz.

7. PI-3K (fosfatidylinositol 3 kinaza) muze byt aktivovana DAG (cestou PLC-y), Src
tyrosinkindzou Fyn, nebo aktivovanym Ras.

8. P1-3K fosforyluje proteinkinazu B — Akt.

9. Akt se podili na zvySeni exprese c-myc a inhibuje GSK (glukagon synthese kinase 3), ktera
zvysuje degradaci c-myc. Jadro navic pod vlivem Akt opousti transkripcni faktor FKHRL-1
(je fosforylovan a deaktivovan). FKHRL-1 je faktor stimulujici expresi pro apoptotického
genu Bim.

10. Akt vcytoplazmé fosforyluje mTOR (mammalian target of rapamycin). mTOR
fosforyluje p70S6K, ¢imz jej aktivuje a spusti tak syntézu komponent transla¢niho komplexu.
mTOR se podili na aktivaci p70S6K 1 nepfimo tim, Ze snizi aktivitu PPA2 (protein
phosphatase 2), kterd inhibuje p70S6K a aktivuje 4EBP1 (4E binding protein), ktery inhibuje
translaci.

11. PI-3K aktivovana Fyn fosforyluje jednu z mitogen aktivovanych kinaz - JNK (Jun-N-
terminal kinase) v Nb2 T bunééné linii a makrofazich.

12. Komplex SHC-Grb2-SOS je aktivovany jak src- kinazami (Fyn), tak Jak-2 a fosforyluje
Ras GDP na Ras GTP, ktery je zacatkem cesty k aktivaci MAPK Erk1l/2. MAPK Erk1/2
fosforyluje transkripéni faktory c-fos a c-jun, které reguluji expresi nékolika genl v¢.
antiapoptotickych. Ras mliZe byt aktivovan i cestou Tec/Vavl.

13. Na aktivaci faktorti c-myc, c-fos a c-jun se pod vlivem PRL podili i dalsi z MAPK — p38
a JNK. Pod vlivem PRL byl detekovan aktivni p38 v mySich makrofazich, lidskych PBMC a
granulocytech, PRL navic stimuluje jeho syntézu v Nb2 T buikéach. Aktivni JNK byla
detekovana v makrofazich a T bunécné linii Nb2.V makrofazich je JNK aktivovana cestou
PI-3K. AvSak ptfesné mechanismy, jak PRL aktivuje tyto dva faktory nejsou t.€. znamy.

14. Nékolik drah (PI-3K, P1Cy, MAPK, STAT 1,3,5) se spojuje k aktivaci antiapoptotickych
gend. Mechanismy jsou individudlni pro tu kterou bunku, avSak tato schopnost PRL je
dokumentovana napfi¢ spektrem imunitnich bunék in vitro 1 in vivo. Tak naptiklad Bcl-2 je

aktivovan jak v liniich T a B bunék, tak v linii lidské promyelocytarni leukémie.
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1.2  Systémovy lupus erythematodes

SLE je zavazné autoimunitni onemocnéni. Charakterizovat jej Ize jako onemocnéni s
komplexni poruchou imunoregulace, s hyperaktivitou B a T lymfocyti vedouci k tvorbé
spektra organové nespecifickych autoprotilatek, které nasledné vyvolaji poSkozeni tkéani
jednotlivych organi.

SLE se vyskytuje celosvétove, priméma incidence SLE je 2.4 ptipadd na 100 000
obyvatel ro¢né. Ovsem je zde zietelny rozdil mezi jednotlivymi populacemi a pohlavim. SLE
je Cast€jsi u zen — béhem reprodukcniho véku (v rozmezi 20-40 let) az 9:1, v détstvi a po
menopauze je tento pomér 3-5:1. Z americké studie z 90. let 20.stoleti byla prokazana
incidence u zen kavkazské populace 3.5 na rozdil od 9.5 na 100 tisic obyvatel u
afroamerickych Zen (135). Incidence v Ciné je mirn& vys§i neZ u kavkazské populace (5.4 na
100 tis. obyvatel) (136). Celkov¢ je na svété cca 3 miliony zen nemocnych s lupusem oproti
jen 300 tisici muzim. SLE je zdvazné onemocnéni, avSak mortalita diky novym lécebnym
moznostem stale klesa, zatimco v 80. letech minulého stoleti byla primérné 4.7 na 1 milion

obyvatel, v soucasnosti se jedna primérné o 2.2 na 1 milion obyvatel (137).

1.2.1 Patogeneze systémového lupusu erythematodu

Etiopatogeneze onemocnéni je Sirokd a bohuzel doposud ne zcela objasnéna.
Onemocnéni vznikd u geneticky vnimavého jedince (soubor genetickych oblasti a gent
spojenych se SLE, viz Tabulka 2 a Tabulka 7). Na patogenezi se podili i hormonalni faktory
(estrogeny, prolaktin) a environmentalni noxy vcetné infekce (CMV, EBV a dalsi), viz
Tabulka 7. Spole¢nymi rysy vSech rizikovych agens je: porucha imunoregulace vcetné
syntézy cytokind, porucha v prezentaci antigent, nadmérna apoptoza, dysregulace
intracelularnich drah imunitnich bunék vcetné abnormalit v transkripénim aparétu,
abnormalni aktivace komplementu a tvorba imunitnich komplextd (6, 20, 35, 91, 92, 95, 98,
99, 112, 138, 139).

T lymfocyty maji centralni Glohu v adaptivnich (na antigenu zéavislych) imunitnich
reakcich. V ptipadé SLE jejich abnormality v nékolika krocich imunitni odpovédi maji za
vysledek rozvoj onemocnéni. Jedna se o ztraty imunologické tolerance, abnormality v T
bunécné signalizaci, v T-lymfocytarni kostimulaci a deficienci T regula¢nich bunék (Treg).
Ztrata imunologické tolerance vznika na urovni centralni a periferni. Pfi vyvoji T lymfocytl

vthymu dochazi ktniku autoreaktivnich T Ilymfocyti s TCR snizkou afinitou k
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autoantigeniim a zatimco u zdravého Cloveéka se stavaji anergnimi a po aktivaci podléhaji

apoptdze, u SLE perzistuji a podili se na rozvoji onemocnéni (140).

Tabulka 7. Kli¢ové faktory patogeneze Systémového lupusu erythematodu

Riziko

Geneticka vnimavost

Fakto
HLA

Slozky komplementu

Fey receptory: FeyRI, RII

MBL

PTPN22
PD-1
TNF-a
CTLA-4

Mechanismus uc¢inku

Prezentace (auto)antigeni, cross-reaktivita,
antigen spreading

Snizend clearance imunitnich komplext
Prolongovana clearance IgG a protilatek
SniZena na protilatkach nezavisla aktivace
komplementu

Regulace aktivity T lymfocyti

Regulace aktivace a tolerance T lymfocyti
Pretrvavani lokalniho zanétu a destrukce tkané

Dysregulace T lymfocyti

Antigenni cross-reaktivita: EBNA1 a anti-Sm
a anti-Ro60
Defektni DNA metylace

Redistribuce autoantigeni: Exprese Ro

EBV infekce

Environmentalni CMV infekce

antigenu na keratinocytech, syntéza anti-Ro
faktory

Infekoe retroviry Suprese DNA metylace

Chemikalie a 1éciva Demetylace DNA

Demetylace DNA; UV- indukovana apoptoza

o

UV zareni
keratinoc

‘ Imunostimulaéni efekt: proliferace T
Estrogeny o . e o
o It sniZeni apoptozy autoreaktivnich B lymfocyti
ormonalni vlivy . . . o
g . Unik autoreaktivnich B lymfocytt z negativni

Prolaktin
selekce

HLA: Human leukocyte antigens; MBL: mannose binding lectin; PTPN22: Protein tyrosine phosphatase — 22; PD-1: Programme
death-1; TNF-a: Tumor necrosis factor-a; CTLA-4: Cytotoxic T-lymphocyte-associated antigen-4, EBV: Epstein-Barrové virus;
CMV: Cytomegalovirus, UV: ultrafialové zafeni; DNA: Deoxyribonukleova kyselina

Literatura: 6, 20, 35, 95, 98, 99, 113, 138, 139

CD4+T lymfocyty rozpoznéavaji fadu vlastnich antigenti: DNA a histony (141) a malé
ribonukleoproteiny: Sm-B, Sm-D, U1-70kd, U1-A (142, 143, 144). Tyto bunky rozpoznavaji
antigen spolu s HLA-DR, produkuji velké mnozstvi IFN-y, IL-4 a IL-10 (143) a vytvaii
podporu pro B lymfocyty k produkci autoprotilatek (144). Dalsi abnormalitou SLE - T
lymfocytll je odlisnd intracelularni signalizace, véetné zvySené intracelularni fosforylace
anebo deficientni aktivace Ras/Raf/mitogenem aktivované kaskaddy (140). U SLE T
lymfocytl byla popsana vyssi rezistence k apoptdze a snizené mechanismy k aktivované
bunééné smrti (145). Dalsi moznosti k rozvoji SLE je vztah mezi antigen-prezentujici
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buiikou a TCR. Imunologickd synapse u SLE je narusend, existuje vyssi exprese CD40 -
CD40 ligandu (CD40L), coz vede k niz§imu prahu stimulace antigen prezentujicimi butikami,
véetné moznosti rozpozndvat apoptoticky materidl na APC (146).

B lymfocyty jsou chapéany jako ustfedni patologické imunitni SLE buiiky — u pacienta
lze detekovat jejich zvySené mnozstvi v rizné fazi aktivace, na mySich modelech byla
prokazana nutnost pfitomnosti B lymfocytt k rozvoji SLE. B lymfocyty jsou hyperaktivni a
spontann¢ produkuji vysoké hladiny imunoglobulinti (147). Do onemocnéni zasahuji
produkcei patogennich autoprotilatek, na za¢atku onemocnéni dochazi k polyklonalni expanzi
B lymfocytil, pozdéji pievlada antigenem stimulovana aktivace B lymfocyti. Patologické
autoprotilatky mohou vyvolat poskozeni tkani - a to pfimo (vazbou autoprotilatky na
bunécny povreh s ndslednou lyzou bunky — hemolyticka anémie u SLE), tvorbou a ukladanim
imunokomplextt do tkani (SLE nefritida), zkiiZzenou reakci proti intracelularnimu a
povrchovému antigenu (anti-dsDNA protilatky reaguji zkiizené s ribozomdlnimi proteiny
glomerularnich mesangialnich bunék a maji na né cytostaticky efekt — SLE nefritida),
eventuelné mohou autoprotilatky penetrovat dovniti buniky a mit na ni regulacni vliv vazbou
na autoantigen (antilymfocytarni protilatky vedouci k apoptdze buiiky).

B lymfocyty jsou vSak samy o sobé patologické — jednim z mechanismi je
nedostate¢né odstranéni autoreaktivnich klonti B lymfocytl, pfi¢inou mtze byt nadprodukce
B-lymfocyty aktivujiciho faktoru — BAFF v periferii podporujiciho jejich pfezivani a porucha
Vv pro-apoptotickych genech bcl-2, fas podilejicich se na disrupci centralni tolerance.
B lymfocyty jsou citlivéjsi na aktivaéni cytokiny — napiiklad stimulaci interleukiny IL-6
a IL-10, jsou snadngji aktivovany a rychleji vyzravaji (148). K jejich patologické funkci je

treba 1 vhodné prostfedi a kooperace s ostatnimi imunitnimi buitkami — zejména T lymfocyty.

1.2.2 Klinicky a laboratorni obraz

SLE je vklinickém obrazu mnohotvarny — vyskytuji se jednak celkové ptiznaky
(febrilie, vahovy ubytek, tnava) a jednak ptiznaky spojené s postiZzenim jednotlivych orgéant.
Dilezité organové manifestace SLE jsou uvedeny v Tabulce 8. SLE je chronické, celozivotni
onemocnéni. Obdobi remise, kdy je aktivita SLE nizka, pfechazi do aktivniho onemocnéni
vlivem vySe uvedenych faktorti, ale i bez jasn¢ identifikované pficiny. Aktivni onemocnéni
ohrozuje pacienta na zivoté, dlouhodoby pribéh onemocnéni vede chronickému poskozeni

tkani a organl s naslednymi konsekvencemi.
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Tabulka 8. Klinické projevy Systémového lupusu erythematodu

Orgianové postiZeni Klinické proje Patogeneticky mechanismus/histopatologicky nalez

Artralgie, neerozivni artritida, ~ Perivaskularni bunééna inlfitrace, mirna proliferace
Muskuloskeletalni Jacoudova artropatie synovie, svalova atrofie
Myositida Bunééné infiltraty,ojedinéle nekrozy

Erytém - ve tvari, celkovy, Bunécna infiltrace, depozita imunokomplexti v dermo-
subakutni a chronické pfi koznim epidermalni zong, zvysena apoptoza keratinocyti pod
LE vlivem UVB

Pleuritida
Perikarditida
GIT syndrom

Exsudat: infiltrace lymfocyty, imunokomplexy (IK),
fibrinové vlocky; perivaskularni fibrinoidni nekroza

Akutni: SLE pneumonitida,

. .., Infiltrace zanétlivych bunék do alveolu a intersticia.
alveolarni krvaceni, reverzibilni e

e Agregace neutrofilii ve sténach cév.
yposentic Pozdni faze zanétu - jizveni intersticialni tkang, pokl
. e ozdni faze zanétu - jizveni intersticialni tkang, pokles
Chronické: intersticialni fibroza, J P

Bliot hyperteize difuzni kapacity plic (al)

Myokarditida - arytmie, poruchy
vedeni, kardiomegalie, srdecni
selhani Endokarditida
Akcelerovana ateroskleroza

Infiltrace zanétlivych bunek. Zanét chlopni, fibrotizujici
Kardialni a cévni Jizevnaténi Multifaktorialni - disledek chronického

zanétu, hyperlipidémie

Tepelné IgG protilatky proti aniontovému transportéru a
Anémie normochromni glykophorinu na povrchu erytrocyti, neautoimunitni
normocytarni s retikulocytézou mechanismy .
Leukocytopenie, lymfocytopenie Lymfocytotoxické IgM proti CD45;1gG proti
Trombocytopenie B2mikroglobulinu, HLA II.t¥idy, IL2R.

Protilatky IgG proti glykoproteinim IIb/IITa.

Cefalea, chorea, neuropatie Vaskulopatie - perivaskularni lymfocytarni infiltrace,
centralni 1 periferni, retinopatie, cévni hyalinizace. MnohoCetné drobné mikroinfarkty.
transverzalni myelitida, Antineuronalni protilatky proti povrchovym 1
Neuropsychiatrické nr . : p. ; kyp op i
epilepsie, CMP, TIA (a2) . intracytoplazmatickym antigentim (neurofilamenta).
Psychodza, organicky Porucha propustnosti hematoencefalické bariéry. In situ

psychosyndrom tvorba autoprotilatek.

Ukladani imunokomplext v mezangiu a v subendotelu
glomerularich kapilar. Chemotaxe zanétlivych bunék s

Lupusova glomerulonefritida
(typ I-V dle biopsie)—nefroticky
syndrom, akutni renalni selhani,
chronicka renalni insuficience

poskozenim glomeruli s nekrozou a naslednou
skler6zou. Patogenni autoprotilatky:Antinukleozomalni
protilatky - vazi se na heparan sulfat bazalni membrany
glomeruli. Anti-dsDNA - vazba na negativné nabité
polymery bazalnich membran glomeruli.

Defekty dutiny stni
Pankreatitida
Gastrointestinalni Autoimunitni hepatitida (b), Vaskulitida cév
Zanét stiev (b), uzaveér
mesenterialnich cév

Vysvétlivky:  a) Pfic¢inou mize byt sekundarni antifosfolipidovy syndrom (APS) (1) je nutno rozlisit sekundarni plicni hypertenzi tromboembolické
etiologie pii sekundarnim APS  (2) Centralni mozkova pithoda (CMP), transitorni ischemicka ataka (TIA) se vyskytuji i pfi sekundarnim APS
b) jedna se spise o komorbiditu anebo jsou projevem vaskulitidy cév




Diagnostika SLE je, vzhledem k rozmanitym projevim, obtizna. Typické projevy
SLE se objevuji u nemocnych jiz pfed stanovenim diagnoézy: kozni manifestace (diskoidni
erytém) se objevuje cca 1,74 roku ptred stanovenim diagnoézy, kiece spojené se vzacnéjSim
postizenim nervového systému cca 1,70 roku (149). Nejcastéjsi klinicky ptiznak v dobé
stanoveni diagnozy je artritida. Pro diagnézu SLE byl stanoven soubor diagnostickych kritérii
— spojuji se v nich klinické manifestace (organové postizeni) a laboratorni nalezy urcujici
organové postizeni a imunologicky profil nemocného (150). V soucasné dob¢ se jedna o 11
bodii (viz Tabulka 9), avSak v diskuzi jsou nova klasifika¢ni kritéria zohlediujici vice
faktori. Soucasné je k diagnéze SLE tieba, aby byly u nemocného prokazany alespon 4
kritéria z ACR revidovanych kritérii (150). Specificita a senzitivita pfi splnéni 4 bodu je u
téchto kritérii je 92%, u splnéni 6 bodu je specificita 95% a senzitivita 97%. Dalsi vySetieni,
napiiklad rendlni biopsie v ptipadé postizeni ledvin, urcuje rozsah a typ postizeni.

K dal§im problémim diagnostiky SLE patifi urceni aktivity onemocnéni. Aktivita
onemocnéni kolisd — obdobi nizké aktivity (remise) se stiida s obdobim aktivity vysoké
(flaru). Podle aktivity onemocnéni se odviji 1é¢ba, prognéza nemocného, u zen je aktivita
dilezitd pro prognozu téhotenstvi. Vzhledem k multiorganovému postizeni u SLE jsou pro
stanoveni aktivity onemocnéni pouzivany komplexni skorovaci systémy, které sleduji
jednotlivé manifestace SLE a jejich tizi hodnoti pomoci uréitého skoére. Mezi skorovaci
systtmy SLE patfi: SLE Disease Activity Index (SLEDAI) a jeho varianta SELENA-
SLEDAI, British Isles Lupus Assessment Group Index (BILAG), Lupus Activity Index
(LALI), The Systemic Lupus Activity Measure (SLAM) a European Consensus Lupus Activity
Measure (ECLAM). Pro béznou klinickou praxi jsou nejvhodnéjsi BILAG (urcujici detailné
jednotliva organova postizeni, ktera dostavaji podle zavaznosti skore A-E) a u nas pouzivany
SLEDALI (urcujici globalné aktivitu onemocnéni pomoci bodli pro manifestace SLE).

Pfitomnost autoprotilatek patii k laboratornim charakteristikim onemocnéni a jsou
soucasti diagnostickych kritérii SLE (viz Tabulka 9). Vyskyt autoprotilatek, obdobné jako
nekterych klinickych projevil, predchazi diagnézu SLE (151). Arbucle et al. vySetfovali
retrospektivné séra 130 SLE nemocnych pro 7 autoprotilatek (ANA, anti-dSDNA, anti-Sm,
anti-RNP, anti-SSA/Ro, anti-SSB/La a APL) a zjistili, ze minimaln¢ jedna autoprotilatka se
vyskytuje v séru uz 9.4 roku pred manifestaci SLE (151).
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Stran vyskytu autoprotilatek pfed diagnézou SLE je muzeme rozdé€lit na 2 typy,
prvnim jsou autoprotilatky vyskytujici se Castéji i u jinych onemocnéni anebo v malém titru i
u zdravych lidi (patii k nim ANA, anti-Ro a anti-La) a druhé, u zdravych lidi a jinych
onemocnéni vzacné autoprotilatky (anti-dsDNA, anti-Sm), které jsou typické a patognomické
pro SLE. Zatimco prvni typ autoprotilatek se muize objevit dlouho (i 1éta) pfed zacatkem
onemocnéni, druhy typ se zacina zpravidla objevovat kolem 2 let pfed onemocnénim,

pficemz anti-Sm je otazkou posledniho

Tabulka 9. Revidovana diagnosticka kritéria

roku (151). Systémového lupusu erythematodu

U SLE bylo identifikovano celkem pres  Kritérium Popis

o s 1. “ixe Trvajici, plochy, pfechazejici pies lice
100 rtznych autoprotilatek, vétSinou e
nechavajici okraje nasolabialni ryh

v fadé IgG, coz svédci pro polyklonalni Erytemat6zni vyvysené skvrny na kizi
. . . L. obliceje s adherujicimi jizvami; event.
aktivaci B lymfocytd. Pro klinickou atrofické jizven
praxi se vSak vyuziva jen cast z nich. Kozni erytém jako nasledek neobvyklé

. ) ) reakce po oslunéni

Testem zjistujicim autoprotilatky — " "
Nebolestivé ulcerace tstni nebo

pfimou imunofluorescenci Hep2 bunék nosohltanové sliznice

lze rozpoznat skupinu antinuklearnich Slesmmin ettt Ao 2 v

protilatek (ANA). Tyto autoprotilatky

Jsou  namireny proti fad¢ JademyCh Pretrvavajici proteinurie vice nez
antigeni - proti DNA, histontim, 0,5¢/24hod

Bunééné valce
nukleozomiim, RNA v jadre,

chromatinu, strukturam jadra a jadérka,

Hemolyticka anémie s retikulocytézou

ale 1 komponentdm  cytoplazmy. Hematologické Leukopenie celkova méné nez 4.0x10-9/1
poruchy (a) Lymfopenie méné nez 1.5x10-9/1

K detekci jednotlivych protilatek — se Trombocytopenie méné nez 100x10-9/1

anti-dsDNA

pouziva  dvousmérnd  elektroforéza, |[EINETERS

anti-Sm
. . hy
enzymova imunoassay  (ELISA), [asis antifosfolipidové protilatky
radioimunoanalyza (RIA) anebo inuklearni Abnormalni titr autoprotilatek

] ] rokazanych imunofluorescenci
Western Blot (WB) . Anti-Sm a anti- Vysvétlivky: a) staci vzdy jeden z projevii
Literatura: 150

RNP jsou autoprotilatky zaméfené proti

malym jadernym ribonukleoproteiniim, které jsou soucasti spliceosomu; anti-Sm se vyskytuji
u 10-30% SLE nemocnych a jsou pro tuto chorobu vysoce specifické (152). Na druhou
stranu, protilatky proti histontim se typicky objevuji u léky indukovaného SLE. Pfitomnost
antifosfolipidovych protilatek svéd¢i o mozném vyvoji sekundarniho antifosfolipidového
syndromu, pfitomnost anti-SSA/R0 a anti-SSB/La sekundarniho Sjogrenova syndromu.
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Nékteré autoprotilatky jsou asociovany s organovymi manifestacemi a aktivitou
choroby. Autoprotilatky proti dvousroubovici DNA (anti-dsDNA) se mohou objevit tésné
pred zacatkem onemocnéni (151) anebo mohou predchazet, ¢i se objevit soucasné s renalnim
postizenim (149) anebo mohou ptedpovidat i jiny, napiiklad CNS, flare. K nefritogennim
autoprotilatkam patii vedle anti-dsSDNA i anti-Clq autoprotilatky, autoprotilatky proti
nukleozomim a proti alfa-aktininu (149, 153). Anti-C1q autoprotilatky, které se vyskytuji u
cca 30-55% srendlnim postizenim (149, 154), maji spoleéné s anti-dsSDNA vysokou
prediktivni hodnotu SLE — renalniho flaru (154). Nefritogenni autoprotilatky rozpoznavaji
povrchové antigeny glomerularnich bunék (heparan sulfat, laminin, alfa-aktinin), v pfipadé
anti-dsDNA existuje i in situ novotvorba imunokomplexii anebo tvofi imunokomplexy
uklddané do mesangia glomerult.

Vyskyt neurologického anebo psychiatrického postizeni u SLE (NP-SLE) se pohybuje
podle literatury mezi 37-95% (155). Autoprotilatky mohou byt u CNS postizeni tvofeny
lokaln¢ in situ anebo mohou do CNS prostupovat zanétlivé (nebo i jinak) porusenou
hematoencefalickou bariérou (155, 156). V zasad¢ lze rozlisit dva typy autoprotilatek. Prvni
jsou antifosfolipidové protilatky — anti-kardiolipidové autoprotilatky (ACLA), autoprotilatky
proti B2 glykoproteinu I (anti- B2 GPI) a protrombinu a lupusové antikoagulans (LA). Tyto
autoprotilatky jsou vétSinou spojeny s fokalnim neurologickym postizenim (TIA, CMP)
zpusobenym intravaskularni trombo6zou. Druhy typ autoprotilatek se vyskytuje u diftzniho
CNS postizeni projevujiciho se kiecemi, poruchami nalady, poruchami kognitivnich funkci a
dalsimi. U tohoto postizeni byly identifikovany autoprotilatky proti fosforylovanym
ribozomalnim peptidim (anti-P protein), které se vyskytuji cca u 25% nemocnych a
v nékterych pracich koreluji s aktivitou onemocnéni (155). U neuropsychiatrického postiZeni
jsou spokojovany s psychozou a depresi. Ze sledovanych antineuronalnich protilatek byly
prozatim antigenné identifikovany pouze autoprotilatky proti glutamatovému receptoru NR2
(anti-NR2 NMDA receptoru) (156), se kterym reaguji i anti-dsDNA protilatky. Recentné
byly popsany autoprotilatky proti esterdze D u kognitivni dysfunkce u SLE nemocnych a
autoprotilatky proti APEX 1 endonukleaze u psychiatrickych projev SLE (157).

Dalsi typ autoprotilatek — anti-SSA/Ro a anti-SSB/La se vyskytuje u subakutniho
kozniho lupusu, neonatalniho SLE, SLE pfi deficienci C2 a C4. U nemocnych s anti-Ro byl
prokazan chronicky prub&éh onemocnéni. Anti-Ro autoprotilatky se podle autoantigenu
rozlisuji na anti-Ro52 a anti-Ro60 a zejména anti-R052 je spojen s kongenitalnim srde¢nim
AV blokem IlI. stupné déti pozitivnich matek (158). Hematologické onemocnéni SLE byva
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spojeno s autoprotilatkami proti lymfocytiim, erytrocytim i trombocytim. Jejich pfitomnost

ale neni pro SLE specificka.

1.2.3 Lécba systémového lupusu erythematodu

Lécebna strategie u nemocnych SLE se sklada ze ti pilifh: prvnim je navozeni
remise, druhym je udrzovaci 1écba s prevenci SLE flarti a tietim je 1écba komorbidit a snaha
o snizeni organového postizeni vyvolaného nejen chorobou samotnou, ale i 1é¢bou (159).
Soucasti 1ééby neni jen farmakoterapie, ale i dislednd rezimova opatieni, jako je
fotoprotekce, prevence infekti a stresu. Farmakologickd 1é¢ba SLE se odviji od aktivity

onemocnéni (viz Tabulka 10) a od organové manifestace choroby (160).

Tabulka 10. Moznosti lécby Systémového lupusu erythematodu

SLE - aktivita ~ SLE - manifestace  Davka kortikosteroidu Immunosuprese

Lupusova nefritida Vysoké davky: Cyklofosfamid c),
Vysoka CNS postizeni Pulzy MP az 1000mg/den|Mykofenolat mofetil, IVIg d),
SLEDAI>12 Vaskulitida Akutni 1-3x a) Rituximab e)
hemorhagicka alveolitida| p.o. PDN 0.5-1g/kg/den jiné - plazmaferéza
o Serositida Stredni davky: Metotrexdt, Leflunomid,
Stredni
SLEDAI 8-12

Cyklosporin A, Azathioprin,
IVIg d), Rituximab e),
Belimumab f)

Artritida Nizké davky: Antimalarika, Metotrexat,
Kozni postizeni p-o. PDN 0.1-0.2 Leflunomid, Azathioprin,
Serositida mg/kg/den b) Thalidomid
MP: Metylprednisolon, PDN: Prednison, CNS: Centralni nervovy systém, IVIg: intravendzni imunoglobuliny

a) Pouziti k rychlému zvladnuti t¢7kého onemocnéni
b) P#i mirném a sttednim flaru 1ze p¥echodné navysit p.o. Prednison anebo pouzit 100mg Triameinolonu intramuskularné

Hematologické postizeni p.o. PDN 0.2-
Vaskulitida 0.5mg/kg/den b)

Mirna
SLEDAI 4-8

¢) Cyklofosfamid v 1é¢be lupusové nefritidy v rezimu NIH anebo Euro-Lupus s indukéni a naslednou udrzovaci fazi, u vaznych
vaskulitid anebo CNS postizeni

d) IVIg - vhodné u t¢hotnych Zen a febrilnich pacientt, jinak 1é¢ba druhé volby

¢) Rituximab - off-label 1€k, u aktivni choroby rezistentni k b&znym imunosupresivim

f) Belimumab - schvalen k 1é¢bé aktivniho SLE americkou FDA 3/2011

1.2.3.1 Lécba mirné a stiedné aktivniho systémového lupusu erythematodu
Pti mirné aktivité SLE jsou doporuceny nizké davky kortikosteroidl (prednison 0.1-
0.2 mg/kg/den) v kombinaci s antimalariky. S mirnou aktivitou je vétsinou spojen SLE flare

kozné-kloubni. U stfedné aktivniho onemocnéni je doporucend davka kortikosteroidii vyssi
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(prednison 0.2-0.5 mg/kg/den) a pouziti nékterého z imunosupresivnich 1é¢iv — cyklosporinu
A (CYA) u hematologického postizeni anebo azathioprinu (AZA) pfi serositidach,
hematologickém a koznim postizeni (viz Tabulka 10).

V piipadé tézkého kloubniho postizeni je, vyjma kortikosteroidii a antimalarik,
indikovana imunosupresni 1é¢ba metotrexatem (MTX), eventuelné leflunomidem (LEF) nebo
AZA. Biologicka 1écba inhibitory TNF-a je u SLE artritidy otazkou — Aringer et al. sledovali
efekt infliximabu, monoklonalni protilatky proti TNF-o u 6 pacienti se SLE, pficemz 3
Znich trpéli refrakterni artritidou. Pfi pouziti infliximabu doSlo k promptnimu zlepSeni
artritidy, u vSech doslo k relapsu artritidy po 8-11 tydnech (161). Oteviena studic byla
v dalsich letech rozsifena o dalSich 7 pacientd, nemocni byli sledovani celkem 4 roky.
Ackoliv pozitivni efekt na artritidu byl potvrzen, ukazaly se vyrazné komplikace — u jedné
nemocné se objevil lymfom CNS, jedna nemocna zemfela na pneumonii zpiisobenou
Legionella pneumoniae (162). Dalsim problémem uziti inhibitori TNF-a je zvySena syntéza
autoprotilatek — ANA, anti-dsDNA a IgG antikardiolipinovych autoprotilatek. I kdyz Aringer
a kol. i v dlouhodobém sledovani nezjistili zvySeny vyskyt novych SLE flari (objeveni se
artritidy po 8 tydnech infliximabu nebylo hodnoceno jako flar), potvrdili zvySenou produkci
vSech vySe uvedenych autoprotilatek (162), pficemz se u jedné nemocné S noveé objevivSimi
ACLA objevila hluboka zilni tromboza.

V piipad¢é koznich manifestaci SLE jsou indikovany jednak IéCiva pouzita lokalné
(kortikosteroidy, retinoidy, analoga vitaminu D3, tacrolimus) a i systémové. Opét je prvni
volbou antimalarikum (160), u torpidnich koznich manifestaci je mozno pouzit thalidomid a
ostatni imunosupresiva (MTX, AZA, Cyklofosfamid - CYC, Mykofenolat mofetil — MMF).
Z biologicke 1écby byly popsany kazuistiky S pozitivnim efektem Rituximabu, monoklonalni
protilatky anti-CD20 vedouci k depleci B lymfocytd, u torpidniho kozniho postizeni (163),
randomizované studie o G€innosti v§ak chybi.

Hematologické postizeni se u SLE muze projevovat jako anémie, leukocytopenie —
neutropenie a lymfocytopenie a trombocytopenie. V piipadé anémie je nutno rozlisit jeji
puvod. U SLE se mulze objevit anémie chronickych onemocnéni (normochromni
normocytarni anémie S nizkou hladinou sérového Zeleza, normalni anebo zvySenou hladinou
feritinu), anémie z deficitu Zeleza (poikilocytdza, hypochromii mikrocytarni anémie s nizkou
hladinou sérového Zzeleza a s nizkou hladinou feritinu) anebo autoimunitni hemolyticka
anémie (AIHA) zpravidla stepelnymi IgG autoprotilatkami, vzacné s chladovymi IgM
autoprotildtkami. Prvni dva typy anémie je nutno 1éCit symptomaticky, v pfipad¢ anémie
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chronickych chorob je mozné pouziti erytropoetinu, eventuelné kratkodobé kortikosteroidy,
Vv ptipadé deficitu Zeleza jeho suplementace a vylouceni pficin jeho ztraty. V piipadé AIHA
jsou indikovany kortikosteroidy (az Img Prednisonu/kg/den), u torpidnich AZA, CYC,
MMEF, intraven6zni imunoglobuliny (IVIg) anebo Rituximab (160, 164). Leukocytopenie —
neutropenie a lymfocytopenie provazi zpravidla aktivni onemocnéni, lécba sestava
z kortikosteroidii a cyklosporinu A; pii lymfocytopenii je indikovéna profylaxe infekce
pneumocystis carini trimetoprimem/sulfmetoxazolem, pii té¢Zké neutropenii (pod 500/ul) jsou
indikovany rustové faktory — G-CSF. Trombocytopenie se vyskytuje u 20-50% aktivnich
nemocnych a je zpravidla mirnd, bez klinickych projevil a bez potieby terapie. AvSak u 5% se
vyskytne tézka trombocytopenie (s poctem trombocyti po 50 000/dl) projevujici se
trombocytopenickou purpurou — 1é¢ba se sklada inicialné z vysokych davek kortikosteroidu
(1.0-1.5mg/kg/den) nebo i.v. pulzu metylprednisolonu, s naslednou imunosupresi AZA,
MMF, eventuelné CYA anebo Rituximabem. V tézkych piipadech je mozné pouzit
plazmaferézu anebo IVIg. U nemocnych bez odpovédi na imunosupresi je indikovana
splenektomie (164).

Postizeni serdznich blan projevujici se perikarditidou, pleuritidou a vzacné
i peritonitidou miZze provazet mirng, stiedné¢ i vysoce aktivni SLE. Perikarditida byva
zpravidla mirna s dobrou odpovédi na nesteroidni antirevmatika. Pti tézké nebo refrakterni
perikarditidé jsou indikovany vys$si davky kortikosteroidi (prednison 0.5-1.0mg/kg/den)
a imunosuprese AZA, MTX a dalsimi. V pfipadé tamponady (velmi vzacné manifestace SLE
perikarditidy) je indikovana perikardiocentéza a do 1é¢by jsou doporuéeny kortikosteroidy
intraven6zné v pulzech (metylprednisolon 500-1000mg 3-5dni), imunosuprese véetné CYC
anebo IVIg (165). Kzvladnuti pleuritidy vétSinou staCi nesteroidni antirevmatika,
kortikosteroidy, antimalarika a pfi refrakternim onemocnéni imunosupresi. Pleurodéza je
indikovdna vzacné pii chronickém onemocnéni s klinickymi projevy (166). Lupusova
peritonitida se vyskytuje az u 12% nemocnych. Lécba je po spravné, ale obtizné diagnostice
(v diferencialni diagnostice bolesti bficha u SLE nemocnych je nutno vyloucit vSechny
pfi¢iny bolesti bficha, n€ékdy az s nutnosti laparoskopie) u vétSiny pacientl UspéSna pii
sttednich davkach kortikosteroidl. Pfi masivnim anebo refrakternim ascitu jsou indikovany
I.v. pulzy metylprednisolonu a imunosuprese AZA, CYA a CYC (167).

Novinkou v 1é¢bé stredné aktivniho lupusu je belimumab, humanni rekombinantni
protilatka IgG proti aktivatoru B - lymfocyti (faktoru BAFF), ktery byl schvélen pro 1écbu
SLE americkou Food and Drug Administration (FDA) v bieznu 2011. BAFF je cytokin
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produkovany Cetnymi buiitkami pfirozené (neutrofily, monocyty, makrofagy a dendritické
bunky) i ziskané imunity (T a B lymfocyty) a ma centralni ulohu v pfezivani B lymfocytu.
Hladina BAFF faktoru reflektuje aktivitu SLE a hladinu anti-dsDNA autoprotilatek (168).
V experimentalnich modelech na hlodavcich byl prokdzan pozitivni efekt blokovani BAFF
faktoru na rozvoj SLE nefritidy a snizeni po¢tu B lymfocytt, nadéjné vysledky s poklesem
zralych CD20+ B lymfocyti byly prokazany i na hominidech a v prvnich fazich klinického
hodnoceni nebyly prokdzany zavazné nezadouci ucinky (168). Druha faze klinického
zkouSeni belimumabu u souboru 449 SLE nemocnych smirné a stiedné aktivnim
onemocnénim prokdzala signifikantni rozdil v délce mezidobi do objeveni se SLE flaru (154
versus 104 dni, p=0.036), signikantni zlepSeni choroby podle skérovaciho systému SELENA -
SLEDAI, a to pokles 0 28.8% versus 14.2% u placeba, (p=0.0435) a signifikantni pokles titru
anti-dsDNA autoprotilatek a aktivovanych CD20+ B lymfocytd (169). Ve tieti fazi
klinického hodnoceni belimumabu u SLE, studii BLISS-52 a -76, byla testovana davka
(Img/kg versus 10mg/kg versus placebo) a sledovan efekt na pfedem stanovené markery:
zlepSeni hodnot SELENA-SLEDALI o 4 a vice body, neobjeveni se zddné¢ho A nebo vice nez
dvou B BILAG flari (LA/2B) a nezhorSeni se hodnoceni stavu nemocného lékafem o 0.3
body. Do studie bylo rekrutovano 819 SLE nemocnych se stfedné aktivnim lupusem na
standardni medikaci (imunosuprese a antimalarika) a kortikosteroidech, nemocni s akutni
lupusovou nefritidou a CNS postizenim nebyli zavzati do studie. V tydnu 52 (BLISS-52) byl
prokazan signifikantni rozdil mezi nemocnymi s belimumabem v obou davkach a nemocnymi
s placebem (170) — skore SELENA-SLEDALI se vylepsilo o 4 a vice bodi u 53% a 58%
nemocnych s belimumabem v davce Img/kg a 10mg/kg v porovnani se skupinou s placebem
(46%), p=0.019 a p=0.0024. V ptipadé¢ BILAG 1A/2B flari byl prokazan efekt belimumabu
pouze Vv davce 10mg/kg — u kontrolni skupiny se neobjevily o 73%, kdeZto u lécené u 81%,
p=0.018. V hodnoceni klinického stavu nemocného lékafem byl rozdil u obou testovanych
davek oproti placebu, 79 a 80% versus 69%, p=0.0078 a p=0.0048. V dalsim sledovani,
BLISS-76, byly sledovany stejné parametry v pokracovani 1écby u stejnych pacientd.
V tydnu 76 byl prokazan signifikantni rozdil v poklesu aktivity SELENA-SLEDAI o 4 a vice
bodli pouze u skupiny lécenych 10mg/kg belimumabu (47%) na rozdil od placeba (36%),
p=0.006, v piipadé belimumabu 1mg/kg byl pokles u 43% (p=0.08). U obou skupin byl
prokazan pozitivni efekt na zvySeni hladin komplementu (C3 a C4) a snizeni hladin anti-
dsDNA autoprotilatek (171). Zaroven byla prokazana bezpecnost pouziti 1é¢iva. Belimumab
je tedy novym preparatem k lé€bé SLE. Jeho zatazeni do lécebnych algoritmii je nyni
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predmétem diskuzi a dalSich sledovani. Z profilu pacientti ve studii BLISS-52 a BLISS-76
vyplyva, ze zléku budou patrné nejvice profitovat nemocni séropozitivni (ANA, anti-

dsDNA) se stfedni a vysokou aktivitou.

1.2.3.2 Lécba vysoce aktivniho systémového lupusu erythematodu

Pro vysoce aktivni SLE je vyhrazena 1é¢ba vysokymi davkami kortikosteroidd —
podani muze byt peroralni (davka az do 1 mg/kg/den) anebo vV podobé pulzu
metylprednisolonu (MP). Pulzy MP slouzi k rychlému zvladnuti akutni choroby — podany
mohou byt 1-3X, davka je dana v rozmezi 500mg - 1000mg. Davkovani MP v pulzech je vSak
otazkou - Edwards et al. v oteviené studii referoval stejny benefit podani 100 a 1000mg MP
u 21 aktivnich SLE, bez efektu na nezaddouci ucinky (172). Dle farmakokinetickych
a farmakodynamickych studii je K plné imunosupresi dostate¢na davka 320mg MP (173).
Z imunosupresivnich  1é¢iv  lze  pouzit cyklofosfamid, mykofenolat-mofetil, pfi
nezvladatelném pribéhu onemocnéni plazmaferézu, IVIg anebo B-depletujici 1écbu
rituximabem. Vysoce aktivnimu onemocnéni odpovida postizeni ledvin, akutni onemocnéni
plicni (akutni hemorhagicka alveolitida), t€Zké cytopenie, postizeni centralniho nervového
systému a zavazné piipady vaskulitidy (viz Tabulka 10).

Postizeni ledvin se vyskytuje u 50-75% nemocnych se SLE. Lupusova nefritida (LN)
se, podle histopatologického nalezu, d€li na 6 tfid (viz Tabulka 11). Lécba lupusové nefritidy
zalezi na aktivit¢ onemocnéni a na typu nefritidy. Lécba proliferativni lupusové nefritidy
(tfida Il a IV) ma dva useky — prvnim je indukce remise, druhym je udrzovaci faze.

Pro 1écbu proliferativni lupusové nefritidy se stal zlatym standardem cyklofosfamid
podavany v pulzech, ktery prokazal vyssi a¢innost oproti metylprednisolonu (175). Proto byl
zaveden v 90. letech 20. stoleti velmi usp&S$ny protokol NIH (National Institutes of Health):
sklada se z indukce i.v. metylprednisolonu v davce 1000mg anebo prednisonu 0.5mg/kg/den
po 4 tydny s naslednou detrakci a S navazujicimi mési¢nimi pulzy cyklofosfamidu (v davce
0.75g/m?) v nasledujicich 6 m&sicich. Nasledovala udrzovaci faze — a to i.v cyklofosfamid ve
stejné davece podavany jednou za tfi mésice po dobu jednoho roku po navozené remisi anebo
po dobu az dvou let (175, 176). Problémem tohoto rezimu je vysoka toxicita — zejména
gonadalni: az u 50% Zen v zévislosti na v€ku dochazelo k pred¢asnému ovaridlnimu selhani
(177). Tento protokol je tedy v poslednich letech, a zejména u kavkazské rasy, zaménén na
,,Euro-Lupus Nephritis protocol®, ktery se sklada z indukce tfemi pulzy metylprednisolonu
v davce 750mg s navazujicim prednisonem v davce 0.5mg/kg/den po 4 tydny s néslednou
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detrakci a Sesti pulzy cyklofosfamidu o davce 500mg po 14 dnech (178). Jako udrzovaci taze
nasleduje azathioprin v davce 2mg/kg/den po dobu 27 tydni (178).

Dalsim 1é€ivem moznym k pouziti u LN je  FETENTESERN TR S To8 TS

nefritidy (ISN/RPS 2003)

mykofenoldt mofetil, recentné¢ prob¢hly dvé

studie tykajici se jeho nadfazenosti nad i.v. Tfida Minimalni mesangialni LN
cyklofosfamidem — ALMS vindukci remise  Tyida Mesangidln& proliferativni

a MAINTAIN v udrzovaci fazi. Studie ALMS o LN
Ttida Fokalni proliferativni LN
IIT  (IIA, IITA/C, IIIC)

Difuzni proliferativni LN
IV-S(A), IV-G(A), IV-

(Aspreva Lupus Management Study) neprokazala

vyssi tcinnost MMF v indukci remise LN oproti
. T¥id:
i.v. CYC (179), ale byl potvrzen srovnatelny efekt i

v
. . ., . S(A/C), IV-S(C), IV-G(C
obou lé¢iv. Recentné publikované vysledky studie THd ( ) © ©
fida ..
MAINTAIN rovnéz nepotvrdily vyssi efekt MMF v Membranozni LN
versus azathioprinu u LN v rezimu Euro-Lupus, i Tiida

Pokrocila sklerotizujici LN
kdyz nastup cytopenie zpusobené 1é¢ivy byl u VI
Y p yt p p y oy LN - lupusova nefritida, A-aktivni léze, C-
TR v - hronické 1é S- talni, G-globalni
MMF opozdéngjsi nez u AZA (180). MMF je ~ £Ioniexe ez, Secamenati, mraroba il

ISN/RPS - International Society of Nephrology/Renal
Pathology Society (174)

tedy indikovan vindukci a udrZzovaci [écbé
proliferativni lupusové nefritidy, zejména u Zen s reprodukénim potencialem.

Lécba II. tfidy LN se sklada z kortikosteroidii a imunosuprese v piipad¢ alterace
funkénich rendlnich parametrii. Na druhou stranu, v 1é¢bé LN V. tfidy je indikovanym
imunosupresivem MMF, eventuelné cyklosporin A nebo azathioprin (160).

Velmi slibné vysledky v 1éébé LN ukazovaly cetna pozitivni kasuisticka sdéleni a
oteviené studie s rituximabem. Randomizovana studie LUNAR sledovala efekt rituximabu
u nemocnych s LN [lI. a IV.tfidy, nemocni méli sou¢asnou medikaci kortikosteroidy a MMF.
Nebyl v§ak prokazan zadny rozdil mezi nemocnymi s rituximabem a nemocnymi s placebem
(181). Ptesto je rituximab u proliferativni LN lé¢ivem druhé volby pii nedostatecné odpovédi
na bézné rezimy.

Postizeni centralniho nervového systému patii k zavaznym SLE flarim. Diverzita
Vv klinickych projevech — od fokdlnich (TIA, CMP) az po difuzni projevy (psychozy, kiece,
organicky psychosyndrom, a dal§i) urcuje i rozdilny terapeuticky pfistup, ktery se sklada ze
zvladnuti symptomut a z ovlivnéni patogenetickych mechanismi. Fokalni projevy NP-SLE
jsou zpusobeny protrombofilnim stavem nemocnych a k jejich zvladnuti je, kromé béznych
doporuceni, indikovana antikoagula¢ni 1é¢ba v indukéni i v udrzovaci fazi (160). Difuzni
projevy NP-SLE je nutno zvladnout symptomaticky (antidepresiva, antipsychotika,
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antiepileptika a dal$i) a kombinovanou imunosupresi. Prozatim neexistuje randomizovana
studie s 1écbou NP-SLE, nicméné vzhledem k retrospektivnim analyzam jsou doporucovany
pulzy cyklofosfamidu (v davce protokolu NIH), azathioprin, intrathekalni aplikace
methotrexatu a kortikosteroidy (ve vySSich davkach a pro zvladnuti akutni choroby i Vv i.v.
pulzech) (155, 160, 182). V rezistentnich pfipadech je mozno pouzit B-depletujici 1é¢bu

rituximabem (155).

1.2.3.3 Perspektivy v 1é¢bé systémového lupusu erythematodu

Patogeneze SLE je velmi Sirokd, proto nalézt spravnou 1écbu je velmi obtizné.
Ustiedni tilohu v patogenezi sehravaji B lymfocyty a abnormalni komunikace mezi
jednotlivymi slozkami pfirozené i adaptivni imunity. Do Klinického testovani jsou zahrnuta
1é¢iva ovliviuji B, T lymfocyty a nékteré cytokiny, ale i 1é¢iva navozujici imunologickou
toleranci (napiiklad anti-DNA tolerageny — abetimus, edragen).

V éfe biologickych preparati jsou u SLE pouzita 1é¢iva ovliviiujici B lymfocyty
(147). Mezi  B-depletujici 1éciva patii anti-CD20 (rituximab, okrelizumab), B-bunky
modulujici anti-CD22 (epratuzumab) a anti-BAFF (belimumab). V piipadé rituximabu obé
randomizované studie, LUNAR u lupusové nefritidy a EXPLORER u stfedné aktivniho SLE
bez postizeni ledvin, selhaly stran prokdzani uc¢innosti, na druhou stranu u obou studii nebyly
zjistény zavazné nezadouci ucinky (181, 183). Klinické zkuSenosti nicméné ukazuji efekt
rituximabu u zavaznych a na lécbu rezistentnich piipadli. V soucasné dobé probiha studie
RITUXILUP, kterd porovndva efekt rituximabu u LN III, IV. a V. tfidy u nemocnych
lécenych MMF bez kortikosteroidii v udrzovaci fazi. Monoklonalni protilatka anti-CD22,
epratuzumab, moduluje ucinek B lymfocytt bez ovlivnéni jejich poc¢tu. Béhem studii faze
[lb, EMBLEM, byl zjistén pozitivni efekt na snizeni aktivity a zlepSeni BILAG skore
u stiedné aktivniho a téZkého SLE (184). Proto byly v poloviné roku 2010 zahajeny dalsi
randomizované studie faze IIl. Funkci B lymfocytli ovliviiuje 1 nové registrovany lék,
BenLysta, belimumab, diskutovany vyse. Dals§i z moznych 1é¢iv ovliviwgjicich B lymfocyty,
a sice monoklonalni protilatka proti receptoru TACI — atacicept, byl stazen z klinickych
hodnoceni pro vysoky vyskyt infekénich komplikaci.

Dal8im cilem SLE lé¢by jsou T lymtocyty. U experimentalnich modeld se jevil jako
efektivni abatacept, protilatka proti kostimulacni molekule CTLA-4. Ve fazi II testovani
tohoto 1éku byl prokazan nizsi vyskyt BILAG A flarGi u nemocnych s 1é€ivem oproti placebu
(40.7% versus 54.4%), nicméné u pacientll s testovacim 1éCivem byl zjistén i vyssi vyskyt
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nezadoucich ucinki (185). Dale, ale prozatim v probihajicich fazich I a II, jsou testovany
inhibitory signaliza¢nich intracelularnich molekul (rapamycin — v piipadé mammalian target
of rapamycin, mTOR a R788 u spleen tyroxin kinase inhibitor, Syk).

Dalsi skupinu testovanych 1éCiv tvori protilatky proti cytokinim. Pouziti protilatek
proti TNF-a (infliximab, a dalSich) bylo zvazovano k 1é¢bé muskuloskeletalniho postiZzeni a
lupusové nefritidy, avSak nezadouci ucinky stran infekce a zvySené tvorby autoprotilatek
vyradily tato 1éCiva z SirSiho pouziti (161, 162). Testuje se i inhibitor receptoru IL-6,
prozatim jsou znamy vysledky faze I u 16 nemocnych se stiedné aktivnim SLE, které
vypadaji nadéjné. Nad€jné se jevi i sifalimumab a rontalizumab, monoklonalni protilatky
proti IFN-a, se kterymi probihaji studie faze II. Novinkami a budouci perspektivou by mohlo
byt blokovani IL-17 a IL-21, jejichz hladiny jsou zvyseny u aktivnich SLE.

1.3 Ostatni systémova revmaticka onemocnéni
K revmatickym onemocnénim patii spektrum chorob, v této ¢asti zminuji pouze ty,

které maji souvislost s mou praci.

1.3.1 Revmatoidni artritida

RA je chronické autoimunitni onemocnéni, které postihuje cca 0.5- 1% populace,
pricemz vyskyt onemocnéni je ¢astéjsi u Zen - pomér k muzim je u premenopauzalnich zen
4-5:1 a u postmenopauzalnich 2:1 (186). Onemocnéni je charakterizovano symetrickou
polyartritidou objevujici se predominantné na malych a stfedné velkych kloubech hornich a
dolnich koncetin, v nékterych piipadech provazenou i mimokloubnimi projevy (naptiklad
intersticialni pneumonitida, vaskulitida a dal$i) anebo i postizenim velkych kloubu (187).
Klinicky probihd RA s obdobimi aktivity a remisi, u nékterych nemocnych pod obrazem
trvalé aktivity vedouci az k destrukcim kloubti a ztraté mobility. Diagnostika RA je zalozena
na diagnostickych kritériich (187). V soucasné dobé jsou jiz modifikovana diagnosticka
kritéria pro ¢asné faze RA (viz Tabulka 12), které umoziuji rozpoznat onemocnéni velmi
Casné a zah4jit tak dfive 1é€bu, coZ ma pozitivni efekt na perspektivu nemocnych.

Etiopatogeneze onemocnéni neni doposud zcela objasnéna, K rozvoji onemocnéni je
treba genetickd vnimavost (viz Tabulka 2) (66, 67, 68) spolu s faktory zevniho prostredi
(naptiklad koufeni, infekce). Hlavnimi patogenetickymi momenty u RA jsou systémové
poruchy v imunoregulaci a lokalni zanét. Na aktivaci zanétu se podili T lymfocyty — a sice
nedostate¢nou funkci regulacnich T lymfocytl a tiniku autoreaktivnich T lymfocyti pii jejich
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zrani. Dal§im momentem je podpora B lymfocyti, které poté produkuji jednak prozanétlivé
cytokiny, ale 1 autoprotilatky — revmatoidni faktory a ACPA.

Lokalné dochazi v synovialnich kloubech k hyperplazii synovie s tvorbu zanétlivé granula¢ni
tkané (panu) obsahujici T a B lymfocyty, makrofagy, fibroblasty a dalsi buiiky. Panus

invaduje do kloubni $térbiny, jeho aktivované buniky se jednak podili na zahajeni

a pretrvavani lokalniho  zanétu
Tabulka 12.

(produkei prozanétlivych —cytokind & NI o R T R e Rt

IL-1, 6, TNF-a a dalSimi) a jednak artritid
a) Ranni ztuhlost vice neZ 1 hodinu

podporuji synovialni fibroblasty (SF)  b) Artritida 3 a vice skupin kloubd
¢) Artritida ruc¢nich kloubu

d) Symetricka polyartritida

erozi prilehlé kosti (188). SF jsou  ¢)Revmatické uzle

a osteoklasty v destrukci chrupavky a

buitkami citlivymi k prozangtlivym D Revmatoidni faktor v séru
) ] ) 2) Rentgenové zmény kompatibilni s diagndzou
cytokinim a navic je 1 samy Diagnoza RA pfi minimaln& 4 pozitivnich bodech, body a

- d musi by pFitomny alespofi 6 mésici (186)

produkuji, ¢imz zpétné¢ podporuji

Nové navrZena klasifikaéni kritéria pro diagnézu

aktivaci T lymfocytl a prezivani B

revmatoidni artritid
lymfocytd a udrzuji tak lokalni zanét. skére

SF jsou ale zejména vysoce efektivni ! Stredlvn i ‘felky ) 0
2-10 strednich-velkych 1
v destrukci  chrupavky, ke které Klouby 1-3 mal¢ rukou, nohou nebo RC 2
adheruii a vlivem svich 4-10 malé rukou, nohou nebo RC 3
L y vice neZ 10 (asponi 1 ruce,nohy, RC) 5
proteolytickych enzymil, RF a ACPA negativni 0
. Sérologie RF nebo ACPA nizce pozitivni 2
metaloproteinaz (MMP), MMP-1, 3, RE nebo ACPA vysoce pozitivni 3
13, 14 a 15 a kathepsini B, K a L, ji Trvani méné neZ 6 tydndi 0
. o , . tomi vice nez 6 tydnd 1
degraduji (188). Eroze prilehlé kosti S P
& ji (188) P Reaktanty normalni CRP a FW 0
je dilem druhych efektivnich bun¢k, akutni  abnormdlni CRP a/nebo FW 1
R Pro diagnézu RA je nutné 6 a vice bodi
osteoklastt. OSteOkIaSty se RC: radiokarpalni kloub, RF: revmatoidni faktor, ACPA: protilatky proti

. ., B 9 citrulinovanym peptidiim, CRP: protein akutni faze, FW: sedimentace
diferencuji  z prekurzovych bun€k  criroeyta

a Vv poslednich letech se pro jejich vyvoj ukazuje jako krucidlni vazba mezi receptorem
prekurzorovych bunék (RANK, Receptor Activator of NFkB) s RANKL (Receptor Activator
of NFxB ligand) exprimovanym na aktivovanych T lymfocytech, neutrofilech a SF.
Prozanétlivé cytokiny, napt. IL-1, 17, 18 a TNF-a stimuluji syntézu RANKL anebo zesiluji
intracelularni signalizaci (189).

Lécba revmatoidni artritidy spociva ve farmakologickych a nefarmakologickych
postupech. Nefarmakologické postupy — jako je rehabilitace nebo rekonstrukéni operace fesi
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lokalni kloubni postizeni. Farmakologickou lécbou lze zvlddnout jednak aktivni kloubni
chorobu, jednak mimokloubni chorobu a v neposledni fad¢ i ptidruzené a z 1écby vyplyvajici
onemocnéni (1é€ba kortikosteroidy indukované osteopordzy a dalSich). V terapii RA maji,
zejména v pocatku nebo pfi vysoce aktivnim onemocnéni, své jisté postaveni kortikosteroidy,
nicmén¢ jejich pouziti by mélo byt omezeno na co nejkratsi nutnou dobu. Strategii 1écby RA
je navozeni remise. Thned po diagndéze ma nastupovat podavani chorobu modifikujicich 1é¢iv
(methotrexat, leflunomid, salazopyrin, cyklosporin A, azathioprin, antimalarika) a to bud’
samostatné anebo pii neucinnosti v kombinacich. P#i nedostatetném efektu 1é¢by jsou
indikovany biologické preparaty — Iéciva inhibujici ucinek TNF-o: monoklonalni protilatky -
infliximab, adalimumab, golimumab, lidsky TNF receptor, etanercept, nebo humanizovany
Fab fragment protilatky proti TNF-o konjugovany polyetylglykolem, certolizumab. Pfi
nedostatecném efektu téchto 1é¢iv je moznd zaména jednoho za druhy anebo pouziti dalSich
skupin — rituximabu (anti-CD20 protilatka), abataceptu (inhibice kostimulace CTLA-4)
anebo tocilizumabu (monoklonalni protilatka proti receptoru IL-6) (190). V soucasné dobé
probiha tada klinickych studii testujici 1é¢iva blokujici intracelularni signalizacni molekuly
(Janus-kinazy, Mitogenem-aktivované kinazy a dalsi) anebo blokujici dalsi cytokiny — IL-17,
6 a dalsi.

1.3.2 Psoriaticka artritida

PsA je heterogenni chronické onemocnéni, které je charakterizovana artritidou,
zpravidla seronegativni provazejici psoriazu (PV) (191). PsA se vyskytuje u 7—42 % pacient
s PV (192). Vztah mezi rozvojem kozniho a kloubniho postiZzeni neni jednoznaény — PSA se
zpravidla objevuje béhem kozni manifestace psoriazy (prameérné do 10 let jejiho trvani, cca
u 75% nemocnych), muze vSak rozvoj artritidy pfedchazet (u 10-20%) anebo se objevit
soucasné s koznim syndromem (u 11-15%) (193). Souvislost mezi tizi kozniho a kloubniho
postizeni je rtizna — t€zké kloubni postizeni mlze byt provazeno pouze malymi koznimi
pfiznaky a zhorSeni kloubniho onemocnéni nemusi korespondovat se zhorSeni koZnich
projevi a obracené (193). V klinickém obraze se u PsA objevuji artritidy, které mohou byt
symetrické, podobné RA, ale castéji, az v 70% se objevuji asymetrické oligoartritidy.
U nemocnych s postizenim nehtli se Casto vyvine artritida distalnich interfalangealnich
kloubti. Charakter artritidy muize byt od neerozivnich forem az k t€Zkému erozivnimu
postizeni a osteolyze falang prstd u mutilujici formy PsA. DalSim moznym klinickym
postizenim je u PsA zanét v oblastech upont Slach a vazi ke kosti, entezitidy. PostiZeni
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sakroiliakalnich kloubt (sakroileitida) byva zpravidla spojena s HLA B27 pozitivitou
a vyskytuje se jen u 5% nemocnych.

Etiopatogeneze onemocnéni je obdobné, jako u RA, komplexni a ne zcela objasnéna.
Genetické pozadi PSA se CasteCné prekryva s rizikovymi geny pro rozvoj psoriazy (viz
Tabulka 2). Rizikovou oblasti jsou geny HLA — I. tfidy (57) a dale oblast PSORAS 1
(16912), ktera obsahuje gen NOD2/CARD15. Tento gen koduje intracelularni receptor
nezbytny pro rozpoznavani bakterialni polysacharida (36). PsA provazi porucha imunitnich
reakci — zkfiZzena reaktivita (87), porucha imunotolerance T a B lymfocytld. Synovialni
membrana vykazuje zvySenou vaskularitu a obdobné jako u RA proliferuje a vytvari
zanétlivy panus, a to diky aktivovanych T lymfocytim, makrofigim a synovidlnim
fibroblastim (194). Tyto buiiky produkuji prozanétlivé cytokiny, ustfedni ilohu mé patrné
TNF-a, ktery se podili na podpotfe syntéze metaloproteindz, destrukci chrupavky a kosti
obdobné jako u revmatoidni artritidy (195).

Lécba psA je opét medikamentozni a ostatni (chirurgicka, rehabilitaéni). Ma za cil
snizit aktivitu onemocnéni, ptfedejit kloubnim deformitam a ztlumit bolest. K1éc¢bé se
(DMARDS) — methotrexat, sulfasalazin, leflunomid a cyklosporin A. Pfi pouziti téchto 1é¢iv
muze dojit ke zlepSeni nejen kloubniho, ale i kozniho postizeni. Zavazné formy onemocnéni
rezistentni k DMARDs vyborné reaguji na biologickou 1écbu zastoupenou Vv soucasnosti
preparaty blokujici ucinek TNF-a (infliximab, adalimumab, golimumab, etanercept
a certolizumab) (196).

1.3.3 Systémova sklerodermie

SSc je chronické celkové onemocnéni, které postihuje kizi a vnitini organy.
Onemocnéni se vyskytuje jako limitované kozni postiZzeni (sklerodaktylie a akroskler6za)
anebo difizni kozni sklerodermie — s postizenim kiize obliceje, téla a koncetin. Klinicky lze
sledovat cévni zmény zpusobné poruchami mikrocirkulace drobnych, zpravidla digitalnich
arterii, postizeni dychacicho systému (alveolitida a nasledné vyvoj bazilarni plicni fibrozy),
rozvoj plicni hypertenze a postizeni gastrointestindlniho traktu, které se manifestuje
hypomotilitou jicnu, gastroesofagealnim reflexem a malabsorbci. Artritida nebo polyartralgie
se objevuji az u 75% nemocnych (197). Onemocnéni se vyskytuje az 3x Castéji u zen (198).

Na rozvoji onemocnéni se podili genetické predispozice (71) a environmentalni vlivy
(197, 198); jsou popsany chemikalie vedouci k rozvoji onemocnéni (napiiklad organicka
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rozpoustédla, kiemik, a dal$i). V patogenezi se pak uplatiuji tfi Cinitelé — postizeni cév,
imunitni aktivace, zanét a fibréza. Vaskularni dysfunkce, ¢asnd znamka SSc, je zpisobena
poskozenim endotelidlnich bun¢k (autoprotilatkami proti endoteliim, cytokiny — TGF-f),
naslednou expresi HLA a intercelularnich adheznich molekul. Dochazi kinfiltraci T
lymfocyt, monocytii a fibroblastd a produkci extraceuldrni matrix. To nasledné vede
k proliferaci intimy a zazeni lumen cév, coz ma za nasledek redukci pritoku a rozvoj
koncetinovych ischemii a ulceraci. Obdobné zmény mohou nastat i u cév vnitinich organii —
GIT, plicich. ledvinach a srdci. Dalsi patologii u SSc je porucha humoralni imunity —
u nemocnych se objevuji antinuklearni protilatky (>90%) a typicky autoprotilatky proti DNA
topoisomeraze I (anti-Scl-70) (197). Fibroza je zavéreénym krokem patogeneze SSc — je
zpusobend nadmérnou produkei kolagenu typu 1 i 3 a zaroven sniZzenou syntézou kolagen-
degradujicich metaloproteinaz (199), vse za podpory TGF-B a IL-4 syntetizovanymi
aktivovanymi T lymfocyty a monocyty.

Lécba SSc je obtiznd. Vzhledem k tomu, ze patogeneze neni stile jasnd, kauzalni
terapie neexistuje. Pfi zavaznych, zejména systémovych, projevech je mozné pouzit
imunosupresiva — metotrexat, azathioprin, u kterych byl popsan efekt na kozni syndrom
(197), a cyklofosfamid, ktery ma misto u akutni alveolitidy a prodluzuje ptezivani (200).
Nicméné ani jeden z DMARDs neprokazuje vyraznou ucinnost nebo zastaveni choroby. Ze
systémové 1é¢by jsou testovany biologické preparaty - anti-CD20 u kozniho kloubniho
postizeni (200), existuji kazuistiky popisujici pozitivni efekt na kozni syndrom pii pouziti
tocilizumabu, protilatky proti receptoru IL-6 (201). V soucasné dobé probiha studie SCOT
,Scleroderma cyclophosphamide or transplantation trial“, ktera sleduje rozdil v efektu
autologni transplantace kostni diené a i.v. pulzii cyklofosfamidu. Podstatnou roli také hraje
1écba specifického orgdnového postizeni — 1écba plicni hypertenze, dysfagie a malabsorbce
(197).

1.3.4 Zanétlivé myopatie — dermatomyositida a polymyositida

PM a DM jsou systémova autoimunitni onemocnéni, u kterych jsou postizeny
primarné svaly, v ptipadé DM i charakterické kozni projevy. Systémové komplikace jako je
vaskulitida, artritida, postiZzeni srdce, gastrointestindlniho traktu a plic se vyskytuji o obou
chorob. Hlavnim klinickym pfiznakem je symetricka svalova slabost postihujici proximalni

svalové skupiny, trup, krk a symptomy vyplyvajici ze systémovych komplikaci — dusnost,
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dysfagie a malnutrice. Jedna se o vzacna onemocnéni (incidence je 2-10/1milion obyvatel),
pik incidence je mezi 50.- 60. rokem Zivota a zeny jsou postizeny 3x Castéji nez muzi (202).

V etiopatogenezi onemocnéni maji Glohu genetické faktory, zejména oblast HLA II.
tiidy (72,73), za podpory faktorti zevniho prostiedi. Existuje podskupina onemocnéni —
,,cancer associated dermatomyositis“ (CADM), ktera je spojena s malignim onemocnénim —
prozatim neni jasné, zda CADM znamena paraneoplasticky fenomén anebo zda chronicky
zanét a imunosupresivni 1écba vedou ke snadnéjsimu vzniku tumoru. V rozvoji onemocnéni
existuji tii nezavislé patogenetické slozky: poskozeni svalovych vldken cytotoxickou reakci
(infiltrovanymi CD8+ a CD4+ T lymfocyty a mikrofagy), poSkozeni metabolismu a funkce
svalovych vldkem cytokiny a chemokiny (IL-1, TNF-a a dalsich) a poskozeni mikrocirkulace
zpisobené zanétlivymi perivaskuldrnimi infiltraty a ztratou kapilar. Systémové lze u PM
a DM detekovat rtizné autoprotilatky. Autoprotilatky proti histidyl-tRNA syntetdze, anti-Jo1,
koreluji s aktivitou onemocnéni a intersticialnim plicnim postizenim, autoprotilatky proti
malym signal rozpozndvajicim peptidim, anti-SRP, stézkou nekrotizujici myositidou
a kardialnim postizenim. Z druhé strany autoprotilatky anti-Mi2, namifené proti jaderné
helikaze, jsou spojeny s mirng&js§im klinickym priab&éhem dermatomyositidy (203). Recentné
byly identifikovany autoprotilatky antil55/140 (jejich substrat zatim neni znam), které se
vyskytuji u dermatomyositidy spojené s nadorovym onemocnénim (204).

V 1écbé PM a DM se uplatiluji kortikosteroidy, imunosupresivni 1é¢iva i nové
biologické léky. Na zafatku onemocnéni jsou indikovany vysoké davky kortikosteroidi
(davka 0.75-1mg/kg/den), které se snizuji po mésici a v 1écbe zlistavaji cca 1 rok nebo déle.
V imunosupresi se u PM i DM pouziva azathioprin, cyklosporin A, takrolimus, methotrexat
a cyklofosfamid (202). V posledni dobé byl potvrzen efekt intravendznich imunoglobulint
unemocnych s DM (202, 205) a probihaji studie s rituximabem a anti-TNF preparaty.
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2. Hypotézy

a) Geneticka predispozice ma dualezitou roli vrozvoji SLE. Geny hlavniho
histokompatibilniho systému, hlavni rizikové SLE oblasti, vykazuji vyraznou popula¢ni
variabilitu. Imunogeneticky background v oblasti HLA II. tfidy je zakladni genetickou
charakteristickou SLE. Mikrosatelitovy polymorfismus Vv transmembranové ¢asti genu MIC-
A urcuje schopnosti této molekuly reagovat na infekéni podnéty, napiiklad CMV infekci.
Abnormalni imunitni odpovéd’ na toto infek¢ni agens je spojovana s patogenezi SLE. Nékteré
alely MIC-A mohou tedy byt genetickym rizikem rozvojem onemocnéni. Gen MIC-A je
lokalizovan v blizkosti HLA 1. a IL. tfidy, mezi jednotlivymi alelami mohou vznikat genové

vazby a vytvaret rizikovy SLE haplotyp.

b) Geneticka predispozice a stres jsou podstatnymi faktory v rozvoji PsA. MIC-A peptid
je exprimovan pod vlivem bunécného stresu a rozpoznavan NKG2D receptorem NK bun¢k a
muze byt jednou ze soucasti zacatku abnormalni imunitni reakce a rozvoje artritidy u
psoridzy. Alely mikrosatelitového polymorfismu exonu 5 transmembranové casti MIC-A
molekuly jsou ve vazebné nerovnovaze s alelami jeji extracelularni ¢asti, rozpoznavané NK
bunkami. Gen MIC-A je spolu s HLA 1. tfidy soucasti rizikové oblasti pro rozvoj PV a PsA,
PSORS 1. Mikrosatelitovy polymorfismus v transmembranové ¢asti genu MIC-A muze byt
rizikovou oblasti pro rozvoj PsSA. Jednotlivé alely MIC-A a HLA . tfidy se mohou navzijem

potencovat v riziku anebo byt ve vazebné nerovnovaze.

C) Zvysené hladiny prolaktinu v séru byly prokdzany u nemocnych SLE, PM a SSc, a
RA. Prolaktin plsobi jako prozanétlivy cytokin a imunomoduldtor a je produkovéan
v perifernich tkanich a imunitnich bunikdch. Lokalni mnozstvi prolaktinu v synovialni
tekutiné u RA se mlze podilet na pretrvavani a progresi choroby. Abnormalni mnozstvi
prolaktinu muize ovlivnit i rovnovahu v regulacich zrani imunitnich bunék a ¢asnych fazich
imunitnich reakci a vést krozvoji autoimunitniho fenotypu. Exprese prolaktinu
v lymfocytech a mimohypofyzarnich tkanich je regulovédna alternativnim promotorem PRL
genu, ktery obsahuje v oblasti GATA sekvence funkéni jednonukleotidovy polymorfismus, -
1149 G/T SNP, jehoz G alela vede k vyssi produkci prolaktinu. G alela -1149 G/T SNP PRL
genu muze byt jednim z rizik pro rozvoj autoimunity. Vzhledem Kk blizkosti PRL genu ke
genim MHC komplexu mize byt i soucasti rizikovych haplotypu.
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3. Cile prace

a) Zjistit imunogeneticky background, polymorfismy v HLA 1II. a I. tfidy, u systémového

lupusu erythematodu a psoriatické artritidy v ¢eské populaci.

b) Detekovat alely mikrosatelitového polymorfismu v transmembranové casti genu MIC-A u
nemocnych se syst¢émovym lupusem erythematodem a psoriatickou artritidou a zjistit jejich

podil na vzniku onemocnéni.

c) Stanovit hladinu prolaktinu v séru a synovialni tekutiné u nemocnych s revmatoidni

artritidou a zjistit, zda ovliviuje klinicky a laboratorni pribéh onemocnéni.

d) Detekovat funkéni jednonukleotidovy polymorfismus -1149 G/T genu pro prolaktin u
systémového lupusu erythematodu, revmatoidni artritidy, psoriatické artritidy, systémové
sklerodermie a zanétlivych myopatii chorob a zjistit, zda se podili na rozvoji a fenotypu

onemocnéni.
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4. Metodika
4.1  Soubor pacienti

Pro genetické analyzy byly pouzity soubory nemocnych se SLE (n=156), RA
(n=173), PsA (n=100), SSc (n=75), PM (n=47) a DM (n=68) a 123 zdravych jedincu.
V ramci stanoveni hladin prolaktinu v séru a synovidlni tekutiné bylo vySetfeno 29
nemocnych s RA a jako kontrolni skupina, 26 nemocnych s osteoartrozou (OA). Nemocni i
jedinci kontrolni skupiny byli testovani v ramci probihajicich vyzkumnych projektti na
Revmatologickém ustavu. VSichni jedinci byli o studiich informovani a podepsali

informovany souhlas.

4.2  Genetické analyzy

K detekci HLA 1. a II. tfidy byla pouZita polymerazova tetézova reakce (PCR) se
sekvenéné specifickymi primery (Olerup SSP™.  Genovision, Oslo, Norway). Pfiprava a
prabéh PCR reakce probéhla dle doporuceni vyrobce. PCR produkty byly zviditelnény na 2%
agarozovém gelu.

Pro detekci mikrosatelitového polymorfismu transmembranové ¢asti MIC-A genu,
exonu 5, byla pouZita metoda PCR s naslednou analyzou fragmentt publikovana Novotou a
kol. (206). PCR produkty byly analyzovany elektroforetickou separaci pomoci Fragment
analyzer v 1.02 software (Amersham Biosciences, Vienna, Austria). Podle velikosti
fragmentt (123bp, 126bp, 127bp, 129 bp a 139 bp) byly identifikovany alely MIC-A4, AS,
A5.1, A6 a A9.

Pro detekci -1149 G/T SNP mimohypofyzarniho promotoru byl pouzit vlastni
protokol obsahujici PCR — RFLP metodu: 137 bp Gsek mimohypofyzarniho promotoru PRL
genu byl amplifikovan pomoci nové designovanych primerd (forward: 5'-
GCAGGTCAAGATAACCTGGA-3", revers: 5'- CATCTCAGAGTTGAATTTATTTCCTT-
37). V reverznim primeru bylo vytvofeno artificialni misto pro restrikci Apol endonukleazou,
ktera byla pouZzita pro RFLP. Toto artificidlni misto bylo interni kontrolou, zda probé&hla
restrikéni reakce v poradku. Restrikéni fragmenty byly odecteny ze 4% agar6zového gelu, viz
Obrazek 3.
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Obrazek 3. Elektroforéza s detekci genotypu -1149 G/T SNP mimohypofyzarniho
promotoru PRL genu

Podle velikosti fragmentu Ize identifikovat genotypy:
TT (120 bp + 17 bp)

GT (120 bp + 85 bp + 35 bp + 17 bp)

GG (85 bp +35bp + 17 bp)

PCR produkt jako kontrolni marker (120bp)

4.3  Stanoveni hladiny prolaktinu v séru a synovialni tekutiné

Sérum a synovialni tekutina od nemocnych s RA a OA byly odebirany za stanovenych
podminek: odbér synovialni tekutiny byl proveden béhem terapeutické arthrocentézy, odbér
krve nasledoval 1.- 5. den v dopolednich hodinach, po minimalné 20 minutovém odpo¢inku.
Koncentrace prolaktinu v séru a synovialni tekutiné byla stanovena pomoci

radioimunometrické metody, komerénim kitem (IRMA, Immunotech, Praha).

4.4  Statistické analyzy

U genetickych studii byly rozdily v distribuci alel a genotypl analyzovany pomoci >
testu nebo Fisherova exaktniho testu. K statistickym analyzam byl pouzit Epi Info software
(verze 3.3 Oct 2004, Atlanta, Georgia). Statisticka signifikance byla stanovena pii P hodnoté
niz8i nez 0.05 s Bonferroniho korekci pro mnohocetna porovnani. Stanoveni OR hodnoty
bylo provedeno pomoci Wolfovy metody s Haldanovou korekci.

Pro statistickou analyzu hladin PRL v séru a synovidlni tekutiné byl pouZit statisticky
program SPSS, verze 17. Protoze hodnoty byly v parametrickém uspotadani, byly testovany
pomoci studentova t-testu. Pro korela¢ni analyzu byl pouZit Pearsonliv korelacni koeficient.

Jako statisticky signifikantni byla hodnocena hodnota P nizsi nez 0.05.
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5. Vysledky
5.1 Imunogeneticka analyza systémového lupusu erythematodu

Kompletni imunogeneticka analyza je v ptiloze 9.1.1: HLA class Il, MICA and PRL
gene polymorphisms: the common contribution to the systemic lupus erythematosus
development in Czech population, Rheumatol Int, in print.

Cile studie:

Zjistit distribuci alel geni HLA II. tfidy (HLA-DRB1 a HLA-DQBI) u nemocnych
SLE a zjistit, zda se nékteré podili na vzniku onemocnéni anebo laboratorni ¢i klinické
manifestaci SLE. Dale detekovat alely mikrosatelitového polymorfismu transmembranové
casti MIC-A genu a zjistit, zda n€kterd z nich ma lohu v rozvoji SLE. Zjistit, zda existuji
genové vazby mezi HLA II. tfidy a MIC-A alelami.

Vysledky:

Distribuci alel HLA-DRB1, HLA-DQBL1 a MIC-A jsme testovali u 123 nemocnych se
SLE a 99 zdravych jedincd. Zjistili jsme statisticky vyznamny rozdil v rozlozeni alel u obou
skupin (HLA-DRB1 p<0.001 a HLA-DQB1 p<0.005). U skupiny SLE je frekvence alel
HLA-DRB1*03, *08 a *15 vys$i nez u kontrolni skupiny (22.8% versus 10.6%, 6.1% versus
2.0% a 22.0% versus 14.7%), avsak pouze alela HLA-DRB1*03 si udrzela statistickou
signifikanci, p. = 0.008; OR 2.5 CI95% (1.44-4.27). V piipadé HLA-DQB1 byla frekvence
vys$$i u SLE skupiny v porovnani s kontrolni u alel HLA-DQB1*0201, *0402 a *0602 (22.8
% versus 10.6%, 5.3% versus 1.5% a 21.1% versus 13.1%), i zde si udrZela pouze alela
HLA-DQB1*0201 statistickou signifikanci po Bonferroniho korekci, p. = 0.01; OR 2.5
CI95% (1.44-4.34). Zjistili jsme nizsi frekvenci HLA-DRB1*11 a HLA-DQB1*0301 u
nemocnych SLE v porovnani s kontrolni skupinou, avsak bez statistické signifikance po
Bonferroniho korekci.

V dalSich testech jsme potvrdili vazebnou nerovnovdhu mezi HLA-DRB1*03-
DQB1*0201, HLA-DRB1*08-DQB1*0402, HLA-DRB1*15-DQB1*0602 a HLA-
DRB1*11-DQB1*0301 (p = 10°; p = 0.03; p = 10° p = 10°). V testované skuping se
haplotyp HLA-DRB1 *03-DQB1*0201 vyskytuje u 44.7% SLE v porovnani s 15.2% u
zdravych, p. <0.001; OR 4.54 (2.36-9.09).

Z alel mikrosatelitového polymorfismu transmembranové casti MIC-A  jsme
detekovali: MIC-A4, A5, AS5.1, A6 a A9. Distribuce alel se odliSuje signifikantné u obou
skupiny, p<0.01. Zjistili jsme signifikantn¢ vyssi frekvenci MIC-AS5.1 u nemocnych SLE
(55.7%) v porovnani se zdravymi (39.9%), p. =0.005; OR 1.88 CI95% (1.29-2.77). Z druhé

54



strany, alelu MIC-A6 jsme detekovali pouze u 10.6% SLE nemocnych, ale u 19.7%
zdravych, p.=0.035; OR 0.48 C195% (0.28-0.82).

Nezjistili jsme vazebnou nerovnovahu mezi alelami HLA-DRB1 nebo HLA-DQB1 a
alelami testovaného polymorfismu MIC-A. Kombinace MIC-A5.1 a HLA-DRB1*03 je v8ak
signifikantné Cast¢js$i u SLE (16.7%) nezZ u zdravych jedinct (2.0%), p. <0.000001; OR 9.71
CI195% (3.40-27.70). Na druhou stranu absence MIC-A6 spolu s absenci HLA-DRB1*11 je
signifikantné¢ Castéjsi u skupiny SLE (84.6% versus 70.2%), p. =0.0003; OR 2.32 CI95%
(1.47-3.70).

Zaver:

V ceské populaci je u nemocnych SLE signifikantné vyssi frekvence alel HLA-
DRB1*03 a HLA-DQB1*0201 v porovnanim se zdravymi jedinci. Haplotyp HLA-DRB1
*03-DQB1*0201 je rizikovym pro rozvoj SLE. Alela MIC-AS5.1 je rizikovou, kdezto alela
MIC-A6 protektivni pro rozvoj SLE. Piitomnost MIC-Ab5.1 spolu s HLA-DRB1*03 je vysoce
rizikova pro rozvoj SLE, kdezto v pripad¢ alely MIC-A6 se zvySuje riziko SLE v jeji
nepiitomnosti spolu s alelou HLA-DRB1*11.
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5.2  Imunogeneticka analyza psoriatické artritidy

Kompletni imunogeneticka analyza je v ptiloze 9.1.2: HLA-Cw*06 class | region
rather than MICA is associated with psoriatic arthritis in Czech population, Rheumatol Int,
20009.

Cile studie:

Zjistit distribuci alel gentt HLA 1. tfidy (HLA-Cw) u nemocnych s PSA a zjistit, zda se
nékteré podili na vzniku onemocnéni anebo klinické a radiologické manifestaci PSA.
Detekovat alely mikrosatelitového polymorfismu transmembranové ¢asti MIC-A a zjistit, zda
néktera z nich piispiva k rozvoji PSA. Zjistit, zda existuji genové vazby mezi HLA 1. téidy a
MIC-A alelami.

Vysledky:

Distribuci alel HLA-Cw a MIC-A jsme testovali u 100 nemocnych s PSA a 94
zdravych jedincu.

Alela HLA-Cw*06 se objevuje ¢astéji u nemocnych s PSA Vv porovnani se zdravymi
jedinci, 36.0% versus 15.9%, p. <0.05; OR 2.56 CI95% (1.33-4.76). Tato asociace je dana
primarné zvysenou frekvenci alely HLA-Cw*0602 u nemocnych s PSA, ktefi maji psoriazu .
typu (33.4%), v porovnani se zdravymi jedinci (10.0%), p. <0.05; OR 3.33 CI95% (1.44-
7.69). U nemocnych s PSA spsoriazou II. typu nebyla asociace salelou HLA-Cw*06
prokazéana.

Z alel mikrosatelitového polymorfismu transmembranové ¢asti genu MIC-A jsme
detekovali 5 alel: MIC-A4, A5, A5.1, A6 a A9. Zjistili jsme vyssi frekvenci MIC-A9 u
nemocnych s PsA (46.0%), zvlasté s psoriazou II. typu (58.6%) Vv porovnani se zdravymi
jedinci (38.0%), Pmekorigovane) = 0.05 @ Prnekorigovane) = 0.017. AvSak po korekcich hodnoty p
neudrzely statistickou vyznamnost (p. = 0.250 a p, = 0.085).

Zaver:

HLA-Cw*0602 je spojena s PSA, ktera se objevuje u nemocnych s psoriazou 1. typu.

MIC-A9 alela se vyskytuje Castéji u nemocnych s PsA, ktefi trpi psoriazou II. typu, avsak

k potvrzeni této asociace je nutné rozsifeni studie.
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5.3  Analyza hladin prolaktinu vséru a synoviilni tekutiné u nemocnych
S revmatoidni artritidou

Kompletni analyza hladin prolaktinu v séru a synovidlni tekutiné¢ u nemocnych s RA
je v priloze 9.1.3: Elevated prolactin levels in patients with rheumatoid arthritis: association
with disease activity and structural damage, Clin Exp Rheumatol, 2010.

Cile studie:

Zjistit, zda hladina prolaktinu v séru a synovialni tekutin¢ reflektuje systémovou
zéanétlivou aktivitu a rentgenovou progresi u nemocnych s RA.
Vysledky:

Hladina prolaktinu v séru a v synovialni tekutiné byla zjistovana u 29 nemocnych
s RA, jako kontrolni skupinu jsme sledovali 26 nemocnych s OA kolen.

U nemocnych s RA jsme detekovali vyssi hladiny prolaktinu v séru (299.55+27.28
mlIU/l) i v synovialni tekutingé (338.85+ 33.49 mlIU/l) v porovnani s nemocnymi S OA,
230.59+16.61 a 245.97+£21.88 mlIU/l, obé p <0.05. Hladina prolaktinu v séru koreluje
pozitivné¢ s hladinou prolaktinu v synovialni tekutiné u obou onemocnéni, RA (r=0.546,
p=0.002) i OA (r=0.528, p=0.006).

Hladina PRL v synovialni tekutin¢ byla signifikantné vys$si u RA nemocnych s vysoce
aktivni chorobou (DAS-28>5.1) v porovnani s nemocnymi se stfedni a mirnou aktivitou
(433.0+£62.5 mIU/l versus 318.3£42.6 mIU/l). Obdobn¢ hodnota DAS-28, urcujici aktivitu
onemocnéni, signifikantné pozitivné koreluje s hladinou prolaktinu v synovialni tekuting,
r=0.485, p=0.010. Sérové hladiny prolaktinu Koreluji signifikantné s tizi rentgenového
postizeni, r=0.484, p=0.014), s hodnotou DAS-28 vsak pouze nesignifikantné, (r=0.345,
p=0.078). Nezjistili jsme zadnou korelaci mezi hladinou PRL v séru ani v synovialni tekutiné
s vyskytem autoprotilatek RF a ACPA.

Zaver:
Prokazali jsme vztah mezi hladinou prolaktinu v séru a synovialni tekutin€ s aktivitou

a rentgenologickym postiZenim u revmatoidni artritidy.
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54  Genetickd analyza funk¢éniho polymorfismu mimohypofyzarniho promotoru
PRL genu

V ramci testovani této hypotézy jsme sledovali rozlozeni alel a genotypti -1149G/T
SNP mimohypofyzarniho promotoru PRL genu (dale jen -1149 G/T SNP PRL genu) u SLE,
RA (ptiloha 9.1.4), PsA (ptiloha 9.1.5), SSc a zanétlivych myopatii (pfiloha 9.1.6).

Cile:

Zjistit, zda funk¢éni polymorfismus -1149 G/T SNP PRL genu ptispiva k vnimavosti
a patogenezi systémovych revmatickych onemocnéni.

Vysledky:

Polymorfismus -1149 G/T SNP PRL genu byl sledovan u nemocnych se SLE
(n=156), RA (n=173), PsA (n= 83), SSc (n=75), PM (n=47) a DM (n=68) a 123 zdravych
jedinci.

GT genotyp se vyskytuje signifikantné Cast&ji u nemocnych s RA nez u zdravych
jedinct (56.10% versus 41.50%), p. =0.039; OR 1.82 CI95% (1.14-2.94). U dalsich
onemocnéni se rozlozeni alel a genotypt -1149 G/T SNP PRL genu se neliSilo mezi
nemocnymi vSech testovanych skupin a zdravou populaci.

V ptipad¢ SLE, se G alela vyskytuje u 63% nemocnych s kloubnim postiZenim na
rozdil od nemocnych bez artritidy (40%), p. =0.0086; OR 2.56 CI95%(1.51-4.33). GG
genotyp je signifikantné Cast&js$i u nemocnych se zacatkem choroby mezi 21. - 40. rokem
(44.8%) v porovnani s témi, kdo onemocni dfive (pied 20. rokem, 15.8%) anebo pozdéji (po
40. roce ve&ku, 24.0%), p. =0.023; OR 2.94 CI95% (1.43-5.96). Neprokazali jsme Zadnou
asociaci mezi alelami nebo genotypy -1149 G/T SNP PRL genu a autoprotilatkovou aktivitou
(anti-dsDNA, Sm, anti-RNP, anti-SSA a anti-SSB).

U SSc jsme, obdobné jako u SLE, prokazali rozdily v rozlozeni genotypu v zavislosti
na zacatku onemocnéni. Genotyp TT se vyskytuje signifikantné méné casto u nemocnych se
zaCatkem choroby po 45. roce (4.1%) na rozdil od nemocnych se zacatkem choroby
v mlad$im véku (pied 45. rokem, 25%), p. =0.02; OR 0.13 CI195% (0.02-0.69).

U nemocnych s PsA a zanétlivymi myopatiemi neni rozdil v rozlozeni alel a genotypt
Vv zavislosti na jejich klinické, rentgenové nebo laboratorni charakteristice.

Zaver:

Genotyp GT se vyskytuje Castéji u nemocnych s RA. Alela G a genotyp GG -1149
G/T SNP mimohypofyzarniho promotoru PRL genu jsou spojeny s kloubnim postizenim u
SLE a zacatkem onemocnéni ve vékové skupin¢ 21-40. Na druhou stranu, TT genotyp se
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objevuje signifikantné méné Casto u nemocnych se SSc s manifestaci choroby po 45. roku

Zivota.
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6. Diskuze

Etiopatogeneze systémovych revmatickych onemocnéni je komplexni, podili se na ni
geneticka predispozice a ptsobeni faktort, jako jsou hladiny pohlavnich hormont, infekce a
stres. Samotny rozvoj onemocnéni je nékolikastupfiovy proces a porucha regulace v imunitni
odpovédi mize nastat v kterémkoliv kroku. U téchto onemocnéni se nékteré imunitni
patologické mechanismy prolinaji, n¢které jsou typické pro jednotlivd onemocnéni. Tato
prace je prvni imunogenetickou studii u dvou zavaznych revmatickych chorob, SLE a PSA
v ¢eské populaci. Sleduje také roli prolaktinu, cytokinu s alohou v imunoregulaci, u

revmatickych onemocnéni — SLE, RA, PsA, SSc a zanétlivych myopatii.

6.1  Geneticka predispozice systémového lupusu erythematodu

Genetickd predispozice je nezbytnd pro rozvoj SLE, coZ potvrzuji vysledky studii
monozygotnich dvojcat trpicich onemocnénim, u kterych byla prokazana konkordance 24-
69% na rozdil od konkordance 2-9% u dvojcat dizygotnich (207). SLE je multifaktorialni
onemocnéni (viz Tabulka 2) a vrecentnich celogenomovych screenincich bylo
identifikovano nékolik SLE - rizikovych oblasti: 1923 (208), 1925 (6), 141 (209), 2g34-35
(210), 3p14 (6), 4p16 (211), 5p14-15 (207, 212), 6p21-22 (6, 213), 10922 (210), 11p13 (214),
16911-12 (208, 213), 17p13 (215), 18921 (216) a 19p13 (216). Nekteré lokality se 1isi napfic
populacemi, nicméné oblast 6p21 obsahujici soubor genid hlavniho histokompatibilniho
systému se vyskytuje v GWAS opakované a je oblasti s nejsilngjsi asociaci k SLE (review
207).

V prvni imunogenetické studii v ¢eské populaci u SLE jsme potvrdili, Ze rozlozeni
alel HLA II. tfidy — HLA-DRB1 a HLA-DQB1 se signifikantn¢ li§i mezi nemocnymi a
zdravymi jedinci. Zjistili jsme silnou asociaci mezi HLA-DRB1*03 alelou (p. = 0.008, OR
2.5) a HLA-DRB1*03-DQB1*0201 haplotypem (p<0.0001, OR 4.54) u nemocnych se SLE
V porovndni se zdravymi jedinci. V €etnych publikovanych pracich z riznych populaci byly
jako SLE - rizikové haplotypy identifikovany: HLA-DRB1*03-DQB1*0201, HLA-
DRB1*15-DQB1*0602 a DRB1*08-DQB1*0402 (60-65, 217-220). V nasi skupiné¢ SLE
nemocnych jsme detekovali rovnéZ vyssi frekvence alel HLA-DRB1*15 a HLA-DRB1*08 a
haplotypi HLA-DRB1*15-DQB1*0602 a HLA-DRB1*08-DQB1*0402, nicméné po
korekcich pro mnohocetna porovnani tato pozorovani ztratila statistickou vyznamnost. Tento
nalez neni ale v kavkazské — evropské populaci ojedinély. Fernando M et al. v robustni
britské studii u 314 SLE rodin prokazala rovnéz asociaci s HLA-DRB1*03, kdezto frekvence
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alel HLA-DRB1*15 a DRB1*08 nevykazovaly rozdily mezi nemocnymi a zdravymi (61).
HLA-DRB1*15 nebyla prokazana jako rizikova ani u $panélské populace (220). Obdobny
vysledek piinesla norska prace se 164 SLE nemocnymi a 254 zdravymi jedinci, kde byla
alela HLA-DRB1*15 nalezena u 22% SLE a 17% zdravych, (p=NS) a HLA-DRB1*03 u
25% SLE v porovnani s 11% zdravymi jedinci (pc <10°®) (62), coz jsou vysledky srovnatelné
sna$im pozorovanim. Asociace HLA-DRB1*15 a SLE se tedy ukazuje v populaci
afroamerické, asijské (65, 217) i kavkazské — ale jen v nékterych evropskych studiich (64,
217, 218). Na druhou stranu, Steinsson et al. v asocia¢ni studii provedené na Islandu
neprokazali vyssi vyskyt ani HLA-DRB1*03 ani HLA-DRB1*15 (221). Obdobn¢ studie ze
sousedniho Polska neprokazala ani jeden z rizikovych haplotypt anebo alel, avSak u 24 SLE
pacienti detekovali vyssi frekvenci alely HLA-DRB1*07 (222). Vysledky této prace jsou
zajimavé, nicméné potiebuji dalsi potvrzeni na vét§im poctu pacientt. Alela HLA-DRB1*07
je vngkolika jinych studiich identifikovana jako protektivni (61, 63). V nasi praci je
frekvence alely HLA-DRB1*07 obdobna u zdravych i SLE nemocnych (13.0% a 14.7%), na
druhou stranu jsme detekovali nizsi frekvenci alely HLA-DRB1*11 a haplotypu HLA-
DRB1*11-DQB1*0301 u nemocnych SLE v porovnani se zdravymi jedinci, 6.1% versus
13.6% a 12.2% versus 24.2%, nicméné tyto nalezy nejsou statisticky vyznamné po korekcich.
Protektivni tloha HLA-DRB1*11 nebyla prozatim prokazana a nalezy je nutné potvrdit na
veétsim poctu testovanych jedincti. Nékteré SLE asociaéni studie prokazuji souvislost HLA-
DRB1*03 s anti-dsDNA (217), anti-Sm a anti-SSB (63) autoprotilatkami a HLA-DRB1*15 s
anti-SSA autoprotilatkami (63, 217), kterou jsme nepotvrdili. Na tento nalez se je tfeba ale
podiva kriticky —jisté¢ by bylo tfeba rozsifit skupinu nemocnych i1 dravych testovanych
jedinct. Nase studie prokazala, ze frekvence alel v oblasti HLA I1I. tftidy (HLA-DRBL1 a
DQBI) je obdobnd v ¢eské a dalSich evropskych populacich — tento nalez je poucny pro dalsi
genetické analyzy a lé¢ebné strategie. Odlisné imunogenetické pozadi choroby mize vést
k zapojeni jinych imunologickych mechanismi a odlisné odpovédi na farmakologickou
1écbu.

Frekvence alel mikrosatelitového polymorfismu transmembranové ¢asti genu MIC-A
je odlisnd u SLE nemocnych a zdravych jedinci. Alela MIC-A5.1 se vyskytuje signifikantné
Castéji u SLE nemocnych, coz je vsouladu se asociatnimi studiemi, které provedl
Gambelughe et al. u 48 italskych (220) a Sanchez et al. u 333 $panélskych (219) SLE
nemocnych. V nasi praci ptitomnost MIC-A5.1 alely dramaticky zvySuje riziko vzniku SLE u
HLA-DRB1*03 pozitivnich jedinci: OR 1.88 pro MIC-A5.1, OR 2.5 pro HLA-DRB1*03 a
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OR 9.71 pro kombinaci MIC-A5.1- HLA-DRB1*03. Spole¢ny podil na vyssim riziku rozvoje
SLE pfitom neni dan vazebnou nerovnovahou mezi obéma alelami, kterou jsme nepotvrdili
obdobn¢ jako piedchozi prace (219, 220). Efekt aditivniho efektu MIC-A5.1 u HLA-
DRB1*03-DQB1*0201 pozitivni jedinct byl prokazan i u jiné autoimunity, a sice céliakie se
subklinickym priubéhem (223). Alela MIC-AS5.1 se lisi od ostatnich MIC-A alel tim, ze
obsahuje inserci mezi G nukleotidu mezi druhou a tfeti repetici trinukleotidového
mikrosatelitového polymorfismu [GCT], coz vytvati piedCasny stop kodon a vysledny
protein této alely ma zkracenou transmembranovou c¢ast a zcela mu chybi cytoplasmaticka
Cast (82). Molekuly MIC-A jsou exprimovany pod vlivem bunétného stresu anebo infekce a
jsou rozpoznavany NKG2D receptorem NK bunék, receptory y6 T lymfocyti a CD8+ T
lymfocyti (75, 76). Infekce CMV ma né¢kolik moznosti, aby unikla imunitnimu dozoru a
jednim z nich je ovlivnéni exprese MIC-A. Za normalnich okolnosti buiika infikovand CMV
exprimuje stresové molekuly, véetné MIC-A, a je tak oznacena pro cytotoxické reakce. CMV
vsak muze vyuzit vlastni ochranné moznosti - nastartuje produkci svého proteinu UL142,
ktery intracelularné degraduje molekuly MIC-A. Mistem proteolyzy je tsek
V transmembranové ¢asti, ktery chybi zkracené verzi molekuly MIC-A kodované alelou
MIC-AS5.1 a exprese této molekuly tedy neni pti CMV infekci snizena (224). V patogenezi
SLE mize naslednad cytotoxicka reakce vést ke zvySené nélozi autoantigenti. U HLA-
DRB1*03 pozitivnich jedinci potom mize dojit ke snaz§imu zpracovani autoantigend a
jejich prezentaci dalSim imunitnim buiikdm a rozvoji autoimunity. V nasi praci jsme bohuzel
nezjistili asociaci mezi MIC-A5.1 a autoprotilatkovou aktivitou a dalsi dvé prace tuto
skute¢nost nepopisuji. Rozsahlejsi badani je nezbytné k pochopeni vzajemnych vztahli mezi
MIC-A5.1 a SLE.

Novym, doposud nepublikovanym nalezem, je protektivni vliv alely MIC-A6 v
rozvoji SLE, ktery je potencovan soucasnou absenci alely HLA-DRB1*11. Alela MIC-AG6 je
ve vazbé¢ s extracelularni alelou *009 (83), ktera ma nizkou afinitu k NKG2D receptoru (79).
Protekce MIC-A6 tak muze byt vysvétlena bud’to preferenci jinych alel (MIC-A5.1) anebo
preferenci alel, které vykazuji vy$$i vnimavost poSkozenych ¢i infikovanych bunék
k NKG2D receptoru, vystupiiované cytotoxicité a zvySené nalozi autoantigend. Na druhou
stranu, v nasi praci jsme nepotvrdili dfive publikovanou nizsi frekvenci alely MIC-A9 u SLE
(220). Tato diskrepance muze byt dana odlisnou skladbou SLE nemocnych — Vv nasi praci je
alela MIC-A9 castéjsi u nemocnych s koznim postizenim (16.6% versus 7.7%), tento nalez je
vsak statisticky nevyznamny.
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Lze shrnout, ze prace tykajici se imunogenetické predispozice SLE prokazala silnou
asociaci mezi onemocnénim a haplotypem HLA-DRB1*03-DQB1*0201. U HLA-DRB1*03
pozitivnich jedinci je navic riziko vyrazn€ zvySeno ptitomnosti alely MIC-A5.1. Alela MIC-
A6 mikrosatelitového polymorfismu transmembranové casti molekuly MIC-A je nové

identifikovanym protektivnim markerem SLE.

6.2  Geneticka predispozice psoriatické artritidy

PSA se vyskytuje u 7-42 % pacientd s PV (192). V genetice PV bylo prozatim
identifikovano dvanact rizikovych lokalizaci (PSORS 1-12), av8ak pouze jedna z nich,
PSORS 1, je spojena s rozvojem PsA (36, 225 - 227). Samostatnou oblasti asociovanou s PSA
je PSORAS 1 (36), ktera obsahuje gen NOD2/CARDI15, kodujici intracelularni receptor
fagocytujicich bun¢k zasahujici do imunitni odpovédi na bakterialni infekci. Na rozdil od PV
nejsou u PSA prozatim data sledujici vyskyt choroby u dvojcat. Precizni prace Molla a
Wrighta vSak popisuje az 55x vyssi riziko vzniku artritidy u prvostupniovych piibuznych
V porovnani se zdravou populaci a podporuje tak vysoky podil genetickych faktor v rozvoji
PsSA (191). Rizikova oblast PSORS 1 obsahuje geny HLA, MIC-A, TNF-a a dalsi.

Imunogeneticka analyza PSA byla v ¢eské populaci provedena poprvé. Zjistili jsme,
ze vyskyt alel HLA . tfidy je rozdilny mezi nemocnymi s PSA a zdravou ¢eskou populaci.
Tento rozdil je dan zvySenou frekvenci HLA-Cw*06 alel (36.0%) u pacientii s PsA pfi
porovnani se zdravymi osobami (15.9%, p. <0.05, OR 2.56). Frekvence alel HLA-Cw
v ¢eské populaci jsou obdobné jako u sousednich evropskych narodi (226). Nejéastéjsi alelou
HLA-Cw*06 je Cw*0602, ktera je signifikantné spojena s PsA u nemocnych s psoriazou 1.
typu. HLA-Cw*0602 alela se vyskytuje v priméru u 50% nemocnych s kozni formou
(57, 227, 228). Naopak, u PsA byva frekvence HLA-Cw*06 alel a potazmo HLA-Cw*0602
zpravidla nizsi - pohybuje se v rozmezi 17% - 40% (228-231). V sousednim Polsku byla alela
HLA-Cw*06 identifikovana u 58% PsA nemocnych, chybi vSak udaj o rozliSeni jednotlivych
alel (226). Na druhou stranu, Grubi¢ et al. v chorvatské populaci neprokazal asociaci mezi
HLA-Cw*06 a PsA (232). V nasi praci jsme nezjistili rozdil v zastoupeni HLA-Cw*06 alel u
obou typu periferni artritidy, erozivni a neerozivni. HLA-Cw*0602 tak ovliviiuje spise vznik
artritidy nez jeji dal$i prabéh. NasSe pozorovani podporuje a dopliuje zjisténi v jiz
publikované praci, kde nebyl shledan rozdil v distribuci alel HLA-Cw*06 mezi jednotlivymi
klinickymi typy PsA, a to periferni artritidou a spondylartitidou (233).

63



V piipadé rozlozeni frekvenci alel mikrosatelitového polymorfismu transmembranové
casti MIC-A genu jsme nezjistili signifikantni rozdily mezi nemocnymi PsA a zdravymi
jedinci, nezjistili jsme ani vazebnou nerovnovahu mezi alelami HLA-Cw a MIC-A. Na
druhou stranu, alela MIC-A9 se vyskytovala ¢astéji u nemocnych s PSA Il. typu v porovnani
s kontrolami (58.6% versus 30.8%), tento nalez vSak po korekci ztratil statistickou
vyznamnost (p; = 0.085). Alela MIC-A9 byla popsana jako rizikova ve dvou studiich —
Gonzalez et al. zjistil vyssi frekvenci MIC-A9 u 65 nemocnych s polyartikularnim postizenim
u PsA (228) a vysledky potvrdil i u jiné populace, u 52 Zidovskych PsA nemocnych (231).
Na druhou stranu, v chorvatské populaci u 58 nemocnych byla zjisténa vyssi frekvence MIC-
A4, ale ne MIC-A9 (232). Rozdily v téchto studiich a nasi praci mohou byt dany odlisnou
populaéni distribuci HLA alel, nebot’ MIC-A9 byla prokazéana ve vazebné nerovnovaze HLA-
B*5701 a B*3801 (231). Dalsim moznym problémem jsou relativné malé pocty testovanych
jedincil a nejednotnd nomenklatura v klinickém popisu PsA.

Lze shrnout, Ze imunogenetickd analyza provedena u nemocnych s psoriatickou
artritidou potvrdila roli HLA-Cw*0602 v rozvoji artritidy u psoridzy, pficemz zavisi na
véku, kdy se kozni projevy onemocnéni objevi. V nasi populaci neni rozdil mezi alelami
mikrosatelitového polymorfismu v transmembranové casti MIC-A u PsA ve srovnani se

zdravymi kontrolami.

6.3  Prolaktin a systémova revmatickd onemocnéni

Hormonalni aspekty patii k dilezitym faktorim vzniku a progrese systémovych
revmatickych onemocnéni. Tyto choroby se vesmés vyskytuji cCastéji u Zen, zvlasté
v reproduktivnim v€ku. Fyziologické zmény v hormondlnich pomérech Zzen bé&hem
t¢hotenstvi mohou korelovat s aktivitou chorob a u¢i nas o tloze pohlavnich hormoni
Vv jejich patogenezi. Do rovnovahy imunitni odpovédi béhem té€hotenstvi zasahuje prolaktin, a
vysoka syntéza estrogentl, progesteronu a glukokortikoidti. Pomyslna rovnovaha je prevazena
na stranu glukokortikoidli - makrofagy produkuji méné IL-12 a TNF-o a imunitni odpovéd’ se
kloni smérem k Th2 (234, 235). Dochazi proto ke zhorSeni chorob spojenych
s autoprotilatkami (jako je SLE) a k vylepSeni onemocnéni spojenych s pievahou Thl
imunitni odpovédi, jako je RA anebo RS. Situace se zméni po porodu, hyperprolaktinémie
pretrvava, avSak mnozstvi kortizolu rychle klesda (235) a pfevazi imunostimulacni efekt
prolaktinu (103-107, 109, 110). Autoimunitni onemocnéni, jako je RA a RS, ale i SLE
mohou v tomto obdobi bud’to relabovat nebo nové propuknout. Prolaktin je peptid nékolika
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tvati — funguje nejen jako hormon s funkci béhem téhotenstvi a laktace, ale také pisobi jako
ucinny imunomodulator. Efekt prolaktinu na imunitni systém se projevi zejména za stresu
(psychického i fyzického), kdy jeho hladina vyvazuje tlumivy ucinek glukokortikoida (236,
237). U autoimunitnich onemocnéni mize jeho zvySena hladina (z riznych divodd, véetné
genetické predispozice) byt jednim z faktorii podporujici patologickou imunitni reakci.

V nasi praci jsme sledovali, zda hladina prolaktinu v séru a synovidlni tekutiné
koreluje se zanétlivou aktivitou RA. Tato studie navazovala na ptedchozi prace profesora
Dostala, které potvrdily vyssi hladiny prolaktinu v séru nemocnych se SLE a prokazaly je i u
nemocnych s RA (238, 239). Ptali jsme se proto, zda hladina prolaktinu v séru koreluje se
zanétlivou aktivitou choroby, zda je prolaktin v synovialni tekutiné zanétlivé zménéného
kloubu a zda existuje vztah mezi progresi onemocnéni a prolaktinem. V nové studii jsme
sledovali nemocné s RA (celkem 29) a nemocné OA kolene (celkem 26), coz je nezanétlivé
kloubni onemocnéni, a proto tito jedinci slouZzili jako kontrolni skupina. Obdobné jako
Moszkorzova et al. (238) jsme zjistili vyssi hladinu prolaktinu v séru RA nemocnych. U
revmatoidni artritidy se pfedchozi prace stran sérového prolaktinu liSily, n¢které prokazovaly
hladiny PRL v séru vyssi (125, 240), jiné shodnou (241, 242) anebo i nizsi (243) v porovnani
se zdravymi jedinci. Tyto rozdily mohou byt dany riznou aktivitou choroby - pii aktivnim
onemocnéni jsou u RA zvySeny prozanétlivé cytokiny, jako je IL-6 a IL-1p, které stimuluji
uvolnéni prolaktinu z hypotyzy. Dalsi pticinou diskrepance v detekci sérovych PRL hladin
muze byt rozdilna charakteristika pacientd v jednotlivych pracich. V nasi studii jsme zjistili
signifikantni pozitivni korelaci mezi sérovou hladinou prolaktinu a tiZi rentgenologického
postizeni, hodnocenou podle Larsenova skore. Mateo et al. obdobné zjistila vyssi hladiny
u nemocnych RA s delSim pribéhem nemoci a hor§im skore ve funkénich testech (125).

V dalsi ¢asti prace jsme detekovali hladiny prolaktinu v synovialni tekuting. Hladiny
prolaktinu v synovialni tekuting jsou vyssi nez ty sérové a koreluji s hladinami sérového
prolaktinu u RA i OA. Prolaktin se mize do synovialni tekutiny pfesunout ze systémového
ob&hu (244) anebo muze byt syntetizovan lokdln¢ imunitnimi bunikami, zvlast€¢ T lymfocyty
panu, pro coz sveéd¢i i nase vysledky. Prolaktin v synovialni tekutiné byl signifikantn¢ vyssi
u nemocnych RA a jeho hladiny pozitivn¢ korelovaly s celkovou aktivitou choroby
charakterizovanou skorem DAS-28. Prolaktin ma v synovialni tekutiné nékolik uloh - jeho
receptor je exprimovan na Cetnych imunitnich burikach, synovialnich fibroblastech
a chondrocytech. Na jednu stranu prolaktin funguje jako ochranny faktor pied apoptdzou
chondrocytl stimulaci jejich antiapoptotickych gent (245). Na druhou funguje jako ucinny
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imunostimula¢ni cytokin, ktery podporuje proliferaci T, B lymfocytt a NK bunék (103, 104),
ale 1 syntézu prozanétlivych cytokinii — IFN-y, TNF-a a IL-1p (105-109), které se podili na
udrzovani lokalniho zanétu. Synovidlni fibroblasty jsou dalSimi cilovymi bunikami pro
prolaktin. PRL jednak nepiimo ovliviiuje jejich proliferaci a jednak je pfimo podporuje
k syntéze metaloproteinazy 3, IL-6 a IL-8 (246). Sérovy prolaktin, jehoZz hladiny jsou
zvySeny pii vysoké klinické aktivité, se mize dostat do synovidlni tekutiny (244), narusit tam
lokalni rovnovahu a vést k strukturdlnim zménam typickych pro RA.

Ve druhé, genetické Casti, naSi prace jsme se vénovali prolaktinu syntetizovanému
V imunitnich bunkéach. PRL uvoliiovany z imunitnich bun¢k sice neovlivituje sérové hladiny
prolaktinu (247), ale mize byt modulacnim faktorem béhem zrani monocyti (101), T a B
lymfocytii (102, 103) a i béhem stimulované odpovédi T, B lymfocytti a NK bunék (103, 104,
112). Na rozdil od adenohypofyzy, kde je uvolnéni prolaktinu fizeno regulaci jeho
transkripce a pak regulaci jeho wuvolnéni do ob&hu, je syntéza prolaktinu
Vv mimohypofyzarnich lokalitach regulovana pouze na urovni transkripce PRL genu. Gen pro
prolaktin obsahuje dvé regulacni oblasti — hypofyzarni a mimohypofyzarni promotor (115,
116). Produkce prolaktinu v imunitnich burikach je fizena mimohypofyzarnim promotorem,
ktery v oblasti GATA sekvence obsahuje funkéni jednonukleotidovy polymorfismus (-1149
G/T SNP), jehoz alela G vede k vyssi expresi prolaktinu (248).

V genetickych analyzach nemocnych SLE, RA, PsA , SSc a zanétlivych myopatii
jsme sledovali vyskyt funkéni alely G -1149G/T SNP PRL genu. U nemocnych SLE jsme
nezjistili rozdil ve frekvencich alel ani genotypli v porovnani se zdravymi jedinci. Tento
vysledek je v souladu s pracemi z italské (249), ale i mexické populace (250), ale 1isi se od
prace Stevens et al., ktery popsal vyssi frekvenci alely G u SLE (248). V nasi praci jsme
zjistili signifikantni asociaci mezi alelou G a kloubnim postizenim u SLE. Artritida objevujici
se u SLE mé odliSny charakter neZ u RA. Ackoliv miize dojit k deformitam, jsou tyto
zpusobenymi postizenim kolem kloubnich struktur a nedochazi k destrukci chrupavky a erozi
kosti (160). Nas vysledek Ize chapat v tomto kontextu jako protektivni, vyssi produkce
prolaktinu imunitnimi builkkami lokaln¢ b&hem artritidy = miZe podpofit piezivani
chondrocytt (245). Dalsi rozdily ve frekvenci alel a genotypt jsme detekovali u SLE a SSc
nemocnych v zavislosti na véku vzniku onemocnéni. Genotyp GG se vyskytuje signifikantné
Castéji u SLE nemocnych mezi 21.- 40. rokem Vv porovnani s ostatnimi. Na druhou stranu,
genotyp TT se vyskytuje signifikantné méné ¢asto u nemocnych se systémovou sklerodermii
a pocCatkem onemocnéni po 45. roku. Faktor véku jedince na rozvoji autoimunitnich
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onemocnéni ma dualezitou roli zejména Vv kontextu hladin pohlavnich hormont. Genotyp GG
S vyssi syntézou prolaktinu v imunitnich buiikach u nemocnych v reprodukénim obdobi miize
byt zesilujicim faktorem pro ucinek prolaktinu na systémové imunitni reakci, zejména na
zrani autoreaktivnich B lymfocyta (98, 99, 148). Z druhé strany na véku zavislad geneticka
predispozice byla popsana u jinych autoimunit, napiiklad alely HLA II. tfidy anebo
polymorfismus -607C/A promotoru IL-18 se 1lisi mezi nemocnymi s autoimunnim diabetem,
ktery se manifestuje v détstvi anebo v casné dospélosti (251, 252). Vysledek u systémové
sklerodermie je nutno chapat kriticky, nizsi frekvence genotypti TT miize skryvat Castéjsi
piritomnost na alelu G bohatych genotypi, které ale nejsou prozatim identifikované pro malé
pocty testovanych nemocnych. Czuwara-Ladykowska a kol. recentné zjistila, Ze lymfocyty
SSc pacientti produkuji mRNA prolaktinu (128) a proto jsou nezbytné dalsi studie na urovni
PRL gen-mRNA-protein u této choroby a v zavislosti na jeji prubéh. Na druhou stranu, u RA
nemocnych jsme zjistili vy$si vyskyt heterozygotl G/T, ale ne rozdilny vyskyt ani jedné z
alel. Recentni asocia¢ni studie provedend na rozsahlém souboru 3405 nemocnych RA
ukazuje, ze genotyp TT je protektivnim pro RA (253). Tato diskrepance by mohla byt
vysvétlena vazebnou nerovnovahou s jinym genetickym markerem, kterd ale nebyla u této
prace provedena. V nasi praci jsme nezjistili genetické vazby mezi alelami polymorfismu -
1149G/T SNP PRL genu a nékterymi zimunogenetickych predispozic, HLA 1. tfidy
(HLACw) a HLA II. tifidy (HLA-DRB1 a HLA-DQB1). Nicménég, detekce dalSich
genetickych markerti a sledovéani haplotypi se zda byt nezbytné.

Lze shrnout, ze zvySené hladiny prolaktinu v séru a synovidlni tekutin€é ovliviuji
klinicky a rentgenologicky prib&h revmatoidni artritidy a reflektuji zanétlivou aktivitu
choroby. Frekvence alel a genotypi jednonukleotidového funkéniho polymorfismu v oblasti
promotoru PRL genu variuji v zavislosti na véku zacatku onemocnéni a klinické manifestaci
systémového lupusu erythematodu a systémové sklerodermie, neprokazali jsme vSak asociaci

mezi timto polymorfismem a psoriatickou artritidou a zanétlivymi myopatiemi.
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7. Zavéry

Systémova revmatickd onemocnéni jsou skupinou chorob se spoleCnym rysem
v patogenezi — komplexni poruse imunitnich mechanismt tolerance vlastnich antigent.
Etiopatogeneza systémovych revmatickych onemocnéni je Siroka, podili se na ni geneticka
predispozice a pusobeni faktort, jako jsou hladiny pohlavnich hormont, infekce a stres. Podil
genetické vnimavosti na rozvoji onemocnéni je u rdznych chorob rizny, ale nezbytny.
Samotny rozvoj onemocnéni je nckolikastupniovy proces a porucha regulace v imunitni
odpovédi muze nastat v kterékoliv fazi imunitni odpovédi. Tato prace je prvni
imunogenetickou studii u dvou zédvaznych revmatickych chorob, SLE a PSA v ¢eské populaci
a sleduje roli ulohu prolaktinu, potentniho imunomodulanc¢iho cytokinu, u revmatickych
onemocnéni — SLE, RA, PsA, SSc a zanétlivych myopatii.

Imunogeneticka predispozice je nezbytna pro rozvoj systémového lupusu
erythematodu. Prokazali jsme silnou asociaci mezi rozvojem onemocnéni a HLA-DRB1*03
alelou (p. =0.008; OR 2.5) a HLA-DRB1*03-DQB1*0201 haplotypem (p. <0.001; OR 4.54)
Vv ¢eské populaci. Z alel mikrosatelitového polymorfismu transmembranové ¢asti genu MIC-
A je frekvence MIC-A5.1 alely signifikantné vys$si u nemocnych SLE (55.7%) v porovnani
se zdravymi (39.9%), p. =0.005; OR 1.88, kdeZto frekvence alely MIC-A6 signifikantné
nizsi, 10.6% u SLE versus 19.7% u zdravych (p. =0.035; OR 0.48). Kombinace MIC-A5.1 a
HLA-DRB1*03 je signifikantné ¢astéj$i u SLE nez u zdravych jedinct, p. <0.000001; OR
9.71 a absence MIC-A6 spolu s neptitomnosti HLA-DRB1*11 je signifikantné Cast&j$i u
skupiny SLE, p; =0.0003; OR 2.32. Nase prace ukazuje, Ze na rozvoji SLE se podili nékolik
geni a rizikové alely se mohou potencovat a obdobn¢ protektivni oblasti mohou snizovat
riziko onemocnéni. V dalSich analyzach je tfeba mit na paméti, Ze existuji vzajemné vztahy
gen-gen, gen-environmentalni faktory a gen-epigenetické faktory.

Poprvé provedenou analyzou dvou genid, HLA-Cw a MIC-A, rizikové lokality
psoriatické artritidy (PSORS1) v ¢eské populaci jsme identifikovali predispozi¢ni markery
pro rozvoj onemocnéni. Alela HLA-Cw*06 se objevuje Castéji u nemocnych s psoriatickou
artritidou v porovnani se zdravymi jedinci, 36.0% versus 15.9%, p. <0.05; OR 2.56. Tato
asociace je déna primarn¢ zvySenou frekvenci alely HLA-Cw*0602 u nemocnych s PSA,
kteti maji psoridzu L. typu (33.4%) v porovnani se zdravymi jedinci (10.0%), p. <0.05; OR
3.33. Zjistili jsme zvySenou frekvenci MIC-A9 alely mikrosatelitového polymorfismu
transmembranové Casti MIC-A u nemocnych s PsA (46.0%), zvlasté s psoriazou Il.typu
(58.6%) Vv porovnani se zdravymi jedinci (38.0%), Pekorigovane) = 0.05 @ Pnekorigovaney = 0.017;
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nalezy vSak neudrzely po korekcich statistikou vyznamnost. Dalsi genetické analyzy,
s dikladnym klinickym hodnocenim pacienti a rozsifenim poctu jedinci testovaného
souboru, jsou potfebné pro detekci genetickych rizik rozvoje PsA a pochopeni jeji
patogeneze.

Hladina prolaktinu v séru i v synovialni tekuting je signifikantné vyssi u nemocnych
S RA v porovnani s nemocnymi s OA, obé p <0.05 a obé hodnoty navzijem pozitivné
koreluji u obou onemocnéni, RA (r=0.546, p=0.002) i OA (r=0.528, p=0.006). U aktivniho
onemocnéni jsou hodnoty PRL v synovialni tekutiné vyssi a pozitivné koreluji s hodnotou
skore DAS-28, r=0.485, p=0.010. Navic jsme zjistili, ze sérové hladiny prolaktinu reflektu;i
tizi rentgenového postizeni U RA, r=0.484, p=0.014. Nase prace tak dava jasny dikaz o
zapojeni prolaktinu (hormonu a cytokinu) do patogeneze RA. PRL by mohl byt potencidlnim
markerem aktivity onemocnéni, eventuelné¢ jeho inhibice by mohla byt terapeutickou
moznosti U rezistentnich ptipada. V dalsi praci je jisté tieba sledovat odpoveéd hladin PRL na
lé¢bu, zejména inhibitory TNF-a a receptoru pro IL-6.

Nase vysledky zkoumdani funkéniho polymorfismu mimohypofyzarniho promotoru
genu PRL ukazuji, Ze GT genotyp -1149G/T SNP PRL genu se vyskytuje signifikantné
¢ast&ji u nemocnych s RA nez u zdravych jedinct (56.10% versus 41.50%), p. =0.039; OR
1.82. a frekvence G alely -1149 G/T SNP PRL genu je signifikantné vyssi u SLE s kloubni
manifestaci p. =0.0086; OR 2.56. GG genotyp je signifikantné Castéjsi u nemocnych SLE se
zaCatkem choroby mezi 21. - 40. rokem (44.8%), p. =0.023; OR 2.94 CI95% (1.43-5.96) a
genotyp TT se vyskytuje signifikantné méné Casto u nemocnych se zacatkem SSc po 45.
roku, p. =0.02; OR 0.13. G alela -1149 SNP PRL genu je spojena s vyssi expresi prolaktinu.

U nékterych skupin mize nadbytecna lokalni exprese PRL ovlivnit vnimavost k chorobg.
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8. Abstrakt
8.1  Abstrakt v ¢eském jazyce

UVOD: V multifaktorialni etiopatogenezi systémovych revmatickych chorob je nezbytna
genetickd vnimavost. PRL je u¢inny imunomodulator, ktery podporuje rozvoj autoimunity.
CILE PRACE:
1. Zjistit imunogeneticky background, HLA II. a I. tfidy a alely mikrosatelitového
polymorfismu transmembranové ¢asti exonu 5 genu MIC-A (dale MIC-A), u SLE a PsA.
2. Zjistit, zda PRL v séru a synovialni tekutin¢ ovliviiuje klinicky a laboratorni prubéh RA.
3. Zjistit, zda se funk¢ni polymorfismus -1149 G/T SNP mimohypofyzarniho promotoru PRL
genu podili na rozvoji a fenotypu SLE, RA, PsA, SSc a zanétlivych myopatii.
METODIKA: Genetické analyzy u souborit nemocnych se SLE (n=156), RA (n=173), PsA
(n=100), SSc (n=75), PM (n=47) a DM (n=68) a 123 zdravych jedinci: PCR-SSP (HLA I. a
II. tfidy), PCR-fragmentac¢ni analyza (MIC-A) a PCR-RFLP (-1149 G/T SNP PRL). Detekce
PRL v séru a synovialni tekutiné u 29 RA a 26 OA pomoci radioimunometrické analyzy.
VYSLEDKY:
1. Rizikové imunogenetické markery SLE v ¢eské populaci jsou alela HLA-DRB1*03 (p. =
0.008; OR 2.5) a haplotyp HLA-DRB1 *03-DQB1*0201 (p. <0.001;0R 4.54). Frekvence
MIC-A5.1 je vyssi u SLE neZ u zdravych (p. =0.005; OR 1.88). MIC-A5.1 spolu s HLA-
DRB1*03 vyrazné zvySuje riziko SLE, p, <0.000001; OR 9.71. Alela HLA-Cw*0602 je
Cast¢jSi u PsA s psoriazu 1. typu nez u zdravych, p. <0.05; OR 3.33.
2. V séru i synovialni tekuting jsou hladiny PRL vyssi u RA (299.55+27.28 a 338.85+ 33.49
mlU/l) nez u OA, 230.59+£16.61 a 245.97+21.88 mIU/I, obé p<0.05. Hladiny synovidlniho
PRL koreluji s DAS-28, p=0.010 a sérovy PRL s tiZi rentgenového postizeni, p=0.014.
3. GT genotyp -1149 G/T SNP PRL se vyskytuje signifikantné ¢astéji u nemocnych s RA nez
u zdravych jedincl, pc =0.039; OR 1.82. Genotyp GG je signifikantné Cast¢j$i u SLE se
zaCatkem choroby mezi 21. - 40. rokem v porovnani s ostatnimi, p. =0.023; OR 2.94.
Obdobné¢ je genotyp TT vzécny u SSc nemocnych se zacatkem choroby po 45. roce (4.1%)
na rozdil od nemocnych se za¢atkem pied 45. rokem (25%), p.=0.02; OR 0.13.
ZAVER: Tato prace je prvni imunogenetickou studii u dvou zavaznych revmatickych
chorob, SLE a PsA, v ¢eské populaci. Zjistili jsme, ze alela MIC-AS5.1 vyrazné zvySuje riziko
SLE u HLA-DRBI1*03 pozitivnich osob. U PsA s PV Ltypu jsme potvrdili rizikou alelu
HLA-Cw*0602. PRL ovliviiuje pribéh systémovych revmatickych onemocnéni - u RA
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reflektuje aktivitu a tizi onemocnéni, distribuce genotypii -1149 G/T SNP PRL se lisi

kv zavislosti na véku objeveni se SLE a SSc.
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8.2  Abstrakt v anglickém jazyce

INTRODUCTION: Several factors including genetic susceptibility are required for systemic
rheumatic diseases development. Immunomodulatory PRL effect supports autoimmunity.
AIMS:

1. To detect the immunogenetic background (alleles HLA class I, Il and microsatellite
polymorphism of the transmembrane part exon 5 of MIC-A gene) of SLE and PsA.

2. To detect PRL serum and synovial fluid with regard to clinical and laboratory RA activity.
3. To find the role of the functional polymorphism -1149G/T SNP PRL of extrapituitary
promoter of PRL gene in SLE, RA, PsA, SSc and inflammatory myopathies development.
METHODS: Genetic analyses of pateints with SLE (n=156), RA (n=173), PsA (n=100), SSc
(n=75), PM (n=47) a DM (n=68) and 123 healthy individuals: PCR-SSP (HLA clase | and
I1), PCR-fragment analysis (MIC-A) a PCR-RFLP (-1149 G/T SNP PRL). In 29 RA a 26 OA
PRL serum and synovial fluid concentrations were detected using immunoradiometric assay.
RESULTS:

1. The allele HLA-DRB1*03 (p.=0.008; OR 2.5) and haplotype HLA-DRB1*03-
DQB1*0201 (p; <0.001; OR 4.54) were determined as risk immunogenetic markers for SLE
in Czech population. In SLE versus controls allele MIC-A5.1 was increased (p. =0.005; OR
1.88). MIC-A5.1 together with HLA-DRB1*03 increases the risk for SLE development, p.
<0.000001; OR 9.71. Allele HLA-Cw*0602 was appeared frequently in PsA with psoriasis
type | compared to controls, p. <0.05; OR 3.33.

2. Serum and synovial fluid PRL levels were increased in RA (299.55+27.28 and 338.85+
33.49 mlU/I, respectively) than OA, 230.59+16.61 and 245.97+21.88 mlU/1, respectively,
both p<0.05. Synovial fluid and serum PRL levels correlate with DAS-28 (p=0.010) and
structural damage (p=0.014), respectively.

3. Genotype GT -1149 G/T SNP PRL is more frequent in RA than in controls, p. =0.039; OR
1.82. Genotype GG is more common in patients with SLE onset in range of 21. - 40. years
compare to others, p. =0.023; OR 2.94 and genotype TT seems to be rare in SSc with disease
onset after 45.years compare to others, p.=0.02; OR 0.13.

CONCLUSSION: In our first SLE and PsA immunogenetic study in Czech population we
detected increasing effect of allele MIC-A5.1 in HLA-DRB1*03 individuals on SLE
susceptibility. Allele HLA-Cw*0602 is a risk for PsA with psoriasis type I. PRL modulates
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course of systemic rheumatic diseases: PRL reflects RA activity and severity and alleles of -
1149G/T SNP PRL gene show age-related differences of SLE and SSc development.
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Abstract The genetic components contribute to the sys-
temic lupus erythematosus development. This study for the
first time determined the distribution of the polymorphisms
and linkage disequilibrium in HLA class II, MICA and
PRL gene among patients suffering from SLE and healthy
Czech individuals. DNA was obtained from the peripheral
blood cells of 123 SLE patients and 96 healthy people.
Allele variants of the HLA class II, MICA transmembrane
polymorphism and PRL extrapituitary promoter —1149G/T
SNP were detected using the sequence-specific primers
analysis, PCR-fragment analysis and PCR-RFLP, respec-
tively. In Czech population, only DRB1*03-DQB1%0201
haplotype is significantly associated with increased risk for
SLE development: the frequency in SLE group was 44.7%
in comparison with 15.2% in controls, P. < 0.0001; OR
4.54 CI 95% (2.36-9.09). The MICA-AS.1 allele is present
significantly more often in SLE (55.7%) than controls
(39.9%), P. = 0.005; OR 1.88 CI195% (1.29-2.77), and the
combination of HLA DRBI1 *03 together with MICA-AS.1
is strongly associated with SLE [P. < 0.000001; OR 9.71
CI 95% (3.4-27.7)]. On the other hand, the MICA-A6
allele is less frequent in SLE patients compared to controls,
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10.6% and 19.7%, respectively [P, = 0.035; OR 0.48 CI
95% (0.28-0.82)], and the combination of absence both
alleles MICA-A6 and HLA DRB*11 seems to be risk for
SLE development compared to controls, 84.6 and 70.2%,
respectively, [P, = 0.0003 OR 2.32 CI 95% (1.47-3.70)].
We found that only G allele of the —1149 G/T SNP is
associated with specific clinical manifestation of SLE,
arthritis [P, = 0.022; OR 2.63, CI 95% (1.45-4.81)]. HLA
class II-MICA combinations may increase/decrease a risk
for SLE development. Multiple studies focusing on the
ethnical differences as well as genetic-epigenetic relation-

ships are necessary for better understanding SLE
pathogenesis.
Keywords Systemic lupus erythematosus -

Immunogenetics - Gene - Polymorphism

Introduction

Systemic lupus erythematosus (SLE) is a chronic autoim-
mune disease that affects predominantly women in child-
bearing age. The pathogenesis of this illness has not been
still clearly elucidated. However, complex changes during
the network of the immune response may result in pro-
duction of the pathogenic autoantibodies and organ damage
by the immune complexes consumption [1].

Although the beginning and perpetuation of the patho-
logical immune response may be influenced by hormonal
milieu and some factors like stress, infections and others
[2, 3], the genetic background for SLE development is
necessary [2, 4]. In fact, cooperation between multiple
predisposing genetic loci determines individuals suscepti-
ble to SLE. Interestingly, SLE genome-wide studies par-
ticularly in Caucasian population demonstrated risk areas
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on the several chromosome, namely 1g25.1, 3p14.3, 4p16,
6p21, 7q32, 11pl5.5, 16p12.3, 16p11.2 and 20p12 [5-8].
The candidate genes are mainly involved in the immune
response regulation particularly in B-cell maturation [5, 9],
complement activation, immune cells communication [9]
and expression of the intracellular transcriptional factors
such as interferon regulatory factor 5 (IRF5) and signal
transducer and activator of transcription 4 (STAT4) [2, 9].
The highly polymorphic major histocompatibility complex
(HLA) that encoded the peptides class I and II for antigen
and autoantigen presentation to CD8+ T and CD4+ T
cells, respectively, is located within the SLE strongly
susceptible region 6p22.3-21.1 [5, 10]. HLA alleles fre-
quency may vary among different population [11], are in
linkage disequilibrium and may be predisposing markers
for various autoimmune diseases [12]. SLE has been
associated with extended HLA class I and II haplo-
types: B*08 - DRB1*0301-DQA1*0501-DQB1*0201 and
DRB1*#1501-DQA*0102-DQB1*0602 [13, 14] in Cauca-
sian population. Nevertheless, other risk genes are located
near the HLA region. The major histocompatibility com-
plex class I chain-related gene A (MICA) is located 47 kb
centromeric to the HLA-B locus [15] and encodes MICA
protein that is expressed on the keratinocytes, endothelial
cells and monocytes under the stress condition [16]. MICA
peptide interacts with NKG2D/DAP10 receptor of the
nature killers (NK) cells and receptor of the CD8 and oy T
lymphocytes and stimulates Th2 immune response [17-
19]. MICA consists of the three extracellular domains,
transmembrane segment (TM) and cytoplasmatic tail
compound 383 amino acids polypeptide. The trinucleotide
microsatellite polymorphism in the exon 5 of the TM
region, namely alleles MICA-A4, 5, 6,7, 8, 9, 10 according
the [GCT]n repetitions and allele MICA-AS5.1 with G
insertion between the second and third repetitions has been
described [20-22]. The MICA 5.1 allele of this micro-
satellite polymorphism was identified as the independent
risk allele for SLE development in an Italian population
[23]; however, next Spanish study demonstrated linkage
disequilibrium between MICA 5.1 and B*08, but not with
DRB1*03 [24].

In our work, we investigated polymorphisms of the
HLA class II, MICA and prolactin (PRL) gene in patients
suffering from SLE in Czech patients with Slavic origin.
PRL gene is located close to the risk SLE region. Pro-
lactin may act as a cytokine, and recent data show that
PRL can break an autoreactive B-cells apoptosis and
cause SLE in susceptible animals [25, 26]. In humans,
elevated serum PRL levels have been associated with
active SLE [27], and immune cells from SLE patients
produce more PRL than those from healthy individuals.
Lymphocyte PRL synthesis is regulated by alternative,
extrapituitary promoter, and the G allele of the -1149 G/T
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SNP of extrapituitary PRL promoter (rs1341239) leads to
higher PRL expression [28].

Patients and methods
Patients

A total of 123 Czech SLE patients, 106 (86.2%) women
and 17 (13.8%) men, with average age of 43.4. All of them
fulfilled at least four criteria for SLE diagnosis according to
the American College of Rheumatology (ACR) classifica-
tion [29].

We examined 99 healthy Czech individuals as control
group, 29 (29.3%) women and 70 (70.7) men, with average
age 39.3.

This study was approved by the Ethical Committee of
the Third Faculty of Medicine, Charles University in
Prague.

Methods

Genomic DNA preparation: DNA was extracted from
peripheral leukocytes by commercial set QiaAmp DNA
Maxi Kit spin columns (QIAGEN GmbH, Hilde, Ger-
many). DNA was diluted to the concentration 30 ng/ul.

HLA-class II typing was performed using polymerase
chain reaction (PCR) with sequence-specific primers (SSP-
PCR). For genotyping HLA class II region was used the
Olerup SSP" HLA-DRBI and HLA-DQB low resolution
kit and HLA-DQBI1 high-resolution subtyping kit for each
detected allele (Genovision, Oslo, Norway). Procedure of
PCR mix amplification and PCR cycling parameters was in
concordance with recommendations. The PCR products
were identified on 2% agarose gel.

MICA exon 5 transmembrane microsatellite polymor-
phism analysis was completely depicted by Novota et al.
[30]. The following primers were used for the polymorphic
transmembrane region: forward Cy5-5'-GCTGGTCTTCA
GAGTCATTGGC-3’ and reverse 5'-GGACCCTCTGCAG
CTGATGTTTTC-3'. The PCR products were identified
using electrophoretic separation in the ALFexpress II DNA
analysis system, and the fragment sizes were determined
automatically using the Fragment analyzer v 1.02 software
(Amersham Biosciences, Vienna, Austria). According to
fragment sizes, 123, 126, 127, 129 and 139 bp, we iden-
tified MICA A4, AS, AS5.1, A6 and A9 alleles, respectively.

PCR-RFLP methodology was used for analysis of the
—1149 G/T SNP of the extrapituitary PRL promoter [31].
Briefly, the 137 base pairs (bp) region of the PRL
extrapituitary promoter was amplified by employing the
following primers: forward 5-GCAGGTCAAGATAACC
TGGA-3' and reverse 5'-CATCTCAGAGTTGAATTTAT
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TTCCTT-3'. Apol restriction endonuclease for RFLP was
used, and the restriction fragments were visualized on 4%
agarose gel. We identified these genotypes: TT homozy-
gote characterized by 120 + 17 bp, GG homozygote by
85 + 35 + 17 bp, and GT heterozygote by 120 + 85 +
35 4+ 17 bp DNA fragments.

Statistical analysis

Allele and genotype frequencies were calculated using
standard methods and statistical evaluation Epi Info soft-
ware (Version 3.3 October 2004, Atlanta, Georgia). Sta-
tistical differences in allele distributions were analyzed by
either a chi-squared (%) or Fischer’s exact probability test.
Significance was defined using a Bonferroni-corrected P
value lower than 0.05. The strength of the associations
observed was estimated by calculating the odds ratios (OR)
according to Wolf’s method with a Haldane’s correction.

Results

HLA class II genotyping: allele frequencies
and genotype distribution

Distribution of the HLA class II alleles was investigated in
222 individuals, 123 SLE patients and 99 healthy volun-
teers, all of them were with Czechs origin. There were
significant differences in HLA DRB1 and HLA DQBI1
allele distribution between patients and controls, P < 0.001
and P = 0.0048 using »* test, respectively. We found that
frequencies for four alleles in each HLA class II subgroup
in our healthy population differ from SLE patients: HLA
DRB1*03, *08, *15 and *11 (see Table 1) and HLA
DQB1*0201, *0402, *0602 and *0301 (see Table 2).

The higher frequency of the HLA DRB1*03, *08 and
*15 alleles was detected in SLE group 22.8, 6.1 and 22.0%,
respectively, compare to healthy controls 10.6, 2.0 and
14.7%, respectively. However, only differences in HLA
DRB1*#03 allele frequency maintain the statistical signifi-
cance after corrections, P, = 0.008; OR 2.5 CI 95% (1.44—
4.27). On the other hand, we found lower frequency of
HLA DRB1*11 allele in SLE patients (6.1 vs. 13.6% in
controls), but P value lost significance after corrections.

We found an association between HLA DQB1#0201 and
SLE, which was detected in 22.8% SLE patients compared
to 10.6% in controls, P, = 0.01; OR 2.5 CI 95% (1.44—
4.34). In our SLE patients group, neither higher frequencies
of the HLA DQB1*0402 and HLA DQB1*0602 alleles (5.3
and 21.1% compared to 1.5 and 13.1% in general popula-
tion, respectively) nor the lower frequency HLA
DQB1*0301 (8.5 vs. 17.2% in controls) did reach statisti-
cal significance after corrections.

We identified 52 genotypes of HLA DRBI1 and 48
genotypes of HLA DQB genes. We did find neither devi-
ation between studied groups and HLA DRBI1 or HLA
DQBI1 genotypes nor any significant association between
homo or heterozygotes and SLE (data not shown).

The strong linkage disequilibrium between HLA DRB1
*03-DQB1%0201, HLA DRB1*08-DQB1%0402, HLA
DRB1*15-DQB1*0602 and HLA DRB1*11-DQB1*0301
(P = 1075 P=003:P=10"P=10"°, respectively)
was defined in the control group. We confirm as a main
HLA predisposition factor HLA DRB1*03 allele (P, =
0.008). Significant association with HLA DQB1*0201
(P. = 0.01) is due to known linkage disequilibrium.

MICA transmembrane microsatellite polymorphism
exon 5 analysis

We detected five alleles of the MICA TM exon 5 micro-
satellite polymorphism, A4, A5, A5.1, A6 and A9 in both
SLE patients and control group (see Table 3). There was a
significant difference of allele distribution between these
two groups, P < 0.01 (5 test). We found that MICA-A5.1
allele is present significantly more often in SLE patients
(55.7%) than in controls (39.9%), P. = 0.005; OR 1.88 CI
95% (1.29-2.77). Furthermore, the allele MICA-AG is less
frequent in SLE patients compared to controls, 10.6 and
19.7%, respectively, P. = 0.035; OR 0.48 CI 95% (0.28—
0.82).

Conversely, there were no differences in genotypes
distribution of MICA TM exon 5 microsatellite polymor-
phism, which we detected 15 in each group (data not
shown). Although we did not ascertain any significant
association, there was a trend to higher presence of MICA-
AS5.1/A5.1 homozygotes among SLE patients compared to
controls, 31.7 and 20.2%, respectively (P, = 0.05; OR
1.85 before correction) and lower presence of MICA-A4/
A6 heterozygotes in SLE patients (1.6%) than in control
subjects (10.1%) (P, = 0.005; OR 0.14 before correction).

In the control group, we tested linkage disequilibrium
between HLA class II (DRB1*03, *04, *11, *15) and
MICA-A4, AS, 5.1, A6 and A9. We did not find any
linkage disequilibrium between HLA DRB and MICA
alleles, P > 0.05 in all cases.

Contribution of MICA-AS5.1 and MICA-A6
to susceptibility to SLE

We also tested whether the risk alleles HLA DRB1 *03,
*08, *15 and MICA-AS.1, and the protective alleles HLA
DRB1 *11 and MICA-A.6, respectively, contribute to the
disease development independently.

HLA DRBI *03 allele together with MICA-AS5.1 allele
was strongly associated with SLE compared to controls,
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Table 1 Allele frequencies of

the HLA class II among patients HLA DRBI

SLE 21 = 246 (%)

Controls 2n = 198 (%) P, OR (95% CI)

with systemic lupus %01 18 (7.3)
erythematosus (SLE) and .
healthy Czech individuals 03 56 (22.8)
(controls) *04 25 (10.2)
*07 32 (13.0)
*08 15 (6.1)
*10 1(0.4)
P value was determined by y° *11 15 (6.1)
test comparing SLE group to *12 1(0.4)
controls, Py, = ur}corrected . %13 21 8.5)
P, = corrected with Bonferroni .
correction for 12 detected 14 520
alleles, n = number of cases, *15 54 (22.0)
OR = odds ratio, CI = 95% *16 3(1.2)

20 (10.1) ns

21 (10.6) 0.008 2.5 (1.44-4.27)

28 (14.2) ns

29 (14.7) ns
4 (2.0 ns/Py.. 0.03 3.3 (1.10-10.01)
2 (1.0) ns

27 (13.6) ns/P,..0.007 0.4 (0.21-0.82)
2 (1.0) ns

24 (12.1) ns
8 (4.0) ns

29 (14.7) ns/Py.. 0.04 1.6 (1.01-3.33)
4 (2.0) ns

confidence interval

Table 2 Allele frequencies of

Controls 2n = 198 (%) P, OR (95% CI)

the HLA class I among patients HLA DQBI SLE 2n = 246 (%)
with systemic lupus #0201 56 (22.8)
erythematosus (SLE) and 0002 23 (9.4)
healthy Czech individuals
(controls) *0203 0
*0301 21 (8.5)
*0302 21 (8.5)
*0303 9 (3.7)
*0304 2 (0.8)
*0401 1(0.4)
*0402 13 (5.3)
*0501 18 (7.3)
*0502 4 (1.6)
*0503 52.1)
P value was determined by 12 *0504 1(0.4)
test colmp;ring Sl;lljoir;);[é dto #0601 2 (0.8)
;(zngocts)}re?ted \l:/ith Bonferroni *0602 52211
correction for 18 detected #0603 14 (5.7
alleles, n = number of cases, #0604 4 (1.6)
OR = odds ratio, CI = 95% #0606 0

confidence interval

21 (10.6) 0.01 2.5 (1.44-4.34)
23 (11.7) ns

1 (0.5) ns

34 (17.2) ns/P,..0.006 0.45 (0.25-0.81)
27 (13.7) ns

7(3.5) ns

1 (0.5 ns

0 ns

3(1.5) ns/P,..0.03 3.7 (1.02-14.28)
20 (10.1) ns

5(2.5) ns

9 4.5) ns

0 ns

2 (1.0) ns

26 (13.1) ns/P,..0.02 1.78 (1.06-3.03)
14 (7.1) ns

4 (2.0) ns

1(0.5) ns

16.7-2.0%, respectively [P. < 0.000001; OR 9.71 (3.4—
27.7)], and the number of double negative subjects was
significantly reduced in SLE group in comparison with
control one, 38.2 and 51.5%, respectively, P. = 0.005; OR
0.58 (0.39-0.85). However, there were no differences in
the number of combination of HLA DRB1 *#03 positive and
negative and vice versa MICA-AS.1 in SLE and controls
group.

In the case of HLA DRB1 *08 and *15 alleles, we found
that the MICA-AS.1 allele occurs more frequently in SLE
negative for DRB1 *08 (52.4%) and DRB1 *15 (43.5%)
than in controls 38.9% [P, = 0.004; OR 1.75 (1.19-2.56)]
and 31.3% [P. = 0.008; OR 1.69 (1.14-2.5)], respectively
and in SLE group was significantly reduced the number of
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negative subjects for both DRB1 *08 and MICA-AS.1
(41.5%) and DRB1 *15 and MICA-AS.1 (34.5) compared
to controls, 59.1% [P. = 0.0002; OR 0.49 (0.33-0.71)] and
52.5% [P. = 0.0001; OR 0.48 (0.32-0.70)], respectively.

The absence of HLA DRB1*11 together with MICA-A6
allele is significantly more common in SLE compared to
controls, 84.6 and 70.2%, respectively, [P. = 0.0003 OR
2.32 (1.47-3.70)].

—1149 G/T PRL extrapituitary promoter polymorphism
analysis

We did not detect any association between alleles of the
—1149 G/T SNP extrapituitary PRL promoter in SLE
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Table 3 Allele Frequencies of the MICA TM exon 5 microsatellite polymorphism and —1149 G/T SNP of the Extrapituitary Prolactin Promoter
in patients with systemic lupus erythematosus (SLE) and healthy population (controls)

Allele of the microsatellite SLE Controls P, OR (95% CI)
exon 5 TM polymorphism 2n = 246 (%) 2n = 198 (%)

A4 26 (10.6) 25 (12.6) ns

A5 24 (9.7) 25 (12.6) ns

A5.1 137 (55.7) 79 (39.9) 0.005 1.88 (1.29-2.77)
A6 26 (10.6) 39 (19.7) 0.035 0.48 (0.28-0.82)
A9 33 (13.4) 30 (15.2) ns

Allele of the —1149 G/T SNP PRL

G 142 (57.7) 112 (56.7) ns

T 104 (42.3) 86 (43.3) ns

P value was determined by > test comparing SLE group to controls, P, = corrected with Bonferroni correction for five detected alleles,

n = number of cases, OR = odds ratio, CI = 95% confidence interval

patients and healthy individuals (Table 3), and no differen-
ces in genotypes distribution between groups were
observed (data not shown).

Moreover, we did not find any linkage disequilibrium
between G or T allele and HLA class II alleles (DRB1*03,
*08, *11, *15), P > 0.05 in all cases.

Analysis of risk and protective SLE haplotypes

In our population, we found that only DRB1*03-
DQB1#0201 haplotype is significantly associated with
increased risk for SLE development: the frequency in SLE
group was 44.7 vs. 15.2% in controls, P. < 0.0001; OR
4.54 (2.36-9.09). The other risk haplotypes, DRB1*08-
DQB1*0402 [10.6% (SLE) vs. 3.0% (controls), P, = 0.03;
OR 3.84] and DRBI1*15-DQB1*0602 (42.3 vs. 25.3%,
P, = 0.008; OR 2.17) as well as protective one, DRB1*
11-DQB1*0301[12.2% (SLE) vs. 24.2% (controls), P, =
0.01; OR 0.43], did not reach statistical significance after
corrections.

When we looked for the risk/protective HLA haplotypes
extended with MICA and PRL alleles, we did not find any
significant differences between SLE and controls. How-
ever, we noticed a trend: the haplotype DRBI*
03-DQB1*0201-MICA-A5.1 was more common in SLE
patients 72.7% than in controls 20.0%, P, = 0.002 (OR
11.11), but the combination of DRB1*03-DQB1*0201 and
MICA-A4 and MICA-A6 seems to occur rarely in SLE
than healthy subjects, 5.5 and 33.3%, P, = 0.002 (OR
0.12) and 1.8 and 33.3%, P, = 0.001 (OR 0.04),
respectively.

Correlation between the clinical and laboratory findings
in SLE and predisposing alleles

We divided our SLE patients according to the presence or
absence of the specific organ involvement (according to the

SLE classification criteria: kidney, CNS, heart, lungs,
joints, skin, blood cells) and the autoantibodies (antids-
DNA, anti-Sm, anti-Ro, anti-La). We compared the allele
frequencies in patients with organ manifestation or auto-
antibodies versus patients without these signs. We found
that G allele of the —1149 G/T SNP of the extrapituitary
PRL promoter is significantly associated with joint
involvement in SLE (63.3%) compared to SLE patients
without this manifestation (39.6%), P. = 0.022; OR 2.63,
CI (95%) 1.45-4.81. In all other cases detected, risk alleles
did not reach significance after corrections.

Discussion

SLE is a multifactorial disease, and for this reason both
genetic and environmental factors are contributing to its
manifestation. In our work, we studied polymorphisms in
three genes (HLA class II, MICA, PRL) located within the
susceptible locus for SLE on the chromosome 6 [11, 23,
28]. Genes in this region show a high level of polymor-
phism and linkage disequilibrium. All three genes that we
studied encoded molecules influenced in the immune
response. HLA class II glycoproteins are responsible for
initial step of the immune response and antigen presenta-
tion, stress-inducible MICA peptides may contribute to the
Th2 immune reaction and induction of tolerance [17, 18].
Prolactin like a cytokine modulates immune cells (T and
dendritic cells) maturation and differentiation [32, 33] and
has direct effect to autoreactive B cells development [26].

The immunogenetic study focusing on the SLE develop-
ment in Czech population has not been performed
before. The HLA allele frequencies are slightly different
in central European population than in other European
countries [34].

In our work, we detected a strong association between
SLE and HLA DRB1*03, HLA DQB1*0201 alleles, as it
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was demonstrated previously in the other Caucasian pop-
ulation [10, 14, 24, 35]. Similarly, we found significantly
increased HLA DRB1#03-DQB1*0201 haplotype in our
SLE patients. On the other hand, the association between
the haplotype DRB1*1501-DQB1#0602 and both DRBI1
*15 and DQB1*#0602 alleles did not reach statistical sig-
nificance after corrections. Although several studies show
the association of the DRB1*1501-DQB1*0602 and SLE
[14, 36], our finding is in concordance with Smerdel et al.
who demonstrated only weak elevation of DRB1*15 allele
in SLE patients [35]. Interestingly, we found a protective
role of HLA DRB1%*11, and this association has not been
described before. On the other hand, the DRB1*07 allele
which is supposed to be protective [13, 36] was not
decreased in our population. This allele may vary among
populations, for example the work from neighboring
country Poland demonstrated higher frequency of this
allele in a small cohort [37].

The next point of our study was to elucidate the role of
MICA TM microsatellite polymorphism in SLE develop-
ment. In concordance with the Italian and Spanish [23, 24]
previously published works, we detected high frequencies
of the MICA-AS.1 allele in SLE patients. Like others, we
did not find a linkage disequilibrium between MICA-AS.1
and HLA DRBI1 alleles, especially *03. However, the
presence of the MICA-AS.1 allele positively modifies
genetic risk of HLA DRB1*03 to SLE. Similarly, Lopez-
Vazquez demonstrated independent risk of MICA-AS.1
allele to the HLA DRB1*03-DQB1*0201 haplotype lead-
ing to another autoimmune disease, celiac disease in adults
[38]. Completely different interaction is between MICA-
A5.1 allele and HLA DRB1*08/HLA DRBI1*15. In the
case of HLA DRB1 *08 and *15 alleles, we found that the
MICA-AS5.1 allele occurs more frequently in SLE negative
for DRB1*08 and DRB1*15 than in controls. Moreover,
negativity for MICA-AS.1 allele together with the absence
of HLA DRB1*08 and DRB1*15 reduces the risk for SLE
development. We can conclude according to the Svejgaard
and Ryder [39] that DRB1 *08 or *15 and MICA-AS.1
themselves are independent predisposed factors (OR 3.3 or
1.6, and OR 1.9, respectively), MICA-AS.1 does not
increase the risk for SLE development with these alleles;
however, it may play some opposite role in triggering of
autoimmune reaction, and for this reason presence of
MICA-AS.1 in SLE ethiopathogenesis excludes function
of DRBI1 *08 or *15 alleles. However, in our study we
identified only uncorrected significance for these HLA
alleles, and further studies with increased number of SLE
patients and different populations are required to confirm
this finding. The new outcome of this work is observation
of the lower frequency of MICA-AG allele in SLE patients;
moreover, the combination of the absence of two alleles,
HLA DRBI1*11 and MICA-A6, may lead to higher
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susceptibility to develop SLE. Gambelunghe and et al.
found that MICA-A9 is a protective allele, but we did not
confirm it [23]. This discrepancy may be due to the dif-
ferent characteristics of patients, for example, in our study
the MICA-A9 allele is higher in SLE patients with skin
involvement: 16.6% compared to those without this man-
ifestation 7.7% (insignificant observation, data not shown).
On the other hand, MICA-AS5 allele is the risk allele in
Italian study, but in Spanish one seems to be protective [23,
24]. In our work, we did not find any association between
MICA-AS allele and SLE itself or any clinical or lab
characteristic. It is also necessary to keep in mind that there
is huge variability in MICA allele frequencies among
populations probably due to microsatellite type of poly-
morphism [22].

In conclusion, we detected a strong association of the
HLA DRB1*03-DQB1*0201 with SLE, which is positively
modified by MICA-AS5.1 in the Czech, central European
population. MICA exon 5 transmembrane gene micro-
satellite polymorphism varies among European population.
This is the first work of this region about immunogenetic
background of the Czech SLE patients.
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Abstract Psoriatic arthritis (PsA) is a chronic inflamma-
tory joint disease which affects patients suffering from pso-
riasis. The genetic background especially the susceptibility
loci on the short arm of the chromosome six contribute to
PsA development. In our study, we looked for the role of
the MICA and HLA-Cw genes polymorphisms in PsA
pathogenesis. We investigated 100 PsA patients and 94
healthy Czech individuals. We found an association
between HLA-Cw*06 and PsA namely PsA with psoriasis
type I (age of psoriasis onset before 40 years) compared to
healthy individuals (P,qyeceq <0.05, OR 2.56, CI 95%
1.33-4.76 and P, .oreq = 0.01, OR 3.03, CI1 95% 1.53-5.88,
respectively). The MICA-A9 allele of the transmembrane
microsatelite MICA polymorphism occurred more fre-
quently in PsA with psoriasis type II group (age of psoriasis
onset after 40 years) than in controls, 58.6 versus 38.0%,
respectively however, this finding did not reach a statistical
significance after correction (P, .eq = 0.085).

Keywords Psoriatic arthritis - HLA genes - MICA gene -
Erosive disease - Age of psoriasis onset

Introduction

Psoriatic arthritis (PsA) is a heterogenous disease characterized
as a rheumatoid factor negative inflammatory arthritis [1]
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which may coincide with psoriasis in up to 40% [2, 3]. PsA
usually appears during the psoriasis course, but it may
develop before or simultaneously with the onset of the skin
manifestation [4]. Interestingly, no correlation was found
between the severity of skin and joint manifestation [4, 5].
PsA progresses to a destructive arthritis in 20% and the ero-
sive disease is associated with increased mortality [3, 6].
Psoriasis is a complex T-cell mediated autoimmune skin
disease and genetic predisposition together with environ-
mental factors such as stress or infection play a role in the
psoriasis and PsA genesis [7, 8], however, the exact patho-
genesis has not been elucidated yet. Nine genetic suscepti-
bility loci for psoriasis (PSORS 1-9) have been identified
[9, 10] whereas PSORS 1 is located in the short arm of the
chromosome six (6p21.3). Several genes residing in this
localization are in linkage disequilibrium, they are highly
polymorphic and moreover, their allele frequencies may
vary among different populations. Thereby the identification
of the predisposing alleles for psoriasis, more specifically
PsA development has still been in interest of researchers.
The major histocompatibility complex (MHC) class I
region namely the HLA-Cw*06 has been established as the
real psoriasis susceptibility gene [11-13]. HLA-Cw*0602
occurs in both psoriasis type I and PsA with psoriasis type I
[14-17], but no differences of allele frequencies in the three
clinical PSA subgroups—oligo, poly and spondylarthritis
have been demonstrated [18]. On the other hand, the
secondary association of previously described psoriasis and
PsA predisposing HLA-B38, B39 and B57 alleles [19, 20]
has been clarified to be in linkage disequilibrium with
MHC class I chain-related gene A (MICA) [18]. MICA is a
highly polymorphic gene settled 47 kb centromeric to the
HLA-B locus [21]. MICA expression is induced by cell
stress and the three extracellular domains, transmembrane
segment (TM) and cytoplasmatic tail compound 383 amino
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acids polypeptide interacts with NKG2D/DAP10 receptor
of the natural killers (NK) cells, it is recognized by CD8
and y6 T lymphocytes [22, 23] and contributes to the
immune surveillance. The trinucleotide microsatelite poly-
morphism in the exon 5 of the TM region, namely alleles
MICA-A4, 5, 6, 7, 8, 9, 10 according the (GCT)n repeti-
tions and allele MICA-AS.1 with G insertion between the
second and third repetitions has been described [24-27].
The MICA-A9 [18, 28] and MICA-A4 alleles has been sup-
posed to be a risk markers to PSA development.

The stress events play a role in psoriasis and PsA patho-
genesis [5]. The polypeptide prolactin (PRL) as the stress
releasing hormone and additionally T-cells mediated cyto-
kine [29] may be involved in the immunological back-
ground of psoriasis and PsA [30, 31]. PRL gene is located
in the region 6p21.3-22.2 and the G allele of the extrapitu-
itary PRL promoter leads to higher PRL expression [32]
and may modulate T-cells mediated immune response.

In our work we studied for the first time the predisposing
polymorphisms in the HLA-Cw, MICA and PRL gene in
patients of Czech origin suffering from peripheral form of
PsA.

Materials and methods
Patients

One hundred Czech patients, 51 women and 49 men, with
average age 54.6 years, suffering from PsA were examined
in this study. The diagnosis of the PsA was established
using the Moll and Wright criteria [1] and only RF negative
patients with peripheral form of PsA were included in this
study. PsA patients were divided into two groups—with
erosive (n = 61) and non-erosive (n = 39) peripheral arthri-
tis using X-ray examination. According to the age of psori-
asis onset they were classified as psoriasis type I (skin
manifestation before 40 years of age, n =67) and type II
(skin manifestation after the age of 40, n = 30), however,
three patients were without skin manifestation.

As a control group we examined 94 healthy Czech people,
30 women and 64 men, with average age 40.1 years. This
study was approved by the Ethical Committee of the Third
Faculty of Medicine of the Charles University in Prague.

Methods

Genomic DNA preparation DNA was extracted from
peripheral leukocytes by commercial set QiaAmp DNA
Maxi Kit spin columns (QIAGEN GmbH, Hilde, Ger-
many). DNA was diluted to the concentration 30 pg/pl.
HIA-C typing was performed using polymerase chain
reaction (PCR) with sequence specific primers (SSP-PCR).
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For genotyping HLA C region, the Olerup SSP™ HLA-C
typing and HLA-Cw*06 subtyping kit by Genovision
(Oslo, Norway) was used. Procedure of PCR mix amplifi-
cation and PCR cycling parameters was in concordance
with recommendations. The PCR products were identified
on 2% agarose gel.

MICA exon 5 transmembrane microsatelite polymor-
phism analysis was completely described by Novota et al.
[33]. These primers were used for the polymorphic trans-
membrane region: forward Cy5-5'-GCTGGTCTTCAGA
GTCATTGGC-3" and reverse 5-GGACCCTCTGCAG
CTGATGTTTTC-3'. The PCR products were identified
using electrophoretic separation in the ALFexpress Il DNA
analysis system and the fragment sizes were determined
automatically using the Fragment analyzer v 1.02 software
(Amersham Biosciences, Vienna, Austria). According to
fragment sizes 123, 126, 127, 129 and 139 bp we identified
MICA A4, A5, A5.1, A6 and A9 alleles, respectively.

—1149G/T SNP extrapituitary PRL promoter was
detected wusing PCR-RFLP methodology previously
described [34]. Briefly, the 137 bp region of the PRL
extrapituitary promoter was amplified by employing the
following primers: forward 5'-GCAGGTCAAGATAACC
TGGA and reverse 5 -CATCTCAGAGTTGAATTTA
TTTCCTT. Apol restriction endonucleasis for RFLP was
used, the restriction fragments were visualized on 4%
agarose gel. The genotypes we identified were: TT homo-
zygote characterized by 120 + 17 bp, GG homozygote by
85+ 35+ 17 bp, and GT heterozygote by 120 + 85+ 35 +
17 bp DNA fragments.

Statistical analysis

Allele and genotype frequencies were calculated using
standart methods and statistical evaluation Epi Info soft-
ware (Version 3.3, October 2004, Atlanta, Georgia). Statis-
tical differences in allele distributions were analyzed by
either a 2 or Fischer’s exact probability test. Significance
was defined using a Bonferroni corrected P value lower
than 0.05. The strength of the associations observed was
estimated by calculating the odds ratios (OR) according to
Wolf’s method with a Holdane’s correction.

Results

HLA Cw genotyping of 100 PsA patients
and 94 controls of Czech origin

We found a statistically significant association between
the HLA-Cw*06 allele and PsA patients compared to con-
trols, 36.0 versus 15.9%, respectively, P, eceq < 0.05; OR
2.56; CI 95% 1.33-4.76. There were significantly more
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Table 1 Frequencies of the HLA-Cw* alleles distribution among the Czech patients with psoriatic arthritis (PsA) and healthy controls

HLA-Cw  PsA Psoriasis type I Psoriasis type II PsA erosive PsA non-erosive Controls
(n=200) (n=134) (n=58) (n=122) (n=178) (n=188)
% P value % P value % P value % P value % P value %

*01 140 NS 179 NS 69 NS 9.8 NS 20.5 NS 12.8

*02 140 P, =0.05" 11.9 NS 172 P, =0.04* 164 P,=0.02" 103 NS 53

*03 16.0 NS 16.3 NS 172 NS 148 NS 179 NS 26.6

*04 180 P, =0.01" 16.3 P, =0.01" 20.8 NS 213 NS 129 P,=0.01* 36.2

*05 80 NS 6.0 NS 13.8 NS 9.8 NS 5.1 NS 8.5

*06 36.0 P, =0003" 419 P,_=0.0007° 24.1 NS 344 P,=0.01* 385 P, ,=0.008 159

*07 48.0 NS 522 NS 414 NS 443 NS 53.8 NS 62.7

*08 80 NS 45 NS 104 NS 82 NS 7.7 NS 32

*12 28.0 NS 255 NS 346 P, =0.05" 295 NS 25.6 NS 17.0

*14 30 NS 1.5 NS 34 NS 1.6 NS 5.1 NS 32

*15 1.0 NS 0.0 NS 34 NS 1.6 NS 0.0 NS 1.1

*16 50 NS 6.0 NS 34 NS 6.6 NS 26 NS 43

*17 1.0 NS 0.0 NS 34 NS 1.6 NS 0.0 NS 32

P value was determined by xz test comparing each group to controls, P, uncorrected, P, corrected with Bonferroni correction for 13 detected

alleles, NS not significant

“ P, =NS

b P, <0.05; OR 2.56; C1 95% 1.33-4.76
¢ P,=0.01; OR 3.03; CI 95% 1.53-5.88

HLA-Cw*06 allele bearers in PsA patients with psoriasis
type I (41.9%) than in the control group (15.9%),
P, rectea = 0.01; OR 3.03; CI 95% 1.53-5.88, whereas no
association between HLA-Cw*06 and PsA with psoriasis
type II was detected (see Table 1). The frequency of this
allele was higher in PsA with non-erosive arthritis com-
pared to controls, 38.5 versus 15.9%, however, it did not
reach statistical significance after correction (P.yyecieq =
0.112). The most frequent allele of the HLA-Cw*06 was
HLA-Cw*0602 which was significantly associated with
PsA with psoriasis type I (33.4%) versus controls (10.0%),
P orectea <0.05 OR 3.33 CI 95% 1.44-7.69 (data not
shown). Neither the HLA-Cw*02 overexpression in PsA
erosive (16.4%) and PsA psoriasis type II (17.2%), nor
underexpression of the HLA-Cw*04 allele in the PsA
psoriasis type I (16.3) and non-erosive PsA (12.9%)
compared to healthy controls (5.3 and 36.2%, respectively)
became significant after correction (see Table 1).

MICA transmembrane microsatelite polymorphism exon 5
analysis

We analyzed 194 individuals (100 PsA patients and 94
healthy people) of Czech origin and we detected five alleles
of the MICA TM microsatelite polymorphism, namely
MICA-A4, A5, AS5.1, A6 and A9 (see Table 2). There was
high frequency of the MICA-A9 allele in the PsA and spe-
cially PsA with psoriasis type II groups than in controls,

46.0% and 58.6 versus 38.0%, respectively, however, after
correction these findings did not reach a statistical signifi-
cance (P, . eceq = 0-250 and 0.085, respectively). The lower
frequency of the MICA-A6 in the PsA erosive group
(21.3%) compare to controls (38.4%) was found, neverthe-
less, it is not significant after corrections. In genotypes of
the MICA TM microsatelite polymorphism there was no
significant association between groups with PsA and con-
trols (data not shown).

—1149G/T PRL extrapituitary promoter polymorphism
typing

We investigated 82 PsA patients and 84 healthy controls.
We did not find any positive or negative correlation
between alleles (see Table 3) or genotypes (data not shown)
of the —1149G/T SNP PRL extrapituitary promoter in PSA
and its subgroups and controls. Moreover, we looked for
any linkage disequilibrium between —1149G/T PRL SNP
and polymorphisms in HLA-Cw and MICA genes, but we
did not detect any one.

Discussion
Psoriatic arthritis is a complex heterogenous disease and

both genetic and environmental factors contribute to its
pathogenesis. However, the interactions of genetic factors
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Table 2 Allele frequencies of the MICA transmembrane region exon 5 microsatellite polymorphism in Czech patients with psoriatic arthritis and

healthy controls

Alleles PsA Psoriasis type I Psoriasis type 11 PsA erosive PsA non-erosive Control
of the (n=200) (n=134) (n=58) (n=122) (n=178) subjects
MIC-A [GCT]n (n=188)
% P % P % P % P % P %

A4 26.00 NS 26.90 NS 27.60 NS 31.10 NS 17.90 NS 25.50
AS 17.00 NS 16.40 NS 1720 NS 16.40 NS 17.90 NS 27.70
A5.1 84.00 NS 92.50 NS 69.00 NS 8530 NS 82.10 NS 77.60
A6 27.00 NS 23.90 NS 27.60 NS 2130 P, =0.04" 3590 NS 38.40
A9 46.00 P,,=0.05" 40.30 NS 58.60 P, =0.017" 4590 NS 46.20 NS 30.80

PsA psoriatic arthritis, P value was determined by ;(2 test comparing each group to control subjects, P, uncorrected, P, corrected using Bonferroni

correction for five alleles, NS not significant
4 P> 0.05
® Py = 0.085; OR 2.32; C195% 1.13-4.54

corr

Table 3 Allele frequencies of the —1149G/T SNP PRL extrapituitary promoter polymorphism in Czech psoriatic arthritis patients and healthy

controls
PRL —1149 PsA Psoriasis Psoriasis PsA erosive PsA non-erosive Controls
G/T SNP (n=282) type I type 11 (n=54) (n=28) (n=94)
(n=57) n=22)
% P % P % % P % P %
G 60.4 NS 61.4 NS 56.8 NS 62.0 NS 57.1 NS 60.7
T 39.6 NS 38.6 NS 432 NS 38.0 NS 429 NS 39.3

P value was detemined by % test comparing each group to controls, n number of cases, PsA psoriatic arthritis, NS not significant

heading toward to PsA development have not been eluci-
dated yet. In our work, we studied the polymorphisms in
the HLA-Cw, MICA and PRL genes in Czech PsA patients
and controls and we looked for allele frequencies of these
genes in PsA subgroups according to radiological patterns
and the psoriasis types.

In our study, we found an association between HLA-
Cw*06 namely HLA-Cw*0602 allele and PsA patients pri-
marily those suffering from psoriasis type I. HLA-Cw*0602
allele has been associated with severe course and early
onset of skin psoriasis [35, 36]. However, the weaker asso-
ciation between HLA-Cw*0602 allele and PsA, than psori-
asis type I has been demonstrated [15, 17] and some works
did not find any significant association between HLA-
Cw*0602 and PsA [37]. Queiro et al. demonstrated longer
skin lesions-arthritis period in HLA-Cw*0602 positive
patients compared to negative and no correlation between
HLA-Cw*06 presence and clinical forms of PsA [38]. In
our work, we found equal HLA-Cw*06 distribution
between PsA erosive and not erosive subgroups. Our results
support the evidence of HLA-Cw*0602 role in PSA with
psoriasis type I rather than PsA itself. Coincidently with
recent published work by Ho et al. [15] we can conclude
that it is necessary to divide PsSA according to the age of
psoriasis onset for future genetic studies.

@ Springer

The second aim of our study was to determine allele fre-
quencies of the microsatelite transmembrane polymor-
phism in the exon 5 of the MICA gene in Czech PsA and
controls. We detected five alleles of this polymorphism,
namely A4, A5, A5.1, A6 and A9 and we did not find previ-
ously observed less frequent alleles MICA-A7, A8 and A10
in our population [26, 27]. The MICA molecule is
expressed on the endothelial and CD8 T cells surface and
via NKG2D receptor of NK and T cells is involved in the
immune response [22, 39, 40] and may play a role in the
autoimmune diseases pathogenesis [40]. The MICA-A4
allele of the exon 5 MICA (TM) polymorphism has been
associated with juvenile idiopathic arthritis [41] and with
autoimmune diabetes and psoriasis in Korean population
[42, 43]. Interestingly, in Caucasian population the link
between MICA-AS allele and autoimmune diabetes with
onset in childhood has been detected [44] in contrary to
MICA-A5.1 in diabetes onset in adults [45-47]. Several
other studies have been showing the association between
MICA exon 5 (TM) microsatellite polymorphism and
Addison disease [53], atypical celiac diseases [48], ulcera-
tive colitis [49] and Behcet disease [50]. On the other hand,
the secondary association of the MICA-AS.1 in systemic
lupus erythematosus was described [51]. Nevertheless,
MICA gene allele frequencies may vary across populations
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and diseases in Europe as well as over the world (see
Table 4). In our work, we detected a higher frequency of
the MICA-A9 allele in PsA and PsA with psoriasis type II
versus controls, 46.0 and 58.6% versus 30.8%, respectively
however, after corrections for multiple alleles these find-
ings did not reach statistical significance. We did not con-
firm previously described predisposing alleles for PsA:
MICA-A4 in Croatian work [37] and MICA-A9 described
in Spanish [18] and Jewish PsA [28]. This variation may be
caused by different MICA exon 5 TM polymorphism allele
distribution (see Table 4). The other reason may be a
slightly various allele distribution in HLA alleles class I in
different population [52] and the secondary linkage disequi-
librium with MICA gene [28]. Besides, Grubic et al. sur-
prisingly did not demonstrate HLA-Cw*06 in contrast to
MICA-A4 association with their PsA patients [37].

The higher frequency of MICA-A9 allele among patients
with PsA suffering for psoriasis type II in contrary to asso-
ciation between HLA-Cw*06 and PsA with psoriasis type I
shows a second difference in our work between these two
subgroups. Disorders associated with multiple genetic and
environmental factors contributing to their development
may express an age-dependent genetic differences. Gener-
ally, the most important genetic factors of pathogenesis
lead to disease development in younger age. Differences of
HLA and MICA allele frequencies have been demonstrated
in autoimmune diabetes mellitus between childhood and
adult onset [47, 54].

The PRL gene is located at the neighbourhood of the
PSORS1 and MHC. In general, PRL shows not only endo-
crinological activities but acts as a cytokine as well [55].
PRL may modulate immune response, keratinocyte growth
and may be involved in psoriasis pathogenesis [30, 56].
Moreover, functional polymorphism —1149G/T at the
extrapituitary promoter of PRL gene leading to higher PRL
lymphocyte production was observed [32]. In our study, the
allele distribution of the —1149G/T SNP was equal and nei-
ther HLA-Cw nor MICA alleles, and PRL gene linkage dis-
equilibrium was found. Hence we can presume that
potential PRL influence on psoriasis and PSA pathogenesis
is more likely caused by pituitary regulation and pathologi-
cal or stress-induced secretion than genetic predisposition
of lymphocyte PRL production.

We can conclude that PsA is a complex disease with
polygenic background. PsA with psoriasis type I and type II
are genetically different subgroups of one illness, whereas
HLA Cw*0602 has been the most important predisposing
allele in PsA with psoriasis type I pathogenesis, while
MICA-A9 may play a role in PSA with psoriasis type II
pathogenesis. Neither HLA Cw*0602 nor MICA-A9 are
associated with radiological patterns of PsA. More genetic
studies to determine the PsA susceptibility across different
population are necessary.

Table 4 Allele frequencies of the MICA TM microsatelite polymorphism among different populations and its association with selected autoimmune diseases

Italian Korean

Jewish

Spanish

Croatian

MICA Latvian

alleles

C

TIDM

Ps

TIDM C
54) (n=116) (n=52) (n=73) =95 (=98) (m=138) (n=129) (n=119) (n=134)

PsA

At.CD C

Ps

PsA

PsA

(n=119) (n=107) (n=58) (m=157) (n=65) (=45 (n=177) (n

JIA

9.6 15.0 19.0 22.0 18.8 24.6 235 15.3
134 53.0°¢

25.86
28.44

44.04

16.66
13.0

20.0 20.0 23.7

17.11°

34.0° 18.0* 30.17°
10.43
N/A

20

A4

30.4 47.6 244 29.1

15.0¢

31.5

22.2 23.1

13.8
40.0

3.45

N/A

23.0

A5

90.74¢ 40.3 46.5 35.0 35.0 71.0° 27.0° 223 16.0
39.0

51.4
46.8

57.5

61.0 69.0

AS5.1
A6

48.0 54.7 48.0 54.0 13.8 437 12.6" 24.6

43.1

43.0 37.3

25.94
N/A

12.93
N/A

25.0
[37]

42.0

28.0

31.1 29.9¢ 11.11 30.17 55.7" 27.3" 27.0 37.0 29.7 28.6 17.2 14.9

58.48

33.0

[41]

A9

[42]

[43]

[45]

(28]

[48]

[18]

N/A not available data, C controls, JIA juvenile idiopathic arthritis, 7/DM diabetes mellitus type I, PsA psoriatic arthritis, Ps psoriasis, Az.CD atypical celiac disease

0.0009, OR 3.34

0.003, RR 0.44; &P_= 0.0003, RR 3.29; "P_

=0.01, RR 2.1; °P, = 0.0005, OR 6.1; 9P, = 0.000001, OR 12.5; °P, = 0.000001, RR 6.6; ‘P,

0.04, OR 2.3; °P,

uPc=
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Elevated prolactin levels in patients with rheumatoid arthritis:
association with disease activity and structural damage

M. Fojtikova!, J. Tomasova Studynkova'!, M. Filkovélv, Z. Lacinova?, J. Gatterova!,
K. Pavelka', J. Vencovsky', L. Senolt!

Institute of Rheumatology and Department of Clinical and Experimental Rheumatology, First Faculty
of Medicine, Charles University in Prague, Czech Republic, *3rd Department of Medicine, Department
of Endocrinology and Metabolism, First Faculty of Medicine, Charles University in Prague and
General University Hospital in Prague, Prague, Czech Republic.

Abstract
Objectives
Prolactin (PRL) is a hormone with cytokine-like activities that has been demonstrated to be involved in immune responses.
However, there are inconsistent results related to the role of PRL in rheumatoid arthritis (RA). Therefore, the aim of this
study was to evaluate the levels of PRL in serum and synovial fluid in patients with RA and osteoarthritis (OA) and examine
whether PRL might be associated with laboratory and clinical disease activity of RA.

Methods
A total of 29 patients with RA and 26 patients with OA were included in the study. The concentration of PRL in the serum
and synovial fluid was measured by immunoradiometric assays, and the levels of serum anti-citrullinated protein/peptide
autoantibodies (ACPA) and 1gM rheumatoid factor (IgM-RF) were analysed by ELISA. Disease activity score (DAS 28)
and radiological (Larsen) score were assessed.

Results
The levels of PRL in serum (299.55+27.28 vs. 230.59+16.61mlIU/l, p=0.041) as well as in synovial fluid (338.85+ 33.49 vs.
245.97+21.88mlU/l, p=0.024) were significantly higher in patients with RA than in patients with OA. A moderate
correlation was found between disease activity of RA and levels of PRL in synovial fluid (r=0.485, p=0.010) and the
serum PRL levels correlated significantly with the total Larsen score (r=0.484, p=0.014)

Conclusion
The findings of increased prolactin levels in patients with RA lead to the assumption that prolactin may play a role in
disease severity and the process of joint damage in RA.

Key words
prolactin, theumatoid arthritis, disease activity, hormones
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Introduction

Rheumatoid arthritis (RA) is a chronic
autoimmune disease characterised by
the accumulation of immune cells and
activation of synovial fibroblasts within
the synovial membrane, which sub-
sequently results in cartilage destruc-
tion and erosion of the adjacent bone
(1-3). To date, the aetiology of RA is
unknown, and its pathogenesis remains
incompletely understood. However, sex
hormones have been suggested to mod-
ulate both onset as well as progression
of the disease (4). Females are affected
more frequently than males, and there
is evidence that during pregnancy RA
usually improves, which is in contrast
to the characteristic exacerbation after
delivery, a period when both cortisol
and oestrogens rapidly decline and pro-
lactin (PRL) remains significantly in-
creased (4, 5).

In addition to its unique roles in re-
production and lactation, PRL acts as
a potent immunomodulator (6, 7). The
immune capability of PRL is genera-
lly stimulatory, while oestrogens and
cortisol support the anti-inflammatory
Th2 immune response. PRL maintains
immune homeostasis, and its receptors
have been detected on several immune
cells, synovial fibroblasts and chondro-
cytes (6, 8, 9). In immune cells, PRL
up-regulates transcription of the inter-
feron regulatory factor IRF-1 gene and
modulates expression of pro-inflam-
matory cytokines interleukin (IL)-12,
interferon (IFN)-y and tumour necrosis
factor (TNF)-a (10, 11). Moreover, PRL
exhibits anti-apoptotic activities, lead-
ing to increased survival of both autore-
active T-cells and B-cells (10, 12).
Several hormones, including PRL, have
been observed in the synovial fluid of
patients with RA (13), and elevated
serum PRL levels have been detected
in children suffering from antinuclear
antibody (ANA)-positive juvenile idi-
opathic arthritis (14). In addition, serum
PRL levels have been shown to corre-
late with disease activity of systemic
lupus erythematosus (15, 16). Howev-
er, in the case of RA there have been
found inconsistent results varying from
lower (17), equal (18) to higher PRL se-
rum levels (19, 20). Nevertheless, in an
experimental model, PRL was shown
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to aggravate arthritis in hypophysec-
tomised rats (21) and in humans PRL
serum levels correlated with proinflam-
matory chemokine MIP-1a (22), active
disease (22) and worse Steinbrocker
functional stage (20). Moreover, RA
patients with increased serum PRL lev-
els required strenuous therapy with glu-
cocorticoids (23).

The aim of our study was to determine
the levels of PRL in serum and synovi-
al fluid of patients with RA and osteo-
arthritis (OA) and to characterise its
potential association with the disease
activity and joint damage.

Methods

Patients

Twenty-nine patients fulfilling the
American College of Rheumatology
(ACR) revised criteria for RA (24)
were included in this study. The con-
trol group consisted of 26 patients with
knee OA who met the ACR criteria for
OA of the knee (25). Detailed charac-
teristics of both groups are shown in
Table 1. The study was approved by
the Ethical Committee of the Institute
of Rheumatology in Prague, and all pa-
tients agreed on participation by sign-
ing the informed consent.

Synovial fluid was collected under
standard conditions from the knee joint
during therapeutic arthrocentesis. As
the PRL serum levels show physiologi-
cal diurnal variation, the blood samples
were taken 1-5 days thereafter in the
morning hours (at least 1 hour after
waking up) and after at least 20 minutes
at rest before sampling. Patients suf-
fering from hypothyreosis, those that
were pregnant or using drugs affecting
PRL secretion were not included in this
study.

Functional disability questionnaires
(Czech validated versions) and dis-
ease activity were assessed at the time
of arthrocentesis. The Western Ontar-
io and McMaster Universities Index
(WOMAC) was used for patients with
OA. For patients with RA, the disease
activity score (DAS) and health as-
sessment questionnaire (HAQ) were
examined. The DAS28 was calculat-
ed using the formula: 0.56vV (number
of tender joints)+0.28\/ (number of
swollen joints)+0.7Ln (erythrocyte



Table I. Baseline characteristics of patients.
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RA (n=29) OA (n=26) p-value

Age (years) 6221 +2.52 66.20 + 2.15 0.246
Gender (female/male) 22/7 15/11 0.249
Female: pre/postmenopausal 2/22 0/15 0.504
Disease duration (years) 7.86 = 1.85 8.07 £ 1.68 0.594
Disease activity (DAS 28) 4.83 £0.29 NA -
Mean Larsen score (index) 26.12 - -
Glucocorticoids (n) 21 - -
DMARD:s (n) MTX/HCQ/SAS/LEF 29 17/3/5/4 - -
Biological agents:

TNF inhibitors/tocilizumab 8 /1 - -
CRP (mg/1) 21.65 +5.16 5.10 = 1.62 0.007
ESR (mm/ 1*' h) 26.34 +5.62 115+ 1.74 0.010
ACPA (IU/ml) 27521 £ 100.3 NA -
RF IgM (U/ml) 17.28 + 4.11 NA -

DAS, disease activity score; DMARDs, Disease modifying antirheumatic drugs; MTX: Methotrexate;
HCQ: Hydroxycloroquine; SAS: Sulphasalazine; LEF: Leflunomide; CRP: C-reactive protein; ESR:
erythrocyte sedimentation rate; ACPA: Anti-citrullinated peptide autoantibodies; RF: rheumatoid factor.
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Fig. 1. Serum and synovial fluid levels of prolactin in patients with rheumatoid arthritis (RA) and

osteoarthritis (OA).

sedimentation rate) +0.014 (patient’s
assessment of disease activity). RA
patients were stratified according to
the DAS28 into three groups with
low (DAS28 <3.2), moderate (DAS28
3.2-5.1) and high disease activity
(DAS28>5.1). Radiographs of hands,
wrists and feet in frontal projection
were taken from all patients at base-
line. Radiographs were evaluated for
joint space narrowing and erosions us-
ing modification of Larsen score (26).
The total radiographic (Larsen) score
was calculated by the grading from 0
(intact bony outlines and normal joint
space) to 5 (mutilating changes) in 32
joint regions (26).

Laboratory analysis

The concentration of PRL in serum
and synovial fluid was measured in
duplicate using an immunoradiometric
assay (IRMA, Immunotech, Prague).
Samples (50ul) were incubated with
125 I-labelled antibody (150000cpm/
500ul) in tubes pre-coated with mice
monoclonal antibody for one hour at
room temperature by continuous shak-
ing. The contents of tubes were then
aspirated. The tubes were washed
twice with 2ml of wash solution, and
the radioactivity bound to the tubes
was measured using a gamma coun-
ter. The standards supplied with the
kits were calibrated using the inter-
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national standard WHO 84/500 (Ing/
ml=30.3mIU/l). The limit of sensi-
tivity of the assay was 30mlIU/l. The
intra-and inter-assay coefficients of
variation were determined with the
use of pooled patients’ serum samples
and were 4.5 and 8.8%, respectively.
In the test there was no cross reactiv-
ity to other human hormones (hLH,
hFSH, hTSH, hCG, hGH and HPL) as
well as to rheumatoid factor. The lev-
els of anti-citrullinated protein/peptide
autoantibodies (ACPA) and IgM rheu-
matoid factor (IgM-RF) were analysed
by ELISA (Test Line s.r.0., Czech Re-
public). C-reactive protein (CRP) was
determined by nephelometry.

Statistical analysis

The IBM statistics software SPSS ver-
sion 17 (http://www.spss.com) was
used for statistical analysis. The levels
of PRL were normally distributed, and
therefore the student’s z-test was used
to analyse the difference between the
two groups. Pearson’s correlation co-
efficient was used for correlations be-
tween PRL and selected variables. Data
are presented as the meanztstandard
deviation. A p-value less than 0.05 was
considered statistically significant. Chi-
square test and Student’s z-test were
used for the analysis of the variables of
the demographic data.

Results

Increased prolactin levels in

patients with rheumatoid arthritis

The mean serum PRL levels in pa-
tients with RA were significantly
higher than those in patients with OA
(299.55+£27.28 vs. 230.59+16.61mIU/
I, p=0.041). Similarly, the levels of
PRL in synovial fluid were signifi-
cantly higher in patients with RA than
in patients with OA (338.85+ 33.49 vs.
245.97+21.88mlIU/l, p=0.024) (Fig.
1). The levels of PRL in synovial fluid
were insignificantly increased com-
pared to PRL levels in the serum in
both groups; synovial fluid and serum
levels significantly correlated with each
other in patients with RA (r=0.546,
p=0.002) as well as in patients with OA
(r=0.528, p=0.006), see Figure 2. The
levels of PRL in serum and synovial
fluid in both groups were not affected
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by disease duration or treatment with
non-steroidal antirheumatic drugs or
low dose glucocorticoids. The levels of
PRL were also not affected by disease
modifying anti-rheumatic drugs or bio-
logics (data not shown).

When we stratified the subjects accord-
ing to hormonal status, serum levels of
PRL were significantly higher in post-
menopausal, female RA patients (n=20)
in comparison with the same group of
OA patients (n=15) (323.1+40.90 vs.
221+22.71mlIU/1, p=0.037). However,
in the synovial fluid, there was no dif-
ference between postmenopausal fe-
males with RA and OA (329.1+31.28
vs. 268.80+£33.26mlIU/1, p=0.297). No
differences were observed in serum
as well as synovial fluid PRL levels
between RA and OA males (data not
shown). In the group of RA patients,
PRL levels in synovial fluid, but not
serum, were significantly higher in
postmenopausal females in compari-
son to RA males (329.1+31.28 vs.
207.6+45.51mIU/l, p=0.040). How-
ever, in the OA patients, there were
no differences in serum (221+22.71
vs. 243.7+24 8mlU/l; p=0.507) and
synovial fluid (268.8+33.26 vs.
214.7+£23 .42mlIU/1; p=0.929) PRL lev-
els between postmenopausal females
and males.

Association between prolactin,

disease activity and morphological
changes in patients with rheumatoid
arthritis

Increased synovial fluid PRL levels
were found in RA patients suffer-
ing from active disease (DAS28>5.1;
n=11) in comparison with patients
with moderate and low disease activi-
ty (433.0£62.5 vs. 318.3+42.6 mIU/I,
p=0.045). Altogether, synovial fluid
PRL levels significantly correlated with
DAS28 in patients with RA (r=0.485,
p=0.010; Fig. 3). In contrast, we only
found a trend for the association be-
tween disease activity and serum PRL
levels in patients with RA (r=0.345,
p=0.078). On the other hand, the total
radiographic (Larsen) score correlated
significantly with the serum PRL levels
(r=0.484, p=0.014), but not with that
in synovial fluid (r=0.154, p=0.460;
Fig. 4). The levels of PRL in both se-
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Fig. 2. Correlation between the levels of prolactin (PRL) in the serum and synovial fluid of patients
with (A) rheumatoid arthritis (RA) and (B) osteoarthritis (OA).
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rum and synovial fluid did not correlate
with functional status of the disease as-
sessed by HAQ or by WOMAC in RA
and OA patients, respectively (data not
shown). The levels of PRL in the serum
as well as in the synovial fluid were not
associated with either the levels of se-
rum CRP or with the serum autoanti-
bodies such as IgM-RF or ACPA (data
not shown).

Discussion

In this study, we found increased levels
of PRL in both the serum and synovial
fluid of patients with RA in comparison
to patients with OA. Furthermore, the
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levels of synovial fluid PRL correlated
significantly with the disease activity
and the levels of systemic PRL corre-
lated with the total radiographic score
in patients with RA. Our results sug-
gest that the inflammatory course of
the disease may contribute to increased
PRL levels, which may reflect structur-
al damage in patients with RA.

The levels of serum PRL and its re-
lationship with disease activity and
severity have been demonstrated in
several autoimmune diseases includ-
ing systemic lupus erythematosus (15,
16), systemic sclerosis (27) and celiac
disease (28). However, previous data
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studying serum levels of PRL in RA pa-
tients have been inconsistent. The lev-
els of serum PRL have been reported
from lower (17), equal (18, 29) to high-
er (19, 20) in comparison to healthy in-
dividuals, and association between the
levels of PRL and disease activity have
not yet been shown. Similar to the lat-
ter data (19, 20), we showed increased
PRL levels in serum and in the synovial
fluid of patients with RA, which sup-
ports the association between the levels
of PRL in the serum and synovial fluid
(30). Furthermore, the levels of PRL
in the synovial fluid significantly cor-
related with the disease activity of RA,
while systemic levels of PRL showed
only a tendency for this association and
reflected rather the morphologic joint
changes of active long-standing RA.
Whether PRL could represent a surro-
gate marker with predictive value for
further radiographic progression of the
disease or even contribute to structural
changes itself has not yet been shown.
Some authors have suggested that
PRL in synovial fluid is derived from
the plasma (13, 31). However, under
inflammatory conditions, PRL may
be also produced locally in immune
cells and resident tissue cells of the
joint, including synovial fibroblasts
and chondrocytes expressing also PRL
receptor (8, 9). There is evidence that
PRL serves as a potent immunostimu-
latory cytokine and may be involved in
inflammation and synovial hyperplasia
(8, 10-12). PRL is suggested to have
dual functions locally in the joint tis-
sues. While in chondrocytes PRL pre-
vents their apoptosis due to activation
of antiapoptotic genes (32), it stimu-
lates synovial cell proliferation and in-
creases the synthesis of matrix metallo-
proteinase (MMP)-3, IL-6 and IL-8 (8).
We therefore suggest that the increased
levels of PRL produced either locally or
derived from the blood circulation may
contribute to structural changes associ-
ated with the development of RA.

In contrast to local sites, the systemic
levels of PRL in our study showed
only a tendency for association with
the actual disease activity. However,
we did not perform analysis of free
serum prolactin and macroprolactin
because only three RA patients had

moderate hyperprolactinemia. In fu-
ture studies, it might be interesting
to determine whether the disease ac-
tivity of RA correlates with levels of
the free serum PRL as was previously
demonstrated in patients with SLE
(16). The regulation of PRL synthesis
is negatively controlled by dopamine
and is positively regulated by stress,
exercise, circadian rhythms, the levels
of oestrogens and proinflammatory cy-
tokines such as TNF-a and IL-6 (33,
34). In postmenopausal females, the
levels of serum PRL should be simi-
lar to that in males, which is what we
saw in this study. Increased levels of
serum PRL in postmenopausal, fe-
male RA patients compared to those in
postmenopausal, female OA patients
may be due to increased inflammatory
activity of the autoimmune disease
compared with the non-inflammatory
nature of OA. On the other hand, we
observed comparable PRL levels be-
tween RA and OA male patients. This
observation could be explained by the
very small number of male patients in-
cluded in our study, while others have
demonstrated increased serum PRL
levels in male RA patients compared
to OA male patients (20, 35), which
supports chronic inflammation as the
cause of elevated PRL levels. On the
other hand, two works demonstrated
that serum levels of PRL were not al-
tered in the beginning of the RA (29,
36). Recently has been found that pa-
tients with active RA have decreased
PRL response to hypoglycaemia-in-
duced stress, although the response
recovered following treatment with
disease modifying antirheumatic drugs
(DMARDs) (29). Our study is cross-
sectional; therefore we are unable to
evaluate the effect of anti-inflamma-
tory treatment on the levels of PRL in
patients with RA. However, we did not
detect any differences in the levels of
PRL in patients treated with DMARDs
and biologic agents.

In summary, this study shows in-
creased PRL levels in the serum and
mainly in the synovial fluid of patients
with RA in comparison to control OA
subjects. This study shows the correla-
tion between disease activity, structural
damage and the levels of PRL in pa-
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tients with RA. Our data support the
hypothesis that PRL may play a role in
the pathology of RA.
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Letters

Extrapituitary prolactin promoter polymorphism in Czech
patients with systemic lupus erythematosus and rheumatoid

arthritis

Markéta Fojtikova, Marie Cernd, Pavlina éeikové, Sarka Rozickova, Ctibor Dostdl

suggested to play a distinct role in the pathogenesis of

systemic lupus erythematosus (SLE) and rheumatoid arthri-
tis (RA).' * PRL acts as a cytokine and influences the maturation
and differentiation of immune cells.” * Extrapituitary PRL synth-
esis is regulated by an alternative promoter,” which contains a
single-nucleotide polymorphism (SNP) at the region —1149 G/T.
Higher PRL mRNA expression is associated with the G allele in
lymphocytes.® High frequency of the G allele was described in
patients with SLE,” but was not confirmed in other work.*

We investigated —1149 G/T SNP in 156 patients with SLE and
173 patients with RA, and in 123 healthy individuals (control
group). Patients with SLE consisted of 134 (85.9%) women and
22 (14.1%) men, with a mean age of 43.4 years. SLE diagnosis
was determined using the American College of Rheumatology
classification criteria.” Patients with RA consisted of: 132
(76.3%) women and 41 (23.7%) men, with a mean age of

Prolactin (PRL) and its production by lymphocytes have been

Ann Rheum Dis 2007;66:706~707. doi: 10.1136/ard.2006.061788

10

57.4 years; all fulfilled the RA diagnostic criteria."” The control
group consisted of 40 (32.5%) women and 83 (67.5%) men,
with a mean age of 38.7 years. The study was approved by the
ethics committee of The Third Medical Faculty, Charles
University, Prague, Czech Republic.

The PCR—RFLP (restriction fragment length polymorphism)
method was used for —1149 G/T SNP detection. During PCR, the
137 base pairs (bp) region of the PRL extrapituitary promoter was
amplified by using the following primers: forward 5'-GCAGGTCA
AGATAACCTGGA and reverse 5-CATCTCAGAGTTGAATTTATT
TCCTT. For RFLP, Apol restriction endonucleasis was used. The
genotypes identified were TT homozygote characterised by 120 and
17 bp, GG homozygote characterised by 85, 35 and 17 bp, and GT
heterozygote characterised by 120, 85 and 35 bp + 17 bp DNA

Abbreviatfions: PRL, prolactin; RA, rheumatoid arthritis; SLE, systemic
lupus erythematosus; SNP, single-nucleotide polymorphism

Table 1 Occurrence of genotype and dllele frequencies of —1149 G/T single-nucleotide polymorphism of the extrapituitary
prolactin promoter in Czech patients with systemic lupus erythematosus (SLE) and rheumatoid arthritis and controls, and in patients
with SLE according to specific organ involvement
—1149 G/T SNP of the exirapituitary prolactin promoter
Genotype Allele frequency
Subject groups GG GT T G T
Number of cases % % %
SLE 156 34.60 44.90 20.50 0.57 0.43
P! NS NS NS NS NS
Specific organ involvement
Renal With 63 31.10 52.40 17.50 0.56 0.44
Without 93 37.60 39.80 22.60 0.57 0.43
Pc? NS NS NS NS NS
Neuropsychiatric With 33 30.30 51.50 18.20 0.56 0.44
Without 123 35.80 43.10 21.10 0.57 0.43
Pc? NS NS NS NS NS
Cardiac With 35 28.60 45.70 25.70 0.51 0.49
Without 121 36.40 44.60 19.00 0.59 0.41
Pc? NS NS NS NS NS
Pulmonary With 25 32.00 48.00 20.00 0.56 0.44
Without 131 35.10 44.30 20.60 0.57 0.43
Pc? NS NS NS NS NS
Articular With 17 41.00 43.60 15.40 0.63 0.37
Without 39 15.40 48.70 35.90 0.40 0.60
Pc? NS NS NS 0.0086" 0.0086*
Dermal With 94 36.20 45.70 18.10 0.59 0.41
Without 62 32.30 43.50 24.20 0.54 0.46
Pc? NS NS NS NS NS
RA 173 32.40 56.10 11.50 0.60 0.40
R NS 0.039* NS NS NS
Controls 123 39.80 41.50 18.70 0.61 0.39
Pc, P corrected values; RA, rheumatoid arthritis; SLE, systemic lupus erythematosus; SNP, single-nucleotide polymorphism.
Pc values were calculated by the % test from 2x2 contingency tables of the separate genotype occurrence or allele frequency of (1) each patient with SLE and control
group (Pc'), (2) presence or absence for the clinical feature (Pc?) and (3) each patient with RA and control group (Pc®). Bonferroni correction for multiple comparisons
was used.
*OR 1.82, 95% Cl 1.14 to 2.94.
TOR 2.56, 95% Cl 1.51 to 4.33.
*OR 0.39, 95% C1 0.23 to 0.6.
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fragments. Results were evaluated by y” test with Bonferroni
correction.

There was no difference in genotype and allele frequencies in
the SLE group compared with healthy Czech individuals (table 1).
Our results support previous Italian findings,® but differ from the
UK report.” However, with respect to the specific organ
manifestation of SLE (table 1), we detected an association
between the G allele and articular involvement (Pc = 0.0086, OR
2.56,95% CI 1.51 to 4.33). Based on age when SLE was diagnosed,
we observed a GG genotype frequency of 44.8% in the 21-40 years
subgroup compared with 15.8% and 24.0% in the <20 years and
>40 years subgroup, respectively (Pc=0.023, OR 2.94, 95% CI
1.43 to 5.96). Additionally, we correlated the presence of alleles
and genotypes of —1149 G/T SNP with antibodies against
antinuclear antibody, double-stranded DNA, Sm, RNP, Ro and
La, but no connection was found (data not shown).

Significantly higher heterozygote GT genotype was detected
in the RA group compared with the controls (Pc=0.039, OR
1.82, 95% CI 1.14 to 2.94). We observed no differences in
homozygote genotypes or in allele frequencies between patients
with RA and controls (table 1). Across the groups, no gender
differences in genotype distribution or allele frequencies were
identified (data not shown).

In conclusion, the presence of the G allele and GG genotype of
the PRL extrapituitary promoter —1149 G/T SNP is associated with
certain clinical features of SLE. The GT genotype is a predisposing
genetic factor for RA. Further investigation on this is required.
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Doppler ultrasonographic characteristics of superficial and
deep-flow signals in the knee joint pannus of patients with

rheumatoid arthritis

Reiji Kasukawa, Kiori Shio, Yukiko Kanno, Ai Sato, Atsushi Takahashi, Yukio Yamadera, Takashi

Kanno

in the proliferated synovium (pannus) of patients with

rheumatoid arthritis (RA) have been used to evaluate articular
inflammation."” Fiocco et al’ reported that, in patients with RA
after 3 months of etanercept treatment, superficial layer vascu-
larity of the knee joint pannus® was significantly reduced, and this
occurred before deep-layer vascularity was affected. In all, 97 knee
joints of 52 patients with RA were scanned longitudinally and
transversely at suprapatellar recess; we measured the vascular
resistance, resistance index (RI) and pulsatility index (PI) on
spectral Doppler (with the lowest filter setting at 125 Hz) and 167
colour flow signals in the pannus on power Doppler (using a pulse
repetition frequency of 1170-1220 Hz with maximum gain
eliminating background noise). The flow signals were categorised
into superficial flow signals (located in the superficial half of the
pannus and fluid space) and deep flow signals (located in the deep

I ncreased blood flow signals on power Doppler ultrasonography

Ann Rheum Dis 2007,;66:707-708. doi: 10.1136/ard.2006.064360

half of the pannus) of either capsular or supracortical pannus. The
mean (SD) RI value (0.724 (0.125)) of the 102 superficial flow
signals (87 capsular, 15 supracortical) was significantly lower
(p<<0.001) than the mean (SD) RI value (0.872 (0.172)) of the 65
deep flow signals (43 capsular, 22 supracortical). The difference in
mean PI values between superficial and deep signals was less
significant (p = 0.002) than for mean RI values.

Subsequently, the flow signals in the joints were divided into a
superficial pattern and a deep pattern on the basis of their
dominant location in the pannus on both longitudinal and
transverse scans. Following this, we compared 61 joints with
superficial pattern signals and 36 joints with deep pattern signals
with respect to the intensities of the colour flow signals (graded
0-3 by the modified Klauser's method),” synovial effusion

Abbreviation: RA, rheumatoid arthritis
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Psoriatic arthritis is characterized as seronegative arthritis
that affects patients suffering from psoriasis [1]. Aetiology
of this condition is still not clear and therapeutic
approaches are not always successful. However, good
response to bromocriptine therapy decreasing prolactin lev-
els in patients with psoriatic arthritis has been demonstrated
in some reports [2, 3]. Prolactin acts as a cytokine and plays
a role in pathogenesis of systemic autoimmune diseases
such as rheumatoid arthritis and systemic lupus erythemat-
osus [4, 5]. Moreover, high serum prolactin levels were
observed in group of patients with psoriasis and link
between keratinocytes hyperproliferation and prolactin has
been proposed [6]. The peptide hormone prolactin is pro-
duced from pituitary lactotrophs and extrapituitary tissues
such as lymphocytes as well. Extrapituitary PRL produc-
tion is regulated by an alternative promoter located 5.8 kb
upstream from the pituitary one [7, 8]. A functional single
nucleotide polymorphism (SNP) G/T at the position —1149
of this extrapituitary promoter has been observed and in
lymphocytes higher PRL mRNA expression found to be
connected with G allele [9]. In our work we studied
—1149G/T SNP PRL in group of 83 Czech patients with
psoriatic arthritis (PsA).

We genotyped —1149G/T SNP in 83 PsA patients and
123 healthy individuals (control group). PsA patients: 43
(51.8%) females, 40 (48.2%) males, average age 54.1 years.

J. Stolfa - M. Fojtikova (EX) - L. Sedov4 - C. Dostal
Institute of Rheumatology, Na Slupi 4,

128 50 Prague 2, Czech Republic

e-mail: fmar @centrum.cz

P. Cejkové - M. Cernd

Department of Cell and Molecular Biology,

Third Faculty of Medicine, Charles University in Prague,
Ruskd 87, 100 00 Prague 10, Czech Republic

Control group: 40 (32.5%) females and 83 (67.5%) males,
average age 38.7 years. This study was approved by the
Ethical Committee of the Third Faculty of Medicine,
Charles University, Prague.

PCR-RFLP methodology was used for —1149G/T SNP
detection. PCR: The 137 bp region of the PRL extrapitu-
itary promoter was amplified by employing following prim-
ers: Forward primer 5 GCAGGTCAAGATAACCTGGA
and reverse primer 5' CATCTCAGAGTTGAATTTATT
TCCTT. The PCR reaction was run under these conditions:
initial temperature 94°C for 2 min, then 32 cycles with
94°C for 17 s, 55°C for 17 s, 72°C for 17 s, and final tem-
perature 72°C for 1 min. RFLP: Apol restriction endonu-
clease was used. The three genotypes were identified as
indicated: the homozygote TT was characterized by
120 + 17 bp, the homozygote GG by 85 + 35 + 17 bp, and
the heterozygote GT genotype by 120+ 85+ 35+ 17 bp
DNA fragments. Results were evaluated by Chi square test
with Bonferroni correction.

The genotypes and alleles frequency of —1149G/T SNP
PRL extrapituitary promoter were similar in group of PsSA
patients and control group (Table 1). We did not find any
differences in genotype and allele distribution between
healthy female and male and between female and male
patients with psoriatic arthritis, respectively (data not
shown). Moreover, we correlated genotype and allele distri-
bution of —1149G/T SNP with clinical feature of psoriatic
arthritis, such as age of onset psoriasis and radiological
type of psoriatic arthritis. In Table 2 there are results of this
correlation, where no significant association was detected.

In conclusion, —1149G/T SNP of the extrapituitary pro-
lactin promoter is not associated with psoriatic arthritis (see
Table 1) and its characteristic such as the onset of skin
lesion and radiological type of arthritis (see Table 2). Our
findings could indicate that —1149G/T SNP prolactin
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Table 1 Genotype and allele frequency of the —1149G/T SNP prolac-
tin extrapituitary promoter in patients with psoriatic arthritis and
healthy controls

Genotype and allele PsA N (%) Controls N (%) P corr.
GG 31(37.3) 49 (39.8) NS
GT 38 (45.8) 51 (41.5) NS
TT 14 (16.9) 23 (18.7) NS
G 100 (60.2) 149 (60.6) NS
T 66 (39.8) 97 (39.4) NS

SNP single nucleotide polymorphism, PRL prolactin, PsA psoriatic
arthritis, N number of cases, NS non significant, P corr. P corrected
values were calculated by the Chi squared test from 2 x 2 contingency
tables; Bonferroni correction for multiple comparisons was applied

Table 2 Genotype and allele frequency of the —1149G/T SNP
extrapituitary prolactin promoter and clinical features of psoriatic
arthritis

Type PsA N Genotype Allele
frequency
GG (%) GT (%) TT (%) G T

Erosive 55 36.3 50.9 12.8 0.62 0.38

Non-erosive 28 39.3 35.7 25.0 0.57 043
Pcorr. NS NS NS NS NS

Type PV¢

Type I* 58 36.2 50.0 13.8 0.61 0.39

Type II° 22 40.9 31.8 27.3 0.57 043
Pcorr. NS NS NS NS NS

SNP single nucleotide polymorphism, PRL prolactin, PsA psoriatic
arthritis, PV psoriasis vulgaris, N number of cases, NS non significant,
P corr. P corrected values were calculated by the Chi squared test from
2 x 2 contingency tables; Bonferroni correction for multiple compari-
sons was used

4 Type I—onset of skin lesions before 40 years

® Type Il—onset of skin lesions after 40 years

¢ 3 patients were without skin lesions, but classified as psoriatic

arthritis
extrapituitary promoter does not belong to pathogenetic

factors of psoriatic arthritis, and thus confirm the results of
the same analysis in juvenile idiopathic arthritis [10], but

@ Springer

not in SLE, that found G allele of —1149G/T SNP to be a
risk factor [8]. Possible alteration of prolactin levels in pso-
riatic arthritis might be caused by regulation of prolactin
release from pituitary gland. Nevertheless, further investi-
gations for explaning the role of prolactin in psoriasis and
psoriatic arthritis pathogenesis are necessary.
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Sirs,

Increased serum prolactin (PRL) levels have been demon-
strated in several autoimmune diseases including polymyo-
sitis (PM) and systemic sclerosis (SSc) [1-3]. PRL is
produced by the lactotrophs of the pituitary gland, but the
immune cells can produce PRL as well, and PRL acts as a
cytokine with role in B, T, and dendritic cell maturation [1].
Czuwara-Ladykowska et al. [4] demonstrated higher PRL
mRNA synthesis in lymphocytes from patients suffering
from SSc than in healthy individuals. Multiple promoters
regulate PRL gene transcription. Unlike the pimitary pro-
duction controlled by the pituitary promoter under the influ-
ence of transcriptional factor Pit-1, the extrapituitary
(including that by immune cells) PRL secretion is regulated
by the Pit-1 independent alternative promoter located
5840 bp distal to the start of the PRL transcriptional site
[5]. This extrapituitary promoter contains functional single
nucleotide polymorphism (SNP) —1149 G/T (rs1341239)
in the GATA sequence; G allele leads to higher PRL
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mRNA in lymphocytes synthesis [6]. GG genotype has
been associated with systemic lupus erythematosus (SLE)
[6, 7], while TT genotype was identified as protective for
non-Hodgkin and follicular lymphoma, and rheumatoid
arthritis development [8, 9].

In this study, we looked for distribution of allele and
genotype of the —1149 G/T SNP of the extrapituitary PRL
promoter in 75 patients with SSc (average age 61.4), in 47
subjects with PM (average age 57.8), in 68 patients with
dermatomyositis (DM) (average age 58.3), and in 123
healthy Czech individuals (blood donors and medical stu-
dents, average age 39.7). SSc and PM/DM patients met
classification criteria for these illnesses [10, 11]. PCR—
RFLP methodology was used for —1149G/T SNP detection
[7]1. Briefly, we amplified 137 bp region of the PRL
extrapituitary promoter and for restriction used Apol
endonuclease. We determined the following genotypes: the
homozygote TT characterized by 120 + 17 bp, the homozy-
gote GG by 85 + 35 + 17 bp, and the heterozygote GT by
120 + 85 + 35 + 17 bp DNA fragments. Results were eval-
vated by #? test with Bonferroni correction. Control group
was in Hardy—Weinberg equilibrium.

The genotype and allele distribution did not show any
significant differences in groups of PM, DM, and SSc
patients compared to healthy individuals (Table 1), and we
detected neither gender distribution differences (data not
shown) nor correlation with specific clinical or serological
manifestation of these diseases (lung fibrosis, type of
scleroderma, antiScl-70 and antiJo-1 positivity) (Table 1).
However, we found a significant inverse association
between TT genotype in SSc patients with disease onset
after 45 years compared to individuals with SSc and dis-
eases onset prior to 45 years (2/47=4.1 vs. 6/18 =25%,
respectively; P corrected = 0.02; OR=0.13; CI (95%):
0.02-0.69).
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Table 1 Genotype and allele distribution of the prolactin (PRL) extrapituitary promoter — 1149 G/T SNP in the autoimmune diseases: Polymyo-
sitis (PM), Dermatomyositis (DM), Systemic Sclerosis ($Sc), and healthy individuals (Controls)

Characterization
of tested groups

PRL extrapituitary promoter —1149 G/T SNP

Genotype Allele
GG GT TT G T
PM n =47 (%) 20 (42.5) 21 (44.7) 6(12.8) 61 (64.9) 33 (35.1)
P, ns ns ns ns ns
Jo-1 positive (34.0%) % (P3) 37.5 (ns) 56.3 (ns) 6.2 (ns) 65.6 (ns) 34.4 (ns)
CPM (4.3%) % (P,) 50.0 (ns) 50.0 (ns) 0 (ns) 75 (ns) 25 (ns)
DM n =68 (%) 19 (27.9) 35(51.5) 14 (20.6) 73 (53.7) 63 (46.3)
P, ns ns ns ns ns
Jo-1 positive (19.1%) % (P3) 15.5 (ns) 46.1 (ns) 38.4 (ns) 38.5 (0.03)* 61.5 (0.03)°
CDM (13.2%) % (P3) 22.2 (ns) 55.6 (ns) 22.2 (ns) 50 (ns) 50 (ns)
SSe n=75 (%) 31 (41.3) 36 (48.0) 8(10.7) 98 (65.3) 52 (34.7)
P, ns ns ns ns ns
Scl-70 positive (45.2%) % (P,) 51.5 (ns) 424 (ns) 6.1 (ns) 72.7 (ns) 27.3 (ns)
Lung Fibrosis (40.3%) % (Py) 41.4 (ns) 51.7 (ns) 6.9 (ns) 67.2 (ns) 32.8 (ns)
1SSc (54.6%) % (P3) 46.3 (ns) 48.8 (ns) 4.9 (0.03)° 70.7 (ns) 29.3 (ns)
dSSc (38.6%) % (P5) 34.5 (ns) 48.3 (ns) 17.2 (ns) 58.7 (ns) 41.3 (ns)
Onset after 45 years (65.3%) % (Py) 40.8 (ns) 55.1 (ns) 4.1 (0.007%0.01%) 68.3 (ns) 31.3 (ns)
Controls n= 123' (%) 49 (39.8) 51 (41.5) 23 (18.7) 149 (60.6) 97 (39.4)

1 Number of cases, P/ P value was determined by the y* test comparing each group (PM, DM, SSc) and controls, P2 P value was determined by
the 32 test comparing positive/negative feature and comparing each feature and controls, Pc P value corrected for multiple comparisons (3 detected
genotypes, 2 alleles), ns not significant, ANA Antinuclear antibodies, Jo-1 antibodies against histidyl-tRNA synthethase, Scl-70 antibodies against
DNA topoisomerase I, ISSc limited cutaneous SSc, dSSc diffuse cutaneus SSc, CPM cancer associated Polymyositis, CDM cancer-associated Der-
matomyositis

2 p value is defined by y” test when compare Jo-1 positive DM and healthy controls. Pc = 0.06, ns

b pvalue is defined by ¥* test when compare Jo-1 positive DM and healthy controls, Pc = 0.06, ns

© P value is defined by i test when compare SSc patients with limited disease compare to controls. Pc = 0.09, ns

4 p value is defined by y” test when compare SSc patients with disease onset prior and after 45 years. Pc = 0.02; OR 0.13; CT (95%) 0.02-0.69

¢ P value is defined by y? test when compare SSc patients with disease onset after 45 ycars and controls. Pc = 0.04; OR 0.2; CI (95%) 0.04-0.82

Thus, genotype —1149 TT of the extrapituitary PRL pro-
moter SNP (via reduced PRL promoter activity and conse-
quently lower PRL levels in lymphocytes) seems to be
associated with decreased risk to SSc development in older
age. With regards to the age of onset, no diferences in allele
or genotype frequences in patients with polymyositis and
dermatomyositis were found. We can assume that this poly-
morphism might be somewhat specific for SSc and there-
fore warrants further investigation into PRL genetics and its
levels during the disease course.
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