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|I. Prehled problematiky

1 Uvod

Roztrousena skler6za mozkomisni (RS) je chronické, zanétlivé, autoimunitni,
demyeliniza¢ni onemocnéni centralniho nervového systému (CNS). Odhaduje se, Ze postihuje
vice nez 2.5 milionu lidi na svété, navic jeho incidence a prevalence v poslednich letech stale
narusta. (Hartung et al., 2004; Marie RA, 2013; http://www.atlasofms.org). Patii mezi
nejcastéjsi neurologicka onemocnéni, které vede k zavaznému postizeni mladych lidi ve véku
od dvaceti do ctyficeti let. Tato nemoc miize vyznamné zhorSit kvalitu Zivota nemocnych
(Berrigan et al., 2016; Giordano et al., 2012; Hadgkiss et al., 2013; Lobentanz et al., 2004) a
ma vyznamny socioekonomicky dopad (Cadden et al., 2015).

Etiopatogeneze RS neni dosud zcela uspokojivé objasnéna, ptedpoklada se vliv
genetickych, enviromentélnich a epigenetickych faktort (Hartung et al., 2004; Brutting et al.,
2016). Geneticka predispozice krozvoji choroby je podloZzena mnoha genetickymi a
epidemiologickymi studiemi (Bashinskaya et al., 2015; Hafler et al., 2007; Sawcer et al.,
2015). Nejvyssi vnimavost k rozvoji onemocnéni byla zjiSténa u severoevropand, zejména
skandinavské populace (Compston et al., 1997; Oksenberg et al., 2013), naopak orientalni
rasa ma az desetkrat nizsi vnimavost k rozvoji choroby ve srovnéni s rasou indoevropskou
(Christiano et al., 2013; Langer-Gould et al., 2013; Langer-Gould et al., 2014; Makhani et
al., 2014). Také familiarni vyskyt nemoci vliv dédi¢nosti potvrzuje. Bylo prokazano zvysene
riziko postizeni u piibuznych nemocného, zejména u jednovajecnych dvojcat, u kterych se
pohybuje v rozmezi od 24 % do 40 % a 3-5 % u dvouvajeénych dvojcat (Cree B, 2008; Willer
et al. 2003; Ristori et al., 2006).

Jednd se o0 komplexni onemocnéni s polygenni dédi¢nosti, nebot’ na spusténi
autoimunitniho procesu se pravdépodobné podili velké mnoZstvi vysoce polymorfnich gent.
Tyto geny se u daného jedince vyskytuji ve vazbach a rtiznych kombinacich, coZz podminuje
vyraznou interindividualni variabilitu choroby (Ebers 1995; Bashinskaya et al., 2015). Velmi
dilezitou, avSak zna¢né¢ proménnou komponentou, ktera ziejmé podminuje rozvoj i dalSi
pribéh vlastniho onemocnéni, jsou zevni vlivy (Burrell et al., 2011; Correale et al., 2015;
Handunnetthi et al., 2010; Steelman AJ, 2015) a faktory epigenetické (Akkad et al., 2015; Wu
et al., 2016).


http://www.atlasofms.org/

Dosud vSak nebyly nalezeny dostate¢né spolehlivé genetické markery, které by
umoznily zjistit miru individuélniho rizika rozvoje RS, diagnostické a prediktivni markery
dalSiho pribéhu onemocnéni ani odpovidavosti daného jedince na specifickou 1écbu.
Biomarkery méfitelné v periferni krvi, poskytujici informace o patofyziologickém procesu,
aktivite, tizi a progndze onemocnéni.

Slibnymi kandidaty jsou geny a jejich varianty, tzv. polymorfismy, Kkteré
ovlivituji komplexni patogeneticky process. Jedna se o geny pro lidské leukocytarni antigeny
(HLA), které hraji klicovou roli ve zpracovani antigenii myelinu, jejich prezentaci T-
lymfocytim a iniciaci autoimunitniho procesu (Lincoln et al., 2005; Sadovnic 2012; Schmidt
et al., 2007). Dalsim velmi vyznamnym faktorem, podmifujicim rozvoj a progresi
onemocnéni je poruseni hemato-encefalické bariéry (HEB), umoznujici pfestup zanétlivych
bunék do CNS. Dulezitou tlohu vtomto procesu maji geny pro matrix metalloproteinazy
(MMPs) (Goodin et al., 2002; Mirshafiey et al., 2014; Shimizu et al., 2014; Waubant et al.,
2003). a angiotensinogen (Wosik et al., 2007). Na progresi vlastniho zanétlivého postizeni a
aktivaci infiltrujicich imunokompetetnich bun€k se podstatné podili geny kddujici
prozanétlivé cytokiny (Gregory et al., 2007; Mkjikian et al., 2011; Jager et al., 2013). Velmi
dulezitou roli hraje téZ variabilita vitaminu D, ktery je vyznamnym environmentalnim
faktorem. Navozuje silné antiproliferativni, prodiferencia¢ni a imunomodulaéni uéinky
(Munger et al., 2006; Munger et al., 2014; Simon et al., 2012).

Cilem piedkladané prace je nalézt geneticke polymorfismy, které se podili na
zvySené vnimavosti k RS v ¢eské populaci, vyhodnotit jejich vliv na progresi choroby a zjistit
ptipadné rozdily mezi pohlavimi, nebot’ RS jako vSechna ostatni autoimunitni onemocnéni se
Castéji vyskytuje u zen. Nalézt vhodné biomarkery jednoduse métitelné v séru a zhodnotit
vztah jejich hladin ke klinickému pritb¢hu, tizi onemocnéni a stupni postizeni.

Ocekavame, ze prace by mohla pfispét ke zjisténi individudlni genetické
predispozice k rozvoji, dalSi progresi onemocnéni a odpovidavosti na cilenou terapii. Mohli
bychom ziskat laboratorni markery, které by byly pouzitelné v klinické praxi, umoziujici
monitorovat prib&h onemocnéni a sledovat efekt 1é¢by.

Rozsifeni soucasnych znalosti imunopatogenetickych mechanismi RS muze
vyznamné& napomoci kK vyvoji nové, specifické, ucinné farmakoterapie a zlepSit prognézu

tohoto zavazného onemocnéni.


http://www.ncbi.nlm.nih.gov/pubmed?term=J%C3%A4ger%20J%5BAuthor%5D&cauthor=true&cauthor_uid=23985573

2 Definice roztroudené sklerozy

Roztrousena skler6za mozkomisni (RS) je chronické, zanétlivé, autoimunitni,
demyeliniza¢ni onemocnéni centralniho nervového systému (CNS), postihujici mozek, michu
a optické nervy. Dochazi k poskozeni a ztraté myelinu v zanétlivych loziscich bilé hmoty
CNS a soucasné jiz od pocatku vede k axonalni ztraté (Zoukos, 2004; Hartung et al., 2004).
Poprvé byla popsana jako samostatnd choroba jiz v roce 1868 francouzskym neurologem
pozorovani a patologickych studii Charcot nemoc nazval sclérose en plagues. Pied
Charcotem popsal mnoho klinickych detailt choroby britsky profesor patologie Robert
Carswell (1793-1857) a francouzsky profesor anatomické patologie Jean Cruveilhier (1791-
1873). Typickou zndmkou RS je opakujici se demyelinizace CNS, diseminovana v prostoru
a Case. Rozviji se zpravidla mezi 20. - 40. rokem Zivota, ziidka se onemocnéni klinicky
manifestuje jiz v détstvi nebo po 60. roce véku. Jedna se o onemocnéni spolecensky
a zdravotnicky velmi zavazné, nebot patii mezi nejCastéjsi pficiny chronické invalidity

mladych lidi.

Obr. 1 Jean-Martin Charcot (1825-1893)
Zdroj: The International MS Journal 2008; 15: 59-61.



3 Epidemiologie roztrousené sklerdzy
3.1 Geograficky gradient

Odhaduje se, Ze RS postihuje vice nez 2,5 milionu lidi na svété, navic jeho incidence
a prevalence v poslednich letech stale mirné stoupa (Obr. 2, 3).

Byla provedena fada studii, které prokazuji, ze prevalence onemocnéni se zvysuje se
vzdalenosti od rovniku. Proto hovofime o geografickém gradientu (Obr. 2, 3).

Nejvice se vyskytuje na severu Spojenych statd americkych (USA), v Kanadé
a severni Evrop¢, kde ¢ini prevalence az 300/100 tis. obyvatel. Na jihu USA a v jizni Evropé
¢ini okolo 80/100 tis., v Australii 90/100 tis. a na Stfednim vychod¢ 4-39/100 tis. obyvatel
(Vachova, 2012). Mezi oblasti nizkého rizika s prevalenci do 20/100 tis. obyvatel fadime
Latinskou Ameriku, nejniZsi riziko s prevalenci 5/100 tis. pak vidime v Asii a Africe (Obr. 2,
3). Prevalence v Ceské republice je vysoka, ¢ini piiblizné 150/100 tis. obyvatel (Havrdova,
2002). Pravidlo o stoupajici prevalenci se zvySujici se zemépisnou S$itkou vSak neplati
absolutng, nebot’ prevalence na Sicilii ¢ini 53/100 tis. obyvatel.

RozloZeni RS popsal poprvé jiz v roce 1921 Charles Davenport v USA (Davenport
CB, 1921). Zjistil, ze se onemocnéni vice vyskytuje v severnich statech, zejména
v oblasti Great Lakes. Nov¢jsi data v souladu s témito starSimi nalezy potvrzuji vzrustajici
prevalenci RS jiho-severnim gradientem v rozmezi od 22/100 tis. do 106/100 tis. obyvatel
(Compston A and Confavreux C, 2006). Interpretace téchto nalezl je vSak problematicka
vzhledem k vindm imigrace do USA, nebot’ musime vzit v Gvahu rasovou distribuci a vliv
etnickeho pozadi na prevalenci RS v urcité geografické oblasti.

Naopak v Austrélii je moZzné zkoumat geneticky relativné homogenni populaci, kterou
tvorili az do konce 20. stoleti pristéhovalci z Anglie (Compston A and Confavreux C, 2006).
Byly zde také prokazany vyznamné geografické rozdily svysSi prevalenci na jihu
a v Tasmanii ve srovnani se severni Australii. Vysledky vSak mohou byt Caste¢né ovlivnény
koncentraci obyvatelstva ve méstech. Tato data jsou v souladu s ptedchozimi nalezy, ze
prevalence RS vzrista s naristajici zemépisnou Sitkou, a to na severni i jizni polokouli
zrcadlové. Protoze je australské obyvatelstvo geneticky homogenni, potvrzuji tyto nalezy
vyznamny vliv environmentélnich faktorti vazanych pravdépodobné na geografickou oblast
a klimatické vlivy.

Analogicka asociace mezi RS a geografickym gradientem byla prokazéna v severni

Evropé. V norské studii vSak k naristu prevalence nemoci se vzristajici zemépisnou $itkou



nedo$lo, coZ ukazuje na mozny vliv protektivniho environmentalniho faktoru (Compston A
and Confavreux C, 2006).

Nejnovéjsi a nejlépe dolozitelna studie byla zpracovana ve Francii. Data byla ziskana
Z databaze narodniho zdravotniho pojisténi zemédélct (Mutualité Sociale Agricole), ktera
zahrnovala informace ¢tyt miliond francouzskych rolniki a jejich rodin (Vukusic et al., 2007).
Tato populace je relativné stala a malo migrujici mezi regiony. V roce 2003 bylo do této
databaze zatazeno 4 098 477 lidi, z nichz u 2 667 byla diagnostikovana RS. Nemoc byla
registrovana jiz v dob¢ diagnézy. Byla nalezena prevalence 63/100 tis. obyvatel, pficemz
v severovychodni oblasti byla signifikantné vyssi (100/100 tis. obyvatel) ve srovnani

s oblasti jihoz&padni (50/100 tis.). Vyssi riziko rozvoje RS je tedy asociovano s narustajici

zemepisnou Sitkou.

3.2 Vliv etnika na riziko rozvoje roztrousene sklerdzy

Frekvence vyskytu nemoci se lisi u jednotlivych etnik, nejvy$si vnimavost mé
ziejma vysoka vnimavost k onemocnéni zejména u skandindvské populace, zvySené riziko
nalézame také u dalSich severoevropani. Irské nalezy z Orkneji a Shetlandd potvrzuji vyssi
prevalenci RS u nordickych potomkt ve srovnani s keltskymi. V USA byla vyssi prevalence
RS zjisténa u pivodnich skandinavskych pfist¢hovalci v okoli oblasti Great Lakes.

Prevalence of MS in Globalni

per 100,000
¥ 200 - 240
50 - 200
) e B 150- 200
e o N ~
M 100 - 150

0-50
No Data Provided
I Not Known

Obr. 2 Prevalence RS ve svété v roce 2008.

Zdroj: World Health Organisation. Multiple sclerosis International Federation [on-line]. Atlas Multiple sclerosis
resources in the world 2008. Dostupné z WWW: <http://www.atlasofms.org/>.
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Obr. 3 Prevalence RS ve svété v roce 2013.

Zdroj: World Health Organisation. Multiple sclerosis International Federation [on-line]. Atlas Multiple sclerosis
resources in the world 2013. Dostupné z WWW: <http://www.atlasofms.org/>.

3.3 Vliv pohlavi na riziko rozvoje roztrousené sklerozy

RS postihuje Castéji zeny, ve srovnani s muzi v rozmezi od 1,5-2,5x a tento nepomér
se v poslednich letech dale zvySuje (Orton et al., 2006). Cast&jsi postizeni Zen je prokdzano
také u jinych autoimunitnich chorob, napf. systémovy lupus erythematodes se u Zen vyskytuje
dokonce aZ v poméru 9:1.

Faktory, které prispivaji ke zvySené predispozici zen k rozvoji RS a ostatnim
autoimunitnim onemocnénim ve srovnani s muzi, nejsou jednoznacné¢ objasnény. Vzhledem
k tomu, Ze nejcastéji dochazi k rozvoji autoimunitnich onemocnéni v obdobi ¢asné dospélosti,
ktera souvisi s hormonalnimi zménami, pfedpoklada se vliv pohlavnich chromozom a rovnéz
1 vliv hormonalni. Pohlavni hormony ovliviiuji imunitni systém, HEB a parenchymalni bunky
CNS, moduluji také expresi mnoha gentl, véetné¢ genti kodujicich cytokiny (Nicot A, 2009).
Estrogeny prostfednictvim intranukledrnich estrogennich receptor ovliviiuji tzv. E2
senzitivni geny. V experimentalni studii autoimunitni encefalomyelitidy (EAE) bylo
prokazano ovlivnéni exprese TNFa, cytotoxického T lymfocytarniho antigenu-4, TGFp, IL-
18, IFNy, chemokinti, adhezivnich molekul a metalloproteinaz estradiolem (Matejuk et al.,
2002). Estrogeny zvySuji také expresi genu, které ovliviuji aktivitu T-regulac¢nich bunék
(Offner H, 2004).

11



Je pravdépodobné, ze u muzl se na spusténi autoimunitniho procesu podili vétsi pocet
ucinngjsich rizikovych genli a maji pravdépodobné vyssi riziko pfenosu onemocnéni na své
potomky. Tento fenomén je zndmy jako tzv. Cartertv efekt (Kantarci et al., 2006).

Na zaklad¢ provedenych studii byly zjistény rozdily v imunitnich reakcich mezi muzi
a zenami (Whitacre et al., 1999). Zeny maji tendenci k Th-1 typu imunitni odpovédi, pouze
v téhotenstvi dochazi k posunu ve prospéch Th-2. U muzi pievazuje Th-2 typ imunitni
odpovédi. Dulezitou roli v tomto procesu hraji pravdépodobné pohlavni hormony, které maji
pleiotropni efekt (Ebers, 1998). Zavisi na jejich koncentraci, zejména u estrogent, konverzi
na jiné metabolity a interakcich s vnitinim prostfedim na mnoha trovnich. Pohlavni hormony
ovlivituji vyvoj, proliferaci, apoptdézu a aktivaci lymfohematopoetickych bunck, produkci
cytokint a protilatek. Vlivem komplexnich interakci mezi pohlavnimi hormony a imunitnim
systémem dochazi ke zvyseni nebo Gtlumu autoimunitni patologické reakce (Nicot A, 2009).

Do roku 1970 byla prevalence onemocnéni u zen zhruba dvojndsobna ve srovnani
s muzi, avSak v poslednich desetiletich dochazi k dalsimu posunu tohoto nepoméru. Data
kanadské studie ¢erpané z databaze Canadian Collaborative Project on Genetic Susceptibility
to Multiple Sclerosis (CCPGSM) prokazuji, Ze v soucasné dobé v souboru 27 074 kanadskych
pacientii vzrostl nepomér Zen ve srovnani s muzi az na 3.2:1 (Willer et al., 2003). Pficina
dosud zjisténa nebyla, avSak je pravdépodobné, Zze se natomto posunu podili spiSe zevni
faktory nez geneticka predispozice. Uvazuje se 0 mozném vlivu hormonalni antikoncepce,
kouteni (Orton et al., 2006) ¢i mikrochimérismu. Tento jev je podminén pienosem cizich
bunék ztéla plodu do matefského organismu V prubchu téhotenstvi a naopak. K vyméné
bunék v déloze dochazi také mezi dvojcaty. Tato asociace SRS byla pozorovéana

u monozygotnich i dizygotnich dvoj¢at Zenského pohlavi. (Willer et al., 2006).

3.4 Vliv migrace na riziko rozvoje roztrousené sklerozy

Byla provedena také fada klinickych studii zaméfenych na ovlivnéni vnimavosti k RS
migraci mezi riznymi geografickymi oblastmi. Poprvé se touto otdzkou ve 40. letech
devatenacteho stoleti zabyval Geofferey Dean a jeho spolupracovnici, ktefi studovali vliv
migrace z oblasti s vy$$im rizikem onemocnéni do regionu s nizS§im rizikem v Jizni Africe
(Dean G, 1967). Prevalence v této oblasti je extrémné nizka, Cinila méné nez 5/100 tis.
ve smiSené populaci. V anglicky mluvici bélos$ské populaci pfist¢hovalct ¢inila 15/100 tis.

ve skupiné nemocnych, ktefi imigrovali v détstvi a 60/100 tis. u téch, kteti se pristéhovali do
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Jizni Afriky v dospélosti. Tyto vysledky ukazaly, Ze prevalence zavisi nejen na etniku, ale
také na véku imigrace do Jizni Afriky. Také studie na Martiniku a Guadeloupe tento vliv
migrace potvrzuje (Cabre et al., 2005). Prevalence onemocnéni je v této oblasti velmi nizka,
¢ini asi 20/100 tis. u puvodnich obyvatel. V populaci piist¢hovalct do Francie se prevalence
zvysSila na 40/100 tis. a u imigrantd, kteti se pfistéhovali pred 15 rokem véku ¢ini dokonce az
140/100 tis. Také ostatni studie dosp€ly k obdobnym zavérum a prokazuji vliv migrace
v geneticky rozdilnych populacich.

Ackoli je prevalence RS velmi variabilni, byly nalezeny také tzv. klastry nemocnych
ve velmi ohrani¢ené geografické oblasti. Nejznaméjsim piikladem je vyskyt onemocnéni na
Faerskych ostrovech, které se nachdzi mezi Norskem a Islandem v severnim Atlantickém
ocednu. Vzhledem Kk jejich umisténi na severu lze piedpokladat vysokou prevalenci RS, avSak
do roku 1943 zde nebyl popsan zadny piipad onemocnéni. V roce 1943 studoval tuto oblast
Kurtzke a popsal nekolik vin epidemii, jez zacaly v roce 1943 (Kurtzke et al., 2001). Jejich
pri¢ina neni objasnéna, ptredpokldda se, ze by mohly byt zpiisobeny infekci pienesenou
britskymi vojaky, ktefi ostrovy v pribéhu II. svétové valky okupovali. Nabizi se vSak tada
otazek, jez vérohodnost téchto udaju zpochybnuji. Neni jasné, jestli se RS skute¢né v této
oblasti pted rokem 1943 nevyskytovala, nebot’ v oblasti nebyli pfitomni dansti neurologové.
Také spekulace, Ze ostrovy byly izolovany od okoli, neni opodstatnénd. Obyvatelé Faerskych
ostroviu se zivili hlavné rybolovem a byli v kontaktu s ostatnimi komunitami v oblasti
Severniho atlantického oceanu. Dalsi klastry RS sice popsany byly, ale jejich vérohodnost

neni potvrzena.
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4 Etiopatogeneze roztroudené sklerozy

Etiopatogeneze RS neni dosud zcela uspokojivé objasnéna. Piedpoklada se, ze u
geneticky predisponovaného jedince je onemocnéni spusSténo vlivem vnéjSich faktoru,
dulezitou roli hraji efekty epigenetické a stochastické (Akkad et al., 2015; Ebers, 1995; Ebers,
2007; Sadovnic et al., 2012; Wu et al., 2016).

4.1 Environmentalni faktory

Prevalenci RS mohou ovlivnit vySe uvedené migracni faktory, geograficka distribuce
a environmentalni faktory, které se uplatiiuji pravdépodobné zejména v priabéhu détstvi nebo
casné adolescence. Mezi nejvyznamnéjsi zevni faktory fadime:
e Virove infekce.
e Slunec¢ni zafeni a nedostatek vitaminu D3.
e Stres.

e Socialni a kulturni faktory.

4.1.1 Virové infekce

Za nejdilezitéjsi jsou povazovany virové infekce, které Casto predchéazeji rozvoji nebo
dalsi atace nemoci. Hypotéza, ze infek¢ni agens spusti onemocnéni u disponovanych jedincii,
je jednou z nejstarSich teorii, kterou popsala jiZz vroce 1884 Pierre Marie. Opird se
0 imunopatologické nalezy z mozku, krve a mozkomisniho moku, které jsou pro RS proces
charakteristické. Nalezy zvysenych titrai protivirovych protilatek prokazuji, ze infek¢ni agens
muze onemocnéni navodit. Zasadni slabinou této teorie je vSak skute¢nost, Ze dosud nebylo
nalezeno zadné pii¢inné infekéni agens v CNS nemocnych. Infekce muze tedy spustit
onemocnéni, ale pii vzniku prvnich symptomu jiz neni v CNS pfitomna. Je také mozné, Ze
infek¢ni agens dosud nebylo nalezeno, nebo ze se na spusténi RS u vnimavych jedinci miize
podilet vice infekci soucasné. Vzajemnou interakei dvou ¢i vice faktor mohou byt navozeny
patofyziologické procesy, které nasledné vedou k rozvoji nemoci (Tab. 1).

Mezi potencialni mikroorganismy, které se podileji na riziku rozvoje RS, fadime také
retroviry (Nexg et al., 2015) a paramyxoviry. Paramyxoviry jsou obalené Zivo¢isné viry, které
obsahuji jednovlaknovou ribonukleovou kyselinu (RNA). Patéi k nim viry vyvolavajici
spalnicky, zardénky nebo infekci virem Epsteina-Barrové (EBV). Infekce virem spalnicek

nebo virem EBV mize vyvolat akutni diseminovanou encefalomyelitidu, zpisobit
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demyelinizaci a poskozeni nervi (Ebers, 1998). Tato teorie je podporovana téz pozitivitou
tzv. MRZ (M-morbilli, R-rubella, Z-varicella zoster) reakce v ndlezech mozkomisniho moku.
Jedna se o syntézu specifickych antivirovych protilatek proti neurotropnim virim spalnicek,
zardének a nestovic.

Tyto viry se v8ak v populaci vyskytuji bézné, v aktivaci choroby virovymi infekcemi
se tedy pravdépodobné¢ uplatiuje nékolik mechanismu (Ebers, 1998).

Tab. 1 Infekéni etiologie RS - mozné kandidatni mikroorganismy

Chlamydia pneumoniae

Herpetické viry

Human herpesvirus type 6 (HHV-6)

Herpes simplex virus (HSV)

Cytomegalovirus (CMV)
Epstein-Barr virus (EBV), HHV-4

Varicela zoster virus (VZV)

Canine distemper virus

Measles virus

Mumps virus

Rubella virus

Human T-cell leukaemia virus type 1 (HTLV-1)

Human endogenous retrovirus (HERV)

Corona virus

Bordetella pertussis

Papovaviruses
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Byly popsany tyto hypotézy:

e Aktivace superantigenem, kterym mohou virové a bakterialni produkty navodit
aktivaci T-lymfocytu.

e Zkiizena reaktivita mezi infekénim antigenem a vlastni tkani-hypotéza molekularnich
mimiker. Byla nalezena zkiiZzend reaktivita mezi fragmenty viru hepatitis B,
chiipkovych antigenli a myelinovym bazickym proteinem (MBP), dale antigeni EBV
a proteolipoproteinem (PLP).

e Latentni infekce stimuluje imunitni odpovéd, kterd navodi zkiiZzenou reaktivitu-
hypotéza perzistentni infekce molekularnich mimiker.

e Latentni infekce oligodendrocyti vede k lokdlnimu zanétu v CNS bez potieby
lymfocytarni infiltrace nebo fagocyt6zy myelinu - piima infek¢ni hypotéza.

e Infekce zplsobi dysregulaci imunitniho systému, ktery vede k organové specifickému
autoimunitnimu onemocnéni. Hypotéza imunitni deregulace.

e Aktivace T-lymfocytd vlastnimi antigeny, vzniklymi zanétlivym procesem nebo
St€penim, které nejsou za normdlnich okolnosti vystaveny imunitni kontrole — tzv.
bystander aktivaci. Bylo prokazano, Ze alfa B-crystallin, ktery vznika S$tépenim
myelinu a neni za norméalnich okolnosti dostupny rozpoznani imunitnimu systému,
navozuje vyraznou aktivaci T-lymfocytu.

e Infekce mohou mit i protektivni vliv, napt. expozice v détstvi mlize chranit jedince

proti rozvoji nemoci v pozdé&jsim zivoté, coz je zakladem hygienické hypotézy.

Virus Epsteina-Barrove a riziko rozvoje roztrousené sklerdzy

Jedna se o neurotropni virus, ktery se reaktivuje stresem. Vyskytuje se s vysokou
prevalenci v bé&zné populaci. Byla provedena fada studii prokazujici mozny vliv EBV
v etiologii RS (Ascherio et al., 2000; Lang et al., 2002; Levin et al., 2003; Levin et al., 2005;
Levin et al., 2010; Sundstrom et al., 2004). Metaanalyzou osmi publikovanych studii byla
prokazana ptitomnost anti-EBV protilatek u vice nez 99 % RS pacientd ve srovnani
s kontrolnim souborem, v némz byla nalezena pouze u 90 % osob (Ascherio et al., 2000).

Prestoze byla u pacientii s RS prokazana vyssi serologicka prevalence, zvySené titry anti-EBV
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protilatek by mély byt pfitomny jiz pied zacitkem onemocnéni, abychom mohli prokazat
kauzalni souvislost. Jejich pfitomnost by mohla také svéd¢it o systémové imunitni
dysregulaci. Vysledky nékolika studii podporuji tento pficinny vztah. Ve studii v souboru
3 miliént vojakt v USA byly hodnoceny sérové hladiny anti-EBV protilatek pted vstupem do
armady a nasledn¢ byly méfeny kazdé dva roky. U 83 vojdki, ktefi onemocnéli RS byl
vzestup jejich hladin nejvyznamnéj$im prediktorem rozvoje nemoci (Levin et al., 2003; Levin
et al., 2005). Pozitivni asociace byla zjisténa jiz 5 let pied rozvojem onemocnéni, kdy doslo
ke zvySeni titru protilatek na dvoj aZ trojnasobek ve srovnani s kontrolnim souborem. Jejich
dynamika tedy prokazuje Casovou zdvislost mezi prodélanou infekci EBV a rozvojem RS
(Levin et al., 2003; Levin et al., 2005).

Metaanalyzou 14 studii bylo také zjisténo nizké riziko rozvoje RS u lidi, kteti nikdy
neprodé¢lali infekci EBV, naopak zvysené riziko rozvoje RS u jedincti, kteti byli infikovani
v adolescenci ¢i pozdé¢ji (Thacker et al.,, 2006). Dulezitou roli by mohla hrat zejména
symptomaticka infekce EBV-infek¢éni mononukledza. Epidemiologie infekéni mononukledzy
a RS je velmi podobnd. Obé onemocnéni se vyskytuji zejména u mladych jedinci, kopiruji
zemepisnou $itku a vyskytuji se vzacné u lidi, ktefi prodélali EBV vir6zu v ¢asném détstvi.
Skuteénost, ze lidé s infekéni mononukledézou v anamnéze maji vySSi riziko RS vede
k pfedpokladu, ze zejména pozdni EBV infekce je moznym pii¢innym faktorem (Thacker et
al., 2006). Dalsi informace o dlouhodobém vlivu pozdni EBV infekce jsou ziskané z danske
studie, do které bylo zatazeno 25 234 pacientd s infekéni mononukledzou. RS se vyvinula
u 104 pacientt a riziko rozvoje nemoci zustalo trvale zvysené po dobu 30 let (Nielsen et al.,
2007). Tato studie v3ak nepotvrdila, Ze hlavnim a jedinym rizikovym faktorem rozvoje RS
bylo ¢asové okno po prodé€lané infekci. Z téchto nalezu lze vyvodit, Ze v prevenci RS by se
mohla uplatnit bud’ expozice malych déti v casném obdobi Zivota EBV, nebo ochrana starSich
lidi pted touto infekei.

Daéle byly prokéazany protilatky proti antigenu EBV v mozkomisnim moku nemocnych
SRS (Bray et al, 1992; Cepok et al., 2005) avyssi pocet autoimunitnich T-bunek
u nemocnych RS schopnych rozpoznat EBV ve srovnani s kontrolnimi jedinci (Ascherio et
al., 2001; Lang et al., 2002).

MoZny mechanismus ovlivnéni rozvoje RS virem EBV neni dosud objasnén.
Predpokladd se mechanismus molekularnich mimiker, tj. zkriZend reaktivita mezi
antigeny EBV a PLP (Christensen T, 2006, Lang et al, 2002; van Sechel et al, 1999)
a bystander aktivace (Pender et al., 2003).
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Herpetické viry
Human herpesvirus type 6 (HHV 6) a riziko rozvoje roztrousené sklerézy:

Jednd se o ubikvitarni virus, ktery se vyskytuje aZz s 90 % prevalenci v populaci. Jako
ostatni neurotropni viry miize vyvolat akutni encefalomyelitidu, navodit demyelinizaci
a poskozeni axonu. Integruje se do hostitelského genomu a reaktivuje se za urcitych okolnosti,
napft. stresem.

Byl prokdzan nejen v oligodendrocytech v plakach RS, ale téZ v CNS lézich jiné
etiologie, napt. ischemickych. Jeho tiloha v etiopatogeneze RS neni dosud objasnéna. Byly
prokazany zvysené titry HHV-6 protilatek u RS, vysledky asocia¢nich studii jsou vSak
nejednoznac¢né (Ablaschi et al., 2000; Sanders et al., 1996; Soldan et al., 1997). Pozitivni
asociace byla nalezena u 50 % RS studii a u 78 % studii, pokud byl testovan zvlast’ aktivni
a latentni virus (Ablaschi et al., 2000).

4.1.2 Sluneéni zareni a nedostatek vitaminu Dj

Hypotéza o souvislosti nedostatku vitaminu D3z srizikem rozvoje RS v urcité
geografické oblasti je podloZena nartstajici prevalenci onemocnéni se zvysujici se vzdalenosti
od rovniku. Dochazi k nedostateéné produkci vitaminu Dz vzhledem Kk nizké intenzité
slune¢niho zafeni, zejména v zimnich mésicich (Jablonski and Chaplin, 2000) (Obr. 4).
V piimoiskych oblastech, kde je zajistén vyssi pfijem vitaminu D3 potravou, se prevalence
onemocnéni sniZzuje (Presthus, 1960) (Obr.5).
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Obr. 4 Pocet mésici v roce, béhem kterych neni produkovan dostatek vitaminu D3 vzhledem

k nizké intenzité sluneéniho zareni.
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Zdroj: Multiple Sclerosis: Epidemiology, Genetics and Environmental Factors: www.msforum.net)
a) Nedostatek vitaminu D> nez 6 mésici/rok.
b) Nedostatek vitaminu D>1-6 mésict/rok.
c) Dostatek vitaminu D cely rok.
d) Nedostatek vitaminu D>1-6 mésict/rok.

e) Nedostatek vitaminu D> nez 6 mésict/rok.

A - Finnmark (2003) >83
B - Troms (2003) >104
C - Nordland (1999) 106
D - Nord Trpndelag (1999) 164
E - Oppland (2002) 190
F - Hordaland (2003) 151
G - Oslo (2005) 154

Obr. 5 Prevalence RS onemocnéni v jednotlivych oblastech Norska (/105). Prevalence RS
v Norsku nevzriista se zvySujici se zemépisnou $ifkou jako v ostatnich zemich Evropy a USA
Zdroj: Kampman MT et al. J Neurol 2007; 254: 471-477)
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Slune¢ni zafeni, syntéza vitaminu D3 a prevalence roztrousené sklerozy

Zvysené riziko rozvoje RS je spojeno se zvySujici se zemépisnou Sitkou a stim
korelujici snizenou expozici slune¢nimu (zejména ultrafialovému B, UVB) zafeni na severni
i jizni polokouli zrcadlové. Sluneéni zafeni hraje zasadni roli pfi syntéze vitaminu D3 v kiZi.
Vitamin D3 (cholekalciferol) je produkovan v kiizi po aktivaci cholesterolu. Po vstupu do krve
je metabolizovan v jatrech hydroxylaci na 25 (OH) D3 a poté v ledvinach transformovan na
aktivni formu 1,25- dihydroxycholecalciferol (1,25 (OH)2 D3), znamy jako kalcitrol. Vazbou
na receptor vitaminu D je ovlivnéna transkripce mnoha genli, coz ma prolongovany
imunologicky efekt. Cirkulujici hladina 1,25 (OH)2 D; je zavisla na expozici UVB a piijmu
vitaminu D potravou.

Vitamin Dj je vlastné hormon-steroid, jehoz aktivni forma se podili na metabolismu
kalcia, fosforu, ovliviiuje vyvoj a zachovani spravné stavby kosti, zubi a je také dilezitym
imunomoduldtorem (Munger et al., 2006). Receptor vitaminu D (VDR) je ¢lenem steroidni
receptorové nadrodiny, ktery funguje jako aktivacni transkripéni faktor. Je exprimovan
v mnoha tkédnich lidského t€la v€etné imunitniho systému. Je pfitomny v tenkém stieve,
tracniku, osteoblastech, aktivovanych T a B lymfocytech, pankreatickych beta buikach
Langerhansovych ostrivkl, mozku, srdci, kiizi, pohlavnich organech, prostaté, builkach
mlécné zlazy (Holick et al., 2004). Aktivace VDR navozuje silné antiproliferativni,
prodiferenciaéni a imunomodula¢ni u¢inky (Tab. 2). Je ovliviiovan fadou dal$ich faktort
a zvysuje/snizuje transkripci uréitych genti. Aktivni metabolit vitaminu D3, 1.25 (OH)2 Ds
a VDR se vzijemné ovliviiuji. Po navazani 1.25 (OH)2 D3 na VDR se vytvoii heterodimer
s retinoidnim X receptorem (RXR). Tento heterodimer se nasledné vaze na VDRE, coZ jsou
specifické DNA sekvence v promotorove oblasti 1.25 (OH)2 D3 responzivnich gend.
Komplex VDR/RXR po vazbé na VDRE moduluje transkripci velkého mnozstvi 1.25 (OH)2
D3 responzivnich gentl a timto mechanismem miize kalcitrol pifimo regulovat genovou expresi
v 1.25 (OH)2 D3 odpovidajicich bunkach. Soucasné pokroky v genomové technologii,
napt. mikroarray analyzy nebo genome-wide studie umoznuji vyzkum genetickych
a biochemickych zmén, které jsou asociovany s fyziologickym ucinkem 1.25 (OH)2 Dj
(Dusso et al., 2005). Detailni analyza molekularnich G¢inka 1.25 (OH)2 D3 a VDR umozni
nalézt fadu dalSich responzivnich genti a objasnit komplexni u¢inky vitaminu D (Wang et al.,
2005).
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Tab. 2 Biologické a imunomodulaé¢ni uéinky vitaminu D;

Podporuje immunosupresi, zvySuje apoptézu dendritickych bunék a fagocytoézu
makrofagt, zvysSuje aktivitu natural killer bunék, indukuje expresi IL-10

a antimikrobialnich peptidi.

Inhibuje diferenciaci a maturaci dendritickych bunék, funkci IL-1 (prozanétlivy),
inhibuje produkci Th1 indukovanych cytokinti, produkci interleukinu-2 , transkripci

IFNy vazebnych genti a genti kddujicich neutrofilni chemotakticky faktor IL-8.

Ma neuroprotektivni efekt, indukuje expresi nervového ristového faktoru a chrani

proti oxida¢nim radikalim.

M4 anti-tumordzni aktivitu.

Reguluje homeostazi kalcia, hladiny kalcia a fosforu, jejich absorpci z potravy a

reabsorpce kalcia v ledvinach, podporuje mineralizaci kosti.

Fyziologicke funkce vitaminu D

Vzhledem k expresi VDR v mnoha tkanich lidského t¢la a velkému mnozZstvi tzv. D3
responzivnich gent je ziejmé, ze vitamin D3-cholekalciferol ovliviiuje Siroké spektrum
fyziologickych funkci, napt. kalciovou homeostazu, uplatiluje se v prevenci nékterych druht

rakoviny, neuroprotekci a systémové imunitni regulaci.

Neuroprotektivni ac¢inky vitaminu D

Ptredpoklada se, ze 1.25(OH) 2 D3 ovliviiuje funkci nervového systému a ma tfadu
neuroprotektivnich téinku (Garcion et al., 2002; Nakagawa et al., 2006) (Tab. 2), nebot’
VDR byl nalezen také v neuronech a gliovych buiikdch. Mozkové buiiky produkuji také
enzymy, které se podili na metabolismu 1.25 (OH) 2 Ds. Jsou potiecbné dalsi studie

k objasnéni potencialniho vyuziti téchto nalezi v klinické praxi.

Regulace imunitniho systému

1.25 (OH)2 Ds je silny imunomodulator, nebot’ VDR je ptitomny v aktivovanych T i B

lymfocytech. V mnoha experimentalnich zvifecich modelech autoimunitnich chorob podani

21




1.25 (OH)2 D3 bud'to snizuje, nebo vede k Uplnému zastaveni rozvoje nemoci. Ve studii
experimentalni alergické encefalomyelitidy (EAE) na mysich bylo zjisténo, ze kalcitrol je
silnym inhibitorem EAE. Jeho podéani téZce postizenym mySim vedlo ke zlepSeni tize
postiZzeni (Cantorna et al., 1996; Spach et al., 2006). 1.25 (OH)2 D3 zvySuje protizanétlivou
aktivitu IL-10, ktery ovliviiuje mozkové parenchymalni bunky (Spach et al., 2006).

DalSim zajimavym nélezem je aktivace receptoru PD-LI vitaminem 1.25 (OH)2 D3.
Tento receptor je exprimovan na antigen-prezentujicich bunkach (APC), aktivovanych
T bunkach a v riznych tkanich (Latchman et al., 2004). V prvni fazi imunitni reakce se PD-LI
podili na stimulaci proliferace T lymfocytt, v pozdé€jsich fazich vsak zvysena exprese PD-LI
vede Kk inhibici T bunék a apoptdze. V experimentalnim modelu u mysi, u nichz byl receptor
PD-LI odstranén, byla potvrzena vyssi vnimavost k rozvoji EAE (Latchman et al., 2004).

Tato molekula hraje tedy pravdépodobné klicovou roli v T-bunééné toleranci. Uloha
1.25 (OH)2 D3 v procesu apoptozy muze vést k dal§Simu moznému objasnéni mechanismu
ucinku, kterym by mohla dostatecna hladina vitaminu D chranit pfed rozvojem
autoimunitnich onemocnéni véetné RS (Munger et al., 2006).

Kalcitrol je také dillezitym induktorem vlastni imunity, coZ umoziuje rychlou obranu
proti mikrobidlnim patogenim. Byla prokazana pfitomnost VDREs v promotorech gent pro
antimikrobidlni peptidy cathecidin a defensin 3 2 a 1.25 (OH)2 D3 navozuje jejich ptimou
expresi v keratinocytes, monocytech i neutrofilech. Kultury bunéénych linii inkubované s
1.25 (OH)2 Dj3 vykazuji antimikrobiélni aktivitu proti E-coli a Pseudomonas aeruginosa,
avsak bez pfitomnosti vitaminu D3 neni antimikrobialni efekt pfitomen (Wang et al., 2004).
Bylo také prokazano, Ze se aktivni metabolit vitaminu D podili na aktivaci toll-like receptord,
ktera navozuje pfimou antimikrobialni odpovéd’ v monocytech a makrofazich proti bunéénym
bakteriim, napfiklad Mycobacterium tuberculosis (Liu et al.,2006).

Tyto nélezy ukazuji, Ze navozeni exprese antimikrobialnich gend prostiednictvim 1.25
(OH)2 D3 hraje vyznamnou roli v UVB indukované individualni vlastni imunité. Vitamin D
muze byt tedy uéinny v 1é¢be oportunnich infekci, naproti tomu jeho deficit miize zvysit
vnimavost Kk nékterym mikrobidlnim infekcim, napt. k jiz zminénému Mycobacterium
tuberculosis. Nedostatek vitaminu D v zimnich mésicich by mohl také vysvétlit vyskyt
nékterych sezonnich infekci, napt. chiipky nebo bézného nachlazeni (Cannel et al., 2006).

Imunomodulaéni efekt kalcitrolu musi byt jesté¢ podrobnéji studovan a objasnén.
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Vliv vitaminu D u roztrousené sklerozy

Vitamin D se mlze vyznamné podilet na spusténi autoimunitniho procesu u RS a
podstatné  ovlivnit dalSi vyvoj choroby vzhledem ke svému komplexnimu
imunomodula¢nimu, imunosupresivnimu, neuroprotekticvnimu uc¢inku i podilu na inhibici
oportunnich infekci, které mohlou aktivovat imunitni systém a navodit autoimunitu

V pozd¢j$im zivote.

Souhrn

Je dlouhodobé znamo, Ze vitamin D hraje klicovou roli v homeostaze Kalcia.
V posledni dobé bylo zjisténo, ze ma také mnoho dalSich neuroprotektivnich
a imunomodulacnich uc¢inkd. Podili se napf. na bunétné proliferaci a diferenciaci a fada
dalSich ucCinki jest¢ neni pravdépodobné objasnéna. Vyznamné biologické ucinky
zprostfedkované vitaminem D jsou umozZnény prostiednictvim tkanové specifické exprese
VDR. Vysledky soucasnych epidemiologickych studii prokazuji, Ze chronicky nedostatek
vitaminu D3 Vv potravé a nedostatek slunecniho zafeni, zejména v zimnich mésicich, muze
zvysit riziko rozvoje nekterych chronickych nemoci, zejména autoimunitnich onemocnéni,
jako RS, revmatoidni arthritis, diabetes mellitus typu |, dale rakoviny, afektivnich
onemocnéni, hypertenze ¢i snizené obrané proti mikrobi&lnim infekcim (Holick, 2004).

UvaZzuje se také o mozném vlivu sluneéniho zafeni v prib&hu téhotenstvi na
vnimavost k RS. V souboru pacientti z Kanady, Britanie, Danska a Svédska bylo u jedincti
narozenych v kvétnu prokazano zvysené riziko rozvoje nemoci o 19 % ve srovnani s lidmi
narozenymi listopadu. ZvySené riziko u lidi narozenych v kvétnu by mohlo byt zapfi¢inéno
sniZzenou expozici matky slune¢nimu zéafeni v zimnich mésicich v pribehu gravidity, vedouci
k deficitu vitaminu D (Willer et al., 2006).

Proto je velmi dilezité vénovat dostateCnou pozornost optimalni suplementaci
vitaminem Dj3. V soucasné dob¢ probiha fada studii k objasnéni této problematiky. Hlavnim
zdrojem vitaminu D je syntéza v kuzi, dilezitou roli hraje také ptivod potravou. Vyznamny
nedostatek vitaminu D zpUsobuje kfivici a osteomalacii. Dosud vSak neni objasnéno, jaka
davka tohoto vitaminu je potfebna k optimalnimu zajisténi ostatnich vySe uvedenych

fyziologickych procest.
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Bylo zjisténo, ze soucasnad doporucena denni davka 400 IU vitaminu D3 pro dospélé je
velmi nizka a nedostate¢na pro zachovani cirkulujicich hladin 25(OH)D3 v krvi a zajisténi
biologickych funkci vitaminu D. Bylo rovnéz prokazano, Ze v zimnich mésicich pii
nedostateéné expozici sluneénimu zafeni je potieba suplementovat davkou vitaminu D3 aZ
1000 1U/den, aby byla zachovana optimalni hladina 25(OH)D3 v krvi (Heaney et al., 2003)
(Obr. 6).

Vzhledem Kk tomu, Ze rozsahla ¢ast svétové populace je vystavena velmi nizkému
UVB zafeni v prib¢hu roku, mohl by deficit vitaminu D pfedstavovat vyznamné zdravotni

riziko. Proto by méla byt tato problematika podrobné zkoumana.

250 =
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200+
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%_ 5,000 1U/d

100 4
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- - & 1.00010/d

50+ T
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Obr. 6 Cirkulujici hladiny 25(OH)D3 ve vztahu Kk peroralnimu p¥ijmu vitaminu D3
Zdroj: Heaney RP et al. Am J Clin Nutr 2003; 77: 204-210.
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4,1.3 Stres

Stres je dalSim rizikovym faktorem rozvoje a progrese RS. Je prokdzano, Ze nervovy,
imunitni a endokrinni systém se navzajem ovliviiuji (Ebers, 1998). Stresovou reakci miize
vyvolat nadmérna psychickd nebo fyzicka zatéz. Kratkodoby stres, jehoZ podstatou je
vyvolani obranné ¢i tnikové reakce na aktualni nebezpeéi a dochazi k potlaceni imunitni
reakce muze mit pozitivni vliv. Po jeho odeznéni dochazi b&hem nékolika tydni
k normalizaci stavu a nasledné¢ mezi 4-6 tydnem k sekundarni aktivaci imunitniho systému.
V tomto obdobi doch&zi takeé k nejéastéjSimu rozvoji atak u nemocnych s RS (Ebers 1998).
Také chronicky, dlouhodoby stresujici faktor hraje vyznamnou roli v aktivaci imunitniho
systému a miize prispét k rozvoji fady onemocnéni, véetné RS. Stres negativné plsobi na
nervovy i hormonalni systém organismu. Védci z University California v Los Angeles shrnuli
poznatky z molekularnich a experimentalnich vyzkumu na zvifatech, z Kklinickych i
epidemiologickych studii (Gold et al., 2005). Nalezy ukazuji, Ze stres mtze navodit aktivaci
RS a rozvoj ataky prostiednictvim dysregulace hypotalamo-hypofyzarni osy (HPA) a
autonomniho nervoveho systému. V pocate¢nich stadiich onemocnéni dochazi pravdépodobné
ke snizeni aktivity HPA systému, kter4 spolu se sniZenou senzitivitou leukocytt ke
glukokortikoidim vede k aktivaci zanétlivého procesu. Naopak pii progresi choroby se
aktivita HPA zvysuje, dochazi ke snizené senzitivité¢ leukocyta k beta adrenergni stimulaci a
dochazi k progresi neurodegenerativniho procesu (Gold et al., 2005). Dilezitou roli v aktivaci
imunitniho  systemu  stresujicim  faktorem mutze hrat také cirkadidlni rytmus.
V experimentalnich studiich na krysach bylo prokazéno, Ze stres v pub¢hu dne vede k aktivaci
zanétlivého procesu a produkci prozanétlivych cytokint v hippocampu a mikroglii. Pokud byl
stresujici faktor aplikovan v noci, k elevaci prozanétlivych cytokini nedoslo (Fonken et al.,
2015). Vliv stresu na imunitni systém potvrdila také studie na 14 zdravych studentech (Lalive
et al., 2002). Bylo proké&zéano, Ze pted stresujici udalosti, v tomto ptipadé statni zavére¢nou
zkouskou, doslo ke snizeni hladiny prozanétlivého tumor nekrotizujiciho faktoru a nésledujici
den Kk jejimu opétovnému zvySeni. ZvySeni hladiny TNF-a u pacienti s RS mize navodit

aktivaci autoimunitniho procesu a ataku onemocnéni (Lalive et al., 2002).
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4.1.4 Vliv vyzZivy, socialni a kulturni faktory

Mozny vliv mikrobiomu na riziko rozvoje roztrousene sklerozy

V poslednich letech bylo také zjisténo, ze dilezitou roli v lidském vyvoji a patofyziologii
hraje stfevni mikrobiom. Tvoii stfevni biologickou bariéru proti patogenim a hraje
vyznamnou Ulohu v udrzeni stfevni rovnovahy, vyvoji, vyzivé i imunité ¢lovéka (Hooper et
al., 2015). Bakterie stfevniho mikrobiomu obsahuji okolo 3 milioni genti a asi 100kréat
prevysuji pocet gent lidského genomu (Brils et al., 2012). Weisntock et al. v genetickém
vyzkumu vysetiil genomy u 101 druhu stfevnich bakterii, které se bézné nachazeji v lidském
stieve. Bylo zjisténo, Ze genomy vybranych bakterialnich druhti obsahuji okolo 10 miliond
polymorfizmd, které se navic liSily mezi hostiteli cetnymi inzercemi a delecemi (Weisntock et
al., 2012). Bylo také prokazano, Ze stfevni mikrobiom jednotlivych lidi je z genetického
hlediska velmi stabilni. Dédi¢na informace stievniho mikrobiomu je tedy pro jednotlivce
jedine¢na podobné jako jeho vlastni DNA; hovoii se o tzv. druhém genomu (Brils et al.,
2012). Individuélni reakce na léky nebo rozdily v metabolismu jsou do zna¢né miry ovlivnény
nejen individualnimi rysy lidského genomu, ale také specifickymi variantami gena stfevniho
mikrobiomu a jejich vzdjemnou interakci. Zmény slozeni stfevni mikroflory v dusledku
zmény zivotniho stylu, nadbytku sladidel, lepku, geneticky modifikovanych potravin,
konzumaci alkoholu, naduzivani antibiotik a dalSi naruSuje stfevni ekosystém a vznika stfevni
dysbidza, kterd mlze vyvolat fadu onemocnéni; krom¢ gastrointestinalnich také diabetes,
autoimuitmi choroby, alergicka ¢i neuropsychiatrickd onemocnéni (Wekerle H., 2012).
Udrzeni zdravé mikroflory mize byt proto slibnou 1éébou nékterych vySe uvedenych
onemocnéni, véetné RS (Wekerle H., 2012; Xu et al., 2015).

Vysetieni metabolického profilu

Dalsi slibnou, neinvazivni metodou je vySetieni metabolického profilu (metabolomu)
nemocnych sRS pomoci H-NMR spectroskopie. Jeji velkou vyhodou je vysoka
reprodukovatelnost a moznost kvantifikace, avsak tato metoda ma nizkou senzitivitu. Pomoci
H-NMR spectroskopie byla vysetiena plazma 73 RS pacientt a 88 zdravych kontrol (Cocco et
al., 2016). Bylo zjisténo snizeni glukozy, 5-OH-tryptofanu a tryptofanu a naopak zvyseni 3-

OH-butyratu, acetoacetatu, acetonu, alaninu a cholinu u nemocnych s RS ve srovnani se
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zdravymi jedinci. Jednd se 0 metabolicky fetézec glukozy a tryptofanu. Tryptofan hraje
dilezitou roli v metabolismu neurotransmitert a serotoninu, které se ti€astni imunitnich déji a
ma zejména neuroprotektivni a neurotoxicke vlastnosti (Lim et al., 2010). Reinke et al. také
prokazal u RS pacientd zvySeni cholinu v mozkomisnim moku, ktery je spojovan s
demyelinizaci (Reinke et al., 2014). V nékterych dalsich studiich bylo u pacientd s RS a NMO
téZ nalezeno zvySeni acetatu, ktery je tvofen metabolismem astrocytd (Moussallieh et al.,
2014). Mohlo by se jednat o slibné biomarkery, které by mohly byt vyuZity v diagnostice i

1é¢be pacientii s RS.

Dalsi faktory

Byla vyslovena tada dalSich teorii o souvislosti RS s ptitomnosti chemikalii ¢i vlivu
hygienickych podminek. Je dlouhodobé znama napi. asociace s vyssi socialné-ekonomickou
tirovni, sanaci zdravi, chladnym a vlhkym pocasim a urbanizaci. Zadné z téchto teorii viak

nebyla potvrzena.
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4.2 Genetické faktory

Prvni genetické vyzkumy vychazely z epidemiologickych poznatkt o familiarnim
vyskytu RS (Tab. 3). Studie dvojcat a sourozencti umoziuji jedine¢ny vyzkum komplexniho
pusobeni genetickych a environmentélnich faktorti na riziko rozvoje a pribchu RS. VétSina
vysledku studii u dvojéat se shoduje; jednovaje¢na dvojcata maji az 30 % pravdépodobnost
onemocnéni, dvouvajeéna 5 % (Cree B, 2008) (Tab. 4). V kanadské CCPGSMS studii, do
které bylo zahrnuto 370 part dvojcat, bylo prokazano 25.3 % riziko u jednovaje¢nych a 5.4 %
u dvouvajecnych dvojcat. U jednovajecnych dvojcat zenského pohlavi byla prokdzana vyssi
34 % shoda, u dvouvajeénych pak 3.8 % (Willer et al., 2003). Kolis& vSak v jednotlivych
zemich, rozdily jsou dany také prevalenci nemoci v uréité geografické oblasti. Napf. na
Sardinii, kde je prevalence onemocnéni vysokd (147/100 tis. obyvatel), ¢ini shoda 22.2 %.
Naproti tomu v kontinentalni Italii, kde je prevalence nizka (61/100 tis obyvatel), pouze
14.5 % (Ristori et al., 2006).

Srovnavaci studie jednovaje¢nych, dvouvajecnych dvojcat a sourozenci umoziuji
hodnoceni podilu genetického vlivu, gestacnich podminek a environmentéalnich faktorti na
pocatek a prubéh onemocnéni. Monozygotni dvojcata maji nejvyssi riziko, dvouvaje¢na
dvojcata maji vyssi riziko nez sourozenci, nebot’ se uplatiiuji spolecné gestaéni a zevni vlivy.
Pfinosné jsou také studie nevlastnich sourozenct, kteti sdileji pouze 25 % spolecnych genil
bud’ matc¢ina nebo otcova genotypu (Ebers et al., 2004).

Nejedna se o klasickou monogenni, ale multifaktorialni dédi¢nost. Na spusténi
autoimunitniho procesu se pravdépodobné podili velké mnozstvi tzv. malych gent,
pravdépodobné okolo 80, které podminuji vysokou interindividudlni variabilitu choroby
(Ebers G, 1995, Dyment et al., 2004).

Primarni roli v patogenezi RS hraje pravdépodobné geneticky determinovana imunitni
odpovéd’. Proto se nejvice studii se zaméfilo na asociaci této choroby s geny pro lidské

leukocytarni antigeny (HLA).
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Tab. 3 Zvyseni rizika onemocnéni RS u pribuznych z divodu sdileni spoleénych gent

Piibuzensky vztah Riziko onemocnéni RS
Vychozi pravdépodobnost vyskytu v populaci 1/1000
Bratranec/sestienice s RS 7/1000

Nevlastni sourozenec z otcovy strany 13/1000

Nevlastni sourozenec z matciny strany 24/1000

Vlastni sourozenec 31/1000

Dvouvajetna dvojcata 55/1000

HLA-identicky sourozenec 80/1000

Jednovajecna dvojcata 270/1000

Zdroj: Ebers G, MS Forum 2007; Modern Management Workshop, Wiesbaden

Tab. 4 Pravdépodobnost onemocnéni u jednovajeénych a dvouvajeénych dvojcat

Zemé

Pravdépodobnost onemocnéni RS

Kanada, Dansko, Finsko, VB, USA

MZ =25-30% DZ =3-5%

Francie

MZ=59%DZ=3%

Italie

MZ=145%DZ=4%

Zdroj: Willer CJ et al. PNAS 2003; 100: 12877-82; Ristori G et al. Ann Neurol 2006; 59: 27-34.
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4.2.1 Hlavni histokompatibilni komplex (MHC)

RS je T-bunétné, autoimunitni, demyeliniza¢ni onemocnéni. Cilovym antigenem je
myelin CNS, ktery je napadan autoagresivnimi T-bunikami a je ni¢en. Rozpoznani antigenu
hraje kli¢ovou roli pro navozeni autoimunitniho procesu a interakce mezi T-builkami
a antigen prezentujicimi buitkami (APCs) je jednim z prvnich krokl v patogennim procesu.
APCs zpracovavaji cizi antigeny vazbou svlastnim antigenem-molekulou major
histocompatibility komplexu (MHC), znamou jako lidsky leukocytarni antigen (HLA)
a prezentuji je T-bunéénym receptorim. Exprese HLA molekul na APCs tedy umoziuje
interakci lidského imunitniho systému s antigeny ze zevniho prostiedi. Prezentace ruznych
HLA molekul na povrchu APCs mtze ovlivnit individuédlni odpovéd’ na cizi a vlastni antigeny
a timto zpusobem muze byt modifikovana vnimavost k RS. Zakladni slozkou této specifické,
ziskané imunitni odpovédi jsou T-bunky exprimujici TCRs na svych membranach a APCs.
T-lymfocyty rozpoznaji antigen po navazani na molekuly HLA 1. nebo HLA II. tridy, které
maji rozdilné funkce. Geny HLA 1. all. tfidy jsou umistény na kratkém raménku
6. chromozoému (Obr. 7). Koéduji bunééné povrchové proteiny, které hraji zasadni roli

V iniciaci imunitni odpovédi a zejména v prezentaci antigeni CD4+ a CD8+ T-lymfocytim.

Chromosome 6
Tel Long arm Cen Short arm Tel

HLA region
Bp21.1-21.3

Class | Class Il Class |

I I Bf I |

DP DM Do DR C4 C2HspTOTNF B C E AGF

HHH T

Obr.7 Geny HLA I, II. a III. tFidy jsou umistény na kratkém raménku 6. chromozému.
Zdroj: Gene map of the human leucocyte antigen (HLA) region. Expert Reviews in Molecular Medicine 2003

Cambridge University Press, 2003
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Geny HLA I. tiidy-(HLA-A, HLA-B, HLA-C) koduji antigeny, které jsou integralni
sou¢asti plasmatické membrany vSech jadernych bunék a prezentuji peptidové antigeny
cytotoxickym CD8+ buiikam. Nejsou exprimovany na erytrocytech, v buiitkach CNS nejsou
exprimovany viilbec nebo jen v nepatrné mife. Antigeny I. tfidy se skladaji ze dvou
polypeptidovych  jednotek, variabilniho  tézkého  fetézce kdédovaného v MHC
a nepolymorfniho polypeptidu, B 2- mikroglobulinu (Obr. 8). Tento polypeptid je kodovan
genem lokalizovanym mimo MHC, na 15. chromozomu. HLA-I prezentuje vnitini antigeny,
které se nachazeji pfimo v buitkach. Muze se jednat napf. o proteiny kédované virovymi geny

nebo proteiny kodované mutovanymi geny v nadoroveé zménénych buiikach.

Obr. 8 HLA molekuly I. tfidy se skladaji ze dvou polypeptidovych jednotek, variabilniho
tézkého Fetézce kodovaného v MHC a nepolymorfniho polypeptidu, B 2 - mikroglobulinu.

Zdroj: Ester Smidova. Systém HLA a prezentace antigenu Ustav imunologie UK 2. LF a FN Motol.

Obr. 9 HLA molekuly II. tiidy se skladaji ze dvou transmembranovych glykoproteind,
nazyvanych o a p Fetézec, oba dva ietézce jsou polymorfni.

Zdroj: Ester Smidova. Systém HLA a prezentace antigenu Ustav imunologie UK 2. LF a FN Motol.
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Geny HLA 1I. tfidy (HLA-DP, HLA-DQ, HLA-DR) kdduji heterodimérové receptory
exprimované na bunééném povrchu B-lymfocytt, makrofagl, aktivovanych T-lymfocyti
a dendritickych bunkach. HLA molekuly II. tfidy se skladaji ze dvou transmembranovych
glykoproteind, nazyvanych a a 3 fetézec, oba dva fetézce jsou polymorfni (Obr. 9). Prezentuji
fragmenty antigenti ziskané z mimobuné¢nych zdroju CD4+ lymfocytam (Obr. 10). Antigeny
pochazejici z vnéjsiho prostiedi se do organismu dostdvaji pies gastrointestinalni trakt,
respiracni trakt, kGzi nebo arteficialn¢ napt. injekéné. Mezi HLA Ill. tiidy patii slozky

komplementu, TNF, heat shock proteint (HSP) a dalsi.

Exogenous
antigen

MHC class |
Virus or
tumour
antigen

4 Proteasome
f

o

2 Antigenic
0O peptide

Heavy chain (HLA-A, MHC class Il
HLA-B, HLA-C) (HLA-DQ, HLA-DPF, HLA-DR)

Nature Reviews | Immunclogy

Obr. 10 HLA (MHC) molekuly I. tFidy prezentuji intracelularni antigeny CD8+ lymfocytim,
HLA (MHC) molekuly II. tfidy prezentuji antigeny ziskané z mimobunéénych zdroju CD4+
lymfocytim. Zdroj: Nature Reviews Immunology. ISSN: 1474-1733 EISSN: 1474-1741

Heavy chain-tézky fetézec; Antigenic peptide-antigenni peptid; Virus-virus; Tumour antigen-nadorovy antigen;

Exogenous antigen-exogenni antigen.
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Pro vyslednou imunitni reakci je podstatné, Ze T-lymfocyty ,,vidi* cizi antigeny pouze

ve spojitosti s molekulami vlastniho HLA systému. Normalni imunitni systém bréni

T-lymfocytim napadat vlastni antigeny, které nejsou obvykle T-bunikami rozpoznany.

K selekci nezralych T-lymfocytt dochazi v thymu podle jejich schopnosti rozezndvat HLA

vlastniho téla. Nereagujici, nebo piili§ agresivni buiky jsou asi z95 % zniceny, ostatni

vstupuji do krve a sekundérnich lymfatickych organt (Sterzl I, 2005).

B lymfocyty zpracovavaji antigen exogenni cestou také ve spojeni s HLA molekulami

I1. tfidy. CD4+ buiika nasledné sekretuje cytokiny, tim je B lymfocyt aktivovan a produkuje
odpovidajici protilatky (Obr. 11).

Antigen

nfig * »
B-cell
Class | —————
MHC-encoded l

protein %’
Antigen being l
processed w

|

Class Il
protein and
processed

antigen

Mature
helper
T-cell

Interleukins — @ -l'

Plasma cell

Antibodies £7 e D

W

Antigen-specific
B-cell receptor

Obr. 11 B lymfocyty zpracovavaji antigen exogenni cestou také ve spojeni s HLA molekulami I1I.

tridy

Zdroj: (Jeanne Kelly, 1996)
Antigen-antigen; Antigen-specific B cell receptor-antigenné specificky receptor B-lymfocyta; B-cell-B-
lymfocyty; Class Il MHC encoded protein-povrchovy protein kddovany geny HLA 1I tfidy; Antigen being
processed-zpracovani antigenu; Class Il protein and processed antigen-povrchovy protein HLA II tiidy a
zpracovany antigen; Mature helper T cell-zraly pomocny T-lymfocyt; Interleukins-interleukiny; Plasma cell-
plazmaticka buiika; Antibodies-protilatky.
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MHC systém je sloZen ze skupin nejpolymorfnéjsich genti v genomu. Lokusy HLA-A,
HLA-B, HLA-C, HLA DP, HLA DQ a HLA-DR jsou extrémné variabilni a mohou mit az
desitky alelickych variant, tzv. polymorfismi. Polymorfismy se liSi v sekvencich jednotlivych
nukleotidii, mtze dojit napt. k zamén¢ pouze jednoho nukleotidu. Obrovsky pocet téchto
polymorfismi vede ke kodovani velkého mnozstvi riznych antigennich variant bunéénych
povrchovych proteint, které se vyznamnou mérou téastni imunologickych reakci. Z téchto
variant kazdy dédi v kazdém typu 2 alely, coz dohromady tvofi tisice moznych kombinaci.
Diverzita je patrna na ptikladu studie HLA typizace 1000 darct krve, provedené v USA.
Typizace byla provedena pouze pro HLA A a B. U vice neZ poloviny vysetifenych byl nalezen
unikatni HLA haplotyp; 111 darci mé&lo haplotyp, ktery sdileli pouze s 1 osobou v celé
skuping. Nejcastéjsi haplotyp (HLA-AL, HLA-A3, HLA-B7, and HLA-B8) byl v celé skupiné
nalezen u 11 darcu. Lokusy A, B, C, D, DR, DP, DQ jsou tedy pfitomny v populaci v rtiznych
alelach. Pfitomnost jednotlivych alel a lokusti muze vést k pfiméfené, slabé, nebo naopak
nadmérné imunitni reakci na ur¢ity antigen (Shoenfeld et al., 2007).

V populaci je tedy zachovano velké mnozstvi HLA alel (www.allelefrequencies.
net/test/deafaultl.asp, Robinson et al., 2003), pficemz mezi riznymi populacemi existuji
znatné rozdily ve frekvenci jednotlivych HLA variant. Zistdva zachovan velky pocet alel
nizkeé frekvence, které jsou pro své hostitele pfinosné zejména z evoluc¢niho hlediska. HLA
alely jsou na ur€itém chromozomu ve velmi tésné vazb¢ a jsou pienaSeny spolecné jako tzv.
haplotypy (Robinson et al., 2003). Bézné viry a jiné patogeny jsou typicky prezentovany
imunitnimu systému frekventnimi HLA alelami, které jsou pienaseny na dal$i generace. Za
ur¢itych okolnosti se vSak mohou viry adaptovat na zevni prostfedi a mize dojit k selektivni
zméné jejich struktury. Tyto modifikované virové antigeny nejsou prezentovany imunitnimu
systému cestou béznych HLA molekul, avSsak méné frekventni alely mohou mit tuto
schopnost zachovanou. Jedinci, kteti maji méné frekventni alely, mohou byt zvyhodnéni
vV mozném pieziti v prubéhu epidemii. Tento mechanismus byl potvrzen ve studii potomkl
367 Holand’anu, kteti emigrovali v roce 1845 do Surinamu v Jizni Americe. V priabéhu dvou
tydnii po ptijezdu zemielo 180 lidi na btiSni tyfus a o dva roky pozd¢ji zemielo dalSich 37 lidi
na zlutou zimnici. VétSina piezivSich obyvatel ztstala v Surinamu. V roce 1978 byla
provedena srovnavaci studie frekvence urcitych genetickych polymorfismi mezi touto
skupinou a holandskymi kontrolami. Byla nalezen vy3si vyskyt mélo frekventni alely HLA
Bw38 v populaci piezivsi epidemii ve srovnani s kontrolami.

Na tomto ptikladu emigrantii do Surinamu bylo demonstrovano, ze bézna HLA alela

vyskytujici se u Holand’ant nedostatecné zabrdnila smrtelné infekei tyfu nebo Zluté zimnice.
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Malo frekventni alela HLA u pfezivsich, kterd je schopna prezentovat antigeny téchto
patogend a ochrénit svoje nositele proti vySe uvedenym onemocnénim, pak byla pfenesena na
dalSi generace diky selekénimu tlaku (de Vries et al., 1979).

Byla nalezena asociace alel HLA II tfidy s nékterymi autoimunitnimi chorobami
(Miyadera et al., 2015; Tomer Y, 2010; van Heemst et al., 2015) Piedpoklada se, Ze dochazi
k odchylce imunitni reakce nasledkem polymorfismu imunokompetentnich gend,
vazebnou nerovnovahou mezi ur¢itymi HLA alelami a mutacemi ¢i rozdila v kapacité
téchto polymorfnich proteind interagovat s antigenem a TCR v iniciaci imunitni
odpovédi. Rada autoimunitnich onemocnéni, napt. RS, diabetes mellitus I. typu &
revmatoidni arthritis, je asociovana s expresi uréitych alel HLA II. tfidy a haplotypu.
Z&dna z téchto chorob viak nevykazuje 100 % asociaci s urditym haplotypem, navic
mnoho jedinct s haplotyty asociovanymi s nemoci nikdy neonemocni (Nussbaum et al.,
2001).

4.2.2 Asociace HLA s roztrouSenou sklerézou

Etiopatogeneze RS neni dosud zcela uspokojivé objasnéna, predpoklada se vliv
genetickych a environmentalnich faktort (Ebers G, 1995). V soucasné dobé je plausibilni
teorie genetického nastaveni organismu a onemocnéni je spusténo vlivem urcitych vnéjsich
faktort (Ebers G, 2007), nelze opomenout také vlivy epigenetické a stochastické (Sadovnic et
al., 2012).

Mezi vysoce polymorfnimi HLA alelami je ziejma vazba, tzv. linkage disequilibrium.
Vzhledem k silné vazbé v HLA oblasti je velmi obtizné identifikovat specifickou rizikovou
alelu odpovédnou pro RS. Soucasné studie prokazuji, ze haplotyp HLA DR2 asociovany se
zvysenym rizikem rozvoje RS méa vysSi vazbu ve srovnani sjinymi bélosskymi HLA
haplotypy v oblasti DR. Linkage disekvilibrium bylo pravdépodobné zachovano jako
vysledek pozitivni selekce (Gregersen et al., 2006).

V rozsahlych, tzv. genome-wide asocia¢nich studiich (GWAS), provedenych
v evropské populaci byla prokazana asociace RS s DR2 haplotypem (Ligers et al., 2001),
ktery se sklada z HLA-DRA1*0101- DRB5*0101- DRB1*1501- DQA1*0102- DQB1*0602,
zejména s alelou HLA-DRB1*1501 (Lincoln et al, 2005; Prat et al,, 2005; Sadovnic 2012;
Schmidt et al., 2007; Jersild et al., 1972) (Obr.12). Nosi¢i tohoto haplotypu maji trojnasobné

zvysené riziko rozvoje onemocnéni, u homozygot dokonce Sestindsobne.
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Obr. 12 Asociace RS s DR2 haplotypem, zejména s alelou HLA-DRB1*1501
Zdroj: The International MS Journal, ISSN 1352-8963, Volume 9, Number 3, 2002

Metaanalyzou asocia¢nich studii (GWAS) v souboru 9 772 nemocnych al1l7 376
kontrolnich jedinct v evropské populaci, ve které bylo vysetieno 465 434 polymorfizmti, byla
potvrzena asociace RS s alelou HLA-DRB1*1501 se shodnou frekvenci v riznych populacich
(p=1x10"**°, OR=3.1) (Sawcer et al., 2011). Naptiklad Masterman popsal ve §védské populaci
jeji pfitomnost v 61 % u RS ve srovnani s 31 % v kontrolnim souboru (p = 0.0001, OR = 3.5).
Shodné néalezy byly popsany také ve studiich u jinych etnickych skupin, napt. v Japonsku
nebo v populaci stitedniho vychodu (Schmidt et al., 2007). Soucasné byl prokazan protektivni
efekt alely HLA-A*02 ve tiidé HLA 1. Bylo zjisténo také 29 dalSich suspektnich genetickych
polymorfismd.

Analyzou HLA-DRBI*15 negativnich rodin byla zjisténa alela HLA-A*0301 v oblasti
HLA 1 tfidy asociovana s rizikem RS. Bylo prokazano, Ze zvySuje riziko RS nezavisle na
HLA DRB1*1501, DQB1*06 haplotypu ve Sveédské populaci (Fogdell-Hahn et al., 2000).
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V modelu EAE byla zjisténa interakce mezi alelami HLA-DRBI*1501 a DRB5*0101
u humanizované mysi. Jevi se, Ze alela DR2b incidenci EAE zvysuje, zatimco alela DR2a jeji
incidenci snizuje, opozd'uje nastup a redukuje tizi onemocnéni. Koexprese téchto molekul
vede k méné té¢zkému pribéhu EAE, coz by mohlo byt podminéno linkage disekvilibriem
mezi témito dvéma alelami HLA II. t¥idy. Ackoli by se mohlo jevit, ze pro jedince neni
vyhodné zachovéni autodestruktivni molekuly DR2b, tyto na druhé strané pini velmi
dalezitou ochrannou funkei proti infekénim patogeniim. Koexprese DR2a a DR2b molekul je
pravdépodobné pfitomna také u lidi a tyto genetické interakce by mohly ovlivnit riziko
rozvoje RS. Vysledky vsak musi byt interpretovany velmi opatrné, nebot’ pokusy na mysich
nereprezentuji skuteéné patofyziologické d&je v lidském organismu (Gregersen et al., 2006).

Alely DRB1*1501, DRB5*0101 a DQB1*0602 pfispivaji k rozvoji RS zvySenim
prezentace peptidi myelinu T-lymfocytim. Bylo prokazano, ze TCR pacienti s RS rozpozna
rezidua 85-99 myelinového bazického proteinu kddovaného DRB1*1501 a peptidu viru EBV
kddovaného DRB5*0101, coZ podporuje teorii molekuldrnich mimiker (Lang et al., 2002).

Asociace mezi RS a wurCitymi HLA alelami neni mezi populacemi shodna.
U neevropské populace byla nalezena asociace s odlisSnymi alelami HLA-DRBI1, naptiklad
ve studii na Sardinii byla zjiSténa asociace s alelami HLA-DRB1*1501, DRB1* 0301
a DRB1*0405 (Marrosu et al., 1997).

Bylo rovnéz nalezeno nékolik kandidatnich genetickych polymorfismi v oblasti HLA
11-rs3135388, rs2395182, rs2239802, rs2227139, rs2213584 (Sombekke et al., 2009).
Geneticky polymorfismus rs3135388 je markerem alely HLA-DRB1*1501, senzitivita ¢ini
96.4 %, specifita 99 % 2 (de Bakker et. al., 2006).

Zasadni roli v iniciaci imunitni odpovédi maji lidske leukocytarni antigeny (HLA).
Jejich vyznam byl prokazan (Akkad et al., 2015; Lincoln et al., 2005; Prat et al., 2005;
Sadovnic 2012; Sawcer et al., 2011; Schmidt et al., 2007), avSak neni jest¢ dostatecné
objasnén mechanismus vzajemnych interakci mezi geny HLA a environmentalnimi faktory,
zejména EBV virozou, herpetickymi viry, retroviry ¢i vitaminem D, které mohou navodit
zvysenou expresi HLA (Burrell et al., 2011; Cree BA, 2014; Handunnetthi et al., 2010; Xiao
et al., 2015(De Jager et al., 2008; Sadovnic et al., 2012). HLA geny ovliviiuji prezentaci
antigenl zminénych virti a jevi se, Ze vzdjemna interakce mize ovlivnit vnimavost jedince
k RS. Zvysena virova zatéz nebo zména prezentace EBV, které zktizené reaguji s bunéénymi
antigeny, mohou spustit patogenni proces prostiednictvim molekularnich mimiker (Niller et
al., 2011; Sundstrom et al., 2009).
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Geny mimo oblast HLA se také podili na rozvoji aprogresi onemocnéni. Mezi
kandidatni geny fadime geny kodujici cytokiny a chemokiny a jejich receptory; kostimula¢ni
molekuly-CD37, CD40, CD58, CD80, CD86, CLECL1 a signalni molekuly-CBLB, GPR65,
MALTL, TYK2.

V soucasné¢ dob¢ jsou znamy vysledky nékolika mezinirodnich asociacnich studii.
Vysetfenim celého genomu u 931 rodin byla prokazana asociace s polymorfizmy gend o
Fetézece receptoru pro IL-2 (IL2RA) a a fetézce receptoru pro IL-7 (IL7RA); IL-2R alfa
a IL-7R alfa; kodujicich povrchové znaky CD25 a CD127 (Hafler et al., 2007), cytokiny a
jejich receptory, které mohou ovlivnit zanétlivy proces v RS plakach. Ovliviuji regulaci
a ptezivani T-lymfocytli a vyznamnou mérou se podili v patogenezi onemocnéni (Gregory et
al., 2007).

Mezi dalsi rizikové geny fadime gen CCR5 pro chemokinovy receptor, ktery je
lokalizovany na chromosomu 3p21-24. Jeho mutace 32CCR5, ktera je piitomna asi u7 %
bélochli, mize zpomalit progresi atizi onemocnéni. Gen pro APOE4 je umistén na
chromosomu 3p21-24. Nékeré mutace mohou navodit agresivngjsi destrukei tkané a rychlou
progresi postiZzeni. Gen pro osteoponitn, ktery je umistén na chromosomu 4qg21-g25, ma
funkci chemotaktickou a protizanétlivou. Nékteré jeho varianty jsou spojeny s vysSim rizikem
piechodu do sekundarni progrese. Také variabilita genu pro IFNy, lokalizovaného na
chromosomu 12q14, je asociovana se zvyenym rizikem rozvoje RS u muza (Oksenberg et al.,
2005).

4.2.3 Molekularni mimikry u roztrousene sklerozy

V¢étSina lidskych proteint je prezentovana vyzravajicim T-bunikam v thymu. Proteiny,
které prezentovany nejsou, napi. myelinovy oligodendrocytarni glykoprotein (MOG), se
mohou stat autoreaktivnimi. T-buiiky mohou také neadekvatné reagovat s vlastnimi antigeny,
které jsou velmi podobné cizim antigenim-znamé jako zkiizena reaktivita. Autoreaktivni
T-bunky nejsou v thymu eliminovany a mohou byt dlouhou dobu tolerovany jako bunky
prezentujici vlastni antigen. Pokud jsou tyto T-buiky aktivované v priabéhu infekce néjakym
patogenem, ktery nese antigen podobny antigenu vlastnimu, autoreaktivni T-buiiky mohou
zacit reagovat také s bunkami prezentujicimi vlastni antigen. Teorie molekularnich mimikra
byla potvrzena v lidskych i zvifecich modelech RS u nékolika kandidatnich molekul - napf.

viru EBV ¢i HHV 6 (Tejada-Simon et al., 2003).
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4.2.4 Terapie zaloZena na ovlivnéni HLA

Potencialnim cilem budouci terapie RS je ovlivnéni receptorat HLA II tiidy v antigen
prezentujicich bunkach (APCs). Terapie protilatkami blokujicimi HLA receptory a TCR
ligandy muze zabranit prezentaci antigenu. V klinické praxi se jiz osvédCila 1é¢ba napf.
glatiramer acetatem, ktery se vaze na HLA molekulu kompeti¢né s myelinovymi antigeny pro
prezentaci T-bunkam. Lécba vede k navozeni tolerance k auto-antigenni iniciaci specifické

autoreaktivni T-bunééné delece.

4.2.5 Souhrn

HLA je komplex molekul, které hraji dilezitou roli v prezentaci antigenu. Exprese
HLA molekul na APCs umoznuje interakci mezi lidskym imunitnim systémem a zevnim
prostiedim. Alely HLA II. tfidy na chromozomu 6 maji velmi vysoky stupeni polymorfismu,
umoziujici vytvaret obrovské mnozstvi jedineénych HLA receptorti pro prezentaci
specifickych antigent. Diversita alel je pravdépodobné pominéna selekci navozenou hlavné
patogeny. Tento selekéni tlak se také uplatnil v zachovani uréitych haplotypt, kterymi jsou
ur¢ité HLA alely vétSinou dédéné spole¢né — linkage disekvilibrium. Duasledkem muze byt
rozvoj autoimunity. Jevi se, Ze environmentalni faktory, zejmeéna infekce, selektuji haplotypy,
které vedou Kk rozvoji autoimunitnich onemocnéni. Interakce mezi T-buitkami a APCs je
zasadni v patogeneze RS. Tyto znalosti by mohly byt vyuZity pro novou strategii v prevenci
a lécbe RS. Porozuméni tomuto procesu je v soucCasné dobé limitované SirSi znalosti
komplexnich imunologickych interakci, které se podili na spusténi autoimunitniho procesu
a destrukci myelinu. Mohlo by také napomoci nalézt dalsi cilové molekuly pro terapii RS

v budoucnosti.

4.2.6 Funkéni studie a epigenetické faktory u roztrouSené sklerézy

Funkéni genetické studie navazuji na vysledky rozsahlych genomovych asocia¢nich
studii a zabyvaji se funkci DNA, RNA transkripty, proteinovymi produkty a jejich
vzajemnymi interakcemi. Hlavnimi epigenetickymi mechanismy jsou acetylace a metylace
DNA, metylace histonti a mikroRNA. Transkripce je podporovana acetylaci histond, jejich
deacetylace naopak transkripci tlumi (Griffiths et al., 2000), vyznamnymi regulatory

39



transkripce jsou take transkrip¢ni faktory. Dulezitou roli hraji epigenetické vlivy (Bos et al.,
2016).

Epigenetické mechanismy vedou k regulaci exprese genti beze zmény sekvence piislusné
DNA. Tyto zmény mohou byt dédiéné (Bos et al., 2016). Mezi nejcastéji popisované
abnormity v epigenetickych faktorech u autoimunitnich onemocnénich jsou zmény metylace
DNA nebo modifikace histonti, které vedou k Casoprostorovycm zménam regulace gent
(Dang et al., 2001). Metylace DNA hraje roli v replikaci, rekombinaci a opravé DNA i
supresi transponovatelnych elementu ¢i retrovirové DNA (Hashimoto et al., 2010). Informaci,
tykajicich se epigenetickych modifikaci u RS zatim neni mnoho (Kaliszewska et al., 2013).
Graves et al. nalezl signifikantni zmény DNA metylace v HLA oblasti u CD4+T lymfocytt
(Graves et al., 2013), Bos et al. prokazal nizky stupei hypermetylace v CD8" T lymfocytech
(Bos et al., 2015). V dosud provedenych studiich byl vSak vySetien pouze maly pocet
pacientt s RS. Mély by byt provedeny dalsi, rozsahlejsi studie ve vétsim souboru nemocnych
k objasnéni vyznamu tlohy metylace u komplexnich onemocnéni véetné RS.

Jsou studovany take dalSi epigenetické mechanismy, napt. vliv mikroRNA. Jejich funkce
spoc¢iva v regulaci genové exprese. Molekuly miRNA jsou komplementarni k ¢asti jedné nebo
nékolika konkrétnich mRNA a inhibuji translaci nebo navozuji degradaci dané mRNA. Pfti
srovnani exprese 365 miRNA v T a B lymfocytech mezi pacienty s RR RS a zdravymi
kontrolami byla zjisténa zvySena exprese miR-17-5p v CD4+ lymfocytech u RS pacientu.
MiR-17-5p se podili na progresi autoimunitnino procesu ovlivnénim vyvoje T bunék
(Lindberg et al., 2010). V longitudinalni studii RS pacientti 1é¢enych interferonem beta
Hecker et al. prokazal v perifernich mononuklearech snizeni exprese u 29 z 65-ti
hodnocenych miRNA. Ovlivnéni exprese miRNAs by mohlo byt vyuZito jako biomarkeru
sledovani u¢innosti terapie interferony u pacientti s RS (Hecker et al., 2013).

Dalsi vyzkumné prace se zabyvaji studiem genové exprese s vyuzitim DNA ¢i RNA
microarray technologie. Slibnou metodou je RNA ¢i DNA sekvenace. Lossius et al. vysetiil T
cell receptor B CD8+T lymfocytli z mozkomi$niho moku a krve RS pacienti metodou RNA
sekvenace. Pomoci této metody byl schopen vytvofit mapu expanse kloni a uréit
komparment, kde klony expanduji (Lossius et al., 2014). Piedpoklada se, ze vyuziti DNA a
RNA sekvenace by mohlo byt v budoucnosti ptinosné ve studiu patogeneze RS.

V posttranslaéni modifikaci bilkovin hraje dileZitou roli N-glykosylace (Obr.13). Jedné se
0 enzymaticky proces, ktery probihd v Golgiho aparatu. NaruSeni N-glykosylace vede ke
zvyseni rizika demyelinizace navozenim dysfunkce nejen T-lymfocytd a antigen

prezentujicich bungk, ale také oligodendrocyt a neurond (Mkhikian et al., 2011). NaruSeni
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tohoto procesu v animalnim modelu vedlo k hyperaktivaci T-bunék, aktivaci cytotoxickych T-
lymfocytli se ztratou tolerance vici vlastnim antigenlim s naslednym vznikem spontanni
zanétlivé demyelinizace (Grigorian et al., 2012). Do regulace N-glykosylace je zapojeno asi
30 genu a jejich variant véetné IL7RA, IL2RA, MGATI1 a CTLA-4, které jsou asociovany se
zvySenym rizikem RS. U nosi¢t haplotypu (rs7726005, rs2070924 a rs2070925) MGATI1
dochédzi az k 20% redukci N-glykosylace (Mkhikian et al., 2011). Dilezitou roli hraje
interakce téchto genti se zevnimi faktory, zejména vitaminem D. Bylo zjiSténo, ze deficit
vitaminu D v soucinnosti s genetickymi variantami IL-7RA, IL-2RA, MGAT1 a CTLA-4
muze vést k vyznamné dysregulaci procesu N-glykosylace v Golgiho aparat¢ (Mkhikian et al.,
2011).
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Obr. 13 Model environmentalni a genetické dysregulace N-glykosylace u roztrousené sklerozy.
http://creativecommons.org/licenses/by-nc-sa/3.0/ Copyright © 2011, Nature Publishing Group, a division
of Macmillan Publishers Limited. All Rights Reserved.
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4.3 Zavér

Etiologie RS je multifaktorialni, zahrnujici komplexni interakce mezi geny,
epigenetickymi a environmentalnimi faktory. Je velmi pravdépodobné, Ze riziko spusténi
onemocnéni je ovlivnéno soucasnym pusobenim dvou nebo vice zevnich faktorii a jejich
vzajemnou interakci.

Data ziskana studiem této nemoci v Evropé, USA i Australii potvrzuji, Ze prevalence
nemoci vzrusta se zvySujici se zemé€pisnou $itkou na severni i jizni polokouli. V soucasné
dob¢ je plausibilni hypotéza, Ze u geneticky predisponovanych jedincl je nemoc spusténa
vlivem environmentalnich a epigenetickych faktord. Mezi nejvyznamnéjsi zevni rizikovée
vlivy fadime zejména nedostateGnou koncentraci vitaminu D v séru navozenou sniZenou
expozici sluneénimu zareni; dale herpetické, zejména EBV infekce a koufeni.

Uloha vitaminu D je komplexni, nebot’ Vitamin D3 je vyznamny imunomodulétor.
Prostfednictvm VDR navozuje silné antiproliferativni, prodiferencia¢ni a imunomodulaéni
u¢inky (Munger et al., 2016; Simon et al., 2012). Stimuluje produkci protizanétlivych, tlumi
produkci prozanétlivych cytokini a zvySuje aktivitu a pocet T-regulacnich lymfocytd,
odpovidajicich za navozeni periferni imunologické tolerance (Cantorna et al., 2015; Joseph et
al., 2012; Smolders et al., 2016). Podili se také na regulaci makrofagi, dendritickych bunék ¢i
B lymfocyta (Lin et al., 2016). Funkéni studie prokazaly, Ze prostiednictvim VDRE moduluje
genovou expresi, ¢imz muze byt téz vysvétlen vliv kalcitrolu na riziko rozvoje RS
(Ramogapalan et al., 2009). Dosud neni zcela objasnéno, jakym zpisobem muze EBV navodit
rozvoj RS, nebot’ onemocnéni se vyvine pouze u malého procenta infikovanych lidi. MoZznym
mechanismem by mohla byt zkiizena reaktivita mezi antigenem EBV a PLP ¢i latentni
perzistentni infekce, ktera stimuluje imunitni odpovéd’. Byl takeé prokazan vztah mezi EBV a
vitaminem D. Holmgy dokladoval, Ze buiiky napadené EBV exprimuji VDR, prostiednictvim
kterého muze byt navozena autoimunita. Touto hypotézou by mohlo byt vysvétleno, pro¢ ma
izolovany nedostatek vitaminu D ¢i prodélana viréza EBV pouze maly vliv na rozvoj RS
(Holmgy T, 2008).

Soucasné znalosti o podilu jednotlivych faktorti vSak nejsou dostatecné. Jsou nutné
dalSi studie k ziskani informaci potiebnych k objasnéni pfi¢inného faktoru, ktery se na

zvySeni rizika RS uplatiiuje nejvyznamnéji.
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5 Patofyziologie roztrousené sklerdzy

RS je komplexni onemocnéni, v jehoZ patofyziologii se podili n¢kolik procesu, které
vSak nejsou univerzalné zastoupeny u jednotlivych pacienti, proto je klinicky obraz
aprogndéza onemocnéni rozdilna (Hartung et al.,, 2004). Zanétlivé postizeni CNS je
povazovano za kliCové pro aktivitu onemocnéni a formaci akutnich Iézi. V téchto aktivnich
lézich nachazime aktivované T-lymfocyty, pfedev§im cytotoxické, aktivovanou mikroglii,
makrofagy a plazmatické bunky.

Nositelem imunologické specifity jsou lymfocyty, které jsou schopné svymi antigen-
specifickymi receptory rozpoznat prislusny antigen a zahdjit specifickou imunitni reakci.
Pokud T-lymfocyt antigen rozpozna, dojde k jeho aktivaci a dalsi diferenciaci s naslednou
klonalni proliferaci.

Podle povrchového znaku se T-lymfocyty déli na CD4+ a CD8+T lymfocyty. Oba
tyto typy se mohou po probéhnuti primarni imunitni odpovédi dlouhodobé uchovavat
vorganismu jako pamétové T-lymfocyty, které zajiStuji imunologickou pamét pro
specifické patogeny (Horejsi V, 2009). Dale rozliSujeme T-regulacni lymfocyty,
NK-T-lymfocyty a gd T-lymfocyty (http://www.tcells.org/scientific/gdtcells).

Lymfocyty nesouci povrchovy znak CD4+ rozdélujeme podle spektra cytokind, které
(IL-4, IL-10, IL-13, TGFB, IL-5, IL-35) a tlumi zanétlivou reakci, naopak Th-1 cytokiny
(IL-2, IL-12, IFNy, TNFa) a Th17 (IL-17, IL-6, IL-21, 1L-22, 1L-23, TNFa) jsou prozanétlivé
a jsou povazovany za rozhodujici v iniciaci a udrZzovani imunopatologické zanétlivé bunécné
reakce. Cytokin IL-12 je produkovan makrofagy a dendritickymi buiikami, které jsou
stimulované nékterymi mikroorganismy. Naproti tomu cytokin IL-4 je produkovan bazofily
a mastocyty. Pokud je proces zahajen na urovni makrofagu, které produkuji I1L-12, dojde
ke stimulaci Th-1 imunitni odpovédi. Zac¢ne-li proces probihat na urovni bazofili nebo
mastocytl, které produkuji hlavné IL-4, dojde ke stimulaci a dalsi produkci TH2 cytokind.
Aktivace CD4+ lymfocyti vede také krozvoji T-regulacnich bun€k produkujicich
imunosupresivni cytokiny, které siln¢ potlacuji autoreaktivni imunitni odpoveéd (Horejsi V,
2009). CD8+ T lymfocyty rozpozndvaji antigeny prezentované molekulami HLA 1. tfidy.
Aktivované CD8+ lymfocyty vyzravaji v cytotoxické T buriky, které jsou schopné ni¢it bunky

infikované viry nebo jinymi intracelularnimi mikroby a dysfunk¢éni nebo znicené buiiky.
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T-lymfocyty svou aktivaci zahdji spolupraci také s B-lymfocyty, které se transformuji
v plazmatické buiiky, jez se také vyznamné podili na destrukci myelinu.

K aktivaci a klonalni proliferaci autoagresivnich CD4+ T-lymfocytu a cytotoxickych
CD8+ T-lymfocytti dochazi na periferii. Jedna se o autoimunitni odpovéd’ pfimo proti CNS
antigenum, zejména MBP, myelinovému asociovanému glykoproteinu (MAG), MOG, PLP
a sekundarnim autoantigentim, u kterych nachazime podobnou sekvenci aminokyselin jako

u n¢kterych virt, napi. herpetickych (Obr. 14).

Bézné virové infekce v
prostredi

Zkrizena reaktivita s
myelinovym antigenem

CR HLA miCr‘Dglia

Obr. 14 Molekularni mimikry u RS

Zdroj: Multiple Sclerosis: Epidemiology, Genetics and Environmental Factors: www.msforum.net.

Tyto T a B-lymfocyty migruji pites HEB do CNS, kde dochazi k jejich dalsi klonalni
proliferaci, atrahuji makrofadgy, dochazi k aktivaci mikroglie, B-lymfocyt, produkci
protilatek, zanétlivych mediatort, chemokint a cytokini (Martin et al., 2000) (Obr. 15, 16).
V lozisku zanétu dochazi k rozpadu myelinu a postizeni axoni. Demyelinizované vlakno
ztraci schopnost vedeni elektrického vzruchu. Dochézi vSak také k primérni axondlni
degeneraci nezavisle na stupni zanétlivého postiZzeni, jejiz etiopatogeneza neni dosud
uspokojivé objasnéna. (Brick, 2005; Brick, 2007).

Migrace autoagresivnich zanétlivych bunék do CNS pies HEB, kterda neni za
normalnich okolnosti propustné pro lymfocyty a dalsi bufiky imunitniho systému, ma zasadni
vyznam pro formovani zanétlivych RS 1ézi (Hartung et al., 2004). DileZitou roli v tomto
procesu maji adhezivni molekuly, chemokiny a matrix metalloproteindzy (MMPs) (Bar-Or et.
al., 2003).
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Obr. 15 Aktivni demyeliniza¢ni RS plaka s makrofagy obsahujici degradaéni
produkty myelinového oligodendrocytarniho glykoproteinu ve své cytoplasmé.

Zdroj: Dr.Wolfgang Briick, Germany

produkty myelinového bazického proteinu ve své cytoplasmé.

Zdroj: Dr.Wolfgang Briick, Germany
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6 Matrix metalloproteinazy
6.1 Definice

MMPs jsou enzymy, které jsou schopné degradovat vétSinu proteinovych slozek
zakladni mezibunécné hmoty-extracelularni matrix (ECM) (Chandler et al., 1995, Bar-Or et.
al., 2003). Je znamo nejméné 23 MMPs; vSechny maji katalytické jadro, které obsahuje na
aktivnim misté molekulu zinku (Brinckerhoff and Matrisian, 2002).

Uplatituji se v remodelaci tkani, ucastni se celé tady proteolytickych procest za
normdlnich 1 patologickych stavli. Slouzi jako efektor bunéné migrace, cytotoxicity
a spolupodili se t¢émé&f na vSech procesech ontogeneze (Bar-Or et al., 2003; Brinckerhoff and
Matrisian, 2002).

V dospélosti je exprese MMPs vétSinou nizkd a jen lokalné zvySena, napt. pii tkanové
regeneraci a remodelaci. U riiznych patologickych stavii, napt. u zadnétlivych procest, lupusu
erythematodes, revmatoidni artritidy, kardiovaskularnich, plicnich onemocnéni, koZznich,
systémové skler6zy pak dochazi jejich zvySené produkci (Ram et al., 2006). U nadorovych
procest hraje vyznamnou roli poruSeni bazdlni membrany a intersticialni ECM, vedouci

K rustu tumort a metastazam (Egeblad and Werb, 2002).

6.2 Rozdéleni MMPs

MMPs délime podle struktury a substratové specifity do péti zékladnich skupin
(Tab. 5). Poprvé byla popsana intersticialni kolagenaza (MMP-1) v roce 1962, ktera se podili
na resorpci kolagenu. MMPs §tépi vétsinu komponent ECM (fibronektin, myelinovy protein,
vitronektin, laminin, tenascin, agrekan a jiné) a také kolagen typu I, 11, 11, 1V, V, VI, VII,
VIII, IX, X, XIV. Kromé¢ vazivové tkané a slozek ECM selektivné $tépi také inhibitory
proteinaz, napt. al-inhibitor proteinaz, a2-makroglobulin a antitrombin III a ristové faktory,
napf. IL-lalfa a TNF-alfa. Jednotlivé MMPs jsou vuci témto substratim rizné aktivni
(Emdbiosciences.com).

Aktivita MMPs je regulovana na n¢kolika urovnich a kontrolovana endogennimi
inhibitory-tkanovymi inhibitory metalloproteinaz (TIMPs). Jsou znamy ¢tyfi rizné tkanové
inhibitory-TIMP-1, TIMP-2, TIMP-3 aTIMP-4. Tyto proteiny se vazi nekovalentné
k aktivovanym MMPs a blokuji jejich aktivitu (Birkedal-Hansen et al., 1993).
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Tab. 5 Rozdéleni MMPs podle struktury a substratové specifity do skupin

Kolagenazy MMP-1, MMP-8, MMP-13 a MMP-18, $tépi intersticialni-
fibrilarni kolagen a kolagen typu I, II, III, VI, X.

Gelatinazy gelatindza A (MMP-2) a gelatinaza B (MMP-9). Stépi
bazalni nefibrilarni membranu, kolagen typu IV, laminin a
fibronectin, které jsou hlavnimi sloZkami bazalni

membrany mozkovych cév.

Stromelysin MMP-3, MMP-10 a MMP-11 Stépi celou radu
makromolekul, napt. fibronectin, laminin, kolagen typu IV,

V, alfa-1 inhibitor proteazy.

Membranovy typ MMPs | MMP-14, MMP-15, MMP-16, MMP-17, MMP-24 a MMP-25.
Obsahuji transmembranovou a furinovou vazebnou

doménu a aktivuji MMP-2.

Matrilysin MMP-7 a MMP-26. Je sloZen pouze z propeptidové oblasti
a katalytické domény, degraduje vét$inu slozek ECM. Stépi
fibronectin, laminin, vitronectin, kolagen typu 1V,

fibrinogen a aktivuje MMP-9.

6.2.1 Matrix metalloproteindza-9 a matrix metalloproteindza-2

Radime je mezi gelatinizy, nebot §t&pi gelatin a kolagen typu IV. Je exprimovana
riaznymi typy bunék-lymfocyty, monocyty, makrofagy, polymorfonukledrnimi leukocyty,
endotelialnimi bunikami, keratinocyty, mnoha malignimi a transformovanymi bunikami (Salo
et al., 1991, Birkedal-Hansen et al., 1993). Jeji exprese a aktivita je regulovana na riznych
arovnich: genoveé transkripce, translace, syntéze, sekrece, aktivace, inhibice a glykosylace
(Ram et al., 2006). Je stimulovana pisobenim cytokini, chemokint a ristovymi faktory (Salo
et al, 1991). MMP-9 je secernovana jako proenzym, ktery je nasledné aktivovan proteazami,
aktivovanymi neutrofily a MMP-2. Jeji aktivita je inhibovana nejen specifickym tkanovym
inhibitorem TIMP-1, ale téz nespecifickymi inhibitory, naptiklad alfa-2 makroglobulinem
(Ram et al., 2006).

Degraduje kolagen typu IV, ktery je hlavni soucasti bazalni membrany (Seltzer et al.,

1989). Tim je umoznén pranik T-lymfocytd a dal$ich imunitnich bunék do poskozenych nebo
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okolnich tkani. Je pravdépodobné, ze v dasledku $tépeni mize dojit ke vzniku neo-epitopt,
které navozuji dalsi imunitni odpovéd’ a progresi onemocnéni (Ram et al., 2006).

MMP-9 ovliviiuje fadu patologickych procesii u autoimunitnich onemocnéni - napf.
roztrousené sklerdzy, systémového lupusu, revmatoidni artritidy, Sjégrenov syndromu,
systémové skleroze, polymyositidé a arteriosklerdze.

Byla nalezena ve fibroblastech ktze, keratinocytech, chondrocytech, endotelidlnich
bunkach, monocytech, lymfocytech, osteoblastech a v mnoha dalSich normalnich
i transformovanych buikach (Seltzer et al., 1981; Salo et al., 1991). Ob¢ gelatindzy maji
podobné vlastnosti, zejména vysokou afinitu ke gelatinu a ucastni se také biologické
degradace bazalnich membran (Seltzer et al., 1989). Exprese MMP-2 je Casto spojena
s ristem invazivnich a metastazujicich tumora (Liotta et al., 1979). Gelatinazy se lisi vazbou
proenzymu na tkanové inhibitory. Proenzym MMP-9 se vaze na TIMP-1, zatimco proenzym
MMP-2 na tkanovy inhibitor metalloproteinazy-2 (TIMP-2) (Goldberg et al., 1989).

6.3 Struktura geni pro MMPs

Gen pro MMP-9 o velikosti (26-27 kbp) je lokalizovan na dlouhém raménku
20. chromozomu (20q11.2-13.1). Obsahuje tfi exony s 13 kodujicimi oblastmi, jejichz
transkripci vznika 92kDa protein MMP-9, oznacovany jako gelatinaza B (Huhtala et al,
1990 a; Huhtala et al, 1991). Transkripce genu pro MMP-9 je regulovana rlstovymi
faktory a cytokiny.

Gen pro 0 MMP-2 je lokalizovéan na dlouhém raménku 16. chromozomu (16q13) a ¢ita
17 kb s 12- ti introny a 13 kddujicimi oblastmi, jejichZ transkripci vznika 72kDa protein
MMP-2, oznaCovany jako gelatinaza A (Huhtala et al., 1990 b). Transkripce genu pro
MMP-2. Transkripci genli pro MMPs vznika messenger-ribonukleova kyselina (mRNA),
ktera je v buné¢ném prostiedi relativné stabilni, polocas rozpadu se pohybuje v rozmezi 12 az
150 hodin (Brinckerhoff et al., 1986).

Gen pro TIMP-1 se nachazi na chromozomu X11p11.23- pll.4. Jeho exprese je
stimulovana celou fadou mediatord, napt. TNF-q, interleukinem-1 (IL-1), estery formolu,
retinoidy a glukokortikoidy (Clark et al., 1987). Gen pro TIMP-2 je lokalizovany na
17923-g25 chromozomu (Huebner et al., 1986), jeho transkripce je snizena pusobenim TGF
(Stetler-Stevenson et al., 1990). Struktura genti pro MMPs je zobrazena na Obr. 17.
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Obr. 17 Struktura exonu lidské 92K GL (MMP-9), 72K GL (MMP-2), FIB-CL (fibroblast-type
kolagenézy) a rat SL-1 (stromelysinu-1)

Zdroj: Pfevzato od Huhtala P, Tuuttila A, Chow LT, Lohi J, Keski-Oja J, Tryggvason K: J Biol Chem 1991,
266:16485-90.
Human-Lidsky; Rat-Krysa

6.4 MMPs u roztrouseneé sklerozy

Nizkd nebo nedetekovatelnd hladina MMPs je ptitomna v CNS i za normalnich
okolnosti, ke zvySeni jeji hladiny dochazi pfi rizném postizeni CNS (Bar-Or et al., 2003).
U RS se podili na rozruseni HEB a tim umoznuji migraci aktivovanych T-lymfocyti,
zanétlivych bunék, plazmatickych proteint, autoprotilatek a komplementu do CNS a infiltraci
lézi (Martin et al., 2000). V CNS ni¢i MBP (Proost et al., 1993; Chandler et al., 1995;
Leppert et al., 1998; Ram et al., 2006). Bylo prokdzano, ze MMP-9, MMP-2, SL-1,
intersticialni kolagendza a matrilysin $tépi MBP in vitro (Proost et al., 1993; Chandler et al.,
1995). Navic uvnitt CNS tumor necrosis factor alfa konvertujici enzym (TACE), membranoveé
vazand disintegrin metalloproteinaza (ADAM-17) je schopna transformovat membranoveé
vazany prekursor TNF-alfa do jeho vyzrélé, biologicky aktivni formy (Black et al., 1997;
Moss et al., 1997). Tento zanétlivy cytokin je toxicky pro oligodendrocyty (Hartung 1996;
Soliven and Szuchet, 1995; Yuschenko et al., 2003; Ram et al., 2006).

Dosud neni jasné, které MMPs hraji hlavni roli v imunopatogeneze RS (Bar-Or et. al.,
2003). V mozkové tkani, mozkomisnim moku a séru nemocnych s RS bylo popsano zvyseni
MMP-1, MMP-2, MMP-3, MMP-7, MMP-9 a MMP-12 (Anthony et al., 1997; Vos et al.,
2003; Kurzepa et al., 2005). MMPs jsou produkovany Sirokym spektrem bunék (Chandler et
al., 1995; Bar-Or et al., 2003). Klicovou roli hraji pravdépodobné MMPs exprimované
v T-lymfocytech a monocytech. Bylo prokéazano, ze T-lymfocyty a makrofagy produkuji
gelatindzy, MMP-2 a MMP-9 (Welgus et al., 1990; Leppert et al., 1995). Bylo zjisténo, ze

migracni kapacita Th buné€k izolovanych z periferni krve je zavisla na pfitomnosti gelatinéz.
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Th1 buiky, které maji vy$si migracni schopnost nez Th2 buriky, produkuji v&tsi mnozstvi
gelatindzy B (MMP-9) a gelatinazy A (MMP-2) (Abraham et al., 2005) nez Th2 burnky.
Monocyty migruji rychleji pies HEB nez T a B lymfocyty. V CNS se transformuji na
makrofagy a mikroglie, které tvofi hlavni skupinu zéanétlivych bunék v aktivnich
demyelinizacnich plakach a jejich pocet pievazuje az 10x nad lymfocyty (Bar-Or et al.,
2003). Byla nalezena zvy3sené exprese MMP-2, MMP-14 a TIMP-2 monocyty u pacientd s RS
ve srovnani se zdravymi jedinci (Bar-Or et. al., 2003). Astrocyty a mikroglie mohou byt téz
stimulovany k produkci gelatinaz, stejné jako jinych MMPs, napiiklad stromelysinu (Leppert
et al., 1998).

Rada soudasnych studii se zabyvd vztahem mezi hladinami MMPs v séru
a mozkomiSnim moku u RS a také prubéhem a aktivitou onemocnéni. Byla prokazana
zvysena hladina MMP-9 v séru nemocnych s RS ve srovnani se zdravymi jedinci (Abraham et
al., 2005; Goodin et al., 2002; Lindberg et al., 2001; Leppert et al., 1998; Waubant et al.,
2003). Bylo zjisténo, ze aktivita nékterych MMPs koreluje s pribéhem onemocnéni (Bar-Or
et al., 2003; Lindberg et al., 2001). U RR RS byla prokazana zvysena hladina MMP-9
a MMP-9/TIMP-1 ratio v séru (Avolio et al., 2003). Bylo zjisténo, Ze hladina MMP-9 v séru
koreluje s poctem gadolinium-enhancement 1ézi (Lee et al., 1999; Goodin et al., 2002)
a predpoklada se, ze je prediktivnim ukazatelem aktivity nemoci (Waubant et al., 2003).
Zvysena hladina MMP-9 v mozkomi$nim moku byla nalezena u vSech pacienti s RRRS, ale
pouze u 57 % pacienti s PPRS (Leppert et al., 1998).

Nélezy tykajici se MMP-2 jako potencialniho biologického markeru aktivity a pribéhu
onemocnéni jsou rozporné. Byla nalezena zvySena hladina MMP-2 v séru u PPRS a zvyseni
poméru MMP-2/TIMP-2 u SP RS a PP RS v souboru 42 nemocnych (Avolio et al., 2003).
Galboiz vSak popsal zvySenou expresi MMP-2 mRNA u RRRS v souboru 16 nemocnych
ve srovnani s nalezem u 12 nemocnych s SP RS (Galboiz et al., 2001). Studie, které by se
zabyvaly vztahem mezi hladinami MMP-9, MMP-2 a jejich inhibitorG v séru, stupném
postiZeni a tizi onemocnéni, dosud nebyly provedeny.

Exprese a aktivita MMPs je regulovana na rtiznych trovnich (Yuschenko et al., 2003):
genove exprese, aktivace proenzymu, sekrece enzymu, je inhibovana specificky tkanovymi
inhibitory a nespecificky alfa-2 makroglobulinem. Doché&zi ke zvy3ené expresi gent
kodujicich tyto proteiny. Mutace téchto gent pravdépodobné ovliviiuje stupen exprese,
stabilitu MRNA a vlastnosti danych proteind, coZ mize ovlivnit etiopatogenezi procesu.

Mezi kandidatni geny, u kterych ptredpokladame ucast v patofyziologii RS, fadime
geny pro MMP-9, MMP-2, TIMP-1 a TIMP-2. Dosud bylo provedeno pouze nékolik
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asociacnich studii, zabyvajicich se vztahem genetickych polymorfismt lokalizovanych v genu
pro MMP-9 s RS (Fiotti et al., 2004; Nelissen et al., 2000; Nelissen et al., 2002; Zivkovic et
al., 2007). Polymorfismy -1562 C/T a R279Q v genu pro MMP-9 maji v populaci frekvenci
vysSi nez 5% a bylo zjisténo, Ze polymorfismus -1562 C/T v promotorové oblasti genu
MMP-9 je asociovan se zvySenou expresi MMP-9 (Zhang et al., 1999). U MMP2 bhylo
popsano nékolik polymorfismt v promotorové oblasti genu (Vaskii et al., 2004, Zhang et al.,
1999). Jedna se o polymorfismy MMP-2 (-168 G/T, -735 C/T, -1306 C/T, -1575 G/A).
Polymorfismus -1306 C/T je asociovan se zménou promotorové aktivity, kterou siln¢ snizuje
alela T nasledkem pieruseni Sp1-vazebného mista (Zhou et al., 2004). Polymorfismy TIMP-2
(+853 G/A a -418 G/C) jsou kddovany genem lokalizovanym na chromozomu X 17¢g23-q25.
Prvni se nachazi na 3. exonu, druhy G/C nukleotid na pozici -418 promotorové oblasti. Byla
zjisténa asociace polymorfismu (+853 G/A) stézkou chronickou obstrukéni chorobou
bronchopulmonalni a s vyskytem aneurysmat bfi$ni aorty (Hirano et al., 2001; Wang et al.,
1999). Asociaéni studie zabyvajici se vztahem genetickych polymorfismi lokalizovanych

v genu pro MMP-2 a TIMP-2 s RS nebyly dosud provedeny.

7 Klinicka manifestace roztrousené sklerdzy

Onemocnéni se nejcastéji klinicky manifestuje akutné vzniklymi neurologickymi
ptiznaky, které jsou podminény vzplanutim zanétu v CNS. Jde se o tzv. ataku, neboli relaps.
Ataka je definovana vznikem novych nebo zhorSenim stavajicich symptomu, které trvaji 24
hodin a vice, bez soucasné koincidence s infekénim onemocnénim ¢i teploty. Po nékolika
tydnech nasledné dochazi ke zlepSeni klinického postizeni. Mize byt Gplné, vétSinou vsak
pretrvava urCity stupein neurologického deficitu. Po probéhlé atace nasleduje rizné dlouhé
obdobi remise bez novych klinickych ptiznaku, které muze trvat i n¢kolik let (McDonald et
al., 2001). Prvni ataku onemocnéni je nazyvana klinicky izolovany syndrom (CIS). Pfi rozvoji
dalsi ataky dojde ke konverzi do Kklinicky jist¢ RS (CDMS). Mc Donaldova kritéria definuji
dalsi podminky, které umoziuji stanoveni diagnozy RS jiz po prvni atace klinickych ptiznaka
v piipadé, Ze jsou splnéna kritéria paraklinicka (abnormity specifické pro RS na MR ¢i
vysledky analyzy mozkomisniho moku). Onemocnéni asi u 85 % nemocnych probiha jako
relaps-remitentni RS (RR RS) (Achiron A, 2004), kterd je charakterizovana stiidanim
Klinickych atak, po kterych nasleduje rizné¢ dlouhé obdobi remise. V obdobi remise

neurologicky deficit nenartsta. V lozisku zanétu vSak postupné béhem let dochazi k
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demyelinizaci a v rizné mite i k postizeni axont. Ve chvili, kdy dojde k vyCerpani rezervni
kapacity CNS, doch&zi k ireverzibilnimu neurologickému postiZzeni. Onemocnéni proto
u velké ¢asti RR RS pacientt (8 z 10-ti) pfechazi béhem 10-15 let do sekundarné chronicko-
progresivni formy (SP RS) s inkompletni Gzdravou po kazdé atace a pozvolna nartsta tize
klinického postiZeni a stupen invalidity (Obr. 18).

Mezi velmi ¢asté prvni piiznaky onemocnéni fadime optickou neuritidu, motoricke
parézy a senzitivni ptiznaky. Dochazi take Kk postizeni ostatnich hlavovych nervi, setkdvame
se s periferni parézou licniho nervu, internuklearni oftalmoplegii ¢i neuralgii trigeminu. Mezi
dalsi frekventni symptomy, se kterymi se u nemocnych s RS setkavame je postizeni mozecku.
Pokud je plaka lokalizovana v podkorové oblasti, muze navodit také epilepticky paroxysmus.
Velmi obtézujici jsou poruchy sfinkterovych funkci charakteru — imperativni mikce, retence
¢1 inkontinence a jejich kombinacemi. Asi 60 % muZza trpi v pribéhu RS erektilni dysfunkci.
Dal§im ptiznakem, ktery velmi limituje praceschopnost a pozdéji i schopnost sebeobsluhy
nemocnych je patologické Uinava, ktera je pfitomna asi u 85 % pacientl. K témto projeviim se
piidavaji psychické problémy, zejména deprese, rozmrzelost, emoc¢ni labilita, méné cCasto
euforie, poruchy paméti a soustiedéni (Hartung et al., 2004).

Asi u 10 % pacientt dochazi od pocatku choroby k pozvolnému, kumulativnimu
zhorSovani klinického stavu bez pfitomnosti atak. Jedna se o primarné progresivni RS (PP
RS) (Achiron A, 2004). Asi u 3 % pacienti miize mit onemconéni velmi agresivni prubé¢h
s t¢zkymi relapsy s nedostate¢nou tpravou a rychlym rozvojem neurologického deficitu, jde
o relabujici progresivni RS. Ztidka mize nemoc probihat benigné a nedochazi k rozvoji atak
¢i nartstu invalidity ani po mnoha letech. V soucasné dobé vsak bohuzel neexistuji zadné
biomarkery, které by umoznily tento prubéh prospektivné stanovit.

Nejvice pouzivanou Skalou objektivniho hodnoceni klinickeho stavu je Kurtzkeho
stupnice postiZzeni (Expanded Disability Status Scale), znama téz jako EDSS ¢i Kurtzkeho
Skala (Kurtzke JF, 1983). Kvantifikuje tizi postizeni téchto funk¢nich systému: zraku,
motoriky, kmenovych, mozeckovych, senzitivnich funkci, sfinkterd a zahrnuje také orientacni

hodnoceni kognitivniho postiZzeni a Unavy.
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Obr. 18 Klinicky prubéh roztrousené sklerozy

Zdroj: Curr Opion Neurol. 1999; 12:295.

Time-¢as; Relapses-ataky; Cognitive dysfunction-kognitivni dysfunkce; Accumulated MRI lesion Burden-
kumulace MR ézi; Acute (new and GD+) MRI activity-akutni (nova a GD+MRI aktivita); Level of Disability-
stupenl postizeni; Brain volume-mozkovy objem; T1, BH lesion load- T1 objem Iézi, BH (Black hole)-¢erna dira;
GD-gadolinium; MRI-zobrazeni magnetickou rezonanci.
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8 Diagnostickéa kritéria roztrousené sklerézy

Do roku 2001 byla pouZivina v diagnostice RS Poserova a pozdéjsi Schumacherova
kritéria. Po zavedeni magnetické rezonance (MR) do klinické praxe byla definovana kritéria
McDonaldova (McDonald et al., 2001). Byla vytvoiena v roce 2001 na zaklad¢ doporuceni
mezinarodniho konsenzu ve spolupraci s americkou National Multiple Sclerosis Society
(NMSS). Tato kritéria uleh¢uji diagnostiku vyuzitim pokroku v technikach MR (Obr. 17).
McDonaldova kritéria byla revidovana v roce 2005, 2010 (Polman et al., 2005; Polman et al.,
2011). Posledni revize byla provedena v roce 2017 (Thompson et al., 2018) (Tab. 6). Pomoci
MR je mozné hodnotit diseminaci onemocnéni v prostoru a ¢ase. Longitudinalni sledovani
MR nalezii umoziuje prukaz novych, subklinickych 1ézi i pfi absenci klinické ataky a tim
naplnéni diagnostickych Kritérii diseminace v prostoru ¢i case (Tab. 7). Vyznam MR
vySetieni ale nelze nadhodnotit, diagnostika onemocnéni musi byt komplexni a zaloZena
zejména na hodnoceni klinického stavu, historie onemocnéni, zobrazovacim vySetieni,
vySetieni mozkomisniho moku, evokovanych potenciald a dalSich. Pozitivni nélez
demyeliniza¢nich zmén na MR muze byt totiz v nékterych piipadech prokazan i bez
pritomnosti klinickych znamek choroby, tj. pfitomnosti relapsi nebo progresivniho
neurologického postiZeni. DalSi pomocna vysetieni, napf. Jiz zminéné evokované potencialy
nebo vysetfeni likvoru poskytuji podrobnéjsi informace o probihajicim zanétlivém procesu
v CNS. Stavajici kritéria bohuzel neumoziuji stanovit diagnézu v piipadé, Ze se jedna
o pravdépodobné onemocnéni. Longitudinalni studie, které by sledovaly vyvoj nemoci

u tohoto typu pacientli nebyly dosud provedeny.
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Tab. 6 Diagnosticka Kkritéria roztrousené sklerézy:

diagnosticka kritéria z roku 2017.

Klinicka kritéria (ataky)

2 nebo vice

2 nebo vice

2 nebo vice

0 (progrese od pocatku)

Objektivni (Iéze)

Objektivni klinicky prukaz > 2
lézi

Objektivni klinicky prikaz 1 1éze
s jasnym anamnestickym
prikazem ptfedchozi ataky

v rozdilné anatomické lokalizaci
Objektivni klinicky prikaz 1 1éze

Objektivni klinicky prukaz > 2
lézi

Objektivni klinicky prikaz 1 1éze

Rok progrese nemoci nezavisle
na klinické atace (retrospektivné
nebo prospektivng)
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revidovand McDonaldova

Dalsi 1daje potiebné ke

stanoveni DG

Z&dné. Klinickd symptomatika
staci; dal$i doklady jsou zadouci,
musi byt v souladu s RS
Z&dné. Klinickd symptomatika
staci; dal$i doklady jsou zadouci,
musi byt v souladu s RS

Diseminace v prostoru  (dalSi
Klinickd ataka v jiné lokalizaci
CNS nebo aktivita na MR)
Diseminace v ¢ase (dalsi klinicka
ataka nebo aktivita na MR nebo
ptitomnost specifickych OP past
v mozkomisnim moku)
Diseminace v prostoru  (dalSi
Klinickd ataka v jiné lokalizaci
CNS nebo aktivita na MR) a
diseminace v ¢ase (dal$i klinicka
ataka nebo aktivita na MR nebo
piitomnost specifickych OP pasi
v mozkomiSnim moku)

A nejméné dvé nasledujici
kritéria.

-Jedna nebo vice T2-
hyperintenznich lézi
charakteristickych pro
roztrousenou sklerézu v jedné
nebo vice oblasti mozku:
periventrikularné, kortikalné nebo
juxtakortikalng, nebo
infratentorialné

-Dvé nebo vice hyperintenznich
lézi v miSe

-Ptitomnost oligoklonalnich past
v mozkomisnim moku



Tab. 7 Revidovana McDonaldova diagnosticka kritéria (2017)

MR Kritéria diseminace v prostoru a ¢ase

Priikaz diseminace 1ézi v prostoru (DIS) > 1 T2 hyperintenzni léze charakteristické pro

roztrouSenou sklerézu nejméné ve dvou ze Ctyf
oblasti CNS; periventrikularni, kortikalni ¢i

juxtakortikalni, infratenorialni nebo misni.

Prtkaz diseminace 1ézi v ¢ase (DIT) Soucasna pfitomnost 1ézi syticich se gadoliniem a

nesyticich se 1ézi v jakoukoli dobu nebo nova T2-
hyperintenzni ¢i 1éze sytici se gadoliniem na

nasledné MR ve srovnani s ptedchozim vySetfenim

nezavisle na nacasovani prvniho skenu.

Na rozdil od McDonaldovych kritérii z roku 2010 nejsou rozliSovany symptomatické a

asymptomatické MR léze.

a) b)

Obr. 19 Pacientka s pokro€ilym demyelinizanim postiZenim s typickym obrazem
mnohocetnych periventrikularnich loZisek. a) T2 obraz, b) Flair-Dawsonovy prsty.
Zdroj: Snimky magnetické rezonance poskytl MUDr. Milo§ Ketkovsky, Ph.D., Radiologicka klinika FN Brno.
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Vyzkumné prace

1 Cile préace

1.1 Geneticka studie

. Analyza genetickych polymorfismi v kandidatnich genech, stanoveni frekvence alel
a genotypove distribuce ve studovaném souboru.
a) Polymorfismu rs3135388 v genu pro HLA-DRB1*1501
b) Polymorfismu (-1562C/T, R+279Q) lokalizovanych v kandidatnim genu pro
MMP-9
c) Polymorfismu (-1306C/T, -1575G/A, -168G/T, -735C/T) lokalizovanych v
kandidatnim genu pro MMP-2
d) Polymorfismu +853G/A v genu pro TIMP-2
e) Polymorfismu rs6897932 v genu pro IL7RA
f) Polymorfismi rs4516035, rs2228570, rs731236, rs7975232, rs1544410
v genu pro VDR
g) Polymorfismu (-6) A/G a M235T v genu pro ATG a ACE I/D
. Urcit asociani vztah genetickych polymorfismt lokalizovanych v kandidatnich genech
s vnimavosti k RS.
Nalézt mozné rozdily mezi pohlavimi ve vnimavosti k RS.
. Zjistit, zda tyto kandidatni genetické polymorfismy ovliviuji tizi a pribéh onemocnéni
a stupeil postiZeni.

. Zjistit potencialni interakci mezi genetickymi polymorfismy rs4516035 a rs3135388

1.2 Studie hladin enzymu

Stanoveni hladin enzymi MMP-9, MMP-2 a jejich tkanovych inhibitort-TIMP-1
a TIMP-2 v séru a zhodnotit jejich vztah ke klinickému priibéhu, stupni postizeni a tizi

onemocnéni.
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1.3 HYPOTEZA

V soucasnosti nejsou k dispozici dostatecné spolehlive biomarkery, které by
umoznovaly zjistit vnimavost daného jedince k rozvoji RS, diagnostické a prediktivni
markery dals§i progrese onemocnéni ani individudlni odpovidavosti na terapii. Nejsou také
dostateén¢ objasnény faktory, které podmiinuji zvySenou vnimavost Zen k onemocnéni.
Zjisténi rizikovych genetickych polymorfismii mutze poskytnout dilezit¢é informace o
patogeneze onemocnéni a nalézt jednotlivce se zvySenym rizikem. Slibnymi kandidaty jsou
geny a jejich varianty, tzv. polymorfismy, které se vyznamné podili v imunopatogenezi
onemocnéni a podstatné pfispivaji k interindividudlnim rozdilim. Jednd se zejména o
variabilitu gend, které koduji proteiny autoimunitniho zanétlivého procesu; enzymt, které se
podili na zvySeni propustnosti HEB pro zanétlivé bunky a variabilitu genu pro vitamin D. V
nasi praci jsme vysSetfili genetické polymorfismy téchto kandidatnich gent: HLA-RB1*1501,
VDR, IL7RA, MMP-9, MMP-2, TIMP-2 a ATG.

Zasadni roli v iniciaci imunitni odpovédi ma HLA (Akkad et al., 2015; Lincoln et al.,
2005; Prat et al., 2005; Sadovnic 2012; Sawcer et al., 2011; Schmidt et al., 2007). Zamé&fili
jsme se na vySetfeni variability funkéniho genetického polymorfismu rs3135388, ktery
vysoce koreluje s alelou HLA DRB1*1501 (korela¢ni koeficient r (2) >0.94) (Goris et al.,
2008). Tato alela se spolu s alelami DRB5*0101 a DQB1*0602 vyznamné podili na zvyseni
predispozice rozvoje nemoci zvysenim prezentace peptidi myelinu T-lymfocytim a antigend
nékterych herpetickych virti, zejména EBV (Alcina et al., 2012; Smith et al., 1998). Dilezitou
roli hraje take vzajemna interakce alely HLA DRB1*1501 s vitaminem D.

Vitamin D je velmi dilezitym environmentalnim faktorem, ktery prostiednictvim
VDR navozuje silné antiproliferativni, prodiferenciacni a imunomodula¢ni u¢inky (Munger et
al., 2006; Munger et al., 2014; Simon et al., 2012). Je exprimovany T- buitkami a APCs a je
tak zapojeny do regulace imunitniho systému (Cantorna et al., 2015; Correale et al., 2009;
Joseph et al., 2012; Mahon et al., 2003; Royal et al., 2009; Smolders et al. 2009). VDR po
své aktivaci slouzi take jako transkripéni faktor regulujici expresi vice nez deviti set 1.25
(OH)2 D3 responzivnich genti (Kongsbak et al., 2013; Wang et al., 2005) véetn¢ HLA-
DRB1*15 (Agliardi et al., 2011, Ramagopalan et al., 2009). Zam¢fili jsme se proto na
vysetfeni funkéniho promotorového genetického polymorfismu rs4516035 v genu pro VDR,
ktery nebyl dosud v souvislosti s RS studovan. Snazili jsme se zjistit, jestli existuje vzajemna
vazba mezi alelami rs3135388 a rs4516035 ve vztahu k RS.
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DalSim dalezitym patofyziologickym procesem, ktery podmifiuje rozvoj a progresi
onemocnéni je poruSeni HEB, umoznujici pfestup zanétlivych bun¢k do CNS. Zde se
vyznamné uplatiuji MMPs (Bar-Or et al., 2003; Larochelle et al., 2011; Mirshafiey et al.,
2014). Jedna se zejména o MMP-9 a MMP-2, jejichZz exprese byla prokazana v T-
lymfocytech, B-lymfocytech a monocytech, které jsou hlavni populaci zanétlivych bunék v
aktivnich demyelinizacnich plakach, v chronickych 1ézich pak ptevazuje aktivovana
mikroglie a B- lymfocytarni subpialni folikularni infiltrace, ktera podminuje chronicky zanét
a progresi onemocnéni (Aung et al., 2015; Bar-Or et. al., 2003; Kurzepa et al., 2005;
Konnecke et al., 2013; Magliozzi et al.). Jejich exprese v CNS, hladina v séru a mozkomisnim
moku kolisa v zavislosti na aktivité, pribéhu onemocnéni a je ovlivnéna lé¢bou (Goodin et
al., 2002; Mirshafiey et al., 2014; Shimizu et al., 2014; Waubant et al., 2003). Vysettili jsme
proto jednak hladiny MMPs v séru a genetickeé polymorfismy -1562 C/T, R+279Q
lokalizované v kandidatnim genu pro MMP-9; jako prvni polymorfismy -1306C/T, -1575G/A,
-168G/T, -735C/T lokalizované v kandidatnim genu pro MMP-2; a jako jedini také
polymorfismus +853G/A v genu pro TIMP-2.

Dulezitou roli v procesu regulace propustnosti cévni a HEB, aktivace infiltrujicich
imunokompetentnich bunck, exprese prozanctlivych a prooxidacnich genl, zesileni
fagocytarni aktivity u makrofagt hraje také angioenzinogen (ATG) a angiotensin konvertujici
enzym (ACE) (Hammack et. al., 2004; Stoop et al., 2009; Wosik et al., 2007). Proto jsme se
zabyvali genetickym aspektem dané problematiky a vySetfili jsme jako prvni dva funk¢ni
polymorfismy v genu pro ATG; (-6) A/G v promotorové oblasti genu a M235T v exonu a
ACE I/D. ATG muze ovlivnit onemocnéni pravdépodobné aktivaci zanétlivého procesu
(Platten et al., 2009).

Na progresi vlastniho zanétlivého procesu se vyznamnou mérou podili prozanétlivé
cytokiny, mezi které patti IL-7 (Sterzl et al., 2005; Horejsi et al., 2009). Vysetiili jsme
funkéni geneticky polymorfismus rs6897932 v genu IL7RA, ktery koduje povrchovy znak
CD127 receptoru IL-7 (Gregory et al., 2007). Ovliviuje regulaci a vyvoj lymfocytu,
podporuje proliferaci, diferenciaci a prezivani naivnich T bunck, vcetné regulacnich a B
bunék. IL7RA je spolu s nékterymi dal§imi geny zapojen také do procesu enzymatického
procesu N-glykosylace, jehoZ narudeni vede k aktivaci cytotoxickych T-lymfocyti se ztratou
tolerance pro vlastni antigeny. Vyznamnou mérou se tak podili v patogenezi onemocnéni a
progresi zanétlivého procesu v RS plakach (Gregory et al., 2007; Mkjikian et al., 2011; Jager
etal., 2013).
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Predpokldddme, Ze bychom mohli nalézt asociaéni vztah vySe uvedenych
kandidatnich genetickych polymorfismi s RS a prokazat mozné rozdily mezi pohlavimi ve
vhimavosti k rozvoji nemoci, nebot’ RS jako vSechna ostatni autoimunitni onemocnéni se
Castéji vyskytuje u zen. VEfime, Ze se nam podafi nalézt parametry umoznujici posoudit nejen
miru individualniho rizika vnimavosti k RS, ale také posoudit podil genetické predispozice na
rozvoj a prib&h tohoto onemocnéni v ¢eské homogenni populaci. Oc¢ekavame, Ze se ndm
podaii nalézt vztah hladin MMP-9, MMP-2 a jejich inhibitora v séru ke klinickému prabéhu,
tizi onemocnéni a stupni postiZeni.

Ziskané nalezy by mohly napomoci lepS§imu porozuméni tUlohy HLA,
metalloproteindz, IL-7, vitaminu D a ATG v patofyziologii choroby. Zjisténi rizikovych alel
pro dané onemocnéni muze napomoci ve vyvoji specifické terapie a prispet ke zjisténi

individualni odpovédi pacientti na 1écbu.
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2. Material a metodika

2.1 Geneticka studie

2.1.1 Soubor

Jednad se o studie typu case-control a genotypové fenotypové studie. Bylo do ni
zatazeno celkem 306 nemocnych s RS, diagnostikovanou dle Mc Donaldovych Kkriterii
(McDonald et al., 2001), kontrolni soubor byl tvofen 135 zdravymi jedinci. Nemocni byli
rozdeleni podle pohlavi a podle formy onemocnéni do skupin na RR RS, SP RS a PP RS.
Klinicky stav byl hodnocen pomoci Expanded Disability Status Scale (EDSS) (Kurtzke
1983). Stupen postizeni byl spocitan podle Multiple Sclerosis Severity Score (MSSS)
(Roxburgh et al., 2005).

Vsichni pacienti byli vysetfeni ve specializovaném centru pro RS stejnym Iékaiem
(YB). Studie byla schvalena etickou komisi FN Brno a vSichni jedinci podepsali informovany

souhlas pred vstupem do studie.

2.1.2 Geneticka analyza

Genotypizace byla provedena metodou polymerdzové fetézové reakce (PCR)
a restrikéni analyzou. DNA byla izolovana z leukocytli periferni krve pomoci metody
s vyuZzitim proteinazy K. Izolace DNA spocivala v lyze bunék v roztoku, ktery obsahuje 10
mM tris- HCI (pH=8.5), 0,1% SDS, 0.1 mg/ml proteinazy K. Proteinaza K byla odstran¢na
extrakci fenolem a po etanolové precipitaci a vysuSeni byl vzorek DNA rozpustén v TE pufru
(10 mM Tris-Cl pH=8.1 mM EDTA pH=8). Detekce polymorfisml byla provedena pomoci
PCR se specifickymi primery a nasledné restrikéni analyzy specifickymi endonukleazami.
Popis metodiky je uveden v Tab. 8 a 9.
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Tab. 8 Sekvence primeri, teplota pro pripojeni primert

Polymorfismus Sekvence primeru PCR (teplota °C, ¢as)
(sense/antisense)

HLA- DRBI*1501 5"GTA GAG ATC TCC CAA CAA ATCGA- 95 /5"
rs3135388 5"GAG TCG GTC CTG GGG AAT A- 95/50""-59/30"-72/45" (30x)

72/10°

10/10°

95/3’
MMP-9 5" ATGCTCATGCCCGTAATCCT 3’ 94/30“- 65/20“- 72 /40“(34x)
-1562 C/T 5" TGGGAAAAACCTGCTAACAACT'3’ 72/7°

10/10°

95/3
MMP-9 5"CTCGCCCCAGGACTCTACAC 37 94/20“-59,5/10“-72/10“(35x%)
R+279Q 5" GTGCAGGCGGAGTAGGATT 3’ 72/7°

10/10°

95/3’
Nil;';) ;ZG /A 5" ACTGACTCTGGAAAGTCAGAGCA 3’ ‘;gﬁp ~60/40%-72/50%(30x)

5" GGCACAGGGTGAGGGGATGG 3’ ,

10/10

95/4
MMP-2 5" CTTCCTAGGCTGGTCCTTACTGA 3’ 95/45"- 48,6 /35" 72 /45“(35%)
-1306C/T 5" CTGAGACCTGAAGAGCTAAAGAGCT 37 72/5°

10/10°

95/5’
MMP-2 5"-ATAGGGTAAACCTCCCCACATT-3’ 95/45“-59,2 /45“-72 /45“(35x)
-735C/T 5’- GTAAAATGAGGCTGAGACCTG-3’ 72/7°

10/10°

95/5
MMP-2 5-CTGACCATTCCTTCCCGTTC-3" 95/50“- 51/45“- 72/50(35x)
-168 G/T 5-CGCCTGAGGAAGTCTGGAT-3’ 72/7¢

10/10°

96/ 3
TIMP-2 5’-GCCCAGGGTGTTCTGGATGG-3 95/40“- 63,5 / 30“-72/40“(30x)
+853 G/A 5’- CTCCGGCTGATGGCCCCACT- 3° 72/ 7

10/ 10°

95 /5
IL7RA F 5’-GGG AGA TGG ATC CTA TCT TAC TGA- 95/45"" 54,30C /30" 720C /35"
rs6897932 R5-TGT GGA AAT TCG CTG AGG AT- [30x]

72 /10°

10 /10°

94/3
ATG 5'CAGGGTGCTGTCCACACTGGACCCC -37 94/30“-69/1" (34x%)
M235T 5'CCGTTTGTGCAGGGCCTGGCTCTCT-3" 94/30“-69/7"

10/10°

95 /5
ATG 5’AATAAGGCATCGTGACCC-3" 95/30“-56,/15"-72/15" (30%)
A(-6)G 5’ACCTTCTGCTGTAGTACC-3’ 72/3

10/10°
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Tab. 9 Sekvence primert, teplota pro pripojeni primert

Polymorfismus Sekvence primeru PCR (teplota °C, ¢as)
(sense/antisense)
95 /10
FokI 5’AGCTGGCCCTGGCACTGACTCTGGCTCT-3" 95 /20"- 69/3071° /1 -
rs2228570 5’ATGGAAACACCTTGCTTCTTCTCCCTC-3" 72/307(14x)
95/30”-50 /30" 72 / 307 (20 x)
72/ 5
10/10°
95 /10
Taql 5'CAGAGCATGGACAGGGAGCAA-3’ 95 /207- 69/3071° /1 -
rs731236 5'GCAACTCCTCATGGCTGAGGTCTC-3" 72/307(14x)
95/30”-50 /30" 72 / 307 (20 x)
72/ 5
10/10°
95 /10
Apal 5'CAGAGCATGGACAGGGAGCAA3’ 95 /20”- 69/3071° /1 -
rs7975232 5'GCAACTCCTCATGGCTGAGGTCTC3’ 72/307(14x)
95/30”-50 /30" 72 / 307 (20 x)
72/ 5
10/10°
95 /10’
Bsml 5'CAACCAAGACTACAAGTACCGCGTCAGTGA3" | 95 /20"- 69/3071° /1 -
rs1544410 5’AACCAGCGGGAAGAGGTCAAGGG3’ 72/307(14x)
95/30”-50 /30" 72 / 30”(20 x)
72/ 5
10/10°
95 /10’
EcoRV 5'CCTCCTCTGTAAGAGGCGAATAGCGAT- 3° 95 /20”- 69/30"10 /1 -
rs4516035 C/T 5'GGACAGGTGAAAAAGATGGGGTTC -3’ 72/307(14x)
95/30”-50 /30" 72 / 30”(20 x)
72/ 5
10/10°
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Tab. 10

Restrikéni enzymy, podminky a délka PCR produkti pro analyzu genetickych

polymorfismi v genech pro HLA- DRBI*1501, MMP-9, MMP-2, IL7TRA, ATG a VDR

Polymorfismus

Restrikéni enzym

Podminky

Délka fragmentu (bp)

HLA- DRBI¥1501 Clal 30°C 4h: PCR produkt 15,0y, CC 206 / 206bp
rs3135388 5’ATVCGAT H20 2,6u, pufr M 2ul, TT 186, 20 / 186, 20bp
Clal (10U/ul) 0,4 pl CT 206 / 186, 20bp
MMP-9 Pae | 37°C 4h: PCR produkt 15ul, CC 329/329
-1562C/T GCATGIC H20 2,7ul, pufr B+BSA 2ul, Pael | TT 144,185/ 144,185
30U CT 329/144,185
MMP-9 Smal 30°C 4h: PCR produkt 15ul, GG 22,73 /22,73
R+279Q CCCIGGG H20 2,7ul, pufr Y+/Tango 2ul, AA 95/95
Sma [ 3U GA 22,73/95
MMP-2 -1306C/T | Xspl 37°C 4h: PCR produkt 10ul, CC188,5/188,5
CITAG H20 3,2ul, pufr K 15ul, Xspl 3U TT 162,26,5/162,26,5
CT 188,5/162,26,5
MMP-2 -1575G/A Tsp45I 65°C 4h: PCR produkt 15ul, GG 113,156/ 113,156
lGTG/CAC H20 2,7ul, pufr NEB 1 2ul, AA 269/269
Tsp4511,2U GA 113,156/269
MMP-2 Hinfl GIANTC 37°C 4h: PCR produkt 15ul, | CC 300/300
-735C/ T H20 2,5ul, pufr R 2ul, Hinfl 5U TT 45,255/45,255
CT 300/45, 255
MMP-2 BseD I CLCNNGG 55°C 4h: PCR produkt 15ul, GG 26,194,205/
-168G/ T H20 2,7ul, pufr Y/Tango 2ul, 26,194, 205
BseD 13U TT 26,399/26,399
GT 26,194,205/26,399
TIMP-2 Bsrl 65°C 4h: PCR produkt 15ul H20, | GG~ 221/221
+853G/A 2,5ul, pufr R 2ul, Bsr1 2,5U AA 61,160/ 61,160
GA 221/61,160
IL7RA Mbo I 370C4h: PCR CC 115,134 /115,134
rs6897932 produkt 15,0ul H20, 2,7ul, pufr | TT 24,110,115, /24,110,
R 2,0 ul, Mbol 10U 115
CT 115,134,/24,110,115
ATG Asp 1 37 °C po 4 hod: produkt 15 pl, MM 165/165
M235T H20 2,5 pl, pufr B2 pl, Asp5 U TT 141, 24/141, 24
MT 141, 24/165
ATG BstNI 60 °C po 4 hod: produkt 15 pl, AA 45,20/45, 20
A(-6)G H20 2,5 pl, pufr NEB2 + BSA 2 GG 65/65
ul, BstNI 5 U AG 45, 20/65
EcoRV EcoRV 37 °C po 4 hod: produkt 15 pl, CC179/179
rs4516035 C/T H20 2,7 pl, pufr NEB2 + BSA 2 TT 152,27/152, 27
ul, EcoRV 0.3 C/T 179/152, 27
FokI FokI 37 °C po 4 hod: produkt 15 pl, | GG 267/267
rs2228570 H20 2,7 pl, pufr NEB4 2 pl, Fokl | AA 193,74/193,74
0.3 pl, G/A267/193,74
Taql Taql 65 °C po 4 hod: produkt 15 pl, | AA 496,249/496, 249
rs731236 H20 2,7 pl, pufr NEB4+BSA 2 pl, | GG 295, 249, 201/ 295, 249,
Taql 0.3 pl, 201
A/G 496 ,249/295, 249, 201
Apal Apal 37 °C po 4 hod: produkt 15 pl, | AA745/745
rs7975232 H20 2,7 pl, pufrB 2 ul, Apal 0.3 | CC532,213/532,213
ul, A/C745/532,213
Bsml Bsml 37 °C po 4 hod: produkt 15 ul, | TT 813/813
rs1544410 H20 2,7 pul, pufrR 2 pl | CC670,143/670, 143

Mva126910.3 pl,

C/T 670,143/813
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2.2 Studie hladin enzymi

2.2.1 Soubor

Do studie byli zatazeno 87 nemocnych s RS, diagnostikovanou dle Mc Donaldovych kriterii,
kontrolni skupinu tvofilo 50 zdravych jedincii. Nemocni byli rozdéleni podle pribéhu nemoci
do skupin s RR RS, SP RS a PP RS formou onemocnéni. Klinicky stav byl hodnocen pomoci
EDSS, stupenn postizeni byl spocitan podle MSSS. V dobé krevniho odbéru byli vSichni
pacienti a kontrolni jedinci bez znamek infekéniho onemocnéni a nemocni byli v klinicky
stabilizovaném stavu. VSichni pacienti byli vysetfeni ve specializovaném centru pro RS
stejnym 1ékafem (YB) VSichni jedinci podepsali informovany souhlas pted vstupem do

studie.

2.2.2 Stanoveni hladin enzymi

Stanoveni a kvantifikace hladin enzymti MMP-2, MMP-9, TIMP-2 a TIMP-1 bylo
provedeno metodou ELISA (enzyme-linked immunoassay). Byly pouzity tyto kity: MMP-9,
Human, Activity Assay RPN26; MMP-2, Human, Biotrak ELISA System RPN2617; TIMP-1,
Human, Biotrak ELISA System RPN2611 a TIMP-2, Human, Biotrak ELISA RPN2618,
podle instrukci vyrobce Amersham Biosciences UK (Buckinghamshire, UK). Jedna se
o0 jednoduche, specifické kvantitativni stanoveni lidské MMP-2, MMP-9, TIMP-1 a TIMP-2
ze séra. Pacientim bylo odebrano 10 ml srazlivé krve, nasledné byla krev zcentrifugovana
a sérum bylo zamraZeno pii teploté -80 st C. Pfed vlastnim stanovenim bylo sérum fedéno.
Vzorky byly inkubovany v jamkach obsahujicich anti-MMP-2, anti-MMP-9, anti-TIMP-2
aanti-TIMP-1 protilatky. MMP-2, MMP-9, TIMP-2 a TIMP-1 byla vazéna v jamce na
peroxiddzové znacenou protilatku, inkubovéna 2 hodiny pii teploté 20-27 °C a poté promyta.
Reakce byla ukoncena pfidanim kyselého roztoku, po obarveni byla méfena 450 nm spektro-

fotometrii.
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3. Komentovany soubor vlastnich praci

Bene$ova Y, Vaski A, Stoura¢ P, Hladikova M, Fiala A, Bednarik J.
Association of HLA-DRB1*1501 tagging rs3135388 gene polymorphism with multiple
sclerosis. J Neuroimmunol 2013; 255(1-2): 92-96. IF: 2.786

Resumé

Vyznamnou roli v etiopatogenezi RS hraje geneticka predispozice. Byla prokazéna
asociace RS s DR2 haplotypem, zejména s alelou HLA-DRB1*1501. Alely DRB1*1501,
DRB5*0101 a DQB1*0602 se vyznamné podili na zvySeni predispozice rozvoje RS zvySenim
prezentace peptidii myelinu T-lymfocytim a antigenii nékterych herpetickych virti, zejména
EBV. Vzijemna interakce mulze spustit patogenni proces prostiednictvim molekuldrnich
mimiker. Dulezitou roli hraje take vzdjemna interakce s VDR, nebot v proximalni
promotorové oblasti alely HLA DRB1*1501 je lokalizovan responzivni element pro vitamin
D. Bylo prokézano, Ze geneticky polymorfismus rs3135388 je markerem alely HLA
DRB1*1501 (r*=0.97). Cilem nasi prace bylo vySetfit tento geneticky polymorfismus
a prokazat souvislost s vnimavosti k RS, zjistit pfipadné rozdily mezi pohlavimi a ovlivnéni
tize onemocnéni a stupné postizeni v Ceské populaci. Do studie bylo zarazeno 306
pacientii s RS, kontrolni soubor byl tvofen 132 zdravymi jedinci. Byla zkouména
distribuce genotypt a alel polymorfismu rs3135388.

Byl zjistén signifikantni rozdil v genové distribuci (Pg=3.06x10°) a alelové
frekvenci Pa=6.08x10"°) mezi nemocnymi RS a zdravymi jedinci. Byla prokazana
statisticky vyznamné vyssi vnimavost k RS u homozygotii AA a heterozygotit GA (OR=4.27,
95% CI: 2.64-6.92). Po rozdéleni souboru podle pohlavi byl prokazan signifikantni rozdil
pouze mezi nemocnymi a zdravymi Zenami v genové distribuci (Pg=1.3x10"®) a alelové
frekvenci (Pa=2.82x10%); (OR=5.11, 95 % CI: 2.86-9.15). U muzd signifikantni rozdil
nalezen nebyl. Z nasich vysledku tedy vyplyva, Ze distribuce polymorfismu rs3135388 muze

determinovat genetickou vnimavost k rozvoji RS v ¢eské populaci, zejména u Zen.
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We investigated the HLA-DRE1*1501 tagging rs3135388 gene polymorphism and its association with multi-
ple sclerosis (MS) susceptibility, disability and gender differences. The study group consisted of 306 MS
patients and 137 healthy individuals. A significant difference in genotype distribution (Pg=3.06x10"7)
and allele frequency (Pa=6.08x 10 ") between MS patients and controls was demonstrated. The homozy-
gotes AA and heterozygotes GA were more frequent in MS patients (OR =4.27, 95% Cl: 2.64-6.92).

“G?,']‘;""”" A significant difference between female MS patients and female controls in genotype distribution
HLA-DRB171501 (Pe=13x 107%) and allele frequency (Pa=282x 107°); (OR=5.11, 95% ClI: 2.86-9.15) was also proved.

Multiple sclerosis
Tagging polymorphism

Our results indicate that the distribution of the rs3135388 gene polymorphism is a risk factor for MS suscep-
tibility in the Czech female population,

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Multiple sclerosis (MS) is an autoimmune disease of the central
nervous system (CNS) leading to demyelination, axonal damage,
and progressive neurological disability (Hartung et al., 2004). Certain
genetic and environmental factors contribute to susceptibility to the
disease (Ebers, 1995); further, stochastic and epigenetic effects
cannot be overlooked (Sadovnick, 2012).

The whole genome-wide association studies (GWAS) indicate that
the human leukocyte antigen (HLA) class Il region is the strongest MS
susceptibility locus in northern Europeans. The HLA complex is a
dense cluster of at least 150 genes (de Bakker et al., 2006) located
on the short arm of chromosome 6 at p21.3. Genes within the class
11 subregion encode HLA class Il molecules that function within the
immune system (Schmidt et al., 2007), These molecules participate
in the recognition and presentation of antigens to T cells and are
primarily expressed by antigen-presenting cells such as macrophages,
B cells, and dendritic cells, They have been associated with suscepti-
bility to several autoimmune and immune-mediated disorders, such
as narcolepsy, systemic lupus erythematosus and M5 (Schmidt et
al., 2007).

In particular, the HLA-DRB5°0101-HLA-DRB1*1501-HLA-DQA1*
0102-HLA-DQB1°0602 haplotype (Lincoln et al,, 2005; Prat et al,, 2005;
Sadovnick, 2012) and its individual alleles have been linked to MS

* Corresp author at: Dep of logy, University Hospital Brno and
Faculty of Medicine, Masaryk University, Jihlavskd 20, Brno 625 00, Czech Republic,
Tel.: +420 731 103 044; fax: +420 532 232 249,

E-mail address: beneivo@seznam.cz (Y, Benedovd),

D165-5728/% - see front matter © 2012 Elsevier BV, All rights reserved,
hitp://dx.doiorg/ 10,1016/ jncuroim.2012.10.014

(Schmidt et al., 2007). This haplotype confers a relative risk of approxi-
mately 3 and homozygosity for this haplotype increases the risk more
than six-fold. However, marked linkage disequilibrium (LD) among
these loci makes identification of a specific locus difficult. Generally,
the HLA-DRB1*1501 and HLA-DQB1°0602 are almost always transmitted
together in northern Europeans (Lincoln et al., 2005).

In a collaborative GWAS that collected data from 9772 cases and
17,376 controls of European descent, 465,434 autosomal single poly-
morphisms (SNPs) were analysed. It was proved that HLA-DRB1*
1501 has the strongest association with MS, with a consistent influ-
ence within the cohort (P=1x10"%*", OR=3.1) (Sawcer et al,
2011). For example, Masterman et al., 2000 reported its presence at
a frequency of 61% in M5 cases in a Swedish population, as compared
with 31% in controls (P=0.0001, OR=3.5). Such findings have not
only been seen in studies of primarily Caucasian populations but
have also appeared in studies of other ethnic groups, such as Japanese
and Middle Eastern populations (Schmidt et al., 2007).

Further, interactions between HIA-DRB1*1501 and environmental
factors, such as Epstein-Barr virus (EBV), human herpes virus and vita-
min D, play an important role (De Jager et al., 2008; Lossius et al., 2011;
Sadovnick, 2012). HLA genes are involved in the binding and presenta-
tion of antigens of these pathogens, and it is likely that an interaction
between particular viruses and HLA may influence an individual's
susceptibility to MS. An increased viral load or a changed presentation
of EBV proteins that cross-react with cellular antigens may trigger
pathogenic processes through molecular mimicry, resulting in MS
(Niller et al,, 2011; Sundstrém et al., 2009). HLA-DRB1*15 also includes
a vitamin D response element (VDRE) in the proximal promoter region.
Functional assays have demonstrated that gene expression is
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influenced by VDRE, thereby conferring 1,25-dihydroxyvitamin D3
sensitivity to HLA-DRB1*15 (Ramagopalan et al., 2009). When examin-
ing the epistatic interaction between VDR SNP rs2228570 and
DRB11501 tagging SNP rs3135388, there appeared to be a trend of
increasing risk of MS in the homozygous for the HLA-DRBE1*1501 allele
in association with the VDR (Cox et al,, 2012).

Within the HLA-DRB1 gene, the rs3135388 (P=894E *!,
OR=1.99), rs3129900 (P=263E"*, OR=28), rs3129934 (P=
2.60E~*, OR=2.9), and rs9270986 (P=2.38E >, OR=3) gene SNPs
have been demonstrated as the most strongly associated with MS
(Alcina et al., 2012; Hafler et al., 2007).

It has been shown that the most significant surrogate marker for
the HLA-DRB1°1501 allele is rs3135388 gene polymorphism (r=
0.97) (de Bakker et al., 2006). Only a few genetic association studies
have been published that address this gene polymorphism in relation
to MS (Hafler et al., 2007; Zivkovif et al., 2009). The carrier status of
the A allele has been associated with MS susceptibility (P=
1.18 10~ 7), as well as significantly more frequent lesions and higher
lesion volumes in the spinal cord (Sombekke et al., 2009).

In the present study, the HLA-DRB1*1501 allele rs3135388 gene
polymorphism was investigated in relation to MS susceptibility,
disability and potential gender differences in the Czech population.

2. Materials and methods
2.1. Subjects

The study was designed as a case-control study. A total of 443
unrelated Caucasian subjects were enrolled. The study group
consisted of 306 patients fulfilling the McDonald criteria for MS
(Polman et al, 2011), with a mean age of 384 10.5 years (mean 4+
5.0.), 220 females, and 86 males with MS. The control group consisted
of 137 healthy volunteers, with a mean age of 37+11.6 years
(mean =+ S.D.), 87 females, and 50 males. Mean duration of the disease
was 7.2 4+ 6.2 (mean 4+ 5.0.). Clinical status was evaluated according
to the Expanded Disability Status Scale (EDSS) (Kurtzke, 1983) and
the disease severity was calculated using the Multiple Sclerosis
Severity Score (MS555) (Roxburgh et al., 2005).

All patients and controls were recruited from the Department of
Neurology of the University Hospital, Brno and were examined in a
specialised MS centre by the same specialist neurologist (Y.B.). The
study was approved by the Ethics Committee of the University
Hospital, Brno, and all persons gave their informed consent prior to
enrolment in the study.

2.2. HLA-DRB1'1501 genotyping

Genomic deoxyribonucleic acid (DNA) was extracted from white
blood cells by standard techniques using proteinase K. Genotyping
in HLA-DRBI*1501 gene was performed with polymerase chain
reaction (PCR) and restriction analysis. DNA was isolated from 5 ml
of EDTA-anticoagulated blood from leucocytes by the standard
extraction method. Detection of rs3135388 gene polymorphism was
performed by PCR with sequence-specific primers (PCR-S5P).

Detailed descriptions of the methods used are summarised in
Table 1.

2.3. Statistical analysis

The Kolmogorov-Smirnov test was used to check distribution,
Normally distributed metric parameters are presented as mean+
standard deviation (5.0.). Hardy-Weinberg analysis was performed
using the chi-square ( #*) test and the two-tailed Fisher's exact test
to examine differences in the distribution of alleles and genotypes be-
tween patients and controls. Odds ratios and confidence intervals
(95%) were calculated by logistic regression. The Kruskal-Wallis
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Table 1
Primer sequences, annealing temperatures, restriction enzyme, conditions and product
lengths for analysis of rs3135388 gene polymorhism,

Polymarphism  Primer sequence (sense/antisense) Restriction enzyme

133135388 5" GTA GAG ATCTCC CAA CAA ATCGA- Clal
5 GAG TCG GTC CTG GGG AAT A- 5'AT|CGAT
Conditions Fragment length (bp)
30°C for 4 h: PCR product 15,0 W, H20  CC 206/206 bp

26 u, buffer M 2 ul, Clal {10 Ujul ) 0.4 ul TT 186, 20/186, 20 bp
CT 206/186, 20 bp
PCR (temperature °C, time)

95/5"

95/50" —59/30" —72/45" (30x)

72100

10/10°

PCR - polymerase chain reaction.

ANOVA test was used for comparison of genotypes with disability as
expressed by EDSS and MSSS. Values of p <0.05 were considered sta-
tistically significant. Statistical analysis was performed using the
STATISTICA software package (StatSoft, Inc., Tulsa, OK, USA), version
10.

3. Results

The basic characteristics of the study group are summarised in
Table 2.

3.1. Genetic association study

Genotype and allele frequencies of HLA-DRB171501 rs3135388
gene polymorphism in MS patients and controls are shown in Table 3.

The genotype distribution of polymorphisms did not deviate from
the Hardy-Weinberg equilibrium in any group.

A significant difference in genotype distribution (Pg=3.06x10 )
between MS patients and controls was demonstrated. The homozygotes
AA and the heterozygotes GA were more frequent in MS patients (OR =
4.27, 95% ClI: 2.64-6.92); the sensitivity for MS was 0.5, the specificity
0.81 and the power test 0.999. A significantly higher frequency of the
rs3135388 A allele carrier was found in MS patients compared to
healthy controls (Pa=6.08x10""); (OR=3.69, 95% CI: 2.39-5.7);
the sensitivity for MS was 0287, the specificity 090 and the power
test 1.0.

3.2. Genotype-phenotype study

3.2.1. Genotypes and gender difference

Genotype and allele frequencies of HLA-DRB1°1501 rs3135388
gene polymorphism in female patients and female controls and in
male patients and male controls are shown in Table 3.

A significant difference was found between MS female patients
and female controls in genotype distribution (Pg=1.3x10"%) and
allele frequency (Pa=2.82x10"°); (OR=5.11, 95% Cl: 2.86-9.15).

Table 2

Demographic data,
Group 0 Mean age EDSS MSSS Male/female

X (5D) X (SD) % (5D)

Ms 306 38 [10.5) 34 (1.7) 55(23) 86,220
RRMS 236 35 (89) 2.7(1.2) 48(22) G6/170
SPMS 43 46 (10.1) 56 (1.2) 7.1(18) 11732
PPMS 7 48 (10.1) 6.1(1.3) 7.8 (16) 9/18
Control 137 37 (11.6) - S50/87

MS - multiple sclerosis; RRMS - relapsing-remitting multiple sclerosis; SPRS -
secondary progressive multiple sclerosis; PPRS primary progressive multiple
sclerosis; ENSS - Expanded Disability Status Scale; MSSS - Multiple Sclerosis Severity
Score.
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Table 3
Comparisons of genotype and allele frequencies in rs3135388 gene polymorphism between MS and the control groups, female MS and female controls, and male MS and male
controls.
Palymorphism Genotype Genotyy Genotyy Pg Allele Allele Fa
rs3135388 GG 11 GA [%] AA [%] 306x107% G 1] A %] 6.08x1071°
MS (N=306) 153306 [50] 130/306  [425] 23306 [7.5] 436/612  [712] 176612 [28.8]
Control (N=137) mMA37 (810 25137 [183) 1137 [07] 477274 [90.1] 27274 [99]
53135388 GG [%] GA [%] AR [%] 1310 G [%] A [%] 282x10°°
MS female (N=220) 103220 [468) 08220  [446] 19220 |86 304/440  [69.0]  136/440  [30.9)
Control female (N=87) 73/87 [839) 14/87 [161] [ [0] 160/174  [92) 14174 [8]
53135388 GG [l GA [ AA [%] on G ] A 1% 0.04
MS male (N=86) 50/86 [58.1] 32/86 [37.2] 4/86 14.7] 1321172 [76.7] 400172 [233]
Control male (N=50] 38/50 [76] 11/50 [22] 1/30 [2] 877100 [87] 137100 [13]

Pg - probability of differences in genotype distribution; Pa - probability of differences in allelic frequency; MS = multiple sclerosis group; Control = control group; N = number.

The sensitivity for MS was 0.309, the specificity 0.919 and the power
test 1.0. The homozygotes AA and the heterozygotes GA were more
frequent in MS patients (OR = 5.92, 95% CI: 3.15-11.12); the sensitiv-
ity for MS was 0.532, the specificity 0.839 and the power test 0.999.

Mo statistically significant differences between male MS patients
and male controls were observed in rs3135388 gene polymorphism
(Pg=0.11, Pa=0.04).

3.2.2. Genotypes and disability

A comparison of genotypes with disability and severity as
expressed by EDSS and MSSS is shown in Tables 4 and 5.

The mean EDSS score over the whole MS group was 34417
{mean 4 5.D.). No significant associations of genotypes with disability
as expressed by EDSS were observed in the study group as a whole
and when separated by gender. After stratification of the patient
group with M5 according to disease type, significant associations of
genotypes with disability in female relapsing-remitting MS (RRMS)
were found (p<0.05). However, the difference did not remain signif-
icant after correction for multiple comparison. No associations of ge-
notypes with severity described by MSSS score, according to
Roxburgh et al., in the study group as a whole, when separated by
gender, regardless of whether single event or relapsing-remitting
disease was evaluated separately, were demonstrated. The MSSS
score over the whole M5 group was calculated as 5.5+ 2.3 (mean+
s.D.).

4. Discussion

The association of MS with the HLA-DRB1*1501 allele and with
the DRB171501-DQA1°0102-DQB1*0602 haplotype has been con-
firmed across 60 human case-control studies (Schmidt et al., 2007).
By genotyping the HapMap CEU panel, it has been found that

polymorphism rs3135388 tags DRB1°1501 (r® 0.97). This finding
was evaluated in 1328 chromosomes, and rs3135388 typed
DRB1*1501 allele at a sensitivity of 96.4% and specificity of 99%
(Hafler et al., 2007). This was confirmed by Goris, who genotyped
13135388 in 444 MS trios and 1066 population-based birth cohort
controls using Taguman-based allele-specific PCR followed by 5’
exonucleases. The correlation coefficient between DRB1*1501 and
153135388 was 0.98 (Goris et al., 2008).

Our results appear to indicate that the distribution of the
153135388 gene polymorphism investigated is a strong risk factor
for MS susceptibility. A significant increase of the A allele in MS
patients was proved. The A allele carriers were more frequent in
patients with MS (OR = 3.69); the OR for GA heterozygotes and AA
homozygotes was 4.27. Our study confirmed previous results indicat-
ing that rs3135388 A allele carriers are more frequent in patients with
MS. An increased frequency of A allele in the Serbian MS population
(OR=4.37) has been described (Zivkovi¢ et al., 2009). Similarly, a
case-control analysis of a population-based cohort from Olmsed
Country, MN, USA, with a predominance of northern European ances-
try, found a genetic association of allele A rs3135388 gene polymor-
phism (OR=3.93) with M5 (Matiello et al, 2010). Further, in
genome-wide study analysis, including 928 M5 individuals from the
United Kingdom, 1394 MS individuals from the United States and
2987 control subjects from the United States, a genetic association be-
tween A allele and MS susceptibility (OR=1.99) has been found
(Hafler et al., 2007).

Inconsistent results have been obtained in examination of the as-
sociation between gender and the DR15 haplotype. Some studies
found no gender difference (Ballerini et al., 2004; Fernandez et al.,
2004), while others found some degree of over-representation of
the DR15 haplotype in females (Hensiek et al., 2002; Luomala et al.,
2001; Weatherby et al., 2001), and one found a slightly higher preva-
lence in males (McDonnell et al., 1999). In our study group, when the
patients were divided according to gender, a significant difference

Table 4

Comparison of rs3135388 g pes with di as exp by EDSS.
EDSS score Genotype GG Genotype GA Genotype AA ] Table 5
X (50) [« of rs3135388 genotypes with disability as expressed by MSSS,
MS 35(1.6) 34(19) 36(1.7) 059
Farrale 3.4 (16) 33(18) 36 (18) 0.43 MSSS score x (SO Genotype GG Cenotype GA Cenotype AA [
Male 35(1.5) 3.7(19) 3.3 (1.0) 099 MS 57 (2.2) 54(23) 56(22) 0,59
REMS 28 (1.0) 2.5(1.0) 2.9 (0.9) 0.03 Female 56(23) 52(23) 56(23) 0.45
RRMS female 28(1.0) 24(1.0) 28 (0.9) 003 Male 59 (2.1) 57 (24) 50(1.9) 0.56
REMS male 29(09) 28(1L1) 3.3 (0.8) 0.65 RRMS 5.1(20) 47(2.2) 5.2(22) 0.43
s 22(05) 1.7 (0.6) 25 (0.0) 0.10 s 57(19) 44(19) 6.5 (0.0) 018
SPMS 56(13) 55(1.2) 70(1.0) 0.18 SPMS 74 (1.6) 6.8 (2.0) 7.8(1.0) 0.62
PPMS 56(1.3) 6.7(1.0) 5.5 (0.0) 0.09 PPMS 85(09) 75(1.7) 46 (0.0) 0,09

MS - multiple sclerosis; RRMS - relapsing-remitting multiple sclerosis; SPRS -
secondary progressive multiple sclerosis; PPRS primary progressive multiple
sclerosis; CIS - clinical isolated syndrome; EDSS - Expanded Disability Status Scale;
p - Kruskal-Wallis ANOVA rest.

MS - multiple sclerosis; RRMS - relapsing-remitting multiple sclerosis: SPRS -
secondary progressive multiple sclerosis; PPRS primary progressive multiple
sclerosis; (S - clinical isolated syndrome; MSSS - Multiple Sclerosis Severity Score;
p - Kruskal-Wallis ANOVA rest.
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between female patients and healthy females in rs3135388 gene
polymorphism was proved. Allele A frequency in our female patients
with MS was 30.9% compared with 8% in female controls; the OR for
GA heterozygotes and AA homozygotes was 5.92. We demonstrated
that the A allele carriers were more frequent in female patients with
MS.

The differences in male and female susceptibility to MS and other
autoimmune disorders may be explained in terms of sex chromosome
effects and the effects of sex steroid hormones on the immune system,
the blood-brain barrier and parenchymal CNS cells. Low levels of estro-
gens favour a proinflammatory Thl response, whereas progesterone
and high doses of estrogens favour a Th2 response (Nicot, 2009).

The biological actions of estrogen are mediated through
intranuclear estrogen receptors (ERs ), which bind to specific estrogen
response elements located in the promoters of genes involved in the
immune response, which control their expression. ERs can also
regulate gene expression via protein-protein interactions with
DNA-binding transcription factors in the nucleus (Nicot, 2009). It
has been reported that, in a Japanese female population, Pvull poly-
morphism in the estrogen receptor gene (ERG) contributed to suscep-
tibility to MS due to interaction with HLA-DRB1°1501 (OR=16)
(Kikuchi et al., 2002). This polymorphism may modulate antigen pre-
sentation between T cells and antigen-presenting cells (APC)
co-operating with the DRB1°1501 allele. A significant ERG polymor-
phism contribution to the development of MS among females with
the DR2 allele in a Finnish population (Mattila et al., 2001) has also
been demonstrated.

The association with allele A carriage supports the hypothesis that
an increased overall risk of the disease is linked to alterations in im-
mune function and might relate to allele A-linked differences in the
regulation of autoreactive immune cells, which precipitate inflamma-
tory disease activity. It has been shown that the rs3135388 A allele
correlates with high expression of DRE1, DRB5 and DQB1 genes in a
Caucasian population. The homozygotic carrier for rs3135388 risk
AA allele has shown 15.7-, 5.2-, and 8.3-fold higher expression with
respect to the GG carrier, and 1.6-, 1.5- and 1.8-fold higher expression
with respect to the AG carrier for the DQB1, DRBS and DRB1 genes,
respectively (Alcina et al., 2012).

Alleles DRB1*1501, DRB5"0101, and DQB1°0602 contribute to MS
through an enhanced ability to present encephalitogenic myelin
peptides to pathogenic T cells. The association of M5 with
HLA-DRB1*1501 and DRB5°0101 polymorphisms by determining an
antigen-recognition profile has been examined by Lang et al, 2002, It
was demonstrated that a T-cell receptor (TCR) from an MS patient
recognised DRB1*1501-restricted myelin basic protein residues 85 to
99 and DRB5'0101-restricted Epstein-Barr virus DNA polymerase
peptide. These similarities support the concept of molecular mimicry
involving HLA molecules and suggest that such structural details
may explain the preponderance of MHC class Il associations in
HLA-associated diseases.

However, it has also been revealed that association of HLA class Il
polymorphisms with M5 may be related to levels of gene expression
to the same or a greater extent than restriction of antigen response.
It has been shown that the immunological synapse strength in the in-
teraction between the APC and the T cell determines the differentia-
tion into Th1 or Th2 type T cell. The stronger TCR signal favours Th1
differentiation (Corse et al, 2011).

Like other studies (Hensiek et al., 2002; Weinshenker et al., 1998),
ours did not reveal any significant association of genotypes with
disability and disease severity in the whole study group and when
separated by gender. After stratification of the patient group with
MS according to disease type, only marginally significant associations
of genotypes with disability in female RRMS were found. However
there is some evidence that HLA DRBI*1501 might also be associated
with a more severe course of the disease (Schmidt et al, 2007;
Sombekke et al., 2009; Vasconcelos et al., 2009).
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We employed a candidate gene approach to investigate the associ-
ation between rs3135388 gene polymorphism and MS. We enrolled
443 Czech subjects in this direct, association, case-control study
(Cordell and Clayton, 2005). Our results revealed association with
MS only in females carrying this polymorphism, which implies that
153135388 is a risk factor limited to females. Considering the results
of these independent association studies, further work with larger,
homogeneous populations should be done to examine the results
presented. The factors contributing to the gender difference should
also be more widely investigated. Follow-up functional studies are
also needed to clarify the position of HLA-DRB1*1501 in the patho-
physiology of MS.

5. Conclusion

This study confirmed that the distribution of tag nuclectide poly-
morphism for HLA-DRB1*1501, rs3135388 is a risk factor for MS sus-
ceptibility in female patients in the Czech population. Since there is a
strong correlation between rs3135388 and HLA-DRB1°1501, this
marker would be a highly useful and cost-effective means of screen-
ing for the HLA-DRB1*1501 allele,
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Resumé

Matrix metalloproteinazy hraji dtilezitou roli imunopatogenezi RS. Vyznamné se
podili na progresi zanétlivého procesu, poruSeni hemato-encefalické bariéry, formovani
zanétlivych RS 1ézi a demyelinizaci. Cilem této studie bylo urcit asociac¢ni vztah
genetickych polymorfisma (-1562 C/T, R+279Q) lokalizovanych v genu pro matrix
metalloproteindzu-9 (MMP-9) a polymorfisma (-1306 C/T, -1575 G/A) v genu pro
matrix metalloproteinazu-2 (MMP-2) srizikem rozvoje RS; nalézt mozné rozdily mezi
pohlavimi a zjistit, zda ovliviuji tiZi onemocnéni a stupenn postiZeni. Do studie bylo
zarazeno 244 pacientli s RS, diagnostikovanou dle Mc Donaldovych kriterii, kontrolni
soubor byl tvoren 132 zdravymi jedinci. Genotypizace byla provedena metodou
polymerazové retézové reakce a restrikéni analyzou. Klinicky stav byl hodnocen pomoci
Expanded Disability Status Scale, stupen postiZeni byl spocitan podle Multiple Sclerosis
Severity Score. Byl zjiStén signifikantni rozdil alelové frekvence (Pa=0.01, Pacorr=0.05)
mezi skupinou pacienti s RS a zdravymi jedinci v distribuci -1562 C/T polymorfismu
v genu pro MMP-9. Alela T se vyskytovala méné frekventné u pacientti s RS (OR-0.58, 95
% CI: 0.38-0.89). Signifikantni rozdil byl také prokazan mezi nemocnymi a zdravymi
Zenami (Pa=0.01, Pacorr=0.05), (OR-0.53, 95 % CI: 0.32-0.86). NaSe vysledky prokazuji
také frekventnéjsi zastoupeni homozygotlii GG a heterozygotii GA v MMP-2 -1575G/A
genetickém polymorfismu ve skupiné RS pacienti. Tato data nasvédcuji tomu, Ze
nosicstvi alely -1575G by mohlo vést ke zvySeni produkce MMP-2 a tim ovlivnéni
etiopatogenetického procesu. V distribuci ostatnich polymorfismi nebyl nalezen
signifikantni rozdil mezi RS skupinou a kontrolami.

Hlavnim prinosem prace je priikaz signifikantni asociace polymorfismu (-1562
C/T) v genu pro MMP-9 s vys$sim rizikem rozvoje RS, zejména u Zen. Nebyla nalezena
asociace vysSetrenych genetickych polymorfismi s tiZi onemocnéni ani stupném
postiZeni. Genetické varianty MMP-9 a MMP-2 se mohou podilet na zvySené vnimavosti
k RS v ¢eské populaci, coZ potvrzuje vyznam MMPs v imunopatogenezi RS a jejich mozné

vyuziti jako biomarkeru v klinické praxi.
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was found.

We investigated the association of matrix metalloproteinase-9 (- 1562CT, +279R/Q) and matrix metalloprotei-
nase-2 (= 1575G /A, = 1306C/T) gene polymorphisms with multiple sclerosis (MS) susceptibility, gender differences
and disability in 244 patients and 132 healthy subjects. A significant decrease of the - 1562T allele carmriers in MS
patients compared to controls {Pa=0.01, Pacorr=0.05) in = 1562C/T MMP-9 gene polymorphism was found, ( odds
ratio{OR) - 0,58, 95% confidence interval (C1):0,38-089), Significant differences were also demonstrated between
female patients and healthy females (Pa=0.01, Pacorr=0.03), (OR-0.53, 95% C1.0.32-0.86), Other polymorphisms
were not associated either with M5 susceptibility or with phenotype of the disease. No association with disability

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

Multiple sclerosis (MS) is a progressive autoimmune disease
characterised by inflammation, demyelination, and axonal degenera-
tion of the central nervous system (CNS) (Hartung et al., 2004). The
exact cause of inflammation remains unclear, but an autoimmune
reaction directed against antigens of cerebral white matter has been
proved (Hartung et al., 2004).

The active stage of the disease is characterised by the breakdown of
the blood-brain barrier (BBB), perivascular infiltration of inflammatory
cells in the CNS and demyelination (Proost et al., 1993). The migration
of autoreactive immune cells through the BBB into the CNS is crucial to
the formation of inflammatory MS lesions (Martin et al,, 2000). An
important role in this process is played by matrix metalloproteinases
(MMPs). These form a family of at least 23 endoproteinases, capable of
degrading all the protein components of the extracellular matrix
(Chandleret al,, 1995, Bar-Or et al.,, 2003; Souza et al., 2005). In multiple
sclerosis, they are assumed to act as effector molecules in the
disruption of the BBB, invasion of inflammatory cells into the CNS
parenchyma and degradation of myelin basic protein (MBP) (Proost
et al., 1993; Chandler et al., 1995; Leppert et al., 1998; Ram et al., 2006).
Matrix metalloproteinase-9 (MMP-9), matrix metalloproteinase-2
(MMP-2), stromelysin-1, interstitial collagenase and matrilysin have

* Corresponding author. Department of Neurology, University Hospital Brno,
Jihlavski 20, 625 00 Brno, Czech Republic. Tel.: +420 731103044; fax: +420 532232249,
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been shown to cleave MBP in vitro (Proost et al., 1993; Chandler et al,,
1995; Leppert et al., 1998; Ram et al., 2006). Furthermore, within the
CNS, tumor necrosis factor alpha converting enzyme (TACE), a membrane-
bound disintegrin metalloproteinase (ADAM-17), has been demonstrated
to be capable of processing the tumour necrosis factor alpha (TNF-alpha)
membrane-bound precursor to its mature, biologically active form (Moss
et al, 1997; Black et al, 1997). This inflammatory cytokine has been
reported as toxic to oligodendrocytes (Hartung 1996; Soliven and Szuchet,
1995; Yushchenko et al., 2003).

In multiple sclerosis serum, cerebrospinal fluid and brain tissues,
MMP-1,-2-3, -7, -9 and MMP-12 have been reported as elevated
(Anthony et al., 1997; Vos et al,, 2003; Kurzepa et al., 2005).

Metalloproteinases are secreted by a wide range of cell types
(Chandler et al., 1995; Bar-Or et al,, 2003). T-cells and macrophages
have been found to produce gelatinases, MMP-2 and MMP-9 (Welgus
et al, 1990; Leppert et al, 1995). It has been shown that migration of
Th1 cells isolated from the peripheral blood is dependent on the
presence of gelatinases and that Th1 cells secrete higher amounts of
MMP-2 and MMP-9 than do Th2 cells (Abraham et al., 2005). A higher
expression of MMP-2, TIMP-2, and MMP-14 in the monocyte
population has been found in MS patients as compared with control
subjects (Bar-Or et al., 2003). Astrocytes and microglial cells can also
be induced to produce gelatinases, as well as other MMPs, such as
stromelysin (MMP-3) (Leppert et al,, 1998).

The activity of the metalloproteinases is regulated at several
different levels (Yushchenko et al, 2003): gene expression, pro-
enzyme activation, and by the activity of the tissue inhibitors of matrix
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metalloproteinases (TIMPs). Modulated expression of genes for these
proteins is expected in MS. We may assume that mutations in the
genes encoding these proteins may influence the expression level as
well as the stability of mRNA, which could influence the aetiopatho-
genesis of the process.

Four polymorphisms of MMP-9 (-1562C/T, R +279Q) and MMP-2
(-1575G|A, -1306C(T) were included in this association study. Only a
few genetic association studies have been reported that address
polymorphisms in the MMP-9 gene (Fiotti et al., 2004; Nelissen et al.,
2000; 2002; Zivkovit et al., 2007) in relation to susceptibility to MS,
The -1562 C=T polymorphism in the promoter region of the human
MMP-9 gene has been associated with increased MMP-9 expression;
the =1562T MMP-9 allele decreased the capacity of a putative repressor
protein to bind the MMP-9 promoter, with subsequent increase in gene
transcription in cultured macrophages (Zhang et al., 1999b). However,
no study investigating the association of MMP-2 gene polymorphisms
with susceptibility to MS has been reported. The aim of this study wasto
investigate the possible association of MMP-9 (- 1562C/T, R +279Q) and
MMP-2 (-1575G/A, =1306C[T) gene polymorphisms with MS suscept-
ibility; to find potential gender differences in these candidate gene
polymorphisms with MS susceptibility; and to investigate whether
these polymorpisms influence the disability.

2. Materials and methods
2.1. Subjects

The study was designed as a case-control study. A total of 376
unrelated Caucasian subjects were enrolled in the study. The study
group consisted of 244 patients, fulfilling McDonald's criteria of M5
(McDonald et al, 2001), with a mean age of 38.4+10.2 years
(mean+S.0.), 181 females, and 63 males. The mean duration of the
disease was 7.5£59 years (mean#S.D.). The control group
consisted of 132 healthy volunteers, with a mean age of 35.6%
1.7 years (mean+5.D.), 87 females, and 45 males. All patients
were recruited from the Department of Neurology of the
University Hospital Brno and were examined in a specialised MS
centre by the same specialist neurologist (Y.B.). Clinical status was
evaluated according to the Expanded Disability Status Scale (EDSS)
(Kurtzke, 1983) and the disease severity were calculated according
to the Multiple Sclerosis Severity Score (MSSS) (Roxburgh et al.,
2005).

The study was approved by the local ethics committee. Prior to
enrolment, all subjects gave their informed consent in accordance
with the tenets of the Declaration of Helsinki.

Table 1

Primer 1 for analysis of MMP-9, MMP-2 genes

Poly h Primer [ fanti 1 PCR( “C. time)

MMP-9 5 ATGCTCATGCOCGTAATCCT 3 95/3'

=1562C/T 5 TGGGAAAAACCTGCTAACAACT'S 94/30"-65/207-72/40" (34x)
7207
1010

MMP-2 5 CTCGCCCCAGGACTCTACAC 30 95/3'

R+2790Q 5' GTGCAGGCGGAGTAGGATT 3 94/20"-59,5/107-72/10" (35=)
727
1010

MMP-2 5 ACTGACTCTGGAAAGTCAGAGTA 37 953"

-1575G/A 5 GGCACAGGGTGAGGGGATGE 3 94/50°-60/40°-72/50° (30%)
727
1010

MMP-2 5 CTTCCTAGGCTGGTCCTTACTGA 3° 95/4'

=1306C/T 5 CTGAGACCTGAAGAGCTAAANGAGCT 37 95/457-48 6/35°- 72457 (35%]
725
10/10"

PCR = polymerase chain reaction.
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Tahle 2
ENZYMes, ¢ and product lengths for analysis of MMP-2, MMP-2 genes
Pol hi: Restriction  Conditi Fragment length
enzyme (bp)
MMP-8 Pae | 37 °C for 4 h: PCR product 15 pl,  CC 329, [329,bp
~1562CT GCATGIC  Hp0 2,7y, buffer B +BSA 2 . TT 144185, 144,185bp
Pacl3U CT 329,/ 144,185,bp
MMP-9 smal 30 °C for 4 h: PCR product 15 l, GG 22, 73, 22, 73.bp
R+2790Q CCCIGGG  Hy0 2.7 pl, buffer Y +(Tango 2 W, AA 95,/ 95bp
Smal3U GA 22,73,/ 95,bp
MMP-2 Xspl 37 "Clor4 h; PCR product 10 W, CC 188, 5188, 5
- 1306C/T CITAG H,0 32 W, buffer K 15 ul, Xspl 3 U TT 162, 26.5/162, 26,5
CT 188, 5/162, 26,5
MMP-2 Tspdsl 65 “C for 4 h: PCR product 15 pl. GG 113,156/ 113, 156
=1575G/A LGTG/CAC  H0 2.7 pl, buffer NEB 12 pl. AA 269269
Tspdsl 120 GA 113, 156/269

2.2. MMPs genotyping

Genomic DNA was isolated from peripheral blood leukocytes by
standard technique using proteinase K. Genotyping in MMPs genes
was performed with polymerase chain reaction (PCR) methods and
restriction analysis. Detection of known polymorphisms was per-
formed by polymerase chain reaction with sequence-specific primers
(PCR-55P), proposed by original authors after (Vaska et al., 2004;
Zhang et al., 1999a).

Detailed descriptions of the methods used are summarised in
Tables 1 and 2.

2.3. Statistical analysis

In the case-control study, comparisons were made between
genotype distributions and allelic frequencies in the disease and
control groups. Differences in genotype distributions were tested by
the chi-square test and differences in allele frequencies of single
nucleotide polymorphisms by a two-tail Fisher exact test. Differences
in genotype distribution from those expected by Hardy-Weinberg
equilibrium were evaluated by chi-square test; odds ratio (OR), 95%
confidence intervals (CI), and significance values, using the usual
methods.

Normally distributed metric parameters are presented as
meanzstandard deviation (5.1.). The normal distribution was checked
for normality by the Kolmogorov-Smirnov test. The Bonferroni
correction for multiple comparison (Pcorr) was calculated where
appropriate. Values of p<0.05 were considered to be statistically
significant. A Kruskal-Wallis ANOVA test was used for the comparison
of genotypes with disability as expressed by EDSS and MSSS, Statistical
analysis was performed using the STATISTICA package (StatSoft, Inc.,
Tulsa, OK, USA), version 8.

3. Results
3.1. Genetic association study

Genotype and allele frequencies of MMP-9 (-1562C(T, R +279Q)
and MMP-2 (-1575G/A, -1306 C[T) in MS patients and controls are
shown in Table 3.

The genotype distribution of polymorphisms did not deviate from
the Hardy-Weinberg equilibrium in any group.

A significantly lower frequency of the -1562T allele carrier was
found in MS patients compared to healthy controls (Pa=0.01,
Pacorr=0.05) in =1562C/T MMP-9 gene polymorphism. The T-allele
carriers were less frequent in patients with MS (OR-0.58, 95% C1:0.38-
0.89). However, the difference in genotype distribution between the
MS group and the control group did not remain significant after
correction for multiple comparison (Pg=0.03, Pgcorr=0.15).
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Table 3
Comparisons of genotype and allele frequency between MS and the contrel groups
Polymorphism Genotype Genotype Genotype Pg Peoar Allele Allele Pa Peorr
~1562C/T MMP-9 CC [%] CT %] TT (%) 0.03 NS C[%] T[%] 0.01 0.05
MS (N=244) 191/244 [78.3] 50/244 [205] 3244 [12) 432/488 [88.5] 56488 [11.5]
Control (N=132) 87/132 [65.9] 420132 [31.8] 3132 [23] 216264 [81.8] 48264 [18.2]
R +279Q MMP-9 RR [%] RQ[%] QQ %] 056 NS R[%] Qx 0276 NS
MS (N=111} 49111 [44.5] 49/111 [44.15] 1311 [11.7) 147222 [66.2) 75/222 [33.8]
Control (N=87) 33/87 [38] A0/87 [46] 14/87 [16] 106/174 [60.9] 68174 [39.1]
~1575G/A MMP-2 GG [%] GA [%] AA [%] 004 NS G %] A% 0122 NS
MS [N=240) 143/240 [59.6] 84/240 35] 13/240 |5.4] 370/480 [77.1] 110/480 [22.9]
Control (N=132) 75/132 [56.8] 40{132 [30.3] 17/132 [129] 190264 [72] 74/264 |28]
~1306C/T MMP-2 (%] CT % TT %] o NS C[%] T[%] 0111 NS
MS (N=244) 151/244 [61.9] 79/244 [32.4] 14/244 |57 381/488 [78.1] 107/488 [21.9]
Control [N=125) 72/125 |576) 38/125 [304] 15125 [12] 182/250 [72.8] 68/250 [27.2]

Pg — probability of differences in g Pa -
non-significant difference; N — number. Pcon = Bonferroni mnemon

of differences in allelic frequency: M5 — multiple sclerosis group: Control — control group: NS <

Table 4

Comparisons of genotype and allele frequency in MMP-8 - 1562C/T gene polymorphism between female MS and female controls

Polymorphism Genotype Genotype Genotype Pz Peoer Allele Allele Pa Peorr
~1562C/T MMP-9 CC [%] CT [%] TT (%] 0.04 NS C[%] T[%] 001 0.05
Female M5 (N=181) 142[181 [78.5] 37181 [204] 2181 [11] 321362 [88.7] 41362 |1.3]

Female controls (N=87) S6/87 [64.4) 28/87 [322) 3/87 [3.4) 140/174 [80.5) 34174 [19.5]

Pg—

control group; NS — significant difference; N — n

Similarly, we demonstrated a significant difference in genotype
distribution (Pg=0.04) between the MS group and the control group
in =1575G/A MMP-2 polymorphism. The homozygotes GG and the
heterozygotes GA were more frequent in MS patients (OR-2.58, 95%
C1:1.21-5.50). However, after correction for multiple comparison the
difference did not remain significant (Pgcorr=0.2).

In MMP-9 R +2790Q, MMP-2 -1306C/T gene polymorphisms, no
statistically significant differences between MS patients and controls
were observed.

3.2, Genotype-phenotype study

3.2.1. Genotypes and gender difference

Genotype and allele frequencies of -1562C/T MMP-9 in female
patients and female controls are shown in Table 4.

Significant differences were demonstrated in -1562T allele
frequency (Pa=0.01, Pacorr=0.05), but not in genotype distribution
(Pg=0.04, Pgcorr=0.2) between female patients and healthy
females in -1562C/T MMP-9 polymorphism. The T-allele carriers
were less frequent in female MS patients (OR-0.53, 95% C1.0.32-
0.86).

3.2.2. Genotypes and disability

A comparison of genotypes with disability as expressed by MSSS
are shown in Table 5.

The mean EDSS score in the whole MS group was 3.5+ 1.8 (mean 5.0.).
We found no significant associations of genotypes with disability
as expressed by EDSS. Similarly, no associations of genotypes with
disability described by MSSS score according to Roxburgh et al. were
observed. The MSSS score in the whole MS group was calculated as 5.39%
238 (meanzS.D.).

4. Discussion
Only a few genetic association studies of the relationship between
polymorphisms in the MMP-9 gene (Fiotti et al., 2004; Nelissen et al.,

2000; 2002; Zivkovit et al., 2007) and susceptibility to MS have been
previously reported, and there has been no concordance in these

75

prabability of differences in genotype distribution; Pa — pmbablllty of differences in allelic frequency; Female M5 — female multiple sclerosis group: Female controls — female
3 — Bonferroni correction.

findings. Our results showed a significant decrease in the T allele of
=1562C/T MMP-9 gene polymorphism in MS patients. Similarly, a
trend toward decreased frequency of T allele carriage of -1562C/T
MMP-9 gene polymorphism in MS in the Serbian population has been
described (Zivkovié et al., 2007). Further, in the Zivkovié study, a
significant decrease in T allele carrier frequency in female patients
with MS compared to female healthy controls was revealed. Allele T
frequency in female patients was 10%, in female controls 17%, Our
results are parallel. When the patient group was divided according to
gender, we were able to demonstrate a significant difference between
female patients and healthy females in MMP-9 -1562C/T gene
polymorphism. Allele T frequency in our female patients with MS
was 11.3% compared with 19.5% in female controls. We confirmed that
the -1562T allele carriers were less frequent in the female patients
with MS, However, Nelissen, in a case-contral analysis of 345 Swedish
individuals and in a study of 125 Sardinian simplex families, found no
genetic association between - 1562C/T gelatinase B gene polymorph-
ism, CA microsatellite repeats and MS susceptibility (Nelissen et al.,
2000} and to date, no other genetic association studies investigating
=-1562 C/T MMP-9 gene polymorphism in MS patients have been
done. On the other hand, polymorphism in the microsatellite of the

Table 5
‘o ;

with di

a5 exp d by MSSS

H
N3

Polymorphism
=1562C/T MMP-9

Povalue
0.276

MS5S score (mean value)
CC: 5.263
CT: 5.919
TT: 4.824
RR: 5.041
R 5.162
00 4773
GG: 5.442
GA: 5426
AA: 4658
€C: 5.479
CT: 5.319
TT: 4.561

MS55 — Multiple Sclerosis Severity Score: H = Kruskall-Wallis test criterion; P-value
after 1000 permutations [Kruskal-Wallis ANOVA),

R +2790 MMP-9 0621 0733 0.763

=1575G/A MMP-2 1150 0.563 0.560

=1306C/T MMP-2 1845 0398 0.415
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promoter region of MMP-9 was reported to play a role in susceptibility
to multiple sclerosis in Italian MS patients (Fiotti et al., 2004). Several
studies have shown that MMP-9 is up-regulated in MS (Abraham et al.,
2005; Goodin et al., 2002; Lindberg et al., 2001; Leppert et al., 1998;
Waubant et al, 2003), especially during periods of inflammatory
disease activity (Hartung et al, 2004; Liuzzi et al, 2002). It has
previously been described that the changes in the promotor region of
the -1562 C/T MMP-9 gene polymorphism influence transcription in
an allele-specific manner; the -1562 C-T polymorphism has been
associated with increased MMP-9 expression (Zhang et al,, 1999b). A
similar presence of the rarer T allele in patients with another
autoimmune disease — primary Sjogren's syndrome — has also been
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Resumé

Vyznamnou Ulohu v imunopatogenezi roztrousené sklerézu hraje porucha hemato-
encefalické bariéry (HEB). Matrix metalloproteinazy (MMPs) se vyznamné podili na jejim
rozruSeni a tim umoziuji migraci aktivovanych T-lymfocytd, zanétlivych bunék,
plazmatickych proteini, autoprotilatek a komplementu do CNS a infiltraci 1ézi. Navic v CNS
Stépi myelinovy bazicky protein a aktivuji prekursor TNF-alfa do jeho vyzralé, biologicky
aktivni formy, ktery je toxicky pro oligodendrocyty. Kli¢ovou roli hraje pravdépodobné
metalloproteinaza-9 (MMP-9), metalloproteinaza-2 (MMP-2) a jejich inhibitory. Jsou
exprimovane T lymfocyty a monocyty, ktere jsou pievazujici populaci zanétlivych bunék
v aktivnich demyeliniza¢nich plakach. V naSi pfedchozi studii jsme prokazali hrani¢ni
asociaci polymorfizmu MMP-2-1575 G/A s RS. Jiné studie zabyvajici se vztahem
genetickych polymorfizmt lokalizovanych v genech pro MMP-2 a tkanovy inhibitor
metalloproteinazy-2 (TIMP-2) s RS dosud nebyly provedeny. Cilem studie bylo prozkoumat,
zda jsou polymorfismy v genu pro MMP-2 a TIMP-2 spojeny s RS nebo jejim priabéhem; zda
se vyskytuji Castéji u Zen ¢i u muzi, nebo ovliviiuji tizi onemocnéni a stupen postiZzeni.
Vysetiili jsme celkem 375 jedinc; 240 nemocnych sklinicky definovanou RS a 135
zdravych jedinct v kontrolnim souboru. Klinické postizeni bylo stanoveno vysetfovaci $kalou
EDSS, stupent postizeni byl kvantifikovan pomoci MSSS. Byly genotypizovany
polymorfismy (-168G/T, -735 C/T) v genu pro MMP-2 a polymorfizmus +853 G/A v genu
pro TIMP-2. U sledovanych polymorfismi nebyla nalezena asociace mezi skupinou
nemocnych a zdravych jedinct. Po rozdé€leni souboru na skupiny podle pribéhu onemocnéni
bylo v distribuci TIMP-2 +853G/A genetickeho polymorfizmu prokazano ¢etnéjsi zastoupeni
homozygoti GG a heterozygoti GA ve skupiné pacientd s RR RS ve srovnani s kontrolnim
souborem (Pg = 0.04), (OR 1.46; 95 % CI: 0.91-2.36). Nebyl zjistén rozdil mezi pohlavimi
ani asociace s tizi onemocnéni. Z vysledkt nasi studie vyplyva, Ze vySetiene polymorfizmy
nejsou rizikovym faktorem vnimavosti k RS v ¢eské populaci. Avsak po rozdéleni na skupiny
podle pribéhu onemocnéni bylo zjisténo, ze polymorfismus TIMP-2 +853G/A by mohl hrat
urcitou tlohu u RR RS. Podili se na ovlivnéni struktury mRNA ¢i sniZeni aktivity TIMP-2,

Vzhledem k tomu, Ze tento enzym specificky inhibuje MMP-2, dochazi pii jeho snizené
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onemocnéni.

aktiviteé ke zvysené produkci MMP-2, coz muze vést k aktivaci zanétlivého procesu a progresi

PUVODNI PRACE

Asociace polymorfizmu v genu pro matrix
metalloproteinazu-2 a tkanovy inhibitor
metalloproteinazy-2 s roztrousenou sklerézou

An Association between Matrix Metalloproteinase-2 and TIMP-2
+853G/A Gene Polymorphisms and Multiple Sclerosis

Souhrn

Uvod: Matrix metalloproteindzy (MMPs) hraji dileitou roli v imuncpatogenezi roztrouené skle-
rozy (RS). Vyznamné se podileji na progresi zanétlivého procesu, poruseni hemato-encefalické
bariéry, formovani zanétlivych RS lézi a demyelinizad. Jedna se zejména o metalloproteindzu-9
{MMP-9) a metalloproteindzu-2 (MMP-2), exprimované T lymfocyty a monocyty, které jsou pfeva-
2ujici populaci zanétlivych bunék v aktivnich demyelinizacnich plakach. V nadi pfedchozi studii jsme
prokazali hraniéni asociad polymorfizmu MMP-2-1575G/A s RS. Jiné studie zabyvajid se vztahem
genetickych polymorfizmi lokalizovanych v genech pro MMP-2 a tkéariovy inhibitor metalloprotei-
ndzy-2 (TIMP-2) s RS dosud nebyly provedeny. Cil: Cilem préce bylo uréit asociacni vztah genetic-
kych polymarfizmill (-168G/T, -735C/T) lokalizovanych v genu pro MMP-2 a polymorfizmnu +853
G/A v genu pro TIMP-2 s vnimavosti k RS; nalézt moZné rozdily mezi pohlavimi a zjistit, zda ovliv-
fiuji tiZi onemocnéni a stuperi postizeni. Soubor a metodika: Do studie bylo zafazeno 240 pacientd
5 RS, diagnostikovanou dle McDonaldowich kritéril, kontrolni soubor byl tvofen 135 zdravymi je-
dinci. Klinicky stav byl hodnocen pomod Expanded Disability Status Scale (EDSS), stupert postizeni
byl kvantifikovan pomod Multiple Sderosis Severity Score (MSSS). Genotypizace byla provedena
metodou polymerazové Fetézové reakce a restrikéni analyzou. Wisledky: Byla prokazéna hraniéni
asociace v distribuci TIMP-2 +853G/A genetického polymorfizmu s rizikem rozvoje relabujici-
-remitentni RS (Pg = 0,04), odds ratio (OR) 1,46; 95% Confidence Interval (CI): 0,91-2,36). V dis-
tribuc ostatnich vyietfenyich polymorfizmi asociace nalezena nebyla. Nebyl zjistén rozdil mezi
pohlavimi ani asociace s tiZi onemocnéni. Zavér: Vyletfené polymorfizmy nejsou rizikowym fakto-
rern vnimavosti k RS v ¢eské populaci.

Abstract

Background: Matrix metalloproteinases (MMPs) play an important role in the immunopathogen-
esis of multiple sclerosis (MS). They are notable contributors to the progression of inflammatory
process, blood-brain barrier disruption, formation of MS lesions and demyelination. The matrix
metalloproteinase-9 (MMP-9) and matrix metzalloproteinase-2 (MMP-2) are the most important.
They are expressed by T-lymphocytes and monocytes, the predominant group of inflammatory
cells in active demyelinating plaques. In our previous study, we demonstrated a borderline asso-
ciation of MMP-2-1575G/A gene polymorphism with MS susceptibility. To date, no other genetic
association study involving MMP-2 and (tissue inhibitor of metalloproteinases-2 (TIMP-2) genes
variability and MS have been carried out. Objective: The aim of this study was to investigate the
possible assodiation of MMP-2 (-168G/T, —735C/T) and TIMP-2 (+853G/A) gene polymorphisms
with MS susceptibility; to find potential gender differences; and to investigate whether these
polymorphisms influence disability. Materials and methods: A study group consisted of 240 pa-
tients fulfilling McDonald's criteria of MS, a control group consisted of 135 healthy volunteers.
Clinical status was evaluated with the Expanded Disability Status Scale (EDSS) and the disease
severity was calculated using the MS Severity Score (MSSS). Polymerase chain reaction (PCR)
methods and restriction analysis were used for genotyping in MMPs genes. Results: We demon-
strated a borderline association between TIMP-2 +853G/A gene polymorphism and a risk of de-
veloping relapsing-remitting MS (Pg = 0.04), odds ratio (OR), 1.46; 95% confidence interval (CI):
0.91-2.36). Other polymorphisms were associated neither with MS susceptibility nor with the
disease phenotype. No association with disability was found. Conclusion: MMP-2 and TIMP-2
gene polymorphisms are not a risk factor for M5 susceptibility in the Czech population.
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Uvod

Roztroudena sklerdza mozkomidni (RS) je
chronické, zanétlivé, autoimunitni one-
mocnéni centrdlniho nervového sys-
tému (CNS), vedouci ke ztrdté myelinu
v zanétlivych loZiscich bilé hmoty a posti-
2eni axont [1].

Jedna se o komplexni onemocnéni,
jeho? rozvoj a progresi ovliviiuje nékolik
patofyziologickych procest, které nejsou
rovnomérné zastoupeny u jednotlivych pa-
cientl a podminiuji rdzny klinicky prabsh,
prognoézu a efekt Iécby [2]. Migrace aktivo-
vanych lymfocytd, makrofagl, zanétlivych
bunék, autoprotilatek a komplementu
pies hemato-encefalickou bariéru (HEB)
do CN5 je povaZovano za klicové pro ak-
tivitu onemocnéni a formovani zanétlivych
RS lézi [3,4]. DileZitou roli v tomto procesu
hraji adhezivni molekuly, chemokiny a ma-
trix metalloproteinazy (MMPs),

MMPs jsou enzymy, které se podileji na
remodelaci tkani za normalnich i patolo-
gickych stavd a jsou schopné degrado-
vat vé&tdinu proteinowvych sloZek zakladni
mezibunééné hmoty [5-7]. Je zndmo nej-
méné 26 MMPs [8,9], jejich exprese byla
zjisténa v rdznych bunéénych populacich,
zejména v T lymfocytech, monocytech
a B lymfocytech [5,6]. Matrix metallopro-
teindza-2 (MMP-2), nazyvana také jako
gelatindza A, hraje dalezitou roli v pato-
fyziologii RS. Dosavadni studie prokazuji,
Ze se spolu s matrix metalloproteindzou-9
(MMP-9) vyznamné podili na poruieni
HEB a itépeni myelinového bazického
proteinu [5,10-12] u RS a experimentalni
autoimunitni encefalomyelitidy [13-16].

MMP-9 hraje vyznamnou roli také v pa-
togenezi mnoha daldich, zejména auto-
imunitnich ocnemocnéni - napf. u sys-
témového lupusu, revmatoidni artritidy,
systémové sklerézy, arteriosklerdzy a kar-
diovaskularnich onemocnéni [17]. Byla
zjisténa zvysena exprese MMP-9 v nesta-
bilnich plakach ve studii 41 pacientd po
endarterektomii [18]. Daldi experimen-
talni studie na zvifecim modelu prokazala
signifikantné zvyienou expresi MMP-9
v kortexu ischemického loZiska po podani
intravendzni trombolyzy s uZitim tkano-
vého aktivatoru plazminogenu [19].

Gelatinaza A je exprimovana nejen
perifernimi leukocyty, ale také astro-
cyty, neurcny a endotelidlnimi bufikami
v CNS [20-23]. Byla prokazana zvysena
exprese MMP-2, tkafiového inhibitoru
metalloproteindz-2 (TIMP-2) a MMP-14

monocyty u RS pacientd ve srovnani se
zdravymi jedinci [6]. Vzhledem k tomu, Ze
monocyty se v CNS transformuiji na mak-
rofagy a mikroglii, které tvofi hlavni po-
pulaci zanétlivych bunék v aktivnich de-
myelinizaénich plakach [6], MMP-2 se
pravdépodobné vyznamné podili na pro-
gresi zanétlivého procesu a vlastniho
onemocnéni.

Byla nalezena zvyiena hladina MMP-2
v séru [24,25] u primarné progresivni
RS, zvyiena exprese mRNA v perifer-
nich mononukledrech (PEMC) u RS pa-
cientti [14] a v chronickych demyeliniza¢-
nich lézich [15,26,27]. Autofi Fainardi et
al (2009) prokdzali zvydenou hladinu ak-
tivni MMP-2 intratékalné a zvySeny pomér
MMP-2/TIMP-2 v mozkomisnim moku
a séru u RS pacientd ve srovnani s neza-
nétlivymi a jinymi zanétlivymi stavy [28].

Exprese a aktivita MMPs je regulovana
na nékolika drovnich: genové exprese;
transkripce, zahrnujici cytokiny a rdstové
faktory [5,6,8,29,30]; aktivace proen-
zymu; sekrece enzymu [31,32]; je inhi-
bovana specificky tkafowymi inhibitory
(TIMPs), které se vazi na proformy nebo
aktivované MMPs a nespecificky alfa-2
makroglobulinem. Dochdzi k modifiko-
vané expresi gend kddujicich tyto pro-
teiny. Mutace téchto gend pravdépo-
dobné ovliviiuje stupefi exprese, stabilitu
mRNA a viastnosti danych proteind, coz
mize ovlivnit etiopatogenezi procesu.

V nadi pfedchozi studii jsme prokazali
hraniéni asociaci polymorfizmu MMP-2
-1575G/A s RS [33]. Jiné studie za-
byvajici se vztahem genetickych poly-
morfizmd lokalizovanych v genech pro
MMP-2 a TIMP-2 s RS dosud nebyly pro-
vedeny. Z tohoto divodu jsme vysetfili
dalsi funkéni polymorfizmy lokalizované
v téchto kandidatnich genech.

Cilem prace je analyza genetickych poly-
morfizmd (-168G/T, -735C/T) lokalizova-
nych v genu pro MMP-2 a polymorfizmu
+853 GfA v genu pro TIMP-2, stanoveni
frekvence alel a genotypové distribuce
ve studovaném souboru. Uréit asociacni
vztah s vnimavosti k RS; nalézt mozné roz-
dily mezi pohlavimi a zjistit, zda ovliviiuji
tizi onemocnéni a stupen postizeni.

Material a metodika
Charakteristika souboru
Demograficka data jsou shrnuta v tab. 1.

Jedna se o studii typu case-control.
Bylo do ni zafazeno 375 jedincd, 240 pa-
cienti s RS, diagnostikovanou dle revido-
vanych McDonaldowych kritéril [34], pri-
mérny vék 38 + 10,2 let (x = 5D), 181 Zen
a 59 muzd. Primérna délka onemocnéni
Cinila 7,5 + 6,3 let (x + SD). Kontrolni sou-
bor byl tvofen 135 zdravymi jedinci, pri-
mérny vék 36 + 11,9 let (x + 5D), 85 Zen
a 50 muZd. Klinicky stav byl hodnocen
pomoci Expanded Disability Status Scale
(EDSS) mimo ataku [35]. Stuper posti-
Zeni byl spotitan podle Multiple Sclero-
sis Severity Score (M5SS) (graf 1) [36].
Nemocnl byli rozdéleni podle formy one-
mocnéni do skupin nasledovné: 182 pa-
cientd s relabujici remitentni RS (RRRS),
32 nemocnych s sekundarné chronicko-
progresivni RS (SPRS) a 26 nemocnych
s primarné progresivni RS (PPRS) formou
onemocnéni.

Wiichni pacienti byli vySetfeni ve spe-
cializovaném centru pro RS stejnym lékafem
(YB). Studie byla schvélena etickou komisi
FN Brno a viichni jedinci podepsali informo-
vany souhlas pred vstupem do studie.

Geneticka analyza
Genotypizace byla provedena me-
todou polymerdzové fetézové re-

Tab. 1. Demograficka data.

Skupina n Vék
X+ 5SD
RS 240 38,5(10,2)
RRMS 182 35(8,8)
SPMS 32 46 (10,1)
PPMS 26 48(10,1)
kontroly 135 36(11,9)

RS - roztrousend sklerdza; RRRS - relabujici-remitentni roztrousena sklerdza; SPRS — se-
kundérné-progresivni roztroudena skleréza; PPRS - primarné progresivni roztroudena
skleréza; EDDS - Expanded Disability Status Scale

EDSS MSSS Muzi/zeny
%+ 5D X +5D
3,5(1,8 5,6(2,3) 59/181
2,701,1) 4,8(2,1) 40/142
5.6(1,2) 7.10.8) 923
6,1(1,3) 7.8(1,6) 1016
50/85
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akce (PCR) a restrikéni analyzou. DNA
byla izolovana z leukocytd periferni
krve pomoci metody s vyuZitim protei-
nazy K. lzolace DNA spodivala v lyze
bunék v roztoku, ktery obsahuje 10
mM Tris-HCI (pH = 8,5); 0,1% SDS;
0,1 mg/ml proteindzy K. Proteindza K
byla odstranéna extrakci fenolem a po
etanolové precipitaci a vysudeni byl vzo-
rek DNA rozpustén v TE pufru (10 mM
Tris-Cl pH = 8,1 mM EDTA pH = 8).

Detekce polymorfizm( (-168G/T,
-735C/T) v genu pro MMP-2 a polymor-
fizmu +853G/A v genu pro TIMP-2 byla
provedena pomoci PCR se specifickymi
primery navrzenymi plvodnimi autory
[37,38] a nasledné restrikéni analyzy spe-
cifickymi endonukledzami. Popis meto-
diky je uveden v tab. 2 a 3.

Statistické hodnoceni
K testovani rozdild mezi vybranymi skupi-
nami nemocnych nebo asociacemi mezi
sledovanymi parametry byly poufity tyto
statistické techniky: Normalni rozloZeni
bylo testovdno Kolmogorov-Smirnovo-
wvym testem normality. Normalni rozlo-
Zeni dat bylo prezentovano jako prdmér
+ smérodatna odchylka (x + SD).
Vzhledem k tomu, Ze distribuce vét-
siny ziskanych hodnot se lidila od nor-
mélniho rozloZeni, byly déle pouZity ne-
parametrické testy. V case-control studii
bylo provedeno srovndni mezi genovou
distribuci a alelovou frekvenci ve sku-
pin& nemocnych a kontrolni skuping.
K testovani rozdild mezi vybranymi pod-
skupinami nemocnych byla pouZita Har-
dyho-Weinbergova rovnovaha, rozdily

v genové distribuci byly testovany chi-
kvadrat (%) testem a v alelové frekvenci
polymorfizmd jednotlivych nukleotidd
Fisherovym exaktnim testem. Pro ordi-
narni kategorické proménné byl pouZit
neparovy test ANOVA. Odds Ratio (OR),
95% Confidence Interval (Cl} a signifi-
kance hodnot byla spoditdna b&znymi
metodikami.

Pro mnohodetné srovndni byla spodi-
tana Bonferroniho korelace (Pcorr). Pro
Zjisténi korela¢niho vztahu mezi genotypy
a tiZzi onemocnéni vyjadfenou EDSS a stup-
ném postizeni vyjadfenou MSSS byl pouZit
Kruskal-Wallisiv ANOWVA test. Pro viechny
analyzy byla pova¥ovéna za statisticky sig-
nifikantni hodnota p < 0,05. Ke zpracovani
wysledk( byl pouZit program STATISTICA
(StatSoft, Inc., Tulsa, OK, USA), verze 8.
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Graf 1. Multiple Sclerosis Severity Score vygenerované v souboru 9 892 evropskych RS pacientd.
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Polymorfizmus

PCR - polymerdzovd fetézova reakce

Sekvence primer( (sensefantisense)

Tab. 2. Sekvence primert, teplota pro pfipojeni primerd.

MMP-2 5-ATAGGGTAAACCTCCCCACATT-3 95/5
=735C/T 5~ GTAAAATGAGGCTGAGACCTG-3"

10M10°
MMP-2 5-CTGACCATTCCTTCCCGTTC-3" 95/5
-168G/T 5-CGCCTGAGGAAGTCTGGAT-3 95/50"

10M10°
TIMP-2 5-GCCCAGGGTGTTCTGGATGG-3 96/3
+853G/A 5~ CTCCGGCTGATGGCCCCACT- 3 95/40"

1010°

-51/45"-72/50" (35x) 72/7"

- 63,5/30"-72/40" (30x) 72/7"

PCR (teplota - °C, cas)

95/45"-59,2/45"-72/45" (35x) 72/7

Polymarfizmus Restrikéni enzym

Tab. 3. Restrikéni enzymy, podminky a délka PCR produkt( pro analyzu gent

Podminky

MMP-2 a TIMP-2.

Délka fragmentu (bp)

MMP-2 Hinfl G JANTC 37 °C for 4 h: PCR product 15 ul, H,0 2,5 ul, CC 300/300
—735C/T buffer R 2 ul, Hinfl5 U TT 45, 255/45, 255
CT 300/45, 255
MMP-2 BseD | CJCNNGG 55 °C for 4h: PCR product 15 ul, H,0 2,7 ul, GG 26, 194, 205/26, 194, 205
~168G/T buffer ¥/Tango 2 ul, BseD 13 U TT 26, 399/26,399
GT 26, 194, 205/26, 399
TINMP-2 Bsr | ACTGGN,, 65 oC for 4h: PCR product 15 ul H,0, 2,5 ul, GG 221/221
+853G/A buffer R2 ul, Bsr12,5U AAB1, 160/61, 160
GA 221/61, 160
Vysledky viak nezlstal signifikantni po mnohona-  fizml (<735C/T, -168G/T) lokalizovanych

Geneticka studie

Genotypové distribuce a alelovéd frek-
vence polymorfizmd (-168G/T, -735C/T)
v genu pro MMP-2 a polymorfizmu
+853G/A v genu pro TIMP-2 v celé RS
skuping a kontrolni skuping je shrnuta
vtab. 4.

Genotypova distribuce a alelova frek-
vence polymorfizmu +853G/A v genu pro
TIMP-2 ve skupin& RRRS a kontrolni sku-
piné je shrnuta v tab. 5.

Genotypova distribuce se nelisila v Har-
dyho-Weinbergové rovnovaze v Zadném
polymorfizmu v Zadné skupiné (p > 0,05).

Mebyla prokdzéana signifikantni asociace
wySetfenych polymaorfizmd s vnimavosti k RS
a nebyl prokazén rozdil mezi pohlavimi.

Po rozdéleni nemocnych na skupiny
podle pribéhu onemocnéni na RRRS,
SPRS a PPRS jsme prokdzali v distribuci po-
lymorfizmu TIMP-2 +853G/A signifikantni
rozdil genové distribuce (Pg = 0,04} mezi
skupinou RRRS a kontrolni skupinou. Ho-
mozygoti GG a heterozygoti GA se vysky-
tovali frekventnéji u pacientd s RRRS (OR
1,46; 95% CI: 0,91=2,36). Tento rozdil

sobném srovnani.

Nebyl prokézéan signifikantni rozdil vy-
setfenych polymorfizmi mezi skupinami
RRRS, SPRS PPRS.

Korelace genotypl s tizi
onemocnéni a stupném postizeni
Mebyla nalezena signifikantni korelace
mezi genotypy a tiZi onemocnéni vyja-
dfenou EDSS ani stupném postiZeni vy-
jadienou MSSS podle Roxburgha. EDSS
skare v celé RS skupiné ginilo 3,5 + 1,8
(x £ SD), MS55 skdre v celé RS skuping -
nilo 5,6 + 2,3 (x + SD).

Diskuze
RS je multifaktoridlni choroba, vnimavost
k tomuto onemocnéni je podminéna ge-
netickou predispozici. Mezi kandidatni
geny fadime geny pro MMP-2, -9 a jejich
inhibitory, nebot hraji ddleZitou roli v mi-
graci zénétlivych bunék pres HEB, coZ je
jednim z nejddleZitéjsich faktord podmi-
fiujicich rozvoj a progresi RS.

W prezentované asociacni studii byl po-
prvé testovan vztah genetickych polymaor-

v kandidatnim genu pro MMP-2 a TIMP-2
+853G/A genetického polymorfizmu s ri-
zikem rozvoje RS. Nade pfedchozi stu-
die prokazala cetn&si zastoupeni homo-
zygotd GG a heterozygotd GA MMP-2
-1575G/A genetického polymorfizmu ve
skupin& RS pacientd ve srovnani s kon-
trolnim souborem [33]. Alela -1575G zvy-
suje promotorovou aktivitu MMP-2 ovliv-
nénim vazby estrogenniho receptoru [39].

Alela T MMP-2-735C/T genetického
polymorfizmu je také funkéni, sniZuje
promotorovou aktivitu nasledkem pie-
rudeni Sp1-vazebného mista (CCACC
box) ve studii in witro [40]. Buné&&ny
transkripéni faktor Sp1 se vaZe na kri-
tické regulacni prvky v rdznych bunéd-
nych a virowych promotorech. Chybéjici
Spl-vazebnd sekvence MMP-2 -735T
alely mize vést ke snizeni produkce pro-
teinu MMP-2 u jedincd nesoucich CT nebo
TT genotyp ve srovnani s jedinci nesoucimi
CC genotyp [37]. Tato alela je funkéné
spojena s alelou T -1306C/T genetického
polymorfizmu, kterd také silné sniiuje
promotorovou aktivitu pferusenim Spl-
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Pg - pravdépodobnost rozdilu v genotypové distribuci;
n - pocet; NS - nesignifikantni rozdil; Pcorr - Bonferroniho korekce

Tab. 4. Srovnéni genotypové distribuce a alelové frekvence u skupiny RS a kontrol.

Polymarfizmus Genotyp Genotyp Genotyp Pg Pcorr Alela Alela Pa Pcorr
-168 G/T MMP-2 GG (%) GT (%) TT (%) 0,89 NS G (%) T (%) 0,93 NS
MS (n = 216) 180/216 (83,2) 35/216(16,2) 1/216(0,5) 395/432 (91,4) 37/432 (8,6)

kontroly (n=114)  95/114(83,3) 18114 (158) 1114 (0,9) 208/228(91,2) 20/228 (8,8)

=735 CT MMP-2  CC (%) CT (%) TT (%) 0,27 NS C (%) T (%) 0,18 NS
MS (n = 239) 176/239 (73,6) 60/239 (25,1) 3/243(1,3) 412/478 (86,2) 66/478 (13,8)

kontroly (n = 130) 103/130(79,2) 27/130(20,8) 0/130(0) 233/260(89,6) 27/260(10,4)

+853 G/ATIMP-2 GG (%) GA (%) AA (%) 0,13 N5 G (%) A (%) 0,33 NS
M5 (n = 240) 184/240 (76,7) 53/240(22) 3/244(1,3) 429/480 (87,7) 59/480(12,3)

kontroly (n = 135) 95/135(70,4)  40/135(29,6) 0/135(0) 230/270(85,2) 40/270(14,8)

Pa - pravdépodobnost rozdilu v alelové frekvenci; RS = roztrousena sklerdza;

dil; Pcorr — Bonferroniho korekce

Tab. 5. Srovnani genotypové distribuce a alelové frekvence TIMP-2 +853G/A polymorfizmu skupin RS a kontrol.

Polymorfizmus Genotyp Genotyp Genotyp Pg  Pcorr Alela Alela Pa  Pcorr
+853 G/ATIMP-2 GG (%) GA (%) AA (%) G (%) A (%)

RRMS (n = 182) 146/182 (80,2) 34/182(18,7) 2M182(1,1) 0,04 NS  326/364 (89,6) 38/364(10,4) 0,11 NS
kontraly (n = 135)  95/135(70,4) 40/135(29,6) 0/135 (0) 230/270(85,2) 40/270(14,8)

SPRS (n = 32) 23/32 (71,9) 8/32 (25) 1/32(3,1) 0,11 NS 54/64 (84, 4) 10/64 (15,6) 0,98 NS
kontroly (n = 135)  95/135(70,4) 40/135(29,6) 0/135 (0) 230/270 (85,2) 40/270(14,8)

PPRS (n = 26) 16/26 (61,5) 10/26 (38,5) /27 (0) NS NS 42/52 (81,6) 10/52 (19,2) 0,31 NS
kontroly (n = 135)  95/135(70,4) 40/135(29,6) 0/135(0) 230/270(85,2) 40/270(14,8)

Pg - pravdépodobnost rozdilu v genotypové distribuci; Pa — pravdépodobnost rozdilu v alelove frekvenci; RS — roztrousend sklerdza;
RRRS - relabujici-remitentni roztroudenad sklerdza; PPRS - primdarné progresivni roztroudena sklerdza; n — podet, N5 — nesignifikantni roz-

-vazebného mista in vitro [37] a bylo pro-
kazano synergni ovlivnéni exprese mRNA
MMP-2 [41]. Byla zjist&na asociace haplo-
typu CC se zwysenym rizikem karcinomu
jicnu [40] a plicniho karcinomu [41,42].
U revmatoidni artritidy byla zjisténa zvy-
Zena frekvence alely T u nemocnych
muzd [43] ve srovnani se zdravymi kon-
trolami. V na%em souboru nebyl nale-
zen signifikantni rozdil mezi RS pacienty
a kontrolni skupinou u tohoto genetic-
kého polymorfizmu,

Asociadni studie zabyvajici se vztahem
genetickych polymorfizmi lokalizovanych
v genu pro TIMP-2 s RS nebyly dosud
provedeny. Studovali jsme TIMP-2 +853
G/A polymorfizmus, ktery je lokalizovan
na chromozomu X17923-g25 a nachazi
se na 3. exonu. V nasem souboru nebyl
nalezen signifikantni rozdil mezi RS pa-
cienty a kontrolni skupinou. Po rozdé-
leni souboru na skupiny podle pribéhu
onemocnéni bylo prokdzano detnéjsi za-
stoupeni homozygotd GG a heterozygotd
GA ve skuping RRRS pacientd ve srov-

nani s kontrolnim souborem. Byla zjisténa
také zvyiena frekvence alely G u pacientd
s t&2kou chronickou obstrukéni chorobou
bronchopulmonalni [44] a u nemocnych
s aneuryzmaty bfisdni aorty [45] ve srov-
nani s kontrolami. Ackoli substituci +853
G/A nukleotidu nedochdzi ke zméné ami-
nové kyseliny, je pravdépodobné snizeni
aktivity TIMP-2. Dal3 moZnosti je sekun-
darni ovlivnéni struktury mRNA, coZ vede
k inhibici miry translace a/nebo sniZzeni
stability mRMA [44]. Tento enzym inhibuje
specificky MMP-2, ktera se wznamné po-
dili na porueni HEB, remodelaci extrace-
luldrni matrix, potkozeni neurond, axond
a reparaci tkani [46]. Pfi nedostatedné in-
hibici dochézi ke zvyiené aktivité MMP-2,
co? miZe vést k progresi onemocnéni.
Made nalezy neprokazuji asociatni vztah
vysetfenych polymorfizmd v genu pro
MMP-2 a TIMP-2 s vnimavosti k RS. Nena-
lezli jsme ani asociaci genotypd s tiZi one-
mocnéni nebo stupném postizeni vyjad-
fené EDSS5 a MSSS skdre. Jedna se viak
o prvni asociaéni studii uvedenych SNPs

v genech pro MMP-2 a TIMP-2 s RS. Vzhle-
dem k wyznamu MMP-2 a TIMP-2 v pato-
fyziologii RS je potieba provést dalsi ne-
zavislé studie ve vétiim souboru pacientd
a ovéfit ziskané vysledky.

RS je multifaktorialni onemocnéni, vni-
mavost k rozvoji a progresi choroby je ge-
neticky determinovana. Ma spusténi au-
toimunitniho procesu se pravdépodobné
podili velké mnoZstvi malych gend, které
podmifiuji vysokou interindividualni va-
riabilitu choroby [47-49]. Zjisténi rizi-
kowych genetickych polymorfizmi v re-
gulaénich oblastech kandidatnich gend,
které modifikuji expresi metaloproteinaz
a jejich tkanovych inhibitord, maZe po-
skytnout ddlezité informace o patoge-
nezi onemocnéni a nalézt jednotlivce se
zvydenym rizikem. Mimoto, zjisténi rizi-
kowych alel pro dané onemocnéni miZe
napomoci ve vyvoji specifické terapie
a pfispét ke zjisténi individudini odpovédi
pacientll na terapii.

MMPs jsou slibny biologicky marker, je-
jich wyznam v patofyziologii RS a wyuZiti
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v klinické praxi viak jesté musi byt ovéren
v dalich studiich.
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Resumé

Matrix metalloproteinazy (MMPs) hraji dilezitou roli imunopatogenezi roztrouSené
skler6zy (RS). Vyznamné se podili na progresi zanétlivého procesu, poruseni hemato-
encefalické bariéry (HEB), formovani zanétlivych RS 1ézi a demyelinizaci. Cilem této studie
bylo stanovit hladiny MMP-9, MMP-2 a jejich tkanovych inhibitorti v séru a zhodnotit jejich
vztah ke klinickému prabéhu, stupni postizeni a tizi onemocnéni. Do studie bylo zafazeno 87
pacientt s RS, diagnostikovanou dle Mc Donaldovych kriterii, kontrolni soubor byl tvofen 50
zdravymi jedinci. Stanoveni a kvantifikace hladin enzymu bylo provedeno metodou enzyme-
linked immunoassay (ELISA). Klinicky stav byl hodnocen pomoci Expanded Disability
Status Scale (EDSS), stupen postizeni byl spoc¢itan podle Multiple Sclerosis Severity Score
(MSSS). Bylo prokazano statisticky signifikantni zvySeni hladin MMP-9 v séru a MMP-
9/TIMP-1 u RS skupiny (P<0.001), zejména u relabujici formy onemocnéni (P<0.001) pfi
srovnani s kontrolnim souborem. Déle bylo prokazano signifikantni zvySeni hladin MMP-2
v seru a MMP-2/TIMP-2 u progresivni formy onemocnéni (P<0.001) ve srovnani s relabujici
formou. Toto zvyseni korelovalo s tizi onemocnéni (P <0.001) a stupném postizeni (P<0.05).

Zaveéry: Bylo prokazano statisticky signifikantni zvyseni MMP-9, MMP-9/TIMP-1
u RS, zejména relabujici formy onemocnéni. Odrazi stupeni zanétlivého postizeni a poruseni
HEB. 2. Bylo prokazano signifikantni zvyseni MMP-2, MMP-2/TIMP-2 u progresivni formy
onemocnéni. Je znamkou vétsi destrukce nervové tkané v chronickych lézich. Byla take
nalezena korelace MMP-2, MMP2/TIMP2 s tizi onemocnéni a stupném postizeni. Hlavnim
pfinosem prace je zjisténi, ze MMPs jsou slibnym biologickym markerem, jejich vyznam

v patofyziologii RS a vyuziti v klinicke praxi vSak jesté musi byt ovéfeno v dalSich studiich.
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Matrix metalloproteinase-9 and matrix
metalloproteinase-2 as biomarkers of various
courses in multiple sclerosis

Y Benesovd', A Vaski?, H Novotnd®, | Litzman®, P Stourac’, M Berdnek?,
Z Kadarika' and | Bednaiik'

Background Matrix metalloproteinases are notable contributors to neuroinflammation and blood-
brain barrier disruption in multiple sclerosis (MS).

Objective The goal of this study was to determine the serum levels of matrix metalloproteinase-9
(MMP-9), matrix metalloproteinase-2 (MMP-2), and their tissue inhibitors (TIMP-1) and (TIMP-2),
and to investigate their possible relations to type, disability, and severity of MS.

Materials and methods Eighty-seven patients with definite MS according to the McDonald criteria
and 50 healthy controls were enrolled in the study. Their clinical status was evaluated with the
Expanded Disability Status Scale. Serum levels were analyzed by enzyme-linked immunoassay.
Results A significant elevation in MMP-9 serum levels and in the MMP-9/TIMP-1 ratio was found in
the whole MS group (P <0.001), in the relapsing-remitting MS (RRMS) (P < 0.001), and secondary-
progressive M3 (SPMS) (P < 0.001) groups when compared with the controls. A significant elevation
in MMP-2 serum levels and in the MMP-2/TIMP-2 ratio was observed in the primary progressive
(P<0.001) and the SPMS (P<0.002) groups when compared with the RRMS group, and this
increase was also associated with the disability (P < 0.001) and severity (P < 0.05) of the disease,
Conclusion We confirmed that metalloproteinases are useful biological markers in MS, providing
information about the clinical type, disability, and severity of the disease. Multiple Sclerosis 2008; 00:
1-7. http://msj.sagepub.com

Key words: immunology; matrix metalloproteinase 2; matrix metalloproteinase 9; multiple sclerosis;
tissue inhibitors of metalloproteinases

Introduction

Multiple sclerosis (MS) is a progressive autoimmune
disease, characterized by inflammation, demyelin-
ation, and axonal degeneration of the central ner-
vous system (CNS) [1]. The disease can be divided
into several types, in terms of its course. The major-
ity of patients present with a relapsing-remitting
MS (RRMS) disease. This type tends to develop
later into a secondary-progressive course with neu-
rological deterioration due to incomplete recovery

after each relapse [2]. The primary-progressive MS
(PPMS) type is characterized by a continuous and
cumulative neurological disability, without attacks.

Matrix metalloproteinases (MMPs) play an
important role in the immunopathogenesis and
progression of disease. They make up a family of
at least 23 endopeptidases that are involved in the
degradation of extracellular matrix proteins [3]. The
activity of the metalloproteinases is regulated on at
least three ditferent levels [4]: gene expression, pro-
enzyme activation, and through the activity of the

'Department of Neurology, University Hospital Brno and Faculty of Medicine, Masaryk University, Brno, Czech
Republic

2DI:palrtr'nent of Pathological Physiology, Faculty of Medicine, Masaryk University, Brno, Czech Republic

*Department of Clinical Biochemistry and Hematology, University Hospital Brno, Brno, Czech Republic

*Department of Clinical Immunology and Allergology, Faculty of Medicine, St Anne's Faculty Hospital, Masaryk
University, Brno, Czech Republic

Correspondence to: Yvonne Benelova, MD, Department of Neurology, University Hospital Brno, Jihlavska 20, 625 00

Brno, Czech Republic. Email: beneivo@seznam.cz
Received 6 June 2008; accepted 9 October 2008

© SAGE Publications 2008
Los Angeles, London, New Delhi and Singapore

86

10.1177/1352458508099482



2 Y Benesovd et al.

tissue inhibitors of matrix metalloproteinases
(TIMPs). It has been suggested that an imbalance
between MMP and TIMP expression may lead to
persistent proteolytic activity with subsequent con-
tinuous tissue destruction in wvarious discases,
including MS [5,6]. In the immunopathogenesis of
MS, metalloproteinases are involved in the disrup-
tion of the blood-brain barrier (BBB), invasion of
immune cells into the CNS parenchyma, degrada-
tion of the basic myelin protein [7,5], and direct
neurotoxicity [8].

Investigations of the serum, cerebrospinal fluid,
and brain tissue of patients with MS have demon-
strated an increase of MMP-1, -2, -3, -7, -9, and
MMP-12 [9]. A higher expression of MMP-2, TIMP-2,
and MMP-14 in the monocyte population has been
found in patients with MS as compared with control
subjects [3].

The upregulation of some MMPs correlates with
the course of disease [3,6]. Increased serum levels of
MMP-9 and MMP-9/TIMP-1 have been shown in
the relapsing-remitting type [4]. In RRMS, an
increase of MMP-9 in serum has been correlated
with the number of T-1 weighted gadolinium-
enhancing magnetic resonance image (MRI) lesions
[10,11] and been considered predictive of the dis-
ease activity [12]. Increased levels of MMP-9 in the
cerebrospinal fluid have been found in all patients
with RRMS but only in 57% of the patients with
PPMS [7].

Only limited and controversial findings concern-
ing MMP-2 as a potential marker of the course of M5
are available. Increased serum levels of MMP-2 have
been found in PPMS and higher MMP-2/TIMP-2 ratio
values have been found in secondary-progressive MS
(SPMS) and PPMS in a group of 42 patients with MS
[4]. Furthermore to these findings, Galboiz, et al. [13]
described an increased expression of MMP-2 in 16
relapsing-remitting  patients compared with 12
secondary-progressive patients. So far, no study
investigating the correlation of serum levels of
MMP-9, MMP-2, and their inhibitors with disability
has been reported in a representative sample of
patients with M5.

As mentioned above, we do not currently have
biomarkers reliable enough for evaluation of the
disease activity and its type or to provide informa-
tion about the pathophysiological process and clin-
ical prognosis of MS. From a practical standpoint,
the most useful biomarkers are those measurable
in serum or plasma. MMPs, especially MMP-9,
MMP-2, and their inhibitors, are promising biologi-
cal candidates.

The aim of this study was to determine the serum
levels of matrix metalloproteinase-9 (MMP-9),
matrix metalloproteinase-2 (MMP-2), and their tis-
sue inhibitors (TIMP-1) and (TIMP-2) in a larger
study group and to investigate a possible relation

Multiple Sclerosis 2008; 00: 1-7

to the clinical course and severity of MS. This may
give us laboratory markers useful in following up
patients with MS and may also help us to under-
stand better the role of metalloproteinases in the
pathophysiology of the disease.

Materials and methods

Patients and controls

The study group consisted of 87 patients, fulfilling
McDonald'’s criteria of MS [14], with a mean age of
39.7 £ 11.8 years (mean £ SD). The mean duration
of the disease was 7.8 £ 6.2 years (mean £ SD). The
control group consisted of 50 healthy volunteers,
with a mean age of 37.2 + 14.4 years (mean + SD).
The patients were divided into groups as follows:
40 patients with RRMS, 20 with the definite SPMS,
and 27 with PPMS. Clinical status was evaluated
according to the Expanded Disability Status Scale
(EDSS), [15] and the disease severity was calculated
according to the MS Severity Score (MSSS) [16]. The
mean disease progression as expressed by EDSS score
over the past 2 years was .69 + 0.67 (mean £ SD) for
the whole MS group. Relapse was defined as the
apperance or worsening of an MS symptom or
symptoms, lasting at least 24 h, preceded at least
30 days of stable or improved neurological state.
The relapse rate during the previous 2 years in the
RRMS group was 1.26 £ 1.08 (mean +SD). Both
patients and controls were free of infection, and
the patients were clinically stable at the time of
blood collection. All patients were recruited from
the Department of Neurology of the University Hos-
pital Brno and were examined in a specialised MS
centre by the same specialist neurologist (Y.B.).

The study was approved by the Ethics Commit-
tee of the University Hospital Brno, and all persons
gave their informed consent before their enrolment
in the study.

Measurement of serum levels of
metalloproteinases and their inhibitors

The serum levels of MMP-9, MMP-2, TIMP-1, and
TIMP-2 were measured by enzyme linked immun-
sorbent assay (ELISA) using the following Kits:
MMP-2, Human, Biotrak ELISA System RPN2617;
TIMP-1, Human, Biotrak ELISA System RPN2611;
and TIMP-2, Human, Biotrak ELISA RPN2618, all
from Amersham Biosciences UK (Buckinghamshire,
UK), in accordance with the manufacturer's
instructions.

http://msj.sagepub.com
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Statistical analysis

The normality of the values obtained was assessed
by the Kolmogorov-Smirnov test. Because the
majority of the values showed a distribution differ-
ent from normal, a nonparametric Mann-Whitney
U-test and the Kruskal-Wallis ANOVA were applied.
Because of the need for multiple hypothesis testing,
a standard Bonferoni correction was applied for
each group studied when appropriate. The critical
value for the Bonferoni correction was P < 0.008.
The results are given as mean + standard deviation
(£5D) and as median (quantile 5%, 95%). A Spear-
man’s rank correlation test was used for the cor-
relation of MMPs and the serum levels of their
inhibitors with disability and severity as expressed
by EDSS and MSSS, respectively. The STATISTICA
package (StatSoft, Inc., Tulsa, Oklahoma, USA),
version 8, was used throughout.

Results

The demographic data of the study groups are sum-
marised in Table 1.

Table 1 Demographic data

Matrix metalloproteinases in multiple sclerosis 3

The serum levels of MMP-9, MMP-2, TIMP-1,
TIMP-2, MMP-9/TIMP1 ratio, and MMP-2/TIMP-2
ratio in patients with M5 and controls are shown
in Table 2.

A significant elevation in the MMP-9 serum
levels (P<0.001) and in the MMP-9/TIMP-1 ratio
(P=<0.001) was found in the whole MS group
when compared with the controls, but no differ-
ences in the MMP-2, the TIMP-1, and the TIMP-2
serum levels between the whole MS group and the
control group were found (Table 2).

When stratified according to the type of the dis-
ease into RRMS, SPMS, and PPMS groups, the fol-
lowing results were observed: The Kruskal-Wallis
test showed a significant difference in MMP-9
serum levels (P<0.001), in MMP-2 serum levels
(P < 0.001), in TIMP-2 serum levels (P < 0.05), in the
MMP-9/TIMP-1 ratio (P < 0.001), and finally in the
MMP-2/TIMP-2 ratio (P < 0.001) between the RRMS,
SPMS, PPMS, and control groups.

The Mann-Whitney U-test showed a significant
elevation in MMP-9 serum levels in the RRMS
(P <0.001) and SPMS (P<0.001) groups and a sig-
nificant elevation in the MMP-9/TIMP-1 ratio in
the RRMS (P <0.001) and SPMS (P < 0.001) groups
when compared with the control group (Figure 1,

Group No. Age Disease duration  EDSS M5SS Change in Male/

Mean (£50) Mean (£5D) Mean (£5D) Mean (£50) EDSS score® female

Mean (£50)

MS 87 39.7 (11.8) 7.76 (6.2) 4.53 (2.07) 6.69 (2.24) 0.69 (0.67) 27/60
RRMS 40 32.2(7.2) 5.20 (5.03) 2.75(1.02) 5.31 (2.08) 0.42 (0.48) 11/29
SPMS 20 47.5 (7.1) 10.42 (5.05) 6.22 (1.03) 7.85 (1.41) 0.76 (0.64) 6/14
PPMS 27 47.2(9.9) 10.04 (6.97) 6.27 (1.3) 8.12(1.51) 1.07 (0.74) 1017
Control 50 37.2 (14.4) —_ - - —_ 17/33

The results are given as mean + standard deviation (SD).

EDSS, Expanded Disability Status Scale; MSSS, Multiple Sclerosis Severity Score.
“The mean disease progression as expressed by EDSS score over the past 2 years.

Table 2 Serum (metalloproteinases and their inhibitors) level quantified by ELISA; MMP-9/TIMP1 ratio and MMP-2/TIMP-2 ratio in

patients and control groups

Group No. MMP-9 (ng/mL)  MMP-2 (ng/mL) MMP-9/TIMP-1  TIMP-1 (ng/mL) TIMP-2 (ng/mL) MMP-2/TIMP-2
MS 87 288 (116;500)* 1534 (1040;2454) 2.5* 107 (56;164) 86 (49;,120) 18

RRMS 40 307 (152;471)* 1377 (1083;1828)  2.7* 109 (67,147) 94 (67,112) 15.4

SPMS 20 330 (165;500)* 1738 (914;2848)  2.8* 102 (53;162) 83 (40;115) 21.6

PPMS 27 226 (100;487) 1868 (1200;2475) 2.1 108 (57;204) 77 (34;104) 23.6

Control 50 170 (65;392) 1540 (1232;2283) 1.6 114 (67;174) 78 (60;118) 20.8

The results are given as median (kvantil 5%, 95%).

ELISA, enzyme linked immunsorbent assay; MMP, matrix metalloproteinase; TIMP, tissue inhibitors of matrix metalloproteinases; MS,
multiple sclerosis; RRMS, relapsing-remitting MS; SPMS, secondary-progressive MS; PPMS, primary-progressive MS.

*Comparison of MMP-9 serum levels between MS and control group.

*Comparison of MMP-9/TIMP-1 ratio between MS and control group.

*Comparison of MMP-9 serum levels among RRMS, SPMS, PPMS, and contral groups.

*Comparison of MMP-9/TIMP-1 ratio among RRMS, SPMS, PPMS, and control groups.

*P < 0,008 (critical value after applying Bonferonis correction for multiple testing) for comparison with control group.
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Figure 1 Comparison of MMP-2 serum levels among RRMS,

SPMS, PPMS, and control groups. P<0.001 for all groups
studied (Kruskal-Wallis ANOVA); P<0.001 for RRMS versus
control group (Mann-Whitney U-test); P<0.001 for SPMS
versus control group (Mann-Whitney U-test). MMP, matrix
metalloproteinase; RRMS, relapsing-remitting MS; SPMS,
secondary-progressive MS; PPMS, primary-progressive MS.

Table 2). As far as MMP-2 serum levels are con-
cerned, a significant elevation was found in MMP-2
serum levels in the PPMS (P < 0.001) and the SPMS
(P <0.002) groups (Figure 2) and a significant eleva-
tion in the MMP-2/TIMP-2 ratio in the PPMS
(P=0.001) and the SPMS (P <0.001) groups when
compared with the RRMS group (data not shown).
A significant decrease in TIMP-2 serum levels was
shown in the PPMS group when compared with the
RRMS group (P < 0.003) (Figure 3).
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Figure 2 Comparison of MMP-2 serum levels among RRMS,
SPMS, PPMS, and control groups. P< 0.001 for all groups
studied (Kruskal-Wallis ANOVA); P< 0.001 for PPMS versus
RRMS (Mann-Whitney U-test); P<0.002 for SPMS versus
RRMS (Mann-Whitney U-test). MMP, matrix metalloprotei-
nase; RRMS, relapsing-remitting MS; SPMS, secondary-
progressive MS; PPMS, primary-progressive MS.
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Figure 3 Comparison of TIMP-2 serum levels among RRMS,
SPMS, PPMS, and control groups. P<0.05 for all” groups
studied (Kruskal-Wallis ANOVA); P<0.003 for PPMS versus
RRMS (Mann-Whitney U-test).

MMPs serum levels, disability, and severity
of the disease

An increase in MMP-2 serum levels was associated
with disability and the severity of the disease as
expressed by EDSS (P<0.001) and MSSS (P < 0.05),
respectively. Similarly, an increase in the MMP-
2/TIMP-2 ratio was associated with disability
(P<0.001) and severity (P<0.05). Furthermore, a
decrease in the TIMP-2 serum levels was associated
with disability (< 0.05), whereas associations with
the MMP-9, TIMP-1, and MMP-9/TIMP-1 ratio were
not found (data not shown).

Discussion

Metalloprotienases are not only important contri-
butors to MS pathogenesis but their determination
may be important for the evaluation of the disease
activity and its type.

We found increased MMP-9 serum levels and
MMP-9/TIMP-1 ratio in the whole MS group as
compared with the control group. This is in agree-
ment with previous observations that have shown
association between elevated MMP-9 mRNA levels
in peripheral blood mononuclear cells, raised
MMP-9 levels in the serum, and cerebrospinal fluid
with clinical and MRI disease activity [10,17-20].
More recently, elevated levels of MMP-9 and MMP-
7 in lesions and apparently normal white matter in
patients with MS have been observed [6].

Further, we studied the relation between MMP-9
serum levels and the various types of MS. After strat-
ification of the patient group with MS according to
disease type, we showed increased MMP-9 serum

http://msj.sagepub.com



levels and MMDP-9/TIMP-1 ratio in the RRMS and
the SPMS groups compared with the control
group. We confirmed the findings of some other
authors: increased serum levels of MMP-9 and
MMP-9/TIMP-1 were shown in the RRMS type of
the disease [4], Leppert, etal. [7] also found that
MMP-9 was increased in all the patients with
RRMS. A recent study on the regulation of MMPs
in MS plaques at different stages of development
showed that MMP-7 and MMP-9 were transcrip-
tionally upregulated in all lesions except those of
the chronic inactive type [6]. In the course of exper-
imental autoimmune encephalomyelitis, the
increase of MMP-9 and MMP-7 transcripts in the
brain tissue reached peak levels at the time of
appearance of clinical signs [21]. These data indicate
that elevated serum and CSF levels of MMP-9 are
related to the course of MS and possibly to its
progression [22]. Recent clinical trials have shown
that specific MMP-9 inhibitors could be a potential
drug target for MS [23,24]. A correlation between
decreased MMP-9 serum levels and reduction of
gadolinium-enhancing lesion activity was shown
in patients with RRMS in a clinical trial with com-
bination therapy with interferon p-la and doxy-
cycline, a potent inhibitor of MMPs [24]. Several
studies have also shown that interferon-p treatment
leads to decrease of MMP-9 mRNA and serum levels
in patients with MS [12,13,25].

So far, only limited data are available on MMP-2
in the course of MS. We found increased MMP-2
serum levels and MMP-2/TIMP-2 ratio in the PPMS
and SPMS groups, mainly in the PPMS when com-
pared with the RRMS group, which is in accordance
with the results of previous studies [4], but not in
the RRMS group. Our results are in contradiction
with the results of Galboiz, ¢t al. who found diver-
gent expression of MMP-2 mRNA by peripheral
blood leukocytes (PBL) between patients with
RRMS and SPMS compared with controls; increased
MMP-2 expression in the relapsing-remitting type
at a magnitude of times 2.8 in comparison with the
secondary-progressive type and at a magnitude of
times 1.4 compared with that detected in healthy
controls [13]. However, the differences were not sta-
tistically significant in any comparison [13]. Several
mechanisms may contribute to differences between
our findings and those of Galboiz. First, the activity
of MMPs is regulated at several different levels: gene
expression; post-transcriptional regulatory mechan-
isms, which may include modulation of mRNA sta-
bility, as well as of protein translation or secretion;
proenzyme activation; and through the activity of
the TIMPs. MMP-2 (gelatinase A) is secreted as the
proenzyme. The latent form, pro-MMP-2, is acti-
vated by the membrane type 1 (MT1-MMP), in a
process regulated by TIMP-2 [26]. MMP-2 also
plays an important role in MMP-9 activation and

http://msj.sagepub.com
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can act as a positive regulator of proMMP-9 activa-
tion [27].

Second, these findings have been surprising as
the mRNA expression by PBL was not reflected at
the protein level. MMPs are secreted by a wide
range of cell types [28]: by T-cells [29], monocytes,
B-cells [3], macrophages [30], glial and endothelial
cells [31,32], and their expression is regulated by
cytokines and growth factors [31]. In active MS
and necrotic lesions, the majority of macrophages
were MMP-I, -2-, -3-, and -9-positive, and in acute
and chronic MS lesions, MMP-2, -3, and -9 expres-
sions by astrocytes have been found [30]. In-vitro
studies have shown that stimulation of astrocytes
and neurons with lipopolysaccharide markedly
increased pro-MMP-9 and pro-MMP-2 expression
in astrocytes, with only a slight increase in neurons
[33]; also MMP-2 has been seen to be induced in
activated astrocytes [32]. Furthermore, the treat-
ment of astrocytes and microglia in an in-vitro
study with IFN-p inhibited the expression of both
MMP-2 and MMP-9 in astrocytes and of MMP-9 in
microglia [34]. According to these findings, the
MMP-2 mRNA is generated not only by PBL but
also by macrophages, microglia, endothelial cells,
astrocytes, and neurons and thus may contribute
to an increase of serum MMP-2 levels and to MS
pathogenesis. Elevation of serum MMP-2 levels
may reflect a higher degree of destruction of ner-
vous tissue in chronic lesions [4].

An increase in MMP-2 serum levels was also asso-
ciated with disability and severity as evaluated by
EDSS and MSSS in our group. The cumulative tissue
loss in both gray and white matter, especially of
axons, is important, probably the principal deter-
minant of the accumulation of irreversible neuro-
logical disability and of conversion to a progressive
disease course [35]. During the chronic stages of the
disease, MMP-2 may participate in remodelling the
extracellular matrix, in neuronal death, axonal
injury, and in tissue repair [4]. Axonal injury
observed in the brains of patients with MS was cor-
related not only with the presence of CD8+ T lym-
phocytes but also with the presence of macrophages
and intrinsic microglia, which have many similar
characteristics [36]. A higher expression of MMP-2,
TIMP-2, and MMP-14 was observed in the mono-
cytes of patients with MS [3].

Finally, we showed a significant decrease in TIMP-
2 serum levels and an increase in the MMP-2/TIMP-2
ratio in the PPMS group when compared with the
RRMS group. The decrease in the TIMPs serum levels
leads to an elevation of the MMDPs/TIMPs ratio and
increases MMP activity. Sustained proteolytic stress
through MMP overproduction may be a key factor
in the development of neuronal loss in MS and may
thus be a prevailing cause of chronic progression.

Multiple Sclerosis 2008; 00: 1-7
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In conclusion, we confirmed that MMP-9,
MMP-2, and the protein serum levels of their inhi-
bitors are useful biological markers in MS, which
help clarify the pathological mechanisms of the dis-
ease. We presume that the changes in the MMPs
and TIMPs profiles, such as the shift in MMP-9 and
MMP-2 levels, may provide us with information on
the clinical manifestation, disability, and severity of
the disease. However, MS is a complex matter as
several pathophysiological processes (including
inflammation, demyelination, axonal damage, and
repair mechanism) participate in the disease pro-
cess. Furthermore, these processes are not uni-
formly represented across the patient population,
but can selectively predominate in individual
patients, thus contributing to the heterogeneity in
phenotypic expression of the disease, its prognosis,
and response to therapies. One of the major com-
ponents of MS pathogenesis that is targeted by
currently available therapies has been increased per-
meability of the BBB. MMPs have been classified as
biomarkers of BBB disruption and could contribute
to an improvement in diagnostic standards and
therapeutic interventions for this disease. Recent
clinical trials have shown that specific MMPs inhi-
bitors could be a potential drug target for this pur-
pose [23,24]. On this account, the measurement of
MMPs serum levels and their inhibitors may be
helpful in monitoring treatment response in indi-
vidual patients to a specific drug, could select
patient populations in which this targeted process
is prevalent, and could assist more rapid screening
of therapeutic agents. Their impact on the under-
standing of the pathophysiology of MS and on the
practical management of patients with MS, how-
ever, remains to be established.
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Resumé

Riziko rozvoje roztrousené sklerdzy (RS) je podminéno kombinaci faktorti genetickych a
environmentélnich. U geneticky predisponovaného jedince je onemocnéni pravdépodobné
spusténo vlivem zevnich faktorti, mezi které fadime nedostateCnou koncentraci vitaminu D
v séru, herpetické infekce a koufeni. Vitamin D3 prostfednictvm receptoru pro vitamin D
(VDR) navozuje silné antiproliferativni, prodiferencia¢ni a imunomodula¢ni ucinky. VDR po
své aktivaci slouzi jako transkripéni faktor regulujici expresi vice nez devitiset 1.25 (OH) 2
D3 responzivnich genti, zaroven je také pfitomen na bunéénych membranach. Vyznamnou roli
hraje téZ interakce vitaminu D3 s alelou HLA-DRB1*15, nebot’ v proximalni promotorové
oblasti této alely je lokalizovan responzivni element pro vitamin D. Cilem prace byla analyza
péti polymorfizmu v genu pro VDR (EcoRV, Fokl, Apal, Tagl, and Bsml) a vyhodnoceni
jejich vlivu na vnimavost k rozvoji RS, tizi postizeni, pribéh onemocnéni a rozdily mezi
pohlavimi. Do studie bylo zafazeno celkem 296 RS pacientl, spliiujicich Mc Donaldova
Kritéria a 135 zdravych nepiibuznych jedinct. Klinicky stav byl hodnocen stupnici EDSS.
Genotypizace byla provedena metodou PCR a restrikéni analyzou. Nebyla nalezena asociace
vySetienych polymorfismi s vhimavosti k RS v celé skupiné. Po rozdéleni souboru podle
pohlavi byl zjistén signifikantni rozdil ve frekvenci alel a/nebo genotypove distribuci u
polymorfisma Taql, Bsml a Apal mezi skupinou zdravych a nemocnych muzt (Taq, py =
0,02, p. = 0,02; Bsml, py = 0,02, p. = 0,04; Apal, py = 0,008, p, = 0,005). U Zen byl prokazan
vyznamny rozdil ve frekvenci alel a genotypt Apal u skupiny zdravych zen oproti kontrolam
(pg = 0,01, pa = 0,05). Déle jsme se zaméfili na funkéni geneticky polymorfismus EcoRV
(rs4516035), ktery nebyl dosud v souvislosti s RS studovan. Jako prvni jsme prokazali
signifikantn¢ frekventn&jsi vyskyt alely C u nemocnych muzua ve srovnani s kontrolami (OR
1.8; 95% CI: 1.08- 2.24), p. = 0,02; podili se tedy na zvySené vnimavosti k rozvoji RS u
muzu. U Zen je genotyp CT asociovan s ptiblizné€ pétinasobné vyssi pravdépodobnosti rozvoje
prognosticky nepiiznivé primarné progresivni roztrousené sklerozy (CT vs. CC + TT peorr =
0,01, senzitivita 0,833, specificita 0,525, sila testu 0,823). Studie in vitro prokazuji, Ze u
nosicl alely C dochazi ke snizené¢ expresi VDR, coz miize nésledné nepiiznivé ovlivnit
imunomodula¢ni u¢inky vitaminu D3 a vést ke klinické manifestaci onemocnéni. Zavéry:
NaSe vysledky prokazuji, Ze variabilita vySetfenych polymorfismi v genu pro VDR je
rizikovym faktorem vnimavosti a progrese RS v ¢eské populaci. Bylo zjisténo, Ze u muzu by
se mohla podilet na riziku rozvoje choroby, u Zen ovliviiuje tiZi a pribéh onemocnéni. Uloha
téchto genetickych polymorfismi v patogenezi RS musi byt ovétena v dalSich studiich.
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Abstract

Vitamin D receptor polymorphisms have been the target of many studies focusing on multiple sclerosis. However, previously
reported results have been inconclusive. The objective of this study was to investigate the association between five vitamin D
receptor polymorphisms (EcoRV, Fokl, Apal, Taql, and BsmI) and multiple sclerosis susceptibility and its course. The study was
carried out as a case-control and genotype-phenotype study, consisted of 296 Czech multiple sclerosis patients and 135 healthy
controls. Genotyping was carried out using polymerase chain reaction and restriction analysis. In multiple sclerosis men, allele and/
or genotype distributions differed in EcoRV, Taql, Bsml, and Apal polymorphisms as compared to controls (EcoRV, p, = 0.02; Tag,
Pg = 0.02, p, = 0.02; Bsml, p, = 0.02, p, = 0.04; Apal, p, = 0.008, p, = 0.005). In multiple sclerosis women, differences in the
frequency of alleles and genotypes were found to be significant in Apal (controls vs multiple sclerosis women: p, = 0.01, p, = 0.05).
Conclusive results were observed between multiple sclerosis women in the case of EcoRV [differences in Expanded Disability
Status Scale (p = 0.05); CT genotype was found to increase the risk of primary progressive multiple sclerosis 5.5 times (CT vs CC+
TT peor = 0.01, sensitivity 0.833, specificity 0.525, power test 0.823)] and Fok! [borderline difference in Multiple Sclerosis Severity
Score (p = 0.05)]. Our results indicate that the distribution of investigated vitamin D receptor polymorphisms is a risk factor for
multiple sclerosis susceptibility and progression in the Czech population. The association between disease risk and polymorphisms
was found to be stronger in men, The association of disease progression with polymorphisms was observed only in women,

Keywords Multiple sclerosis - Single-nucleotide polymorphism - Vitamin D receptor - EDSS - MSSS

Introduction system, acute inflammatory injury of axons and glia, recovery
of function and structural repair, post-inflammatory gliosis.
and neurodegeneration (Compston & Coles, 2002). These
events disrupt the ability of parts of the nervous system to
communicate, resulting in a range of signs and symptoms
including physical, mental, and sometimes psychiatric prob-
lems (Compston & Coles, 2002; Compston & Coles, 2008;

Multiple sclerosis (MS) is an inflammatory autoimmune dis-
order of the central nervous system, characterized by a cas-
cade of events involving the engagement of the immune
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Murray et al., 2012).

The risk of MS development seems to be determined by a
combination of genetic and environmental factors. In addition
to cigarette smoking, viral infections (Epstein-Barr virus, var-
icella zoster virus, Chlamydophila pneumoniae and human
endogenous retroviruses), and a decrease of intestinal hel-
minths, these also include inadequate serum concentrations
of vitamin D (Ascherio et al., 2010; Ascherio & Munger,
2007; Johnston et al., 2001). Vitamin D deficiency is thought
to constitute an MS risk factor since MS frequency rises with
increasing latitude, which is strongly inversely correlated with
the duration and intensity of UVB from sunlight and thus also
with vitamin D concentration (Ascherio et al., 2010).
Simultancously, MS prevalence was found to be lower than
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expected at high latitudes in populations with a high consump-
tion of vitamin D-rich fatty fish (Ascherio et al., 2010).
Finally, MS risk seems to decrease with migration from high
to low latitudes (Ascherio et al., 2010).

Apart from the exogenous factors, vitamin D deficiency
may also be influenced by genetic factors. These factors can
affect 25-hydroxy vitamin D blood concentrations through the
vitamin D metabolism, skin color, and behavior (Ascherio
etal., 2010). However, vitamin D effects on the immune sys-
tem may also be influenced by genetic variations in vitamin D
receptor (VDR) and other genes (for example vitamin D-
related genes) (Ascherio et al., 2010).

In the immune system, vitamin D exerts an endocrine ac-
tion on the cells, generating anti-inflammatory and immuno-
regulatory effects (Antico et al., 2012). Caleitriol, the most
active form of vitamin D, enhances the innate immune re-
sponse whereas it exercises a modulation action on the adap-
tive immune system (Antico et al., 2012). It regulates the
interaction between lymphocytes and antigen-presenting cells
and mediates an effector mechanism (Antico et al., 2012). In
addition, a highly conserved vitamin D-responsive element
(VDRE) has been identified in the promoter region of the
HLA-DRB1#1501 haplotype, which is the strongest genetic
predictor of MS risk, conferring an approximately three times
increased risk of MS in individuals of European ancestry in-
cluding the inhabitants of the Czech Republic (Ascherio etal.,
2010; Benedova et al., 2013a). Therefore, vitamin D receptor
seems 1o be the connection between this genetic predictor of
MS risk and inadequate serum concentrations of vitamin D
and has become the subject of our research.

The objective of this study is to establish an association
between genotypes/alleles given by five single-nucleotide
polymorphisms (SNPs) in the vitamin D receptor gene
(VDRG)—rs4516035 (EcoRV), rs2228570 (FokI), rs731236
(Tagl), rs7975232 (Apal), and rs1544410 (Bsml}—and MS
incidence, disease duration, Expanded Disability Status
Scale (EDSS), Multiple Sclerosis Severity Score (MSSS),
and the form of the disease.

Materials and Methods
Subjects

The case-control and genotype-phenotype study focused on a
group of patients which included 296 unrelated Czech MS
patients who met the McDonald MS criteria (McDonald
et al., 2001) (216 women, 80 men; all patients of MUDr.
Yvonne Benedova, Ph.D., Multiple Sclerosis Center,
Department of Neurology, University Hospital Bmo). The
group of controls included 135 patients with no neurological
diseases and no family history of such diseases (86 women, 49
men, compiled by MUDr. Yvonne Benedovi, Ph.D.) whose

&) Springer

age and gender breakdown matched the patient group. Written
informed consent was obtained from all study participants.

Patients and controls were divided into subgroups of men
and women due to differences in prevalence and the course of
the disease (Milo & Kahana, 2010). Disease duration and
form were determined in the case of MS patients. The clinical
status of MS patients was evaluated by EDSS (Kurtzke, 1983)
and MSSS (Roxburgh et al., 2005). Patient characteristics are
reported in Table 1.

Genetic Analysis

DNA was isolated by phenol-chloroform extraction with pro-
teinase K from peripheral blood leukocytes. VDR genotypes
of rs4516035 (EcoRV), rs2228570 (Fokl), rs731236 (Taql),
157975232 (Apal), and rs1544410 (Bsml) polymorphisms
were detected using polymerase chain reaction-restriction frag-
ment length polymorphism method. An overview of utilized
methods is presented in Table 2. The reliability of individual
methods was verified by the sequencing of several samples.

Statistical Analysis

Statistical associations of the identified genotypes with MS
risk as well as with clinical phenotypes were calculated by
means of Kruskal-Wallis ANOVA, Mann-Whitney U test,
Fisher's exact test, and the chi-square test using Statistica 12
software.

The study was approved by the Ethics Committee of
University Hospital Bro and all procedures were performed
in accordance with the Helsinki Declaration as revised in 2013,

Results

Case-Control Study

Study results are presented in Table 3.
rs4516035

Rs4516035 (EcoRV) allele frequencies showed a statistically
significant difference (p,) between healthy male controls and
MS patients (chi-square test, controls vs MS men p,=0.02);
MS men were 1.8 times more likely to be carriers of the C
allele than controls: Fisher’s exact test, OR = 1.80 (95% con-
fidential interval 1.08-2.24), p = 0.02, sensitivity 0.575, spec-
ificity 0.571, and power test 0.600. Morcover, significant dif-
ferences between MS men and women were found in the case
of the C allele, which was found to be 1.55 times more fre-
quent in MS men compared to MS women: Fisher's exact test,
OR = 1.55 (1.08-2.24), p = 0.02, sensitivity 0.575, specificity
0.535, and power test 0.629.
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Table 3 Case-control study of

MS patients and controls in five VDR EcoRV (rs4516035)

VDR SNPs
Genotypes and alleles

MS group men (N =80)
Control group men (N =49)

MS group women (N=216)
Control group women (N = 86)

Genotypes and alleles
MS group men (N=80)
Control group men (N=49)

MS group women (N=216)
Control group women (N = 86)

Genotypes and alleles

MS group men (V= 80)
Control group men (N =49)

MS group women (N=216)
Control group women (N = 86)

Genotypes and alleles

MS group men (N =80)
Control group men (N=49)
MS group women (N=216)
Control group women (N =86)

Genotypes and alleles
MS group men (N =80)
Control group men (N=49)

MS group women (N=216)
Control group women (N =86)

r

CC(%)  CT(%) TT (%) Py c Pa
29 (36) 34 (43) 17 (21 0.07 0.58 042 0.02
9(18) 24 (49) 16 (33) 0.43 0.57
46 (21) 109 (50) 61 (29) 0.993 047 0.53 0.997
18 (21) 44 (51) 24 (28) 047 0.53

VDR Fokl (rs2228570)
GG (%) GA(%)  AA(%)  py G A Pa
28 (35) 41 (51) 11(14) 0.609 0.61 0.39 0.476
16(33) 23 (47 10 (20) 0.56 044
74 (34) 104 (48) 38(18) 0.179 0.58 042 0.340
21(24) 51 (59 14(17) 0.54 0.46

VDR Taql (rs731236)

AA (%) AG (%) GG (%) Py A &} Pa
20 (25) 49 (61) 11 (14) 0.02 0.56 0.44 0.02
24 (49) 21 (43) 4(8) 0.70 0.30
98 (45) 102 (47) 16 (8) 0.65 0.69 0.31 0.44
34 (40) 45 (52) 7(8) 0.66 0.34

VDR Apal (rs7975232)
CC(%) AC(%)  AA (%) pg & A Pa
8 (10) 47 (59) 25 (31) 0.008 0.39 0.61 0.005
13227 30 (61) 6(12) 0.57 043
19 (9) 136 (63) 61 (28) 0.01 0.40 0.60 0.05
18(21) 48 (56) 20(23) 0.49 051

VDR Bsml (rs]1544410)
CC(®) CT(% TT(%) P c 7 Pa
1721 52 (65) 11 (14) 0.02 0.54 0.46 0.04
23 (47) 23 (47) 3(6) 0.66 0.34
97 (45) 101 (47) 18 (8) 0.963 0.68 0.32 0.841
38 (44) 40 (47) 8 (9 0.67 033

MS multiple sclerosis, SNP single-nucleotide polymorphism

2005; Suzuki et al., 2003). We found the association of
angiotensinogen (—6)A/G, M235T/gene polymorphism with
disease severity and demonstrated a significant association of
M235T polymorphism with Multiple Sclerosis Severity Score
(MSSS) (p =0.02) (Hladikova et al., 2011).

VDR polymorphisms have recently been the target of a
large number of studies. They have been extensively studied

with regard to their association with the risk of autoimmune
diseases, e.g., systemic lupus erythematosus, type | diabetes
mellitus, inflammatory bowel diseases, and autoimmune thy-
roid disease (Ascherio et al., 2010; Yang et al,, 2013;
D’ Aurizio et al., 2015). Many of the studies also focused on
multiple sclerosis (Ascherio et al., 2010). However, EcoRV
SNP has never been studied in connection with multiple

Table 4 Genotype-phenotype

study—MS women and Genotype  Number of patients ~ EDSS Disease duration [years]  Disease form
34516035
Median (range)  Median (range)
RRMS SPMS  PPMS
cT 109 3.5(1.0-8.0) 7.0 (1.0-29.0) 80 14 15
cC 46 3.0 (1.0-7.5) 6.5 (1.0-35.0) 33 11 2
T 61 25 (1.0-8.0) 4.0 (1.0-30.0) 53 7 1
All groups 216 3.0 (1.0-8.0) 6.0 (1.0-35.0) 166 32 18

MS multiple sclerosis, EDSS Expanded Disability Stats Scale, RRMS relapsing-remitting multiple sclerosis,
SPRS secondary progressive multiple sclerosis, PPRS primary progressive multiple sclerosis
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Table 1 MS patient

characteristics MS patients Age at sampling median EDSS median (range) Disease duration in years
(age range) median (range)
‘Women (216) 37 (17-69) 3.0(1-8) 6(1-35)
Men (80) 34 (15-61) 35(1-8) 5(1-31)
MS multiple sclerosis, £DSS Expanded Disability Status Scale
152228570 heredity model, the CC genotype was observed 3.02 times

No differences in rs2228570 (Fok1) allele frequency and/or
genotype distribution were observed in the case-control study.

rs731236

In the case of the rs731236 (Tagl) polymorphism, different
allele frequencies (p,) and genotype distributions (p,) were
established between the male control group and MS men
(chi-square test, controls vs MS men p, =0.02, p,= 0.02).
The G allele was found to increase the risk of MS develop-
ment 1.9 times: Fisher’s exact test, OR = 1,90 (95% confiden-
tial interval 1.11-3.24), p=0.02, sensitivity 0.556, specificity
0.296, and power test 0.561.

57975232

In the case of the rs7975232 (Apal) polymorphism, different
genotype/allele frequencies were observed between the male
control group and MS men and between the female control
group and MS women (chi-square test, male controls vs MS
men py =0.008, p,=0.005; female controls vs MS women
Pg=0.01, py=0.05). The A allele of the Apal increased the
risk of MS development 2.05 times in men [Fisher’s exact test,
OR =2.05 (95% confidential interval 1.23-3.42), p=0.005,
sensitivity 0.394, specificity 0.429, power test 0.724]and 1.42
times in women [Fisher's exact test, OR = 1.42 (95% confi-
dential interval 0.99-2.02), p = 0.05, sensitivity 0.597, speci-
ficity 0.488, power test 0.487].

rs1544410

The Rs1544410 (Bsml) SNP was associated with different
genotype/allele frequencies between male controls and MS
men (chi-square test, controls vs MS men py=0.02, p,=
0.04), The presence of the T allele increased the risk of MS
development in men 2.05 times [Fisher’s exact test, OR = 2.05
(95% confidential interval 1.20-3.49), p=0.006, sensitivity
0.463, specificity 0,704, power test 0.681]. In the case of the
Bsml polymorphism, a significant difference was observed
between MS men and MS women in terms of both allele
frequency and genotype distribution (chi-square test, MS
men vs MS women p = 0.0009, p, = 0.001). Ina codominant

more frequently in MS women than in MS men: Fisher's exact
test, OR =3.02 (95% confidential interval 1.66-5.49), p=
0.0001, sensitivity 0.449, specificity 0.788, and power test
0.970. This result is highly clinically specific and statistically
reliable.

Genotype-Phenotype Study
rs4516035

In the case of EcoRV, EDSS differences in MS women were
found to be borderline statistically significant (Kruskal-Wallis
ANOVA, p = 0.05; Table 4) while differences in disease dura-
tion were found to be highly statistically significant (Kruskal-
Wallis ANOVA, p =0.003; Table 4). In addition, the form of
the disease varied among MS women on the ground of EcoRV
polymorphism. Women with primary progressive multiple
sclerosis (PPMS) were 5.5 times more likely to have the CT
genotype than women with either relapsing-remitting multiple
sclerosis (RRMS) and secondary progressive multiple sclero-
sis (SPMS): Fisher’s exact test, PPMS vs RRMS+SPMS
OR =5.532 (95% confidential interval 1.553-19.710), p=
0.003, peorr=0.01 (Bonferroni correction), sensitivity 0.833,
specificity 0.525, and power test 0.823.

152228570

In the case of rs2228570 (Fokl), a difference in MSSS was
established with borderline statistical significance in women
(chi-square test, pg = 0.05). To detail, MS women with AA
genotype have lower MSSS median (Mann-Whitney U test,
p=0.02; Table 5).

No conclusive results were observed in the genotype-
phenotype study cither in the case of MS men or for the re-
maining examined SNPs.

Discussion
MS is a chronic neuro-inflammatory autoimmune disease with
a complex etiology. The human leukocyte antigen (HLA)

class 11 region, namely the HLA-DRB1*1501 allele (p=1 =
10732°. OR =3.1), has been linked to MS in northern
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Europeans (Sadovnick, 2012; International Multiple Sclerosis
Genetics Consortium; Wellcome Trust Case Control
Consortium 2, et al., 2011; Schmied et al., 2012). In our pre-
vious study, we investigated the HLA-DRBI*1501 tagging
153135388 gene polymorphism. A significant difference in
genotype distribution (p, =3.06 x 10-9) (OR=4.27,95% CI
2.64-6.92) and allele frequency (p, = 6.08 x 10-10) between
MS patients and controls was demonstrated and significant
difference between female MS patients and female controls
in genotype distribution (py = 1.3 % 10-8) and allele frequency
(pa=2.82% 10-9) (OR =5.11, 95% CI 2.86-9.15) was also
proved (BeneSova et al., 2013b).

Recently, another 110 MS risk variants mapped to 103
discrete loci outside of the HLA region have been established
(International Multiple Sclerosis Genetics Consortium
(IMSGC) et al., 2013). Genes encoding cytokine pathways
and costimulatory and signal transduction molecules of immu-
nological relevance have been identified and, in addition, en-
vironmental risk factors such as vitamin D have also been
found. There is a relative absence of genes to be relevant to
potential pathways for neurodegeneration independent of in-
flammation (International Multiple Sclerosis Genetics
Consortium (IMSGC) et al., 2013). More than one third of
the known risk polymorphisms were previously associated
with other autoimmune diseases (International Multiple
Sclerosis Genetics Consortium; Wellcome Trust Case
Control Consortium 2, et al., 2011; International Multiple
Sclerosis Genetics Consortium (IMSGC) et al., 2013). This
supports an autoimmune etiology for MS and emphasizes
the possibility that common pathways may be dysregulated
in different autoimmune diseases.

Neuro-inflammatory reactions and blood-brain barrier
(BBB) disruption are early and central events in MS
immunopathogenesis (Jadidi-Niaragh & Mirshafiey, 2011
Pittock & Lucchinetti, 2007). It is considered that matrix me-
talloproteinases (MMPs) play an important role in the break-
down of the BBB, invasion of immune cells into the CNS
parenchyma, degradation of the myelin basic protein
(Leppert et al., 1998; Ram et al., 2006), and direct neurotox-
icity (Newman et al., 2001; Yushchenko et al., 2003). Our
previous study disclosed a significant association between
the risk of MS and MMP-9-1562C/T gene polymorphism
(Benesova et al., 2008). A significantly lower frequency of
the —1562 T allele carrier was found in MS patients compared
to healthy controls (p, = 0.01, OR—0.58, 95% C10.38-0.89).
Significant differences were also demonstrated between fe-
male patients and healthy females (p,=0.01, Pacorr=0.05)
(OR—0.53, 95% C1 0.32-0.86).

Also, angiotensinogen (ATG), classified as systemic acute-
phase protein, plays a role in regulation of vascular and BBB
permeability, activation of infiltrating immunocompetent
cells, recruitment of inflammatory cells into the tissues, and
expression of pro-inflammatory and pro-oxidant genes (Das,

AGTACCGCGTCAGTGA3
SAACCAGCGGGAA GAGG

TCAAGGG3
813 bp

Bsml
7°C
CT (813 + 670+ 145 bp)

rs1544410 (Bsml)
SCAACCAAGACTACA
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SGCAACTCCTCATGG
CTGAGGTCTC3

745 bp

Apal
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Table 5 Genotype-phenotype

study—M$ women and VDR Fokl (GG+GA/AA)  Number of patients ~ MSSS minimum MSSS maximum  MSSS median
rs2228570

GG+GA 177 0937 9.950 5.749

AA 39 0.994 9.737 4.568

All groups 216 0.937 9.950 5418

MS multiple sclerosis, EDSS Expanded Disability Status Scale, MSSS Multiple Sclerosis Severity Score

sclerosis and previous research into the connection between
VDR polymorphisms and MS generally provided inhomoge-
neous findings.

In the case of Fokl SNP, while some previous case-control
studies did provide significant results (Simon et al., 2010;
Partridge et al., 2004; Cierny et al., 2015; Tizaoui et al,
2015), the most of investigations regarding the risk of the
disease development offered inconclusive results (Smolders
et al., 2009a; Dickinson et al., 2009; Abdollahzadeh et al.,
2016; Agnello et al., 2016; Al-Temaimi et al., 2015;
Narooie-Nejad et al., 2015a; Garcia-Martin et al., 2013;
Huang & Xie, 2012; Cox et al., 2012), In the case of Apal
SNP, some case-control studies were performed with conclu-
sive results (Tizaoui et al., 2015; Abdollahzadeh et al., 2016;
Al-Temaimi et al., 2015; Tajouri et al., 2005; Narooie-Nejad
et al., 2015b) but others reached inconclusive findings
(Agnello et al., 2016; Huang & Xie, 2012; Smolders et al.,
2009b; Yamout et al., 2016; Ben-Selma et al., 2015). A similar
situation occurred in Tagl case-control studies, where the
number of Taql investigations with significant results
(Abdollahzadeh et al., 2016; Al-Temaimi et al,, 2015; Cox
et al., 2012; Tajouri et al., 2005; Narooie-Nejad et al.,
2015b; Ben-Selma et al., 2015; Agliardi et al., 2011) equaled
the number of studies with non-significant results (Tizaoui
et al., 2015; Dickinson et al., 2009; Agnello et al., 2016;
Garcia-Martin et al., 2013; Huang & Xie, 2012; Smolders
et al., 2009b; Sioka et al., 2011). Finally, the ratio of conclu-
sive (Abdollahzadeh et al., 2016; Al-Temaimi et al., 2015;
Narooie-Nejad et al., 2015a; Fukazawa et al., 1999, Niino
et al., 2000; Cierny et al., 2016) and inconclusive (Tizaoui
et al., 2015: Agnello et al., 2016; Huang & Xie, 2012;
Yamout et al., 2016; Sioka et al., 2011) findings was repeated
in the case of Bsml case-control studies. In the case-control
studies of more SNPs, only two combined studies of Apal,
Bsml, and Tagl SNPs (Abdollahzadeh et al., 2016; Al-
Temaimi et al., 2015), two combined studies of Apal and
Taql (Tajouri et al., 2005; Narooie-Nejad et al., 2015b), and
one combined study of Apal and Fokl (Tizaoui et al., 2015)
had conclusive findings for more than one polymorphism at
the same time. Thus, this case-control study is the only one to
date to provide statistically significant results in the case of
four VDR SNPs.

Apart from one genotype-phenotype study focusing on
Apal and Taql (Tajouri et al.,, 2005) and two genotype-
phenotype studies of Fokl (Cierny et al., 2016; Mamutse

@ Springer

et al., 2008), no impact of VDR polymorphisms on the pro-
gression of MS was proved in the genotype-phenotype studies
compared to our research, Moreover, highly clinically sensi-
tive results in our genotype-phenotype study of EcoRV may be
used for distinguishing between more benign forms and PPMS
in the early phases of disease development in MS women.

Despite the small size of the control group, this study may be
perceived as demonstrative for power test values, which were
sufficiently large in many results. Nevertheless, potential limi-
tation of this study is the absence of an assessment of 25-
hydroxyvitamin D 25(OH)D levels in relation to investigated
SNPs because dose-dependent effect of vitamin D on MS de-
velopment has recently been confirmed (Munger et al,, 2017;
Rhead et al., 2016). Munger et al. (2017) in a prospective case-
control study among 800,000 women in the Finnish Maternity
Cohort, with 1.8 million serum samples taken during the preg-
nancies, proved twofold higher MS risk in women with
25(0H)D < 30 nmol/l as compared to women with 25(0H)D
> 50 nmol/l (RR 2.02, 95% CI 1.18-3.45, p=0.01) (Munger
et al., 2017). Rheyad et al. (2016) in large study proved strong
evidence that low serum 25(OH)D concentration is a cause of
MS, independent of established risk factors (Rhead et al., 2016).

Although most existing studies did not divide patients ac-
cording to sex, we decided to do so due to dissimilar disease
incidence, course, and prognosis (Compston & Coles, 2008;
Milo & Kahana, 2010). This could have been reflected in our
results that were for both groups very different.

Any conclusive association of VDR polymorphisms with
MS remains difficult to establish due to the complexity of MS
etiopathology. Further genetic, biochemical, and immunolog-
ical studies are therefore needed in order to obtain more de-
finitive results,
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Resumé

Renin-angiotenzinovy systém je zkouman zejména ve spojitosti s regulaci krevniho
tlaku a iontového hospodaistvi, ale byl zjistén také jeho podil v zénétlivem procesu na
riaznych systémovych drovnich v celém organizmu. Angiotenzinogen (ATG) spolu s jednim
ze svych produktl, angiotenzinem II je definovan jako prozanétlivy mediator. Hraji roli
v procesu regulace propustnosti cévni a hematoencefalické bariéry, aktivaci infiltrujicich
imunokompetentnich bunék, expresi prozanétlivych a prooxidac¢nich geni ¢i zesileni
fagocytarni aktivity u makrofagti. ATG muze byt v CNS lokalné¢ exprimovan bunkami glie,
neurony a makrofagy. Studovali jsme dva funkéni polymorfizmy v genu pro ATG; (-6) A/IG v
promotorové oblasti genu a M235T v exonu a ACE I/D. Cilem studie bylo zjistit, zda existuje
asociace mezi zkoumanymi polymorfizmy a vnimavosti k roztrousené skleroze, s tizi
klinického postizeni a/mebo formé¢ tohoto onemocnéni. Genotypizace byla provedena
v souboru 195 pacienti s diagnézou roztrouSené sklerdzy a 126 zdravych kontrol. Tize
postiZeni byla kvantifikovdna pomoci MSSS. Neprokazali jsme statisticky signifikantni rozdil
v genotypové ¢i alelické distribuci pro zkoumané polymorfizmy mezi skupinou nemocnych
a kontrolnimi osobami ani mezi skupinami pacienti s rozdilnymi formami onemocnéni.
Nalezli jsme signifikantni korelaci mezi genetickym polymorfismem M235T a tiZi postiZeni.
Homozygoti MM méli nejleh¢i (3.8), heterozygoti MT vyssi (5.2) a homozygoti TT nejtézi
(5.4) stupen postizeni vyjadeny pomoci MSSS (p=0.02). V polymorfismu (-6) A/G v genu pro
ATG byla zjiSténa pouze hrani¢ni asociace (p=0.06), homozygoti GG m¢li niz§i hodnoty
MSSS neZ heterozygoti a homozygoti AA. Zavér: NaSe studie neprokézala, Ze by (-6) A/G
a M235T ATG polymorfizmy mély vliv na vnimavost k roztrousené sklerdze, ani Ze by
asociovaly s riznymi formami tohoto onemocnéni. Zjistili jsme vSak, ze polymorfismus

M235T muze ovlivnit tizi postizeni pravdépodobné aktivaci zanétlivého procesu.
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A total of 195 patients with multiple sclerosis (MS) and 126 controls were investigated for angiotensinogen/
(—B)A/G, M235T/and angiotensin converting enzyme 1/D gene polymorphisms to test their association with
MS susceptibility and/or disease prog using Global Multiple Sclerosis Severity Score [MSSS).

We demonstrated a significant association of M235T polymorphism with MSSS, The MM homozygotes had
the lowest (3.8), heterozygotes MT higher (5.2) and homozygotes TT the highest (5.4) mean M55S values
(P=0.02). For polymorphisms (—G)A/G of ATG, only a trend was observed (P=0.0G), where the
homozygotes GG carried lower MSSS values than heterozygotes and homozygotes AA. Mo significant
association with susceptibility was observed.

Far ACE I/D polymorphism, neither significant differences in the genotype-phenatype study nor in the case-
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control study were observed.
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1. Introduction

Multiple sclerosis (MS) is a chronic inflammatory demyelinating
disease of the central nervous system (CNS) leading to progressive
dysfunction in motor, sensory and vegetative systems. It is charac-
terized by a destruction of myelin sheet of nerve fibers, axonal lost and
neuronal degeneration [1,2].

According to the pathogenesis two major processes are impartant -
neurcinflammation and neurod ion. The infl ion is
present also in the time of clinical remission, which is well documented
by MRI where we can find formation of new demyelinating inflamma-
tory lesions in the brain and the spinal chord [3.4].

In the last few years a lot of studies documented that renin-
angiotensin system (RAS) is widely involved in the process of
inflammation not only in the fluid balance and blood pressure contral
|5]. ATG as a precursor and AT 11 as a final product of the ACE activity are
these days classified as pro-inflammarory mediators, They can play a
role in the process such as regulation of vascular and BBBE permeability,
activation of infiltrating immunocompetent cells, recruitment of
inflammatory cells into the tissues, expression of pro-inflammatory
and pro-oxidant genes [6,7]. AT Il can enhance the adhesion of
monocytes and neutrophils to endothelian cells, can up-regulate a
phagocytic activity of macrophages, can cause the increased leukocyte
rolling flux, their adhesion and migration, can directly enhance
intercellular adhesion molecule 1 (ICAM-1) and vascular cell adhesion

= Corresponding author, Tel.: 4-420 603752215, fax.: +420 532232249,
E-mail address: magdap@centrumcz (M. Hladikova).
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molecule 1 (VCAM-1) and can increase selectins expressions in vascular
endothelial cells [7]. Inflammation activates angiotensinogen transcrip-
tion as a result of the macrophage-derived cytokines interleukin-1 and
tumor necrosis factor-ce. Activation of the RAS, through production of AT
Il as a main effector of this system, results in positive feedback
stimulation of angiotensinogen synthesis |8].

The aim of the study was to investigate whether association among
ATG and ACE polymorphisms and a susceptibility to multiple sclerosis
and/or disease severity exists.

ATG gene is found in 1q41-42. We studied two functional
polymorphisms, The first is the site mutation in the promoter region
(—6) A/G and the second M235T polymorphism (exon 2) with the
substitution of amino acid. A and T alleles in both polymarphisms are
connected with elevated expression and higher final plasma levels in
healthy persons [9].

The human ACE gene in chromosomal region 17923 spans 21kb
and comprises 26 exons [10]. In intron 16, the ACE gene has an
insertion/deletion (287 bp) polymorphism that causes 25-50% of the
phenotypic variance in serum ACE levels. The ACE DD genotype is
associated with high, 1D with intermediate and 11 with low tissue and
plasma levels [11,12).

2. Materials and methods
2.1. Patients and controls
It was a case-control study. A total of 195 unrelated patients with

definitive MS (49 men and 146 women) according to McDonald's
criteria revised 2005 [13] were recruited. The cohort included patients
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with relapse remitting RR (157), secondary progressive SP (26)
and primary progressive PP (12) disease course and with mean age
37.6:£ 93 years.

Disease severity was estimated using Global Multiple Sclerosis
Severity Score (MS55), which reflects the relation between disease
disability and disease duration [ 14]. In our study the median value of
MSSS was 4.95 (minimum 0.937, maximum 9.862).

The control group was represented by 126 healthy controls (44 men
and 82 women) with no personal history of M5 or another autoimmune
disease. The control individuals were matched for age and sex.

The study was approved by Committee for Ethics of Medical
Experiments on Human Subjects, Faculty of Medicine, Masaryk
University, Brno. The written informed consent of examined subjects
was obtained.

2.2, Genotyping

All subjects were genotyped for M235T and (—6)A/G polymor-
phisms of ATG gene and for ACE I/D polymorphism according to Russ,
Hegele and Rigat [15-17],

2.3, Statistical analysis

Comparison of the allelic variant frequencies as well as compar-
isans of double genotypes in the case-control study were performed
by Fisher's exact test. The »* test was used to compare categorical
variables and to test differences between observed and expected
frequencies, assuming Hardy-Weinberg equilibrium and also for
testing the genotype distribution. P-values were corrected by Holm's
test (Peorr) for multiple comparison. A relation between genotypes
and disease severity evaluated by M55S was set using a Kluskal-Wallis
ANOVA test according to Roxburgh et al. [14]. The software program
Statistica, version 8.0 {StratSoft, Inc., Tulsa, OK, USA) was used in our
statistical calculations.

3. Results
3.1. RAS polymorphisms and susceptibility to MS (case-control study)

Genotype and allele frequencies of ATG polymorphisms and ACE I/
D polymorphism are shown in Tables 1 and 2. There were no
deviations from Hardy-Weinberg equilibrium in any study group. We
observed no significant differences in genotype or allelic distribution
hetween groups of MS patients and control subjects either for ACE I/D
polymorphism or for two ATG polymorphisms, when they had been
tested separately.

A difference in double ATG genotype distribution was found in the
case-control comparison. The relative risk of associated genotypes was
caleulated for all variants except those with null number of subject. The
double homozygotes MMGG were found to be less frequent in the group
of MS patients (P=0.03, odds ratio=0.57, CI 0.33-0.98, Table 4).
However, using the Holm's test for multiple comparison, the results

Table 1

Genatype and allele frequencies of the study polymorphisms in MS patients and contrals,

Table 2
Double genotype frequencies of ATG in MS patients and controls,

Genotype  Patients (%) Controls (%) P (Fisher's exact test)  Peorr
Total 195 126

MMGG 34 (0.174) 34(0.270)  0.029 NS (0.17)
MMGA 4(0.021) 2(0016) D560 NS
MMAA ooy L]

MTGG 1 {0.005) 1{0.008) 0.632 NS
MTGA a7 (D.498) 51(0.405) D065 NS
MTAA 1(0,005) 0(D)

TIGG 0(0) 0 (D)

TIGA 3(0.05) 2(0016) 0651 NS
TTAA 55 (0.282) 36 (0.285) 0521 NS

lacked the statistical significance (Pcorr=0.17). Both study ATG
polymorphisms were in tight linkage with the same trend (T combined
with A, M with G) in MS and control subjects.

3.2. RAS polymorphisms and disease progression rate (genotype-
phenotype study)

We demonstrated significant association of M235T polymorphism
with MSSS. The MM homozygotes had the lowest (3.8), the MT
heterozygotes higher (5.2) and the TT homozygoates were character-
ized by the highest (5.4) mean MSSS values (P=0.02). For
polymorphisms (—6)A/G of ATG only a trend (P=0.06) was
indicated. The GG homozygotes carried lower MSSS values compared
to the GA heterozygotes and the AA homozygotes. (Tables 3 and 4).
Also when we tested relation between MSSS and double genotype
polymorphism of ATG we found only a trend (P=0.07) without
statistical significance. The patients carrying genotype MMGG and
MMGA had lower MSSS values (3.8, 3.4) than the others {Table 5). For
ACE I/D polymaorphism, no significant results were observed (Table 6).

4. Discussion

The first information about RAS dates back to the end of the 19th
century, but the major components of “classical circulating” RAS and
their function as the blood pressure and fluid balance regulators were
identified in the early 1970s |5). Recent observations related to tissue
expression of mRNA for renin, angiotensinogen and ACE suggest that
all components of RAS exist locally [5,18]. In some organs, they
operate independently of the “circulating endocrine” RAS, e.g., in the
adrenal glands and brain [5]. For that reason proteins of RAS as the
proteins with participation in modulation of brain functions and in the
inflammatory processes were studied in some other neurological and
autoimmune diseases. Significant elevated ACE levels in CSF were
found in neurosarcoidosis, CNS syphilis, viral encephalitis or Hun-
tington's disease [ 19,20]. Its increased levels were also found in serum
and CSF of MS patients. Changes in serum ACE activity correlated with
changes in total plaque volume on MRI [21]. Quantitative RT-PCR

Polymarphism Genolype Patients (%) Contrels (%) Pz Allele Patients (X) Controls (%) ra
Total 195 126 3490 252

ACE LD [ 46 (236) 24(19.1) 061 1 182 (46.7) 108 {429) 034
[ 90 (46.2) 60 (47.6) D 208 (53.3) 144 (57.1)
oD 59 (30.2) 42 (333)

ATG M235T MM 38 (19.5) 36 (28.6) 012 M 175 (44.49) 124 (48.2) 0.28
MT 99 (50.8) 52 (41.3) T 215 (55.1) 128 (50.8)
™ 58 (29.7) 38(30.1)

ATG (—6)AG GG 35 (17.9) 35(27.8) 008 G 174 (44.6) 125 (49.6) 022
GA 104 (96.4) 55 (43.6) A 216 (554) 127 (50.4)
AA 56 (28.7) 36 (28.6)
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Table 3
Genotypes and i

of

bility by MSSS for ATG M235T.

Genotype MSSS 185 MS5S MSSS MSS5 r
patients minimum maximum median
MM 38 0937 9.092 3808 0.0z
MT ] 1.004 9,862 5236
™ 58 1039 B642 5438
Table 4
G and prog of disability by MSSS for ATG (—G)AT.
Genotype MS55 195 MSSS MSSS MSSS P
patients minimum maximum median
oG 35 0.937 9,002 3808 006
GA 104 1.004 9.862 5297
AR 56 1.039 8555 5.089
Table 5

Genotype and progression of disability by MSSS for double genotype polymorphism of
ATG.

Double MS55 185 MSSS MSS5 MS55 P
genotype patients minimum maximum median

MMGG 34 0937 a.092 3808 0.07
MMGA 4 1.029 6.002 334

MTGG 1 5.762 5.762 5.762

MTGA a7 1.004 9862 5236

MTAA 1 5236 5.238 5236

TIGA 3 6821 8,642 7271

TTAA 55 1,038 8,555 4542

analyses showed an up-regulation of renin, ACE and ATIR in the
inflaimmed spinal cord and immune system, including antigen
presenting cells in the myelin-oligodendrocyte glycoprotein-induced
experimental autoimmune encephalomyelitis (MOG-EAE) [22], Using
proteomics approach, up-regulation of RAS components in the brain
MS lesions was observed. AT1R was induced in myelin-specific CD4+
T cells and monocytes during autoimmune neuroinflammation [23].

In Lovretié study ACE 1/D polymorphism in MS was studied. They
demonstrated that DD genotype and the presence of D allele,
connected with high plasma and tissue ACE levels, increased risk for
MS in the group of men |24].

Qur results did not confirm those of Lovreti¢ study. We did not find
statistically significant association between susceptibility to multiple
sclerosis and ACE I/D polymorphism. Our group is the first which
studied ATG polymorphisms relations to MS. We did not find
statistically significant differences between patients and controls in
the case control study. Double homozygotes GGTT and AAMM were
missing in our study group. This corresponded with the previous
studies where almost complete linkage disequilibrium between these
two polymorphisms was found [9].

The second aim of our study was to associate genotypes with
MSSS. M235T polymorphism of ATG represents the functional
polymorphism where the T was connected with elevated expression

Table &
Genotype and progression of disability by MSSS for ACE 1/D.
Genatype MS55 195 MSS5 555 M355 P
patients i i median
1] 46 1.039 9.549 5.866 0.45
iD a0 1024 8642 4842
oD 59 0937 9,862 4942
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and the highest final plasma level of ATG in healthy persons [9,25]. In
our study homozygotes TT reached significantly higher MSSS values
than homozygotes MM. Thus, the TT homozygotes were the patients
with the faster disease progression.

For polymorphisms (—6)A/G of ATG the results were analogous.
The patients carrying allele A, which is connected with higher final
plasma level, reached higher MSSS values than homozygotes GG. But,
the association was nat statistically significant. The ACE I/D polymor-
phism did not significantly influence the MSSS values,

A negative aspect of our study can be the technology. Candidate gene
association study with SNPs relies on the choice of suitable candidate
genes. Small sample sizes increase the risk for false positive results, Also
additional problems, such as population stratification and adjustment
for multiple testing, are addressed for this approach [26]. In the last 3
years these problems have been widely discussed. Nevertheless, well-
designed, population-based association studies are a powerful and
effective tool to discover disease susceptibility alleles [27]. A positive
aspect of our study is the examined sample. The Czech Republic is
ranked among countries with high prevalence of MS, also with high
genetical homogenecity of its population. The chosen sample tightly
corresponds to the common stratification {gender, age, forms).

A pivotal role of RAS in the autoimmune inflammation of the central
nervous system is considered today. Also possibilities of known
pharmaceuticals used in internal medicine can be in the near future
studied at MS. In animal model of MS treatment with renin inhibitor,
angiotensin Il converting-enzyme inhibitor and ATIR antagonist
resulted in a significantly ameliorated course of EAE through the
suppression of autoreactive Thl1 and Th17 cells and through the
pramotion of Treg cells [28-30]. The results of genetic studies of RAS
system can bring some new genetic biomarkers not serving only as
predictors of disease susceptibility and progression rate but defining

P 5 vs. nonresponders of therapy in the beginning of the disease.
Such markers can substitute today's rather equivocal clinical and MR
findings as predictors of therapeutical response.

We concluded that two frequent polymorphisms of AGT gene
might be associated with multiple sclerosis progression rate evaluated
by MSSS.
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Resumé

RoztrouSend skleréza je multifaktorialni onemocnéni, v jehoZ etiopatogenezi se
vyznamné podili genetické faktory. Na spusténi autoimunitniho procesu se pravdépodobné
podili velké mnozstvi tzv. malych geni a jejich kombinace, které podminuji velkou
interindividualni  variabilitu choroby. Primarni roli hraje pravdépodobné geneticky
determinovana imunitni odpovéd’. V rozsahlych, tzv. genome-wide asociacnich studiich
(GWAS), provedenych v evropské populaci bylo prokazano, ze MHC na chromozomu 6p21
reprezentuje nejvyznamnéjsi lokus vnimavosti k RS. Geny mimo oblast HLA se také podili na
rozvoji aprogresi onemocnéni. Mezi kandidatni geny fadime geny kodujici cytokiny,
chemokiny, kostimulaéni ¢i signalni molekuly. Avsak kazdy z nich pfispiva pouze mirné
k celkové geneticke predispozici choroby. Gen pro IL7RA kdduje povrchovy znak CD 127
receptoru IL-7. Vyznamnou mérou se podili v patogenezi onemocnéni a progresi zanétlivého
procesu v RS plakach. ILR7RA ovliviiyje regulaci a vyvoj lymfocytl, podporuje proliferaci,
diferenciaci a prezivani T a B buné&k. Geneticky polymorfismus rs6897932 lokalizovany
vexonu IL7RA genu je funk¢éni variantou tohoto genu (p=2.94x10-7). V souboru 305
pacientt s roztrouSenou skler6zou definovanou dle Mc Donaldovych kritérii a 136 zdravych
jedinct byla provedena genotypizace rs6897932 C/T genetického polymorphism v genu pro
IL7RA. Byl studovan jeho vliv na vnimavost k rozvoji roztrouSené sklerdzy, tizi postizeni
a rozdily mezi pohlavimi v ¢eské populaci. Nebyla prokézana asociace mezi skupinou
nemocnych a zdravych jedinci ve vySetieném polymorfismu. Pouze homozygoti CC
a heterozygoti CT se vyskytovali Castéji ve skupiné RS pacienti (p=0.02) ve srovnani
s kontrolami. Po rozd€leni souboru podle pohlavi byl zjistén signifikantni rozdil
ve frekvenci alel (Pa=0.04) mezi skupinou zdravych a nemocnych muzi. Vysledky této studie
prokazaly, Ze polymorfismus rs6897932 C/T neni rizikovym faktorem vnimavosti k RS
v Ceské populaci. Distribuce polymorfismu rs6897932 C/T by se vSak mohla podilet na

genetické vnimavosti k rozvoji RS u muzi v ¢eské populaci.
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ABSTRACT

BACKGROUND: Multiple sclerosis (MS) is a ms dig-
ease with complex genetic basis The whole genome-wide association
studies (GWAS) indicate that the major histocompatibality comglex on
chromesome 6p2) represents the strongest M5 susceptibdity locus.
Several additional genetic risk loci for MS, mcluding the interleukin
7 receptar a gene {ILTRA) and the interfeukin 2 receptor a gene (IL2RA)
have been identified by recent GWAS and replication studies. However
each of them contributes very modestly to the overall genetic risk for
disease,

OBJECTIVE: The rs6857732 C/T polymarphism in IL7RA gene and
its impact an M5 susceptibdity, disability and gender differences in the
Czech population was investigated.

The study group s, fulfilling
M Donald s eriteria, with a mean age of 38 + 10.5 years (mean + 5.0,

d of 205 M5 pat

BACKGRDUND

The isted of 136 healthy controls, with a mean age of
ErESk wuas .rm'aﬂ +5.00. Gnnmvpmq in ILTRA gene was performed
using potymerase chain reaction methods and restriction anatysis.
RESULTS: We demanstrated 3 significant dllfermce in atlple fre-
quency (Pa=0. ! *p .wd mal . No signifi-

" 1 1 genatype distrib

tion (Pg=0.07) and allcleinequorw Pa=0.234) were observcd Only the
homozygetes OC and CT were more frequent in VS group {p=0.02) com-
pared 1o contrals. Similarly, Ll ben M5 pa
and female controls was faul‘d.

CONCLUSION: Our results appear to indicate that the distrbu-
tion of the IL7RA rs6637932 C/T gene polymorphism investagated is not
arisk factar for MS susceptibslity in the Czech population.

Keywords: Gene; ILTRA; Multiple sclerosis; Palyrmorphism

ous system {CNS) Headmg o de'w;!lme!mu awonal damage. and pro-

single 1SNP5PWd It emerged that HLA-DRB1*1501
e A S - 3

gressive (Y fac-
1 niribute 1o ity lo the disease. The whol de
association studies (GWAS) indicates that the hnman Ieulmcyﬁe antigen
{HLA) class I region is the strongest MS susceptibility locus in north-
ern Europeans. In particular, the HLA-DRBS"0101- HLA-DRE1*1501-
HLA-DOA1°0102- HLA-DGB1°0602 h.'iglulrpn and its indnvidual alleles
have been linked ta MS. This hapk arel sk of approxi-
mately 3 and homozygosity for this haplotype increases the risk more
than six-fold (2).

In a collaborative GWAS that analysed data from 9,772 cases and
17,376 controls of Eurcpean descert, a total of 445,424 autosomal

RESULTS

The basic charactenstics of the study group are summarised in
Table 1.

hs = 0R=3.1)(3). 11OMS
risk v:rlanls at 103 discrete boci cutside of the HLA in B0.0%4 individuals
of Eurapean ancestry (P < 5.0 » 10{-8) (&). There were praved many of
genes coding far cytokine pathway (CXCRS, IL2ZRA, ILTR, ILT, IL12RBT,
Il?lm W12, IL128, IRFB, TNFRSF1A, TNFRSF14, TNFSF14), co-

and signal ion molecules of rel-
evance, but also relates 1o environmental risk facters such as Vitamin
[ and therapies for MS including Matalizumab and Daclizumab. There
i :zlmm- alneme of genes relevant 1o patential pathvways lor neuro-

of i ion (43,

Table | Demegraphic data

1. Case-control genelic association study
Genatype and allele frequency of ILTRA res897%32 gene poly-

Meanage | EDSS
%(50) | x(s0)

marphésm in M5 patients and controls ane shown in Table 2. The
genatype distribution of polymarphizma did not deviate from the
Hardy-Weinbeng equilibrium in any group.

W05 | 40T
RN 270,28

Ne alty significant diff between MS p and

00y | Ss0.2

controls in genotype distribution (Pg=0.07) and al.tele Irequency

&80 &1L | TRULE

(Pa=0.234) were observed. Only the
gotes CT were mose frequent in MS group

58] com-

7118 =

pared to controls.

2. Genotype-phenatype study
2.1. Genatypes and gender difference
Genotype and sllele freguency of ILTRA rséE97932 gere
polyrarphismm in female patients and female controls and in
male patients and male contrals are sheawn in Table 2.

PPRS prinary pragersiaie madtipie
o

EDSE Expanaed Dusatsbry Status Scae.
MESS. Mgl Sackriss Seventy Siare

Table 2 Comparmsens of genatype snd aliele fequency m rsb877712 gene pobymarphism
between

and the cantrol groups, female MS and female controls, and male
M5 and mate controls.

A significant difference was o MS male pa-

Genatype | Pa Aiaie

tients a=0.04) (0R-1.14).
The CCand CT were more fre-

rEARSTINE

s c T
LTI el I T

quent in MS patients (OR-2.300.

Ko statistically significant differences between female MS
vedin ILTRA rs&857932
gene palymarphism (Pg=0.08, Pa=0.98),

patients

117308 wTU8IE [ 139810
16l 77.

L5}

2.2 Genotypes and disability

¥
5]

METHODS

1. Subjects

The investigation was designed as o case-control study, A total of
&41 unrelated Caucasian subjects were envolled. The study group consisted
of 305 patients fubflling the McDanald criteria for MS {17), with a mean age of
3B+ 10.5 years (mean + 5.0.), 220 females, and 85 males with M5, The control
group corsisted of 136 healthy volunteers, with a mean age of 37 £ 11,6 years
mean + 5.00), 87 females, and 4% males. Mean duration of the disease was
7.2 2 6.2 (mean + 5.0.). Clinical s1atus was evalusted with the Expanded Dis-
ability S1atus Scale (EDSS) and the disease severity was calculated using the
Multiple Sclerosis Severity Scone (MSS5).

Al patients and controls were recrusted from the Department of Neurol-
ogy of the University Hospital Brc and were examined in a specialised MS
centre by the same specialist neurclogist (¥, B.). The study was approved by
the Ethics Cosmimitiee of the University Hospital, Brro, and all persons gave
their informed consent prior to enrolment in the study.

3. Suatistical analysis

Statisical analysis - Diferences
in genctype and consist-
cells by standard technigues using ency with Hardy- Weinbery equilib-
prateinase K. Gonotyping in ILTRA rum were tested by the chi-square
genes was performed by means of test Differences in afiele frequen-
polymerase chain reaction (PCR) and  cies of SNPs were tested by a two-tal
restriction analysis. DMA was isolat-  Fisher exact test. The Kruskal-Wallis
ed from Smi of EDTA-anticoagulated  ANOVA test was used for compari-
blood from leucocytes by the stand-  son of genotypes with disability as ex-
ad extracticn method, Detection ol  pressed by EDSS and MSSS, Statisti-
rsbB97532 gene pofymorphism was  cal analysis was performed using the
performed by PCR with sequence- STATISTICAsoftware package (StatSah,
specfic primers (PCR-55F). Inc, Tulsa, OK, USAJ, version 10,

2. ILTRA genotyping
Genomic decoyrbonuclec acid

For detection of reé897 732 palymorphism in IL7RA gene was used primars:
F5' -GGG AGA TGE ATC CTA TCT TAC TGA- (East Port Praha s.na.)
R 5" -TGT GGA AAT TCG CTG AGG AT- (East Port Praha sro)

OBJECTIVES
In the present study, the re6B97932 C.'Tpulymnrphmmm ILTRA gene
with relation to MS sabilit
gender differences in the Czech population.

DISCUSSION

Recently, targe i [ studies provided strong
dence far th ‘ hi f ytokine receptos genes
in the pathogenesis cf MS: the interfeukin 7 receptor alpha chain gene
{ILTRA} located on chromosome 5pl13 and the ILZR alpha chain gene
{IL2RA}p=2.96x10-8) located onchromosome 10015 (5). ILRTRA s known
1o play a critica role in the lymphocyte mlowneql This receptor is in-
wotved in the p . survival
and homeastasis of T anu B cells. It is involved in lm signaling pathvways:
IL7 and thymic stromal lymphopaietin (4).

It was identified a coding single single nucleotide polymorphism in
exon & of the ILTRA gene (rs5B3T932) as the likely causal variation in this
gene (p=2.94x10-T) (4}

Qur results indicale a trend towards a higher frequency of the C allele
in male patients with MS compared to healthy male (p=0.04). These data
sugges! that carriage of the C allele of the rs6897932 gene polyrnurphlsm
may he M d through incre Kipping
& and thus increases the scluble ILTRA protein. Its high concentrations
significantly docrease IL-7-mediated phospharylation in CD&+) T cells, It
is estimated that 1he C allele of rs6897932 potymarphism is imvolved in
about 30% of MS cases. However, in our $tudy group, nd statistical dnﬂcr
ence beﬂwcm MS patients rs5897932 gene

The mean EDSS scone in the whole M5 group was 3.4+ 1.7 WS femaie 3| 10D
{mean + S.0U. Mo significant associations of gonetypes with (N=2200 0. ) | s
disability as expressed by EDSS were identified. Semilarly, no Conirol fernale. ner AT

i i Syin M-27) K ol 1 | B8

Jiger et ab. faund that soluble ILTRA pretesn and mRNA levels vary
amang the four L7RA it firmed that pratec-
tive hapletype carriers have three times Lawer sIL-TRA serum levels than

the gther three haplotypes, Genetic variants of IL7TRA result in haplotype-
Roxburgh et al., were observed. The MSSS score for the whole | oenenn cr T 0 stiruli that infly-

MS group was calculated a5 5.5 4 2.3 (mean £ 5.0.), . L] it L ] { 5IL-7RA (7).

ence MS et
3 54 2, i ]
m-g:o %‘i m% - 7 [ Alsa variations in other gencsiunr_lmnauy related 10 ILTRA might in-

Cembrol mals 7349 P fluence M5 (8),

s ol o Conclusion: Our results appear to indicate that the distribution of the
ILTRA rs6857732 L/T gene polymorphism investigated is nat a risk factor
for M5 suscegtil in the Czech pogulation.

Py protabsity cb Sturrces s gctie untutar
P probateity o blererees oo el ooy
M5 muliple srierous g
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4.

Zavéry

4.1 Geneticke studie

a)

b)

c)

d)

f)

9)

h)

)

K)

Byla nalezena signifikantni asociace polymorfismu rs3135388 v genu pro
HLA-DRB1*1501 se zvySenym rizikem rozvoje RS v celé skupiné a u Zen.

Byla nalezena signifikantni asociace polymorfismu -1562 C/T v genu pro MMP-9 s
vysSim rizikem rozvoje RS v celé skuping a u Zen.

Byla  nalezena  asociace polymorfismu-1575G/A v genu pro MMP-2
s vysSim rizikem rozvoje RS.

Byla nalezena asociace v distribuci TIMP-2 +853G/A genetickeho polymorfizmu
s vyS8Sim rizikem rozvoje RR RS.

Byla nalezena asociace  polymorfismu  rs6897932 vgenu pro IL7RA
s vys§im rizikem rozvoje RS u muzi.

Byla nalezena asociace polymorfismu rs4516035, rs731236, rs7975232, rs1544410 v genu
pro receptor vitaminu D s vy$§im rizikem rozvoje RS u muZzu.

Byla nalezena asociace polymorfismu rs7975232 v genu pro receptor vitaminu D s vy3Sim
rizikem rozvoje RS u Zen.

Byla nalezena asociace polymorfismu rs4516035 v genu pro receptor vitaminu D s vy3Sim
rizikem rozvoje primarni progresivni RS u Zen.

NaSe studie prokézala, Ze polymorfismus M235T v genu pro ATG miiZze ovlivnit tizi
postizeni.

Nebyla nalezena korelace vySetfenych polymorfismi v genu pro MMP-9
a Vv genu pro MMP-2 s hladinami enzymu v Séru.

Nebyla nalezena vzajemna interakce mezi genetickymi polymorfismy rs3135388 a
rs4516035

4.2 Studie hladin metalloproteinaz a jejich inhibitoru

a)

b)

Bylo prokdzano statisticky signifikantni  zvySeni MMP-9, MMP-9/TIMP-1
u RS, zejména relabujici formy onemocnéni. Odrazi stupenn zanétlivého postizeni a
poruseni HEB.

Bylo prokdzano statisticky signifikantni  zvySeni MMP-2, MMP-2/TIMP-2
U progresivni formy onemocnéni. Je znamkou vétsi destrukce nervové tkdné
v chronickych lézich.

Byla nalezena korelace MMP-2, MMP2/TIMP2 s tizi onemocnéni a stupném postizeni.
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5 Diskuse

NasSe vysledky prokazuji, ze distribuce vySetieného genetického polymorfismu
(rs3135388) v genu pro HLA-DRB1*1501 je vyznamnym rizikovym faktorem vnimavosti k
rozvoji RS (Pg=3.06x10"%) v &eské populaci. Nosi¢i alely A se vyskytovlali frekventngji ve
skupiné¢ nemocnych s RS (OR= 3.69) ve srovnani s kontrolnim souborem. Nase studie
potvrdila pfedchozi zavery srbské studie, ve které bylo zjisténo, Ze nosici alely A rs3135388
genetického polymorfizmu se Gastéji vyskytuji ve skupiné RS pacientii (OR = 4.37) (Zivkovi¢
et al., 2009). Také Matiello v americké populaci, nalezl v case-kontrolni studii asociaci alely
A 1rs3135388 genetického polymorfizmu s RS (OR=3.93) (Matiello et al., 2010). Obdobné ve
studii GWAS byla take nalezena genetickd asociace mezi alelou A a vnimavosti k RS
(OR=1.99) (Hafler et al., 2007).

Nejednozna¢né nélezy ve vztahu k haplotypu DR15 vSak byly ziskany po
rozdéleni podle pohlavi. Nékteré studie neprokazaly rozdily (Ballerini et al., 2004; Fernandez
et al., 2004), jiné potvrdily vazbu na Zenské pohlavi (Hensiek et al., 2002; Luomala et al.,
2001; Weatherby et al., 2001) a v jedné studii byla naopak popsana mirné vyssi prevalence u
muzt (McDonnell et al.,1999). Ve studovaném genetickém polymorfismu rs3135388 jsme
jako jedini prokazali signifikantni rozdil mezi nemocnymi a zdravymi Zenami (Pg=1.3x10"%).
Frekvence alely A u nemocnych Zen ¢inila 30.9% ve srovnani s 8% u kontrol; OR pro GA
heterozygoty a AA homozygoty c¢inilo 5.92. Prokazali jsme, Ze ptitomnost alely A
polymorfismu rs3135388 je asociovana s vyssi vnimavosti k RS u Zen v ¢eské populaci.

Asociace nemoci s alelou A podporuje hypotézu, Ze zvySend vnimavost k RS je
podminéna aktivaci autoagresivnich imunitnich bunék, které zvySuji zanétlivou aktivitu
choroby. Bylo prokdzano, Zze rs3135388 polymorfismus je funkéni a alela A koreluje se
zvysenou expresi DRB1, DRB5 a DQBL1 gent v bélosské populaci a to 15.7-; 5.2-; resp. 8,3-
krat u homozygotnich nosi¢t AA rs3135388 genetického polymorfizmu ve srovnani s
homozygoty GG (Alcina et al., 2012). ZvySena exprese molekul II tfidy, schopnych navazat
se na peptidové antigeny myelinu vede k nésledné stimulaci autoagresivnich T-lymfocytt a
aktivaci onemocnéni (Gourraud et al., 2012).

Pozdé&ji provedené studie v riznych populacich také potvrdily asociaci rs3135388
genetického polymorfismu s vhimavosti k RS. Asociaci s RS prokazal v USA Hebring et al.
ve vyzkumném projektu “Personalized Medicine Research Project” na klinice v Marshfieldu

(Hebring et al., 2013), dalsi fenotypova studie provedena v USA, do které bylo zafazeno 6005
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jedinct, prokazala také asociaci mezi RS a rs3135388 genetickym polymorfismem (OR= 2.56
P= 1.4 x 1077) (Carroll et al., 2014). Ve $pandlské studii byla doloZena asociace v souboru
300 nemocnych (Garcia-Martin et al., 2013), obdobné téZ ve slovenské populaci (Durmanova
et al., 2015) a v ruské studii pak byla zjisténa asociace s benignim pribéhem onemocnéni
(Korobko et al., 2013). V Némecku Akkad et al. v rozsédhlé asocia¢ni studii v souboru 1033
nemocnych a 633 zdravych kontrol, ve které bylo testovdno 58 kandidatnich genetickych
polymorfisml, prokazal asociaci s 21 genetickymi polymorfismy. Nejvice signifikantni
asociace byla opét zjisténa pro geneticky polymorfismus rs3135388 (OR= of 2.41 P= 2.4 x
10 %%) (Akkad et al., 2015, Akkad et al., 2016).

VySetfeni tohoto genetického polymorfismu by mohlo byt potencidlné vyuzito
jako biomarkeru v klinické praxi vzhledem k jeho vysokému stupni korelace s alelou HLA
DRB1*1501 a rizikem rozvoje onemocnéni a navic nizkymi naklady spojenymi s jeho
stanovenim.

V prezentované asociacni studii byl dale testovan vztah genetickych polymorfisma
lokalizovanych v kandidatnich genech pro MMP-9, MMP-2 a TIMP-2 s rizikem rozvoje RS.
Prokéazali jsme signifikantni snizeni frekvence T alely polymorfismu -1562 C/T v genu pro
MMP-9 ve skupin¢ RS pacientt; po rozdéleni skupiny nemocnych podle pohlavi jsme téz
nalezli signifikantni rozdil mezi nemocnymi a zdravymi Zenami. Bylo prokdzano, Ze nosici -
1562 T alely jsou mén¢ frekventni u nemocnych Zen. V srbské studii byla zjisténa také
tendence ke snizené frekvenci nosi¢u alely T v polymorfismu -1562 C/T genu pro MMP-9
(Zivkovi¢ et al., 2007) u pacientd s RS. Vysledky nékolika daldich asociagnich studif,
zabyvajicich se vztahem genetickych polymorfismt lokalizovanych v genu pro MMP-9 s
rizikem rozvoje RS (Fiotti et al., 2004; Nelissen et al., 2000; Nelissen et al., 2002) jsou vSak
rozdilne. Ve Svédské case-control studii a ve studii na Sardinii nebyla asociace mezi
genetickym polymorfismem -1562 C/T gelatinazy B a rizikem rozvoje RS potvrzena
(Nelissen et al., 2000). Bylo v3ak zjisténo, Ze polymorfismus mikrosatelitu promotorove
oblasti genu pro MMP-9 hraje roli ve vnimavosti k RS v italské populaci (Fiotti et al., 2004).
Pozdgjsi studie, které byly provedeny v Itélii, Polsku i Spanélsku viak nase nalezy potvrzuji,
navic byla prokazana asociace s tizi postizeni a klinickym pribéhem choroby (La Russa et al.,
2010; Fernandes et al., 2009; Mirowska-Guzel et. al., 2009).

Jako prvni jsme se zabyvali asociaénim vztahem genetického polymorfizmu MMP-2
-1575G/A s rizikem rozvoje RS. Vychazeli jsme z poznatkl, Ze alela -1575G je funkéni a
zvysuje MMP-2 promotorovou aktivitu (Xu et al., 2007). Rada studii potvrzuje asociaci

MMP-2 genetickych polymorfismi s rizikem rozvoje nebo tizZi jinych, zejména nddorovych a
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autoimunitnich onemocnéni. Byla popsana napf. asociace -1575 G/G genotypu se
signifikantné zvySenym rizikem invazivniho kolorektalniho karcinomu (Xu et al., 2007). NaSe
vysledky prokazaly frekventn¢jsi zastoupeni homozygota GG a heterozygota GA v MMP-2 -
1575G/A genetickém polymorfismu ve skupin¢ RS pacientd. Druhd studie, ktera byla
(Gasparovic et al., 2015). Nosicstvi alel -1575 G by mohlo vést ke zvy3eni produkce MMP-2
a ovlivnéni etiopatogenetického procesu.

Dosud nebyla provedena Zadna studie, zabyvajici se genetickymi polymorfismy
TIMP-2 ve vztahu k RS. V naSem souboru jsme po jeho rozdé€leni na skupiny podle pribéhu
onemocnéni prokazali hrani¢ni asociaci TIMP-2 +853G/A genetického polymorfizmu
svyssim rizikem rozvoje RR RS. Homozygoti GG a heterozygoti GA se vyskytovali
frekventnéji ve skupiné RR RS pacientll ve srovnani s kontrolnim souborem. Alela +853G/A
se pravdépodobné¢ podili na ovlivnéni aktivity TIMP-2. Ackoli substituci +853
G/A nukleotidu nedochazi ke zméné aminové kyseliny, je pravdépodobné snizeni aktivity
TIMP-2 sekundarnim ovlivnénim struktury mRNA, které vede k inhibici miry translace
a/nebo snizeni stability mRNA (Hirano et al., 2001). Byla zjisténa také zvySena frekvence
alely G upacientil s aneuryzmaty bfisni aorty (Wang et al., 1999) ¢i tézkou chronickou
obstruk¢éni chorobou bronchopulmonalni (Hirano et al., 2001) ve srovnani s kontrolami.
TIMP-2 inhibuje specificky MMP-2, ktera se vyznamné podili na poruSeni HEB, remodelaci
extracelularni matrix, poskozeni neuronti, axonil a reparaci tkani (Newman et al., 2001). Pti
nedostateéné inhibici dochazi ke zvySené aktivit¢ MMP-2, coz muze vést k progresi
onemocnénti.

NaSe nalezy neprokazuji asociaci vySetfenych genotypit MMP-2 a TIMP-2 s tizi
onemocnéni nebo stupném postizeni vyjadiené EDSS a MSSS skore. Jedna se vSak o prvni
asocia¢ni studii uvedeného polymorfismu v genu pro TIMP-2, v genu pro MMP-2 byla
provedena pouze jedna klinicka asocia¢ni studie u nemocnych s RS. Vzhledem k vyznamu
MMP-2 a TIMP-2 v patofyziologii RS je potieba provést dalsi nezavislé studie ve vEtSim
souboru pacientl a ovétit ziskané vysledky.

Déale jsme studovali geneticky polymorfismus rs6897932, ktery je lokalizovan
vexonu 6 v genu pro IL7RA. IL7RA hraje dilezitou roli ve vyvoji lymfocyti, podporuje
proliferaci, diferenciaci, maturaci, pfezivani a homeostazu T a B-lymfocytu (Gregory et al.,
2007). Na rozdil od nékterych piedchozich praci jsme v nasi studii nepotvrdili signifikantni
asociaci tohoto genetického polymorfismu s chorobou, nenalezli jsme ani asociaci s pribéhem

onemocnéni (Gregory et al., 2007; Hafler et al., 2007; Weber al. al., 2008). Ve slovenské
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studii, kterd byla provedena pozdé¢ji, byla asociace s progresivnim prubéhem nemoci zjisténa
(Cierny et al., 2015), v dalsi studii pak asociace sPP RS (Teusch et al., 2003). V nasem
souboru byla nalezena hrani¢ni asociace polymorfismu rs6897932 v genu pro IL7RA s vys§im
rizikem rozvoje RS u muzi. Alela C se vyskytovala frekventnéji ve skupin€ nemocnych muza
ve srovnani se zdravymi kontrolami (p=0.04). Bylo prokazéno, Ze polymorfismus rs6897932
je funk¢ni variantou tohoto genu (p=2.94x10-7) (Gregory et al., 2007). Nosicstvi alely C
muze ovlivnit chorobu aktivaci exprese exonu 6 a zvySenim solubilniho IL7RA proteinu (SIL-
7RA). Jager et al. v némecké populaci prokazal, ze hladiny SIL-7RA a mRNA kolisaji u ¢ty
obecnych IL7RA haplotypt (rs1494555, 156897932, rs987107 a rs987106). Bylo zjisténo, ze
hladina sIL-7RA je u protektivniho haplotypu az tfikrat nizS§i ve srovnani s ostatnimi.
Genetické varianty IL7RA vedou tedy k haplotypové specifické odpovidavosti na rizné
imunologickeé stimuly, které ovlivni vnimavost k RS (J&ger et al., 2013); také variabilita gent
funk¢né spjatych s IL7RA, napt. TYK2 muze také ovlivnit RS proces (Zuvich et al., 2010).
Alela C rs6897932 polymorfismu se muze uplatnit az u 30 % piipadd RS (Gregory et al.,
2007).

Déle jsme se zamé&fili na ulohu vitaminu D v imunopatogenezi RS. VySetfili jsme
polymorfismy rs4516035, rs2228570, rs731236, rs7975232, rs1544410 v genu pro VDR a
hodnotli jsme vliv na vnimavost k rozvoji RS, tizi postizeni, pribéh onemocnéni a rozdily
mezi pohlavimi v ¢eské populaci. V souvislosti s rizikem rozvoje RS byly dosud studovany
zejména polymorfizmy Taql, Bsml, Fokl a Apal vitaminu D. Vysledky jednotlivych studii
jsou vsak kontroverzni. N¢které asociaci s RS prokazuji (Agliardi et al., 2011; Ben-Selma et
al., 2015; Narooie-Nejad et al., 2015), jiné nikoli (Garcia-Martin E et al., 2013; Huang et al.,
2012; Tizaoui et al., 2015). V naSi studii jsme po rozd¢leni souboru podle pohlavi prokazali
asociaci s RS u polymorfismia EcoRV, Taql, Bsml, and Apal mezi skupinou zdravych a
nemocnych muzi (EcoRV, pa, = 0,02; Taq, pg = 0,02, p, = 0,02; Bsml, pg = 0,02, p. = 0,04;
Apal, pg = 0,008, p, = 0,005). U Zen byl prokazan vyznamny rozdil ve frekvenci alel a
genotypu Apal u skupiny zdravych Zen oproti kontrolam (pg = 0,01, p, = 0,05). V Zadné studii
vSak dosud nebyla zkouméana asociace polymorfizmu rs4516035 v genu pro VDR s RS, na
ktery jsme se v na$i praci zaméfili. Tento polymorfizmus se nachazi v promotoru na pozici
1A-1012 v blizkosti polymorfizmu rs7139166, se kterym je v tésné vazbé- LD (D’ = 0.968;
R? = 0.942) (d'Alesio et al., 2005). V multicentrické studii, zahrnujici tém&F 3000 nemocnych
a 2500 kontrol, ve které bylo vySetfeno 38 polymorfizmi, byla prokazana asociace alely C

(G) rs4516035 (OR 1.25; 95%CI, 1.01-1.55) s rizikem rozvoje melanomu (Orlow et al.,
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2012). Barrosos et al. dokumentoval asociaci s agresivnéjSim typem tumoru, lokalizovanym
na hlavé, krku a trupu ve $panélské populace (Barrosos et al., 2008).

V naSi praci jsme jako prvni prokazali signifikantné vyssi frekvenci alely C
genetického polymorfismu rs4516035 u nemocnych muzi oproti kontrolam (OR 1.8; 95% ClI:
1.08- 2.24), podili se na zvySené vnimavosti k rozvoji RS u muzi. U zen genotyp CT zvySuje
riziko priméarni progresivni roztrouSené sklerézy 5,5krat (CT vs. CC + TT peorr = 0,01,
senzitivita 0,833, specificita 0,525, sila testu 0,823).

Studie in vitro prokazuji, Ze polymorfizmy rs4516035 a rs7139166 jsou funk¢ni a
zaména bdze na pozici 1A-1012 ¢i 1A-1521 vedla k vyraznému ovlivnéni exprese mRNA. U
nosi¢e haplotypu rs4516035-G (C)/rs7139166-C doslo téméf k dvojnasobnému snizeni
promotorové aktivity VDR ve srovnani s haplotypem rs4516035-A (T)/rs7139166-G (Fang et
al., 2005). Snizeni exprese VDR muze tedy nasledné nepfiznivé ovlivnit antiproliferativni,
prodiferencia¢ni a imunomodula¢ni u€inky vitaminu D3 a vést ke klinické manifestaci
onemocnéni. Uloha tohoto genetického polymorfismu v etiopatogenezi onemocnéni musi byt
jesté oveéfena v dalSich klinickych studiich. Vzajemnou interakci mezi genetickymi
polymorfismy rs4516035 a rs3135388 jsme v nasi studii nenalezli.

V neposledni fadé jsme se také zabyvali Ulohou RAS u RS. Genetickym aspektem
dané problematiky se pfed nami zabyvala pouze jedna studie. Autofi vychazeli z prace
Nakajima et al., ve které byly nalezeny zvySené sérové hladiny angiotenzin-konvertujiciho
enzymu (ACE) u RS pacientu, kdy aktivita ACE korelovala s celkovym objemem plak na MR
(Nakajima et al., 2002). Byl prokéazan zvyseny vyskyt alely D a genotypu DD pro ACE I/D
polymorfismu u muzskych pacientd s RS, jez je spojen s vyssimi hladinami ACE (Lovreci¢ et
al., 2006). NasSe prace jako prvni zkoumala vztah mezi polymorfismy M235T a (-6) A/G
v genu pro ATG a vnimavosti k RS. Neprokazali jsme, Ze by zkoumané polymorfismy byly
asociovany s vnimavosti k RS. Nalezli jsme vSak signifikantni korelaci mezi genetickym
polymorfismem M235T a tizi postizeni. Homozygoti MM méli nejleh¢i (3.8), homozygoti TT
muze ovlivnit tizi postizeni pravdépodobné aktivaci zanétlivého procesu. V prabéhu zanétu
dochazi ptasobenim interleukinu-1 a TNF alfa, které jsou produkovany makrofagy, k aktivaci
transkripce ATG. Tyto cytokiny ovliviiuji vazbu dvou skupin transkripénich faktort, které se
vazou na jedno regulaéni misto ATG promotoru (Yanai et al., 1997). Aktivace RAS mé za
nasledek pozitivni zpétnou vazbu a naslednou stimulaci ATG syntézy (Brasier et al. 1996).

Nabizi se jeSt¢ dalsi otazka, zda k aktivaci RAS nedochazi pouze sekundarné za jiz
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zménénych podminek chronického zanétu a zkoumané polymorfismy nejsou asociovany
s vnimavosti k dané chorobg¢, ale ovliviiuji pouze miru postizeni a prubéh RS.

V srbské studii byla nasledné prokézéana zvysena frekvence genotypu AA v genu pro
angiotenzinovy receptor AT2 u nemocnych Zen ve srovnani se zdravymi Zenami. Tento
genotyp muze tedy byt jednim z pohlavné vazanych predisponujicich faktort vnimavosti k RS
(Zivkovié et al., 2016).

V druhé ¢asti prace jsme se vénovali problematice stanoveni hladin MMPs.
Prokéazali jsme zmény profilu sérovych hladin MMP-9, MMP-2 a jejich inhibitori u
nemocnych s RS. MMPs napomahaji nejen objasnit patogenezu onemocnéni, jsou také
slibnymi biomarkery k posouzeni aktivity, prabéhu onemocnéni a umoZnuji monitoraci l1écby.
V soucasné¢ dobé jsou fazeny spolu sIL12, IL 23, TNF, IL 17, alelami HLA 1II tfidy,
chemokiny, osteopontinem a dalSimi mezi tzv. validované biomarkery (Comabella et al.,
2014). Prokazali jsme zvySenou hladinu MMP-9 v séru a zvySeni poméru MMP-9/TIMP-1 ve
skupiné pacientd s RS a u skupiny nemocnych s RR RS a SP RS pifi srovnani s kontrolni
skupinou. Potvrdili jsme nalezy, Ze MMP-9 je zvySen¢ exprimovana u RS a RR RS (Abraham
et al., 2005; Avolio et al., 2003; Goodin et al., 2002; Lindberg et al., 2001; Waubant et al.,
2003). NaSe vysledky koreluji s predchozimi nalezy, které prokazuji asociaci mezi zvySenou
hladinou MMP-9 mRNA v perifernich mononuklearech, zvySenou hladinou MMP-9 v séru,
mozkomisnim moku s klinickou a pomoci MR zjisténou aktivitou nemoci (Lee et al., 1999;
Leppert et al., 1998; Liuzzi et al., 2002). DalSi nalezy prokazuji také zvySenou transkripci
MMP-7 a MMP-9 ve v3ech lézich s vyjimkou chronickych, inaktivnich 1ézi (Lindberg et al.,
2001).

V nasi praci jsme navic mezi prvnimi prokazali zvySenou hladinu MMP-2 v séru a
MMP-2/TIMP-2 ratio zejména ve skupiné PPMS, cozZ je v souladu s vysledky piedchozi
studie (Avolio et al., 2003). Na zakladé nalezti fady experimentalnich studii in vitro bylo
zjisténo, Ze MMP-2 mRNA je produkovéana celym spektrem bunék (Chander et al., 1995);
nejen T-lymfocyty (Abraham et al., 2005), monocyty, B-lymfocyty (Bar-Or et al., 2003), ale
téZ makrofagy (Maeda et Sobel, 1996), mikroglii, endotelialnimi bunkami (Birkedal-Hansen
et al.,, 1993; Muir et al., 2002, Cunnea et al., 2010). TéZ ve studii in vitro, ve které byly
stimulovany astrocyty a neurony lipopolysacharidy, doSlo ke znacnému zvyseni exprese pro-
MMP-9 a pro-MMP-2 v astrocytech a pouze k lehkému zvySeni v neuronech (Liu et al.,
2007). Pii aktivaci astrocyta byla indukovana exprese MMP-2 (Muir et al., 2002). ZvySena
exprese MMP-2 se spolupodili na zvySené hladiné MMP-2 v séru a pravdépodobné lépe

odrazi stupen destrukce nervové tkdn¢ v chronickych l1ézich, ve kterych hraje velmi dilezitou
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roli také B-lymfocytarni subpiélni infiltrace (Magliozzi et al.,2007). Zvy3eni hladiny MMP-2
v séru bylo téZ asociovano s tizi onemocnéni a se stupném postizeni, vyjadiené EDSS a
MSSS v naSem souboru nemocnych. Kumulativni ztrata Sedé a bilé hmoty, zejména postiZeni
axonalni je dualezitym a pravdépodobné zadsadnim faktorem akumulace ireverzibilniho
postiZeni a konverze do progresivniho prabéhu (Bruck et al., 2005).

Rada dal3ich studii, které byly nasledné provedeny, potvrzuje nase nalezy a nékteré
z nich nasi praci cituji. Prokazuji vyznam MMPs, zejména MMP2/MMP9 v patofyziologii
onemocnéni a naruSeni HEB (Acar et al., 2010; Mirshafiey et al., 2014; Shimizu et al., 2014;
Szklarczyk et al., 2014). Vzhledem K jejich potvrzenému vyznamu v patofyziologii
onemocnéni se v Soucasnosti vyviji nové, specifické, cilené techniky stanoveni MMPs
vyuZivajici napt. spektroskopie (Biela et al., 2015).

Velmi vyznamnou roli hraje také ovlivnéni aktivity MMPs 1é¢bou. Nékolik studii
potvrzuje, Ze lécba interferony vedla ke sniZzeni hladiny MMP-9 mRNA v séru u RS pacienta
(Galboiz et al., 2001; Waubant et al., 2003; Yushchenko et al., 2003). Ve studii in vitro byla
navic prokazana inhibice exprese MMP-2 a MMP-9 v astrocytech a MMP-9 v mikroglii
pusobenim INF-beta (Liuzzi et al., 2004). V klinické studii s kombinovanou terapii INF beta-
la a doxycyklinem, silnym inhibitorem MMPs, byla prokazana korelace mezi sniZenou
hladinou MMP-9 v séru a redukci aktivity 1ézi syticich se gadoliniem u pacientd s RR RS
(Minagar et al., 2008). Také lécba imunoglobuliny vedla ke sniZzeni produkce MMP-9
v perifernich mononukledrech u pacientt s RS a EAE (Okada et al., 2015). V dalSim
inhibuje aktivitu MMPs u EAE (Jiang et al., 2013) ¢i dasatinibu, ktery ihhiboval aktivitu
MMP-2 (Azizi et al.,, 2015). Ve studii EAE byla také prokadzana inhibice MMP-2
Vv mozkomiSnim moku minocyclinem (Stoop et al., 2012). Propustnost HEB je také ovlivnéna
dexamethasonem, ktery tlumi expresi MMP-9 v experimentalnim mySim modelu (Blecharz et
al., 2010).

Nejnovéjsi klinické studie prokazuji, Ze specifické endogennimi i syntetickymi
inhibitory MMPs by mohly byt slibnym lékem nejen v terapii RS, ale i ostatnich
neurodegenerativnich onemocnéni (Barranger et al., 2014; Muroski et al., 2008; Minagar et
al., 2008; Shimizu et al., 2014). Z tohoto diivodu je stanoveni hladin MMPs a jejich inhibitort
Vv séru velmi pfinosné pro monitoraci efektu 1écby u jednotlivych pacientd (Hecker et al.,
2013), muze selektovat nemocné, u kterych tento proces prevazuje a prispét k rychlejsSimu

klinickému testovani novych 1é¢iv.
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6 Souhrn

RS je multifaktorialni, multigenni onemocnéni se znacnou interindividualni
variabilitou, ve které hraje vyznamnou roli slozka genetickd. Metodou studia multigennich
onemocnéni jsou asociacni studie vybranych kandidatnich genli z hlediska jejich
piedpokladané ucasti v patofyziologii daného onemocnéni s nozologickymi jednotkami. NaSe
vysledky potvrzuji, ze zjisténi rizikovych genetickych polymorfismt v regulacnich oblastech
kandidatnich genti miize poskytnout diilezité informace o patogeneze onemocnéni. Zarodecné
mutace gentl, exprimujicich zanétlivé proteiny miize ovlivnit miru jejich exprese, stabilitu
mRNA, vlastnosti danych proteint a tim vlastni etiopatogeneticky proces.

Prace vyznamné pfispiva k rozSifeni soucCasnych znalosti a napomadha objasnéni
genetické predispozice k rozvoji nemoci v ¢eské populaci, umoziujici prokazat nejen miru
individualniho rizika, ale také posoudit vliv na prib&éh nemoci a rozdily mezi pohlavimi.
Ptispiva také k prohloubeni védomosti o imunopatologickych mechanismech RS, které
podminuji progresi choroby a ovliviiuji individudlni odpovidavost na terapii.

Nalezeni rizikovych alel a jejich kombinace a objasnéni patofyziologickych
mechanismi mize napomoci k vyvoji nové, jesté ucinngjsi, specifické, individualizované

1é¢by, monitorovat jeji efekt a zlepsit progndzu tohoto invalidizujiciho onemocnéni.
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ABSTRAKT

Uvod: Roztrousena skleréza mozkomisni (RS) je multifaktorialni onemocnéni s polygenni dédiénosti.
Vhnimvost K rozvoji nemoci je podminéna kombinaci faktorti genetickych, environmentalnich a
epigenetickych. U geneticky predisponovaného jedince je onemocnéni pravdépodobné spusténo
vlivem zevnich faktorl, mezi které fadime infekce, zejména herpetické, nedostate¢nou koncentraci
vitaminu D v séru a koufeni.

Slibnymi kandidaty jsou geny a jejich varianty, tzv. polymorfismy, které ovliviuji komplexni
patogeneticky proces. Jedna se o geny pro lidské leukocytarni antigeny (HLA) II tfidy, které hraji
klicovou roli ve zpracovani antigenti myelinu a jejich prezentaci T-lymfocytim. Variabilita genu
HLA-DRB1*¥1501 mize ovlivnit tento proces a nasledné iniciovat spuSténi autoimunitniho
onemocnéni. Dal§im velmi vyznamnym c¢asnym faktorem, podmifujicim rozvoj a progresi
onemocnéni je poruseni hemato-encefalické bariéry (HEB), umoznujici piestup zanétlivych bunék do
CNS a navozeni zanétlivé reakce. Dulezitou roli vtomto procesu hraji matrix metalloproteinazy
(MMPs), které se vyznamné podili na infiltraci imunitnich bunék do parenchymu CNS, degradaci
myelinového bazického proteinu a pifimé neurotoxicité. Angiotensinogen (ATG) se také podili na
poruseni HEB, aktivaci infiltrujicich imunokompetentnich bun€k, expresi prozanétlivych a
prooxida¢nich gend. Dale jsme se zaméfili na tlohu vitaminu D v imunopatogenezi RS. Vitamin D;
prostiednictvim receptoru pro vitamin D (VDR) navozuje silné antiproliferativni, prodiferenciacni a
imunomodula¢ni uc¢inky. VDR po své aktivaci slouzi jako transkripéni faktor regulujici expresi vice
nez devitiset 1.25 (OH) 2 Dj; responzivnich genl, zaroven je také pfitomen na bunéénych
membranach. Vyznamnou roli hraje téZ interakce vitaminu D3 s alelou HLA-DRB1*15, nebot
v proximalni promotorové oblasti této alely je lokalizovan responzivni element pro vitamin D.

V predloZeném souboru vlastnich praci byly analyzovany vybrané funkcni kandidatni genetické
polymorfismy lokalizované v genech pro HLA-DRB1*1501, matrix metalloproteindzu-9 (MMP-9),
matrix metalloproteindzu-2 (MMP-2) a jeji tkanovy inhibitor (TIMP-2), receptor vitaminu D (VDR),
angiotensinogen (ATG) a a fetézce receptoru pro IL-7 (IL7RA). Byla stanovena frekvence alel a
genotypova distribuce ve studovaném souboru. Ve druhé ¢asti prace jsme se zabyvali studiem hladin
matrix metalloproteindz v séru.

Cilem téchto studii bylo uréit asociaéni vztah kandidatnich genetickych polymorfisma s vhimavosti
k RS; nalézt piipadné rozdily mezi pohlavimi a zjistit, zda ovliviiuji prib&h onemocnéni v Ceské
populaci. Stanovit hladiny MMP-9, MMP-2 a jejich tkaniovych inhibitori v séru a vyhodnotit jejich
vztah ke klinickému pribéhu, stupni postiZeni a tiZzi onemocnéni.

Material a metodika: Jednd se o studie typu case-control a genotypové fenotypové studie. Bylo do
nich zatazeno celkem 306 nemocnych s RS, diagnostikovanou dle Mc Donaldovych kriterii a 135
zdravych jedincii. Ve studiich byla analyzovéna data pacientl sledovanych a léCenych na

Neurologické klinice FN Brno. Klinicky stav byl hodnocen pomoci Expanded Disability Status Scale



(EDSS), stupen postizeni byl spocitan podle Multiple Sclerosis Severity Score (MSSS). Genotypizace
byla provedena metodou polymerazové fetézové reakce (PCR) a restrik¢éni analyzou. Stanoveni a
kvantifikace hladin enzymi bylo provedeno metodou ELISA (enzyme-linked immunoassay).
Vysledky: V genu pro HLA-DRB1*1501 bylo prokazano, Ze nosici alely A vazebného genetického
polymorfismu rs3135388 se vyskytovlali frekventnéji ve skupiné nemocnych s RS (OR= 3.69, 95%
Cl: 2,39-5,7) ve srovnani s kontrolnim souborem. Jako prvni jsme prokazali signifikantni rozdil také
mezi nemocnymi a zdravymi Zenami (Pg=1.3x10"®). Frekvence alely A u nemocnych Zen &inila 30.9%
ve srovnani s 8% u kontrol (Pa=2.82x10°) (OR=5.11, 95 % CI: 2.86-9.15). U muzi signifikantni
rozdil nalezen nebyl.

V genu pro MMP-9 jsme prokazali signifikantni snizeni frekvence T alely -1562 C/T polymorfismu ve
skupiné RS pacienta ve srovnani s kontrolami (Pa=0.01, OR -0.58, 95% CI:0.38-0.89) a ve skupiné
nemocnych Zen oproti zdravym Zendm (Pa=0.01, OR-0.53, 95% CI:0.32-0.86). Bylo prokéazano, Ze
nosici -1562 T alely jsou méné frekventni u nemocnych Zen. Polymorfismus -1562 C>T je funkéni a je
asociovan se zvysenou produkci MMP-9.

Dosud nebyla provedena Zadna studie, zabyvajici se genetickymi polymorfismy TIMP-2 ve vztahu k
RS. V nasem souboru jsme po jeho rozdéleni na skupiny podle pribéhu onemocnéni prokazali
asociaci TIMP-2 +853G/A genetického polymorfizmu s vy$§im rizikem rozvoje relaps remitentni
(RR) RS (Pg = 0.04), (OR 1.46; 95 % CI: 0.91-2.36). Alela G se pravdépodobné podili na snizeni
aktivity TIMP-2 sekundarnim ovlivnénim struktury mRNA.

V genu pro ATG jsme v naSi praci jako prvni zkoumali vztah mezi polymorfismy M235T a (-6) A/G a
RS. Neprokéazali jsme, Ze by zkoumané polymorfismy byly asociovany se zvySenym rizikem rozvoje
RS. Nase studie v3ak prokézala, Ze variabilita M235T ATG muze ovlivnit tiZi postizeni. Homozygoti
ovlivnit tizi postizeni pravdépodobné aktivaci zanétlivého procesu.

V genu pro VDR byl u muzi zjistén signifikantni rozdil ve frekvenci alel a/nebo genotypové distribuci
u polymorfismi Taql, Bsml a Apal mezi skupinou zdravych a nemocnych muzi (Taq, py = 0,02, p, =
0,02; Bsml, py = 0,02, p, = 0,04; Apal, py = 0,008, p, = 0,005). U Zen byl prokazan vyznamny rozdil
ve frekvenci alel a genotypii Apal u skupiny zdravych zen oproti kontrolam (py = 0,01, p, = 0,05).
Dale jsme se zaméfili na funkéni geneticky polymorfismus EcoRV (rs4516035) v genu pro VDR,
ktery nebyl dosud v souvislosti s RS studovan. V naSi praci jsme Jako prvni prokazali signifikantné
frekventngj$i vyskyt alely C u nemocnych muzt ve srovnani s kontrolami (OR 1.8; 95% CI: 1.08-
2.24), p, = 0,02; podili se tedy na zvySené vnimavosti k rozvoji RS u muzi. U Zen je genotyp CT
asociovan s pfiblizné pétinasobné vyssi pravdépodobnosti rozvoje prognosticky nepiiznivé primarné
progresivni roztrousené sklerézy (CT vs. CC + TT per = 0,01). Studie in vitro prokazuji, Ze
polymorfizmus rs4516035 je funkcni, alela C je asociovana se snizenim exprese VDR.

Prokazali jsme zvySenou hladinu MMP-9 v séru a zvySeni poméru MMP-9/TIMP-1 ve skupiné
pacientt s RS (P<0.001), u skupiny nemocnych s RR RS (P<0.001) a sekundarné progresivni (SP) RS



(P<0.001) pti srovnani s kontrolni skupinou Odrazi stupen zanétlivého postizeni a poruseni HEB. Déle
bylo proké&zano signifikantni zvy3eni hladin MMP-2 v séru a MMP-2/TIMP-2 u progresivni formy
onemocnéni (P<0.001) pfi srovnani s relabujici formou a toto zvySeni korelovalo s tizi onemocnéni
(P<0.001) a stupném postizeni (P<0.05). Odrézi stupen destrukce nervové tkané v chronickych lézich.
Zavéry: NaSe vysledky prokazuji, Ze distribuce vazebného genetického polymorfismu (rs3135388)
v genu pro HLA-DRB1*1501 mize determinovat genetickou vnimavost k rozvoji RS v ¢eské populaci
a u Zen. Byla nalezena signifikantni asociace polymorfismu (-1562 C/T) v genu pro MMP-9 s vyS§im
rizikem RS, zejména u Zen a asociace TIMP-2 +853G/A polymorfizmu s vnimavosti k RR RS. NaSe
studie prokazala, Ze variabilita M235T ATG miZe ovlivnit tizi postizeni. Bylo zji§téno, Ze variabilita
vySetfenych polymorfismi v genu pro VDR by se mohla podilet na riziku rozvoje choroby u muzi, u
Zen ovliviuje tizi a pribéh onemocnéni.

MMPs napomahaji objasnit patogenezu onemocnéni a jsou slibnymi biomarkery, které poskytuji
informace o klinické manifestaci, tizi a stupni postiZzeni a umoziuji monitoraci lé¢by. Jejich vyznam
v patofyziologii RS a vyuZiti v Klinické praxi v§ak jesté musi byt ovéfeno v dalsich studiich.

Objasnéni faktort, které se podili na zvySené vnimavosti a progresi nemoci miize vyznamné napomaoci
k vyvoji nové, jeSté ucinngjsi, specifické farmakoterapie a podstatné zlepsSit prognézu tohoto

zavazného onemocneéni.

Klicova slova: genetické polymorfismy; lidské leukocytarni antigeny (HLA); matrix

metalloproteinazy; roztrousena sklerdza; receptor pro vitamin D



ABSTRACT

Background: Multiple sclerosis (MS) is a multifactorial disease characterized by polygenic
inheritance. Genetic, environmental and epigenetic factors contribute to susceptibility to the disease.
In a genetically predisposed individual, the disorder seems to be triggerd by environmental factors,
including infections, mainly herpetic, insufficient serum concentrations of vitamin D and smoking.

Promising candidates are genes and their variants- polymorphisms that affect the complex
aetipathogenetic process. These are genes for the human leukocyte antigen (HLA) class Il region,
which play a key role in the recognition and presentation of myelin antigens to T- lymphocytes. The
variability of the HLA-DRB1*1501 gene may affect this process and subsequently trigger the
autoimmune MS disease. Additionally, the blood-brain barrier (BBB) disruption is an early and central
event in the immunopathogenesis of MS, allowing the transfer of inflammatory cells into the CNS,
and the onset of neuro-inflammatory reactions. Matrix metalloproteinases (MMPs) play an important
role in the breakdown of the BBB, invasion of immune cells into the CNS parenchyma, degradation of
the myelin basic protein, and direct neurotoxicity. Angiotensinogen (ATG) is also involved in the
process of BBB disruption, activation of infiltrating immunocompetent cells, expression of pro-
inflammatory and pro-oxidant genes.

Furthermore, we have focused on the role of vitamin D in the immunopathogenesis of MS.
Through the vitamin D receptor (VDR), vitamin D3 induces strong antiproliferative, pro-
differentiation and immunomodulatory effects. After activation, VDR serves as a transcription factor
regulating the expression of more than nine hundred 1.25 (OH) 2 D3 responsive genes and is also
present on cell membranes. In addition, the vitamin D-responsive element (VDRE) has been identified
in the promoter region of HLA-DRB1*1501, which is the strongest genetic predictor of MS risk.
Objective: In the presented set of our own studies were analyzed candidate gene single nucleotide
polymorphisms (SNPs) localized in the HLA-DRB1*1501, matrix metalloproteinase-9 (MMP-9),
matrix metalloproteinase-2 (MMP-2), tissue inhibitor of MMP-2 (TIMP-2), vitamin D receptor
(VDR), angiotensinogen (ATG) and interleukin 7 receptor-o. (IL7RA) genes. Genotype distributions
and allele frequencies were determined in the studied groups. The second part of the thesis is focused
on the determination of MMPs and their tissue inhibitors serum levels.

The aim of the present studies was to examine the association of genotypes/alleles given by these
candidate SNPs with MS susceptibility; to find potential gender differences; and to investigate
whether these polymorphisms influence disability in the Czech population. To determine the serum
levels of MMP-9, MMP-2 and their tissue inhibitors and to investigate a possible relation to the
clinical course and severity of MS.

Material and methods: The studies were designed as a case-control and phenotype-genotype studies.
We enrolled 306 MS patients fulfilling McDonald’s criteria for MS, the control group consisted of 135

healthy individuals. All patients and controls were recruited from the Department of Neurology at the



University Hospital, Brno. Disability was evaluated according to the Expanded Disability Status Scale
(EDSS) and disease severity was calculated using the Multiple Sclerosis Severity Score (MSSS).
Polymerase chain reaction (PCR) methods and restriction analysis were used for genotyping in
candidate genes. The DNA genotyping was performed using polymerase chain reaction (PCR)
methods with restriction analyses. The serum levels of MMPs were measured by enzyme linked
immunoassay (ELISA).

Results: In the HLA-DRB1*1501 tagging rs3135388 SNP a significant difference in genotype
distribution (Pg=3.06x10°) and allele frequency (Pa=6.08x10"%) (OR= 3.69, 95% CI: 2,39-5,7)
between MS patients and controls was demonstrated. Also, we were the first to prove a significant
difference between female MS patients and female controls in genotype distribution (Pg=1.3x10®) and
allele frequency (Pa=2.82x10"%); (OR- 5.11, 95% CI: 2.86-9.15). Allele A frequency in female patients
with MS was 30.9% compared with 8% in female controls. No significant difference was found males.
A significant decrease of the -1562T allele carriers in MS patients compared to controls (Pa=0.01) in -
1562C/T MMP-9 gene polymorphism was found (Pa=0.01, OR-0.58, 95% CI:0.38-0.89). Significant
differences were also demonstrated between female patients and healthy females (Pa=0.01, OR-0.53,
95% C1:0.32-0.86). It has previously been described that the changes in the promoter region of the -
1562C/T MMP-9 gene polymorphism influence transcription; the -1562 C>T polymorphism has been
associated with increased MMP-9 expression.

To date, no genetic association study of TIMP-2 gene variability and MS has been carried out After
dividing our studied group according to the disease form we found significant association of +853 G/A
TIMP-2 SNP with relapsing remitting MS (RR) MS (Pg = 0.04), (OR 1.46; 95 % CI: 0.91-2.36).
Allele G is likely to contribute to downregulation of TIMP-2 activity by influence on the secondary
structure of the mRNA, which inhibits the rate of translation and/or decreases the mMRNA stability.

We first studied M235T and (-6) A/G gene polymorphisms in relation to MS. We did not find
statistically significant association with increased susceptibility to MS. Our study demonstrated that
variability of M235T ATG polymorphism can influence disease severity. The homozygotes TT had
the highest (5.4) mean MSSS values (P=0.02). M235T polymorphism represents the functional
polymorphism where the T allele was connected with elevated expression of ATG and can influence
the disease severity by activation of inflammatory proces.

In VDR gene, allele and/or genotype distributions differed in Taql, Bsml, and Apal polymorphisms in
MS male as compared to controls (Taq, py = 0.02, p, = 0.02; Bsml, py = 0.02, p, = 0.04; Apal, py =
0.008, p, = 0.005). In MS female, differences in the frequency of alleles and genotypes were found to
be significant in Apal (py; = 0.01, p, = 0.05). We have also focused on the functional genetic
polymorphism EcoRV (rs4516035) in the VDR gene, which has never been studied in connection with
MS. We first demonstrated a significantly higher frequention of allele C in MS male compared to
controls (OR 1.8; 95% CI: 1.08-2.24), pa = 0.02. Conclusive results were observed between MS

female; CT genotype was found to increase the risk of primary progressive MS 5.5 times (CT vs



CCHTT peorr = 0.01). In vitro studies showed that the rs4516035 polymorphism is functional and the
allele G is associated with decreased promoter activity and expression of VDR. A significant elevation
in MMP-9 serum levels and in the MMP-9/TIMP-1 ratio was found in the whole MS group (P<0.001),
in the RR MS (P<0.001), and secondary progressive MS (SPMS) (P<0.001) groups when compared
with the controls. This reflects the degree of the inflammatory process and BBB disruption. A
significant elevation in MMP-2 serum levels and in the MMP-2/TIMP-2 ratio was observed in the
primary progressive (P<0.001) and the SPMS (P<0.002) groups when compared with the RRMS
group, and this increase was also associated with the disability (P<0.001) and severity (P<0.05) of the
disease. Increased expression of MMP-2 results in elevation of serum MMP-2 levels and may reflect a
higher degree of destruction of nervous tissue in chronic lesions.

Conclusion: Our results indicate that the distribution of the tag SNP for HLA-DRB1*1501,
rs3135388, is a risk factor for susceptibility to MS in the Czech population and also in the female
population. We demonstrated a significant association between the risk of MS, particularly in female,
and MMP-9-1562C/T gene polymorphism. In addition, our study indicated an association between
TIMP-2 +853G/A SNP and susceptibility to RR MS and proved that the variability of M235T ATG
polymorphism can influence disease severity. The distribution of explored VDR polymorphisms was
found to be a risk factor for susceptibility to MS in males and for progression of the disease in females
in the Czech population.

We confirmed that metalloproteinases are useful biological markers in MS, providing information
about the clinical type, disability, and severity of the disease. MMPs help to elucidate the pathogenesis
of the disease and could contribute to an improvement in diagnostic standards and therapeutic
interventions for this disease. Their impact on the understanding of the pathophysiology of MS and on
the practical management of MS patients, remains, however, to be established.

Clarification of the factors that contribute to increased susceptibility to MS and disease progression
may significantly facilitate the development of more effective, new and specific drug therapies, thus
improving prognosis for the large numbers of sufferers.

Key words: gene polymorphism; human leukocyte antigen (HLA); multiple sclerosis; matrix

metalloproteinases; vitamin D receptor



7 Seznam pouZitych zkratek

ADAM ..o membranové vazana metalloproteinaza
APC antigen prezentujici buiika
AT G et e et n e reeanee s angiotenzinogen
O OSSR interval spolehlivosti
IS s klinicky izolovany syndrom

CCPGSM......... Canadian Collaborative Project on Genetic Susceptibility to Multiple Sclerosis
O ST RS TR PRPRPRTR kolagenaza

CN S et aenres centralni nervovy system
15 S diseminace v prostoru
5 I TP PP R TRTUPRTR diseminace v case
DIN A e et ae s deoxyribonukleova kyselina
EAE s experimentalni autoimunitni encefalomyelitida
EBV .o s EPSTEING Barrové viroza
B M. b et ae s extracelul&rni matrix
EDSS. s Expanded Disability Status Scale
ELISA. et enzyme-linked immunoassay
GWAS . . JENOME-Wide asociaéni studie
HEB. .ot hemato-encefalicka bariéra
HL A . e et lidské leukocytarni antigeny

o TSRS kyselina chlorovodikova

HHVY B, .o ies s NUMAN DETPESVITUS type 6
HO P e e e [1€AE SNOCK prOtEIN

| TSRV P R PR SRR interferon
L e e INTTETTRUKIN
L TP P TP TR UPPTR interleukin-1
Lo e e INTEFIEUKIN-2
IL-d e e e e INTETIEUKIN-4
LoD e e INTETIEUKIN-5
L TP TP TP interleukin-6
L7 e b E e bt bt et e e Ee e eRb e e b e e aRreere e nareenes interleukin-7
] TSR UP TP PRPRPRPRN interleukin-8
FL- 20 bbbt bbb interleukin-10
- L e e e nneenene INTETlEUKIN-12
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L-d s e s sre e e s sreesneennee e INTEFlEUKIN-13
- L7 e e e sne e e e enee e INTEFlEUKIN-17
=28 e e e se e INTEFlEUKIN-18
-2 e e e e INTETIEUKIN-21
o2 e e e sre e e enee e INTEFlEUKIN-22
Lm3D . it e s sne e e e e e INTEFIEUKIN-35
IL2RA . . O TEEEZEC TECEtOTU prO TL-2

T TR A . a fetézec receptoru pro IL-7
U e INEZINATOANT jednotka
MAG ... myelinova asociacni glykoprotein
IMIBP ...t bbb myelinovy bazicky protein
IMHC . hlavni histokompatibilni systém
IMIHS e s major histocompatibility complex
IMIIMIPS ..ttt et nne e ne e reenne e matrix metalloproteinazy
IMIMIP=1 et et intersticidlni kolagenaza
MIMIP=2 Lo matrix metalloproteinaza-2, gelatindza A
IMIIVIP=7 ettt se e e Re e te st e e R e e te e e e re e teene e raenneennenres matrilysin
MIMP=9 Lo matrix metalloproteinaza-9, gelatindza B
MOG .o myelinovy oligodendrocytarni glykoprotein
VIR ettt ettt e e e n e ree s magneticka resonance
MRZ. .. M-morbilli, R-rubella, Z-varicella zoster
MISSS e Multiple Sclerosis Severity Score
MT-MIMPS ... e membranové metalloproteinazy
MRNA . . e . MESSENQET TIDONUKIEOVA KySElina
10T o) (PO O PP OPPPTRUPPPTRPPPRPPPPTRUPPRRPPRIS o 103 o 1.4 t-¢ |
NMSS... e . NATTONAL Multiple Sclerosis Society
OB e e e neennenne. ODTAZEK
@ ] RSP PTRTRPRR relativni riziko
o0 o S UERRURRRP mnohocetné srovnani
PR polymeréazova fetézova reakce
PP e ettt te e e e e reenes proteolipoprotein
PP RS primarné progresivni RS
RN A ettt ns ribonukleov kyselina
RR RS et relabujici-remitentni RS

RIS e ——————— roztrousena skler6za



RX R s TETINOTDNTM X rECEpLOT
S DD s smérodatnd odchylka
] PSS stromelysin
SP RS sekundarné chronicko-progresivni RS
B e TADUTKE
TACE. ..o s tumor necrosis factor alfa konvertujici enzym
T-reg lymfoCyt.......cviii i | TEgUlACHT lymfocyt
TG s transformujici rastovy faktor
TIMP-1. tkanovy inhibitor metalloproteinazy-1
TIMP=2 .o tkanovy inhibitor metalloproteinazy-2
TIMP=3. oo tkanovy inhibitor metalloproteinazy-3
TIMP-4. oo tkanovy inhibitor metalloproteinazy-4
TN e ettt ee e tumor nekrotizujici factor
DZV e e e ne e FAKZVENY
US A e e e OP0] €NE SEALY @Merické
UVB. e Ul tTAfTAlOVE ZATenT B
VITAMIN D3 s cholekalciferol
VDR i e TECEPEOT VitAMINU D

VDRE.... .ottt e e FESPONZIVNTE element pro vitamin D
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