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1 Uvod

1.1 Definice

Zanétliva stfevni onemocnéni (IBD, inflammatory bowel diseases, diive ozaCované jako
idiopatické stfevni zanéty) jsou chronicka zanétlivd onemocnéni gastrointestinalniho traktu, ktera
byla empiricky definovana na zdklad¢ klinickych, histologickych, endoskopickych a
radiologickych nalezti [1]. Crohnova choroba (CD, Crohn’s disease) a ulcerdzni kolitida (UC,
ulcerative colitis) jsou dva poly zanétlivych stfevnich onemocnéni. Formy onemocnéni, které
nelze zaradit ani do jedné z vySe jmenovanych jednotek, jsou nazyvany nezataditelnd zanétliva
sttevni onemocnéni (IBDU) nebo po histologickém ovéfeni resekatu stfeva kolitida
indeterminovand (IC, indetermined colitis). Jednd se tedy o skupinu onemocnéni, ktera maji
spolecné urcité klinické i etiopatogenetické rysy, ale 1isi se charakterem a lokalizaci zanétu, a

dale také 1é¢ebnymi postupy.

1.2 Historie

Nozologické jednotky Crohnova choroba a ulcerdzni kolitida vznikly az ve dvacatém stoleti, ale
IBD jsou spolecné také pro v minulosti Cast&j$i infekéni onemocnéni stieva, je obtizné bez
patologického popisu tato onemocnéni odliSit. Prvni zndmky typické pro IBD byly popsany pii
pitvach v patnactém stoleti Antoniem Benivienem. Ludvik XIII. béhem zivota trpél chronickym
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prijmem, teplotami a pravdépodobné mél perianalni pistéle a abscesy. Zaznam z posmrtné pitvy
by mohl odpovidat ileocékalni tuberkuléze ¢i CD [2]. Pomérné presvedEivy popis toho, co dnes
nazyvame Crohnovou chorobou, byl publikovdan Combem v roce 1831. Termin ulcerdzni kolitida
byl zaveden v roce 1888 Hale —Whitem, ackoli ne vSechny piipady popsané timto autorem byly
skutecné UC. Anglicky Iékat Samuel Wilks v roce 1889 popsal v zanétem postizené stén¢ stfeva
»pyoid corpuscles® (granulomy). V roce 1901 ve své praci Lartigau naznacil, Ze granulomy
nemusi mit nutné tuberkulézni ptivod [3]. Teprve vroce 1931 pisSe B.B. Crohn Americké
gastroenterologické asociaci, ze objevil novou chorobu, kterd by se méla jmenovat terminalni
ileitida. Prace byla v rozsifené verzi publikovana v JAMA 1932 [4]. Jako autoii byli uvedeni
Burel B. Crohn, Leon Ginzburg a Gordon D. Oppenheimer (obr. 1). Ackoli jejich jednotlivy podil
na vytvofeni nové klinicko-patologické jednotky je kontroverzni [5], od roku 1933 zacalo byt

pouzivano pro toto onemocnéni oznaceni regiondlni ileitida Crohn.



Obrazek 1. Dr. Oppenheimer, Dr. Crohn a Dr. Ginzburg

1.3 Vyskyt

Vyskyt IBD se vyznamné 1isi v jednotlivych zemich a u jednotlivych etnik. Publikovana data o
vyskytu zanétlivych stfevnich onemocnéni se rizni podle obdobi, kdy byla dand kohorta
sledovéna. V devadesatych letech se incidence CD dle dostupnych praci celosvétoveé pohybovala
od 0 po 15 novych ptipadi na 100 000 obyvatel a rok, prevalence od 3,6 po 214 na 100 000

obyvatel [6]. V piipad¢ UC je udavéna incidence v rozmezi 1,2 az 20,3 na 100 000 obyvatel a rok
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a prevalence od 7,6 po 246 na 100 000 obyvatel. Obecné je vyskyt vyssi u kavkazské populace a
v zemich severni Evropy a Severni Ameriky. V posledni dobé incidence CD i1 UC vzrostla [6, 7].
Nedavna prace ukazuje, ze incidence roste rychleji u CD nez u UC [8]. Incidence IBD u déti
kavkazského etnika se pohybuje kolem 4 / 100 000 [8]. V Ceské republice byla stanovena v roce
2001 incidence CD u déti do 15 let na 1,26 / 100 000 [9]. IBD patii mezi pét nejcastéjSich
chronickych onemocnéni zazivaciho traktu a ndklady na 1écbu se v USA rocné pohybuji okolo

1,8 miliardy dolara [10].

1.4 Etiopatogeneze

Zanétliva stfevni onemocnéni vznikaji na zédklad¢é neadekvatni zanétlivé odpovedi na intestinalni

bakterialni floru u geneticky predisponovanych jedinct.

Zevni faktory
Mezi faktory zevniho prostiedi, které by se mohly podilet na vzniku IBD, patii koufeni, strava,

uzivani antibiotik, nesteroidni protizdnétlivé 1éky (NSAID), stres a infekce [6]. Infekce a NSAID
mohou narusit slizni¢ni bariéru [11]. O roli stravy a stresu pii vzniku IBD je zndmo jen velmi
malo. U zeleza a hliniku byla popsana zvysena bakterialni virulence [12]. Koufeni mé na tato dvé
onemocnéni opacny vliv: u nekuidkli a byvalych kutakl je vyssi riziko vzniku UC, naproti tomu

kufaci maji zvysené riziko vzniku CD. Piesny mechanismus piisobeni koufeni na vznik IBD neni

znam. Za mediatory byly oznaceny nikotin, CO a hypoxie [13].



Nekteré teorie oznacuji za ptivodce IBD patogenni bakterie. Pouze pro dvé z nich existuji seridzni
experimentalni dikazy. Jiz v roce 1984 bylo na zékladé ndlezu v resekétech stfeva u pacientl
s CD mezi etiologické Cinitele zatazeno Mycobacterium avium subspecies paratuberculosis
(MAP) [14]. Pfi nedavné studii byla inzercni sekvence DNA (IS900) nalezena ve tkani stieva u
52% pacientti s CD, ale jen u 2% pacienti s UC a u 5% zdravych kontrol [15]. V publikovanych
pracich kolisd pozitivita MAP u pacienti s CD od 0 do 100%. Tato teorie ma vSak mnohé
slabiny: chybi histochemicky prikaz MAP ve tkani a detekovand DNA ndloz MAP ve tkani je
prilis nizka [16]. Proti této teorii sveédci také fakt, ze pacienti vétSinou profituji z imunosupresivni
1é¢by. Piedpokladali bychom rovnéz, Ze by se IS900 mélo preferenéné nalézat v mistech
tato relativné bézna bakterie selektivné kolonizuje poskozenou sliznici stfeva u pacienti s CD, a
neni tedy za jeji vznik piimo zodpoveédna [17]. Dalsim podezielym etiologickym c¢initelem je
adherentné invazivni kmen E. coli, ktery byl prokazan Castéji u pacienti s Crohnovou chorobou —
zvlaste s Casnym relapsem — nez u kontrol [18]. Bylo také popsano soucasné pisobeni tohoto

kmene a NOD2 polymorfismt [19].

Strevni mikrofléra a jeji interakce s genotypem pacienta

Zasadni roli pifi vzniku a rozvoji IBD hraje interakce mezi stfevni mikroflorou a sliznici stfeva.
Pii vzniku a rozvoji IBD se uplatiluji tyto slozky: mikrobidlni flora, bariéru tvofici epitelidlni
buniky a lymfaticky gastrointestinalni systém. U pacientii s CD a UC byly nalezeny odliSnosti ve
slozeni mikrobidlni flory [20]. Také permeabilita paraceluldrniho prostoru slizni¢ni bariéry a
regulace tight junctions je u téchto pacientli defektni [21]. Tyto zmény vSak mohou byt jen

disledkem zanétu ve stfevni sliznici. Dal§im dilezitym mechanismem podilejicim se na poruseni
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epitelidlni bariéry je poskozeni poharkovych bunék secernujicich hlen a poSkozeni Panethovych
bungk, které produkuji antimikrobni peptidy, alfa-defensiny [22]. Gen ATGI6LI" zapojeny do
autofagie — procesu odstranéni intraceluldrnich komponent — ovlivituje morfologii a genovou

expresi Panethovych bunek [23].

Komunikace mezi mikrobidlni florou stfeva a lymfatickym systémem je zprostiedkovana pomoci
Cetnych receptorti patficich do skupiny rozeznavajici molekuldrni vzor (pattern-recognition
receptors). Mezi n¢ patii skupina povrchovych toll-like receptort a intracelularnich receptora
skupiny NOD (nucleotide-binding oligomerization domain containing). Jejich porucha vede ke
snizené imunitni odpov&di na intraluminalni bakterie. NOD2® je intracelularni senzor
muramyldipeptidu — slozky bakteridlni stény [24]. Je exprimovan v Panethovych bunkéch,
epitelidlnich buiikdch, makrofazich, dendritickych bunikéch a endotelidlnich buiikdch. Aktivace
intaktniho NOD2 proteinu vede k aktivaci NF-kappaB a MAP kinazové kaskady signalizacni
drahy, ktera vede k produkci TNF® a IL1B* [25]. Pfi chronické stimulaci dochazi k negativni
regulaci prozanétlivych cytokint. Tato funkce NOD2 proteinu je poruSena, jestlize je NOD2
poskozen [26]. Pfesny mechanismus, jak snizena funkce NOD2 proteinu vede ke zvySenému

riziku vzniku CD, neni znam.

" ATGI6LI (autophagy related 16-like 1) je asociovan s CD také v &eské populaci.

* NOD?2 (nucleotide-binding oligomerization domain containing 2) obsahuje varianty, které jsou v nasem souboru
nejsilnéji asociované s CD.

3 TNF (tumor necrosis factor): nebyla nalezena asociace s CD v &eské populaci.

*IL1B (interleukin 1, beta): nebyla nalezena varianta, ktera by byla asociovana s CD.
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Vzorky bakterii jsou pravidelné prenaseny ptes epitelidlni buitkky a M buiiky Peyerovych plakt
pomoci imunoglobulint [27] a dendritickych bun¢k [28]. Aktivované antigen prezentujici builky
(APC) ptredkladaji antigenni peptidy T bunikam v sekundéarnich lymfatickych organech stfeva
(Peyerovych placich, mezenteridlnich lymfatickych uzlindch a izolovanych lymfatickych
uzlicich). Pfi této interakci hraje zasadni roli vazba mezi antigenem vystavenym na MHC a TCR
receptorem a déle vazba kostimulaénich molekul (CD80 a CD28 nebo CD80 a CTLA4%). Signal
poté mize byt pienasen do jadra mimo jiné pies protein PTPN22°. K rozvoji zanétu vede
poruSeni rovnovédhy mezi T-regulatnimi lymfocyty (Treg (FoxP3+)) a efektorovymi
subpopulacemi Th bunék (Thl, Th2, Th17). V ptipad¢ CD je zvySena hladina IL-17 (Thl17
reakce), IFNgama a TNFalfa (Thl reakce). Ve sliznici kolon pii UC dochazi ke zvySeni Th17
cytokint a Th2 cytokint (IL4, 5, 13). Proliferace a ptezivani Th17 lymfocytt je zprostiedkovana
vazbou IL23 — produkovaného APC — s IL23 receptorem (IL23R”) [29]. Po aktivaci exprimuji T
butiky (za pomoci kyseliny retinové) integrin alfa4beta7® a chemokinovy receptor CCR9 a stavaji
se tak ,intestino-tropni“. Také porucha funkce TGF-betal, cytokinu Treg lymfocytd,
zpuisobuje chronicky zanét stieva [30]. Porucha IL-10°, dalsiho cytokinu, ktery podporuje vyvoj
Treg lymfocytl, mtze také vést k rozvoji CD [31] a UC [32]. Treg buiky jsou déle ovliviiovany

geny zapojenymi do autofagie [33]. Role B-lymfocytli je méné zndma. O jejich aktivaci svéd¢i

> CTLA4 (cytotoxic T-lymphocyte-associated protein 4). P¥ima asociace s CD nebyla v kavkazské populaci
prokéazana. V naSem souboru jsme nalezli moznou interakci s geny NOD?2 a IL23R pti vzniku CD.

® PTPN22 (protein tyrosine phosphatase, non-receptor type 22). V nasem souboru jsme neprokézali rozdil ve
frekvencich alel ¢i genotypit mezi pacienty s CD a kontrolnim souborem.

" IL23R (interleukin 23 receptor) je asociovan s CD také v &eské populaci.

¥ Integrin alfa 4 beta 7: humanizovana protilatka proti alpha 4 beta 7 integrinu, natalizumab se zda byt efektivni
v 1é¢bé CD. Vzhledem k vyskytu progresivni multifokalni leukoencefalopatie v souvislosti s poddvanim tohoto
preparatu neni pro rutinni 1é¢bu dostupny.

?IL 10 (interleukin 10). Asociace IL10 s ulcerdzni kolitidou byla potvrzena nékolika pracemi, asociace s CD je
kontroverzni.
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zvySené hladiny antimikrobnich protilatek, které se pouzivaji k diagnostice IBD. Postupné

dochézi k akumulaci leukocytl ve tkani stfeva a zanét se amplifikuje.

1.5 Klinicky obraz

Onemocnéni miize zaCinat v kterémkoliv véku, typicky se vSak zacne projevovat ve druhé nebo
tieti dekadé. Crohnova choroba postihuje vétSinou ileum a kolon, muze vSak zasdhnout
kteroukoliv ¢ast traviciho traktu. Zanét je diskontinudlni. Ulcerdzni kolitida vzdy postihuje
rektum a miize zasdhnout také ¢ast nebo i celé kolon. Zanét je kontinudlni. Zatimco u UC je zénét
omezen na sliznici, v piipadé CD prochazi transmuralné. Pro CD jsou dale typické granulomy,
striktury a fistule [34]. Tyto popsané odliSnosti plati spiSe pro dospélé pacienty, u déti je situace
forem IBD v détském veéku byla stanovena tzv. Portskd kritéria [35]. I jednotlivé formy
zanétlivych stievnich onemocnéni (CD, UC, IBDU) maji své podtypy. Prvni genetické studie a
Sirsi rozsifeni serologického panelu u pacientii s IBD prispély k modifikaci klasifikace Videnskeé

na tzv. Montrealskou klasifikaci, ktera je zachycena v tabulce 1[36].
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Tabulka 1. Montrealska klasifikace Crohnovy choroby.

Vék v dobé diagnozy (%)
A1 (<17 let)
A2 (17 - 40 let)

A3 (> 40 let)

Lokalizace'

L1 (terminal ileum)
L2 (kolon)

L3 (ileokolon)

L4 (Horni GIT)

Modifikace pfi postiZzeni GIT (L4)
L1+ L4
L2 + L4

L3 + L4

Term. lleum + horni GIT
Kolon + horni GIT

lleokolon + horni GIT

Chovani choroby

B1 (nestrikturujici/ nepenetrujici)

B2 (strikturujici)

B3 (fistulujici)

1.6 Lécbha

Strategie lécby

Modifikace pfi perianalnim postizeni

B1p

B2p

B3p

nestrikturujici/  nepenetrujici  +
perianalni postizeni
strikturuici + perianalni postizeni

fistulujici + perianalni postizeni

Hlavni cile terapie zanétlivych stfevnich onemocnéni zahrnuji indukci, udrZeni remise, prevenci

komplikaci, zlepSeni a udrzeni kvality zivota a omezeni indikaci pro chirurgickou terapii [37].

Stavajici doporucené postupy jsou postaveny na navozeni a udrzeni remise [38, 39]. Dle vétSiny

stavajicich doporuc€eni je navozeni remise zalozeno na ,,step-up* modelu dle tize onemocnéni

[37]. Dospéli pacienti s lehkym onemocnénim jsou vétSinou 1é€eni lokalnimi kortikosteroidy
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(budesonid), piipadné aminosalicylaty (ackoli je jejich efekt zvlasté u CD znacné kontroverzni).
Pacienti se stfedn¢ zdvaznym onemocnénim jsou pii indukci 1éCeni kortikosteroidy a ti pacienti,
jejichz choroba je refrakterni k celkové podéavanym kortikosteroidiim, pak biologickou 1é¢bou
(infliximab, adalimumab). Pro pacienty s UC je v induk¢ni 16€bé mozno uzit také cyklosporin. Po
navozeni remise je indikovana lécba imunosupresivni — nejcastéji v podobé azathioprinu.
Chirurgicka 1écba je rezervovana pro pacienty, u nichz farmakoterpie selhava, a dale pro urcité
typy postizeni. V posledni dobé je hojné diskutovan ,,top-down* nebo ,,early-agressive* model

[40]. Pfesné indikace tohoto postupu vSak dosud nejsou jednoznacné urceny.

Lécba zanétlivych stievnich onemocnéni v détském veéku se dosti 1iSi od 1é¢by pacientl
dospélych. Vétsinu détskych pacientii je nutné indikovat k dlouhodobé imunosupresivni 1é¢be
azathioprinem, ktery se zda v détském véku G¢innéjsi [41]. Doba podéavani celkovych kortikoid,
vzhledem k vedlej$im u¢inkiim a vlivu na vyvijejiciho se jedince, zvlasté pak pii Casté poruse
rustu, ma byt co nejkrat$i. Lokalné¢ podavany budesonid se pii dlouhodobé terapii jevi jako
nedostatecné ucinny [42]. Ackoli byla exkluzivni enterdlni vyziva prokdzana jako srovnatelné

ucinnd alternativa farmakoterapie v indukci remise u détskych pacienti s CD, neni jeji uZziti

vSeobecné rozsifeno.

Biologicka lécba
V soucasné dob¢ jsou v riznych zemich a pro rizné veékové kategorie dostupné tfi preparaty

ztzv. biologické terapie IBD. Prvnim preparitem na trhu byl infliximab. Jedna se o IgGl

chimerni protilatku proti TNF (Cast Ig je lidského a ¢ast mysiho plivodu). V piipadé adalimumabu
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se jedna o protilatku pIn¢ humanizovanou. Certolizumab pegol je Fab’ fragment, ktery je vazan
na polyethylenglykol, a vykazuje tak lepSi farmakokinetické vlastnosti. Ve Spojenych statech
americkych je dale k dispozici natalizumab (monoklondlni protilatka proti 04 integrinu), jehoz
pouziti brani vzacna komplikace — progresivni multifokalni leukoencefalopatie zplsobena
reaktivaci JC viru [43]. VCR je pro déti zatim registrovan pouze infliximab, pouziti
adalimumabu je mozné jen v rdmci probihajici klinické studie. Mechanismus ucinku infliximabu
a adalimumabu neni zcela objasnén. Na zéklad€ in vitro a Casteéné také in vivo provedenych
experimentd bylo navrzeno nékolik moznych urovni plsobeni. Za nejdtlezitejsi je povazovana
neutralizace solubilni formy TNF (sTNF). Zminéné dva preparaty se vSak vazi i na
transmembranovy TNF (tmTNF) a blokuji tak vazbu s TNFRI/IL. Dal§im mechanismem ucinku je
tzv. ,reverzni signalizace®, pii které dojde k fosforylaci serinovych zbytki na cytoplasmatické
casti tmTNF a signal je pfeveden do buiiky, jez tento receptor vystavuje. Pfedpokladan je ucinek
pies aktivaci E-selektint [44]. U infliximabu byla také prokazana suprese proliferace zastavenim
bunééného cyklu T bun¢k v GO/G1 fazi [45]. Dalsim moznym diisledkem reverzni signalizace je
kompetice sdilenych molekuldrnich signaliza¢nich drah, napftiklad signalizace toll-like receptory
vyvolana endotoxinem [46, 47]. Vzhledem ktomu, ze jak molekula infliximabu, tak
humanizovanad molekula adalumimabu obsahuji Fc fragment, pfedpoklada se, ze jsou schopny
vyvolat cytotoxickou reakci zptisobenou komplementem (CDC) i cytotoxickou reakci zavislou na
protilatkach (ADCC). Vyznam téchto reakci je vSak zatim nejasny [48]. Antagonisté TNF mohou
indukovat apoptozu u lymfocytid a makrofaghh dvéma moznymi zpiisoby: 1) neutralizaci sTNF,
jez mize vést k omezeni antiapoptotickych signalii pres protein p55 [49]; 2) zkiizenou vazbou a
signalizaci pfes tmTNF. Tento posledné¢ zminény mechanismus vSak pravdépodobné nebude tim

hlavnim [50].
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1.7 Genetika IBD

Vyskyt zanétlivych stitevnich onemocnéni je oproti bézné populaci u ptibuznych pacientti s IBD
zvySen. Pomér rizika rekurence CD pro sourozence proti riziku v obecné populaci (As) byl
odhadnut v rozmezi od 15 do 35, dle designu jednotlivych studii [51-55]. Vliv genetickych
faktort byl u Crohnovy choroby dokdzan pii studiich na dvojcatech. Danska prace uvadi
konkordanci CD u monozygotnich 5/10 a u dizygotnich dvojcat 0/27 [56]. Prokazéana byla také
vyssi prevalence UC u piibuznych pacientd s CD [51, 52]. Pomoci vazbovych studii s pouzitim
mikrosatelitnich markerti bylo vytipovano n¢kolik chromozomalnich regiont, kde by se geny
podilejici se na vzniku IBD mohly nachazet [57-66]. Tyto lokusy byly oznaceny IBD1 az IBD9.
Postupné pak v téchto regionech byly identifikovany jednotlivé geny, nebo se asociace v téchto
lokusech nepotvrdila. Z téchto ptivodnich nazvl se zachoval pouze IBDS. Na obrazku 2 jsou

zobrazeny hlavni regiony, Cervené signifikantni a modie ,,podezielé” z podilu na vzniku IBD

[67].
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Obrazek 2. Grafické znazornéni hlavnich chromozomalnich region(i podezielych z asociace s IBD
nalezenych pomoci vazebnych studii. Cerven& oznadeny regiony se signifikantni vazbou, modre
s pravdépodobnou. Hvézdi¢kou jsou oznaéeny regiony, jejichZ vazba byla potvrzena naslednymi

studiemi (MHC, hlavni histokompatibilni komplex). Pfevzato z [67].

NOD2

Nejvice prozkoumanym genem v souvislosti s CD je nucleotide-binding oligomerization domain
containing 2 (NOD2). To, jak byla asociace objevena a potvrzena, je popsano v uvodu nasi
publikace 2.1 [68]. Z pocatku se pro tento gen pouzivalo oznaceni NOD2, tedy stejné jako pro
protein. Kratce byl za oficidlni nézev piijat CARDIS5 (caspase recruitment domain family,

member 15), ktery byl opét zménén na ptivodni oznaceni NOD2.
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IBD5

Ackoli je asociace IBDS lokusu zndma jiz pomérné dlouho, kauzalni varianty a konkrétni gen
zodpovédné za podil na vzniku IBD stéle nejsou nalezeny. Celkovy piehled o vyzkumu IBD5

lokusu uvadime v publikaci 2.4 [69].

Dalsi zkoumané geny pred érou celogenomovych asociaénich studii
Jesté nedavno byly IBD fazeny do skupiny autoimunitnich onemocnéni; nyni vzhledem k novym

poznatkiim z oblasti imunologie a genetiky IBD, jsou spiSe pouZzivany terminy jako imunitné
podminénd onemocnéni. Pfesto je ziejmé, ze tato onemocnéni maji alesponl v urcité fazi (blize viz
Etiopatogenze) s autoimunitnimi chorobami mnoho spole¢nych rysii. Bylo tedy logické, ze za
dalsi kandidatni geny byly voleny ty jiz diive prokdzané asociované s autoimunitami. Typickym
ptikladem je gen CTLA4 (cytotoxic T-lymphocyte-associated protein 4), jehoz biologicka role je
relativné dobie zndma a jehoz asociace byla u mnohych autoimunitnich nemoci prokazana [70].
Piehled o tomto genu ve vztahu k CD je podrobn¢ popsan v nasi publikaci 2.3 [71]. Dal§im
podobnym kandidatnim genem je PTPN22. I timto genem jsme se v naSich pracich zabyvali —
viz. publikace 2.1 [68]. V lokusu piivodné oznaceném jako IBD3, zahrnujicim geny komplexu
MHC, lezi také gen pro TNF-alfa. Analyzu jeho asociace jsme provedli v pocatku nasi prace.
Stru¢ny prehled vénovany tomuto genu je popsan v ivodu ptilozené publikace 2.1 [68]. Pozd¢ji
asijskou populaci, kde by varianta c.-1031T>C mohla mit mirny ochranny efekt pti vzniku CD

[72].
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Era celogenomovych asociaénich studii
V dalsi fazi celosvétového vyzkumu genetiky zanétlivych stfevnich onemocnéni se hlavnim

nastrojem staly celogenomové asociacni studie (genome—wide association study, GWAS). Hned
pomoci prvni znich se podafilo identifikovat varianty ve dvou genech zodpovédnych za CD:
IL23R a ATGI6LI. Také témito dvéma geny jsme se v nasi praci zabyvali a jejich ptehled je

uveden v publikaci 2.2 [73].

Od roku 2006 bylo v souvislosti s CD publikovano osm GWAS [74-82] a jedna meta-analyza

[83]. Vysledky téchto praci jsou stru¢né shrnuty v tabulce 2. Upraveno dle [84].
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Tabulka 2. Souhrn pomoci GWAS nalezenych genl/lokusu a jejich dalSi potvrzeni.

Gen/lokus Poprvé objevena asociace Replikace asociace

TNSF15 [81] [83, 85-88]

ATG16L1 [74] [73, 76, 79, 80, 83, 89-108]

IL23R [75] [73, 76, 80, 82, 89-93, 95, 99, 105, 108—
113]

IRGM [76, 77] [91, 93, 107, 114-116]

PTPN2 [76, 77] [91]

NKX2-3 [76, 91] [91, 114, 117]

MST1/BSN [76, 77] [82, 91, 93, 118]

IL12B [76, 77] [91, 93]

1924 [76, 77] [91, 93, 114]

10921 [77] [91, 93, 114, 117]

NCF4 [77] [116]

5p13.1 [80] [77,78, 91, 114]

1932 [83] [93]

7p12 [83] [93]

8924 [83] [93]

LRRK2/MUC19 [83] [93]

TNFRSF6B [90] [92]

STAT3 [93] [119, 120]

CDKAL1 [93] [121]

JAK2 [93] [120]

1931 [76, 77] Ne

FLJ45139 [76, 77] Ne

NELL1 [78] Ne

1931 [76, 77] Ne

FLJ45139 [76, 77] Ne

NELL1 [78] Ne

10p12 [122] Ne

PHOX2B, FAM92B [77] Ne

PTPN22, ITLN1, [83] Ne

6g21, CCR6, 10p11,

C110rf30, 13q14,

ORMDL3, 21921,
ICOSLG, ECM1
21922 [90] Ne
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Do stejné skupiny genti jako jiz dfive zminény ATG16L1 patii i IGRM (immunity related GTPase
related family, M). I tento gen se ucastni autofagie. Na rozdil od ATGI6L1, ktery se ucastni
patogeneze CD tim, ze reguluje Panethovy bunky [23], IGRM se podili na autofagii
intracelularnich baktérii [123]. Gen BSN (bassoon - presynaptic cytomatrix protein) koduje
protein, ktery je zapojen do organizace presynaptického cytoskeletu. Je exprimovan piedevsim v
neuronech mozku. Z téchto divodi se jako pravdépodobnéjsi kandidatni gen jevi MSTI
(macrophage stimulating 1) lezici v tésné blizkosti genu pro BSN. MST! koéduje makrofagy
stimulujici protein (MSP), jenz ovlivituje schopnost pohybu a fagocytdozy makrofagh [124].
Protein kédovany PTPN2 (Protein tyrosine phosphatase N2) je aktivovany INF-gamma a
soucasné omezuje INF- gamma indukovanou signalizaci, a tak miize pfispivat k poruSeni funkce
stteva jako bariéry [125]. Gen IL12B (interleukin 12B) koduje podjednotku p40, kterd je spolecna

pro IL23 1 IL12. Porucha /L 12B tak muze zasahovat do Th1 i Th17 reakce.

22



2 Zaver

2.1 Shrnuti publikovanych praci

Pohled na genetiku Crohnovy choroby se v poslednich deseti letech zcela zménil. Postupné byly
objevovany jednotlivé geny a pozd¢€ji v nich také konkrétni varianty, které ptispivaji ke vzniku
CD. Pied rokem 2001 nebyl znam zadny gen podilejici se na vzniku CD, dnes jich je (alespon
jednou potvrzeno) pies 20. Tempo, kterym ptibyvaji, je dano predevsim zménou technik, které se
pouzivaji pii identifikaci SNP u polygennich onemocnéni — misto vazebnych studii se nyni
pouzivaji GWAS. Tento projekt jsme zahajili v dobé, kdy byl znam jen jeden gen (NOD2) a
jeden lokus (IBDS5) podilejici se na vzniku CD. V prvni préaci (pfiloha 1 [68]) jsme se proto
sousttedili na frekvence variant v genu NOD?2 a déle na geny, které byly podezirany na zaklad¢
asociace s jinymi imunitné podminénymi chorobami. V ramci této prace jsme potvrdili asociaci
tfi variant v genu NOD2, pti¢emz nejsilnéji asociovana byla varianta 1007fs. Potvrdili jsme také
asociaci s postizenim terminalniho ilea. Nalezli jsme rozdil mezi détmi a dospélymi ve frekvenci
této varianty a prokdzali jeji vliv na v€k manifestace. Zajimavym zjist€énym byla vysoka
prevalence (jak u ceskych pacientd, tak u Ceskych kontrol) této varianty mezi evropskymi
populacemi, podobné jako v ostatnich castech stfedoevropského regionu. Podafilo se ndm
upozornit na fakt, ze hledani jednoduchého jiho-severniho gradientu v ramci prevalence 1007fs
varianty by bylo zjednoduSujici a zavadéjici. V této praci jsme se v souvislosti s nastupem
biologické 1écby inhibitory TNF zabyvali také asociaci s genem TNFA. Frekvence této varianty

se vSak mezi piipady a kontrolami neliSily. Stejné tak jsme nenalezli asociaci s genem PTPN22.
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Kréatce po prvnich GWAS jsme se zacali vénovat genim /L23R a ATGI6L1 (priloha 2 [73]).
Potvrzeni asociace téchto dvou geni v ¢eské populaci jsme publikovali v roce 2009. Podatilo se
nam nalézt dosud nepopsany rozdil v zastoupeni variant /L23R u pacientd, ktefi méli postizeny

horni gastrointestinalni trakt.

Velmi podrobné jsme se zabyvali také asociaci s genem C7TLA4 (priloha 3 [71]). Praci o asociaci
mezi CD a CTLA4 bylo publikovano, vzhledem k predpokladanému patofyziologickému
mechanismu, az prekvapivé malo a vétSina jednoduchou asociaci nenalezla. Ani v rdmci chorob,
u kterych byl vliv tohoto genu jasné prokazan, neni ziejmé, ktera varianta je za asociaci
zodpovédna. Proto, kromé¢ jiz testovanych variant, jsme volili takové, které se zdaji byt nejtésnéji
vazané ke kauzalni varianté u ostatnich imunitné¢ podminénych onemocnéni. AvSak ani v naSem
souboru nebyla nalezena asociace mezi CTLA4 a CD. Jako prvnim se nam ale podafilo najit
interakci mezi efektem tohoto genu a genit NOD2 a IL23R. Také jsme jako prvni popsali rozdil ve
frekvencich variant NOD2 genu mezi détmi a dospélymi v kavkazské populaci a nalezli asociaci

s ileokolickou formou onemocnéni.

V préci publikované v Inflammatory bowel disease jsme se vrétili k jiz davno testovanému IBD5
lokusu (pFiloha 4 [69]). AC vazba na 5q31 patfila mezi viibec prvni nalezené, stale nebylo jasné,
kterd varianta v tomto slozitém, velmi polymorfnim tiseku chromozomu je tou kauzalni. Jiz sice
byla publikovana prace, kterd kauzdlni varianty identifikovala, pozdé¢jsi studie toto ale
nepotvrdily. Chtéli jsme tedy zjistit, jaké jsou asociace v ¢eské populaci a ovéfit, zda asociace
nalezené varianty v ramci GWAS skute¢né reprezentuje asociaci diive popsaného IBDS5

haplotypu. V Ceské populaci se nam podatilo prokazat, ze na IBDS existuji dva nezavislé lokusy,
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které jsou nezavisle asociované s CD a ze SNP popsané v celogenomovych asociacnich studiich
nejsou pln¢ zodpovédné za asociaci diive popsaného haplotypu IBDS s CD. Potvrdili jsme také,
ze varianty oznaCené za kauzalni v ¢eské populaci nejsou asociovany nezavisle na rizikovém

IBDS5 haplotypu.

Piipojili jsme se také k danské skupiné pod vedenim profesorky Munkholmové v praci,
zabyvajici se genetickymi aspekty ti€innosti a nutnosti kontinualniho podavani biologické 1€cby u
déti (priloha 5 [126]). V ramci zkoumanych variant v genech TNF, CASP9, FASLG, LTA, NOD?2
nebyla nalezena asociace s neti€innosti ¢i dependenci na infliximabu. Tato prace ukazuje, Ze 66%
déti se stava na infliximabu zavisla, a neni tedy u nich mozné biologickou 1é¢bu vysazovat. Za
zevni nepfiznivy faktor ve smyslu dependence bylo oznaceno periandlni postizeni. Genetické

prediktory se identifikovat nepodatilo.

2.2 Pouziti ziskanych vysledku v klinické praxi

vvvvvv

asociovanych s CD. Asociace jednotlivych variant je shrnuta na obrazku 3. Na obrazku 4 je
zobrazena ROC kiivka, kterd ukazuje sensitivitu a specificitu pii pouZiti jednotlivych variant
k identifikaci CD na zadkladé genetickych faktor. Ackoli n&které publikované prace naznacuji, ze
genetické faktory je mozné jiz rutin€ pouZzivat jako pomocnou metodu k diagnostice CD, z hodnot

sensitivity a specificity je zfejmé, ze sila téchto testl je stale nizka.
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Obrazek 3. Asociace jednotlivych testovanych variant s CD v dominantnim a log aditivnim modelu (data
ziskana na naSem souboru). Na ose x zobrazeny jednotlivé testované varinty, na ose y jejich signifikace
v logaritmické stupnici. Z obrazku je patrné, Zze v €eské populaci jsou nejvyznamné&jSimi geny NOD2 a
lokus IBDS5.

Dalsim polem, kde by se v brzké dobé mohlo uplatnit testovani jednotlivych variant v klinické
praxi, je identifikace vysoce rizikovych pacientl a individudlni Gprava terapie. Napiiklad nyni
intenzivn¢ diskutovany model ,top-down terapie by byl indikovan na zakladé¢ modelu

pracujiciho se souborem rizikovych a ochrannych variant a dalSich klinickych a laboratornich
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parametrti. Toto souvisi také s predstavou rozdéleni IBD a tedy i CD na genetické podtypy

s odliSnymi terapeutickymi postupy.

I

Rinpisuss
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0.8

1-Specificity

Obrazek 4. ROC kfivka. Na ose x zobrazena senzitivita, na ose y specificita pfi pouziti kombinace

jednotlivych testovanych variant.
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Zatim teoretickou moznosti uziti naSich vysledkl je identifikace rizikovych pacientt pred
manifestaci onemocnéni. Pak by byl mozny terapeuticky zasah, ktery by nedovolil nebo by
zbrzdil rozvoj tohoto onemocnéni. AvsSak i v€asna identifikace pacienta by jist¢ vedla k v€asné
1écbé, u déti tolik dulezité a zabranila by rozvoji nekterych s ristem a vyvojem souvisejicich

komplikaci.
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Introduction

Crohn’s disease (CD) is one of the two common forms of
inflammatory bowel disease (IBD). The disease results from
the action of environmental factors in genetically suscepti-
ble individuals: the genetic susceptibility is determined by
polymorphisms in the CARDI5 gene, as well as other
candidate genes, including the ones newly shown by the
genome-wide association studies (1, 2).

The CARDI5 gene encodes a nucleotide-binding oligo-
merization domain containing 2 (NOD2) protein, which
recognizes muramyl dipeptide, a component of bacterial
wall, and thus plays an important role in the innate
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Abstract

Crohn’s disease (CD) has been shown to be associated with the variants in the
CARDI5 gene as well as in other genes involved in the immune response. The
frequencies of the variants profoundly differ among populations and so does
the associated risk. We examined the associations of variants in the CARD15, TNFA
and PTPN22 genes with pediatric-onset and adult-onset CD in the Czech
population. Genotype, phenotype and allelic frequencies were compared between
345 patients with CD (136 pediatric-onset and 209 adult-onset patients) and 501
unrelated healthy controls. At least one minor allele of the CARDI5 gene was
carried by 46% patients and only 21% control subjects (OR = 3.2, 95% CI 2.4—
4.4). In a multiple logistic regression model, the strongest association with CD was
found for the 1007fs variant (OR = 4.6, 95% CI 3.0-7.0), followed by p.G908R
(OR = 2.9,95% CI 1.5-5.7) and p.R702W (OR = 1.7, 95% CI 1.0-2.9), while no
independent association was found for the remaining variants in the CARD15 gene
(p-268S, p.955T and p.289S), for the p.R620W variant in the PTPN22 gene or for the
2.—308G>A variant in the TNFA gene. The age at CD onset was strongly modified
by positivity for the 1007fs allele: it was present in 42% pediatric-onset and only
25% adult-onset patients. In conclusion, we report a high frequency of the minor
allele of the CARD15 1007fs polymorphism in the Czech population and a strong
effect of this allele on the age at disease onset.

immunity (3). It was first described by Hugot et al. (4)
who identified a locus linked with CD on chromosome 16,
which was then designated /BD1. Since then, the CARD15
gene has been characterized in this locus and its three
variants (1007fs, p.G809R and p.R702W) have been shown
to account for the association with both pediatric-onset and
adult-onset CD (5-7), as well as with its subtypes (8-12), or
with its complications (12—14).

Three main theories have been proposed to explain why
variants in CARD15 gene contribute to development of CD
[reviewed in (15)]. The first postulates that peptidoglycan
(PGN) derived from intestinal microflora is recognized by
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toll-like receptor 2 (TLR2) and also NOD2 protein. When
CARDI5 is mutant, PGN-mediated nuclear factor-kB (NF-
«B) activation is not negatively regulated trough TLR2.
This leads to a clonal expansion of pathogenic Thl cells.
According to the second theory, muramyl dipeptide derived
from bacteria in bowel activates NOD?2 in the Paneth cells.
When NOD?2 is intact, secretion of a-defensins is induced;
these antimicrobial peptides downregulate the population
of commensal bacteria in the lumen. Consequently, when
NOD?2 is deficient, the lack of a-defensin production leads
to a bacterial overgrowth and an immunological response to
microflora. According to the third theory, muramyl dipe-
ptide is recognized in antigen-presenting cells by the NOD?2
protein. In this model, mutationsin CARD15lead to gain of
function and subsequently to hyperactivation of NF-kB.

Other susceptibility genes than CARDI15 were searched
forin later studies. Genome-wide linkage analyses identified
several additional loci (16), including the 7/BD3 on
chromosome 6p21. This locus corresponds to the human
leukocyte antigen (HLA) region that includes the TNFA
gene frequently studied in CD. The TNFA gene encodes for
tumor necrosis factor-o, a potent proinflammatory cyto-
kine. Its g.—308A variant has been shown to be associated
with higher promoter activity compared with the g.—308G
variant (17) and therefore seems to be a plausible candidate
for susceptibility to autoimmune diseases. Another general
autoimmunity gene is the protein tyrosine phosphatase
nonreceptor 22 (PTPN22) that encodes a lymphoid-specific
phosphatase (Lyp), one of the powerful downregulator of
the T-cell response. There is very strong evidence that
amissense substitution g.1858C>T encoding for amino acid
substitution p.R620W is associated with a risk of multiple
autoimmune diseases (18), but so far, it seems that this does
not hold for CD (19-22).

The aim of the study was to examine the associations of
candidate variants in the CARDI15, TNFA and PTPN22
genes in pediatric-onset and adult-onset CD in the Czech
population and to find differences in the association
between these two groups.

Subjects and methods

Subjects

In a case—control design, we studied 345 Czech-born CD
patients and compared them with 501 unrelated healthy
Czech control subjects. All subjects were of European
Caucasian ancestry.

The patients were recruited at two institutions: the
pediatric patients with CD were recruited at the Department
of Pediatrics, University Hospital Motol, Prague, having
been diagnosed before or at the age of 18 years according to
the Porto criteria (23); the patients with adult-onset CD
were recruited at the 4th Department of Internal Medicine,
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Ist Faculty of Medicine, Charles University in Prague,
having been diagnosed at or over the age of 19 years, using
the standard clinical, radiological, endoscopic and histo-
logical criteria (24). The recruitment covered all patients
who were cared of by the two institutions in October 2005;
newly manifested patients were consecutively added until
October 2007. There were 136 pediatric-onset and 209 adult-
onset patients, and their clinical characteristics are detailed
in Table 1.

The 501 controls included 296 unrelated healthy children
(208 boys and 88 girls) consecutively recruited from patients
who underwent minor surgical interventions at the Depart-
ment of Pediatric Surgery of the University Hospital Motol,
Prague, and 205 adult healthy volunteers (115 males and 90
females). The median age at sampling was § years in
children and 38 years in adult volunteers. Subjects with any
chronic medication, abnormal basic biochemical workup,
increased erythrocyte sedimentation rate or abnormal
electrocardiogram were carefully excluded.

Table 1 Demographic and clinical characteristics of patients®

Total Pediatric-onset Adult-onset
(n = 345) CD(n=136) CD(n=209)
Sex, male/female 154/191 71/65 83/126

Age at diagnosis, median 21 (14-30) 13.5(12-16) 28 (23-36)
(interquartile range)
A1 (<17 years) 108 (31%) 108 (79%) 0(0%)
A2 (17-40 years) 201 (58%) 28 (21%) 173 (83%)
A3 (>40 years) 36 (10%) 0(0%) 36 (17%)
Disease duration, median 5(2-10) 4 (2-8) 6 (3-11)
(interquartile range)
Localization
L1 (terminal ileum) 73 (22%) 24 (18%) 49 (25%)
L2 (colon) 54 (16%) 15 (11%) 39 (20%)
L3 (ileocolon) 205 (62%) 96 (71%) 109 (55%)
L1-3 (not determined) 13 1 12
Upper Gl 57 (17 %) 21 (15%) 36 (17%)
Disease behavior
B1 (nonstricturing / 130 (40%) 71 (55%) 59 (30%)
nonpenetrating)
B2 (stricturing) 132 (40%) 34 (26%) 98 (49%)
B3 (penetrating) 66 (20%) 25 (19%) 41 (21%)

B1-3 (not determined) 17 6 11

B4 (perianal disease) 114 (33%) 35 (26%) 79 (38%)
Extraintestinal 49 (14%) 16 (12%) 33 (16%)
manifestation®
Need for surgery® 177 (51%) 43 (32%) 134 (64%)

CD, Crohn’s disease; Gl, gastrointestinal.

@ The clinical characteristics are given according to the Montreal
classification (26).

P Extraintestinal manifestation: peripheral arthritis, ankylosing
spondylitis, sacroiliitis, episcleritis and iritis, erythema nodosum,
pyoderma gangrenosum and sclerosing cholangitis.

¢ Abdominal surgery for complication of CD (resection).

539



Genetics of Crohn’s disease in the Czechs

Ethical considerations

The study was approved by the institutional ethics
committees, and a written informed consent was obtained
from all participants or their guardians.

Determination of genotypes

Genomic DNA was extracted from peripheral blood with
a routine salting-out method (95% samples) or from saliva
(5% samples). Saliva was collected using Oragene DNA
Self-Collection Kit according the manufacturer’s protocol
(DNA Genotek Inc., Ottawa, Ontario, Canada). The suc-
cess rate for genotyping of DNA extracted from saliva was
identical to that extracted from blood: 97% samples were
successfully called in the first amplification run.

We analyzed six single nucleotide polymorphisms (SNPs)
in the CARDIS5 gene — 1007fs (rs5743293), p.G908R
(rs2066845), p.R702W (rs2066844), p.P268S (rs2066842),
p-N289S (rs5743271) and p. V9551 (rs5743291) — one SNP in
the PTPN22 gene — p.R620W (1s2476601) — and one SNP
within TNF region — g.—308G>A (rs1800629). The ge-
notypes of the SNPs were determined using the TagMan
SNP genotyping assays. The 10 pl polymerase chain reac-
tion (PCR) mixture contained a 0.5x to 1 x mix of primers
and the probe (TagMan SNP Genotyping Assay; Applied
Biosystems, Foster City, CA) and contained either 1x
TagMan Universal PCR Master Mix (Applied Biosystems)
or amixture of 1 x PCR buffer,4 mM MgCl,, 10% glycerol,
150 uM each deoxyribonucleotide triphosphate (Sigma—
Aldrich, Munich, Germany), 1 pM 6-carboxy-X-rhodamin
(Molecular Probes/Invitrogen, Carlsbad, CA) and 0.2 unit
HotStar Tag DNA Polymerase (Qiagen, Hilden, Germany).
PCRs were performed on an ABI 7300 Machine (Applied
Biosystems). The end point readings were evaluated
according to the manufacturer’s instructions. For better
discrimination of alleles, some run files were also inspected.
To ensure consistency between runs, samples of known
genotypes were repeated in every analysis.

Statistical analysis

Allelic frequencies were determined by gene counting. The
Hardy—Weinberg equilibrium was checked by comparing
observed with expected genotype frequencies and tested
using exact tests. Association of particular SNP with the CD
was expressed as odds ratio with 95% confidence interval
and tested by chi-squared test with continuity correction
and by Fisher’s exact test. Haplotype analysis was
performed by estimating the haplotype frequencies using
an expectation—maximization algorithm. The association of
the variants with the condition, including potential inter-
actions, was further examined in a multivariate logistic
model. Logistic regression was employed also to analyze the
association between clinical phenotypes (outcomes) and
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three genetic predictors (positivity for CARDI15 1007fs,
p-G908R and p.R702W). The regression was performed
first with the three predictors adjusted for the disease
duration, then adjusted also for age at diagnosis and for sex.
The population attributable risk (PAR) was calculated
under the assumption of rare occurrence of the disease (25).
Analyses were performed using the Stata package version
9.2 (Stata Corp., College Station, TX).

Results

Genotype, phenotype and allelic frequencies in
patients and control subjects

The frequencies of the variants are listed in Table 2. The
minor alleles of 1007fs, p.G908R and p.P268S variants in
the CARD 15 gene were significantly associated with CD. The
strongest association was found for the minor allele at 1007fs
with a phenotypic frequency (carriage rate) of 32% in
patients and 10% in controls (OR = 4.2, 95% CI 2.9-6.2 in
univariate analysis). Homozygosity for the 1007fs greatly
increased the CD risk, as we observed 8.4% homozygotes for
the 1007fs allele among patients but no one among control
subjects. Association was significant also for the p.G908R
and p.P268S, while the difference between cases and controls
in the p.R702W did not reach statistical significance in the
univariate analysis. No association with CD was found for
the minor alleles at the p.V9551 and p.N289S in the CARD15
gene, at the p.R620W variant in the PTPN22 gene or at the
2.—308G>A variant in the TNFA gene.

Presence of minor alleles of any of the 1007fs, p.G908R or
p-R702W variants conferred a significant risk of CD: at
least one such allele was carried by 46% patients and only
21% controls (OR = 3.2, 95% CI 2.4-4.4). The risk was
strongly dose dependent, and we observed an increase in
risk from OR = 2.3 (95% CI 1.7-3.2) for one minor allele to
OR = 17 (95% CI 7.1-40) for two or more minor alleles.
The PAR for carriage of one or more of the three CARDI15
mutations was 31%, while for the carriage of 1007fs alone it
was 24%.

Linkage disequilibrium and haplotype frequencies of
1007fs, p.G908R, p.R702W and p.P268S

There was a significant linkage disequilibrium among some
of the studied variants (for its parameters, see Figure 1).
We carried out a haplotype analysis: reconstructing the
haplotypes of four variants that associated with CD in the
univariate analyses at a P value less than 0.10. The estimated
frequencies of the reconstructed haplotypes are shown in
Table 3. The wild-type haplotype consisting of wild-type
alleles at 1007fs, p.G908R, p.R702W and p.P268S was
present on 56% of chromosomes in patients with CD and on
72% of chromosomes in control subject. The risk associated
with the haplotypes was expressed relative to the baseline of
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Table 2 Frequencies of the genotypes, and risk associated with phenotypic and allelic positivity of the variants®

Polymorphism

Genotype frequencies (Neases = 345, Neontrols = 501)

Phenotypic frequencies
and associated risk®

Allelic frequencies and
associated risk®

CARD15
1007fs -/- -/C c/C Phenotype C+ Allele C
Cases 235 (68%) 81 (23%) 29 (8.4%) 110 (32%) 139 (20%)
Controls 451 (90%) 50 (10%) 0 50 (10%) 50 (5.0%)
OR (95% Cl) 4.2(2.9-6.2) 4.8 (3.4-6.9)
p.G908R G/G G/R R/R Phenotype R+ Allele R
Cases 317 (92%) 24 (7.0%) 4(1.1%) 28 (8.1%) 32 (4.6%)
Controls 485 (97 %) 15 (3.0%) 1(0.2%) 16 (3.2%) 17 (1.7%)
OR (95% Cl) 2.7 (1.4-5.4) 2.8 (1.5-5.5)
p.R702W R/R R/W W/W Phenotype W+ Allele W
Cases 304 (88%) 40 (12%) 1(0.3%) 41 (12%) 42 (6.1%)
Controls 459 (92%) 42 (8.4%) 0 42 (8.4%) 42 (4.2%)
OR (95% Cl) 1.5(0.91-2.4) 1.5(0.93-2.4)
p.P268S P/P P/S S/S Phenotype S+ Allele S
Cases 128 (37%) 134 (39%) 83 (24%) 217 (63%) 300 (43%)
Controls 256 (51%) 209 (42%) 36 (7.2%) 245 (49%) 281 (28%)
OR (95% Cl) 1.8(1.3-2.4) 2.0(1.6-2.4)
p.V955I VIV V/I I/ Phenotype |+ Allele |
Cases 308 (89%) 36 (10%) 1(0.3%) 37 (11%) 38 (5.5%)
Controls 437 (87 %) 63 (13%) 1(0.2%) 64 (13%) 65 (6.5%)
OR (95% Cl) 0.82 (0.52-1.3) 0.84 (0.54-1.3)
p.N289S N/N N/S SIS Phenotype S+ Allele S
Cases 340 (99%) 5(1.5%) 0 5(1.5%) 5(0.72%)
Controls 491 (98%) 10 (2.0%) 0 10 (2.0%) 10 (1.0%)
OR (95% Cl) 0.72 (0.19-2.3) 0.72 (0.19-2.3)
PTPN22
R620W R/R R/W W/W Phenotype W+ Allele W
Cases 275 (80%) 66 (19%) 4(1.2%) 70 (20%) 74 (11%)
Controls 398 (79%) 100 (20%) 3(0.6%) 103 (21%) 106 (11%)
OR (95% Cl) 1.0 (0.69-1.4) 1.0(0.73-1.4)
TNFA
g.—308G>A G/G G/A A/A Phenotype A+ Allele A
Cases 262 (76%) 76 (22%) 7 (2.0%) 83 (24%) 90 (13%)
Controls 381 (76%) 110 (22%) 10 (2.0%) 120 (24%) 130 (13%)
OR (95% Cl) 1.0(0.72-1.4) 1.0(0.74-1.4)

@ Genotypic and phenotypic frequencies are calculated from the number of subjects (345 cases and 501 controls), and allelic frequencies from the

number of chromosomes (690 in cases and 1002 in controls). The genotype distributions in controls were examined for the Hardy-Weinberg
equilibrium and neither of the polymorphisms significantly deviated (P > 0.10 in exact tests).
® The phenotypic frequency (carriage rate) of the minor allele, with the respective risk.

¢ The allelic frequency of the minor allele, with the respective risk.

this all-wild-type haplotype. Five additional haplotypes
were present in cases or control subjects, with a frequency
above 0.5%. The highest risk (OR = 4.9, 95% CI 3.4-7.1)
was conferred by the 1007fs — 908G — 702R — 268S’
haplotype, carried on 19% patient chromosomes and 4.9%
control chromosomes. The risk of CD was conferred only
by haplotypes containing the 1007fs, 908R or 702W alleles,
while the risk of the haplotype was not further modified by
presence of the 268S allele.

Multiple logistic regression models

A stepup building of a multiple regression model where the
outcome was the presence of CD and the predictors were

© 2008 The Authors
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variants associated with CD in univariate analyses with
a P < 0.10 showed that three of the CARD15 variants were
independently associated with CD: the strongest association
was found for the 1007fs variant (OR = 4.6, 95% CI 3.0—
7.0), followed by p.G908R (OR = 2.9,95% CI 1.5-5.7) and
p.R702W (OR = 1.7, 95% CI 1.0-2.9). There was no
independent association of the p.P268S variant.

Genotype-phenotype analysis

Using a case-only design, we tested whether the phenotypic
characteristics of the patients are dependent on carriage
status of the minor alleles at CARD15 1007fs, p.G908R or
p-R702W.
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p-N289S

p.R702W p.G908R

Figure 2 shows the distribution of the patients by the age at
diagnosis of CD, drawn separately by the phenotypic
positivity (carrier status) of the 1007fs variant. Patients
carrying 1007fs were diagnosed significantly earlier than those
without this variant (P = 0.021, Mann—Whitney rank sum
test). Consequently, we analyzed our data similarly to other
studies that divided patients into pediatric-onset and adult-
onset groups. The frequency of 1007fs carriers profoundly
differed between pediatric-onset patients (42%) and adult-
onset patients (25%), P = 0.001. Frequencies of phenotypic
positivity (carriage rates) of other tested variants in pediatric-
onset and adult-onset patients are listed in Table 4. In
addition, stratification of patients into groups according to
the Montreal Classification (A1, A2 and A3) (26) and appli-
cation of linear regression showed that the carriers of 1007fs
variant developed CD earlier than the others (P = 0.008). No
difference between pediatric-onset and adult-onset group was
found for additional variants in the CARDI5 gene when
adjusted for the effect of the 1007fs, and the same applied also
to the p.R620W variant in the PTPN22 gene and the
2.—308G>A variant in the TNFA gene.

O. Hradsky et al.

p.Vo55]

Figure 1 Linkage disequilibrium between the
CARD15 variants in the Czech population. Values
are D', rand r?. Grayscale according to the values

of .

Table 5 shows logistic regression with the outcomes of
clinical characteristics other than the age at diagnosis and
the three primarily associated variants in CARD15 as the pre-
dictors. The ileal involvement was associated with positivity
for CARDI5 1007fs both in the pediatric-onset and in the
adult-onset patients. We observed also a tendency toward
a protective effect of CARDI15 1007fs on the likelihood of
perianal disease, which is, however, not significant after being
corrected for the number of independently performed tests.
The CARDI5 variants were not associated with any of the
other tested clinical characteristics: localization in the upper
gastrointestinal tract, the stricturing or penetrating behavior
of the disease, extraintestinal manifestation or the need for
abdominal surgery.

Discussion

Numerous studies have investigated the genetic association
of CD with the CARDI5 gene and have shown that the
magnitude of the risk profoundly differs among various
populations (27). Here, we report a study on the genetic risk

Table 3 Haplotype analysis: the frequencies in patients and control subjects and the risk associated with the haplotype®

Patients with CD

Healthy controls

Composition of the haplotype (690 chromosomes) (1002 chromosomes) OR (95% Cl)

fs - - 908G - 702R - 268P 383 (56%) 720 (72%) 1.00 (reference)
fs '-"- 908G - 702R - 268S 101 (15%) 175 (18%) 1.1(0.82-1.4)
fs '-"- 908G - 702W - 268P 1(0.1%) 1(0.1%)

fs =" - 908G - 702W - 268S 38(5.5%) 9 (3.9%) 1.8(1.1-3.0)

fs - - 908R - 702R - 268S 29 (4.2%) 7 (1.7%) 3.2(1.7-6.3)

fs 'C' - 908G - 702R - 268P 5(0.7%) O (0.0%) *

fs 'C' - 908G - 702R - 268S 128 (19%) 49 (4.9%) 4.9(3.4-7.1)

fs 'C' - 908G - 702W - 268S 3(0.4%) 1(0.1%)

* indicates that the excess in cases was significant (P = 0.0052 in Fisher's exact test).
@ Risk was calculated for haplotypes whose frequencies exceeded 0.5% both in cases and in controls and expressed relative to the haplotype

composed of wild-type alleles.
Minor alleles printed in bold.
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Figure 2 The CARD15 1007fs influences the age at disease onset.
Cumulative frequency of patients by age at diagnosis, drawn separately
for patients positive (full line) and negative (dashed line) for the CARD15
1007fs variant.

in a large group of Czech patients with both pediatric-onset
and adult-onset CD.

Risk conferred by the CARD15 variants

An independent association with CD in the Czech popula-
tion was confirmed for three variants in the CARDI5 gene:
1007fs, p.G908R and p.R702W; the effect of the latter being
observable only after adjusting for the former two variants.
Although patients and controls differed also in distribution
of the P268S variant, both the haplotype analysis and the
multiple logistic regression model confirmed that the variant
is just a passive ‘hitchhiker’ on risk haplotypes, as has been
well documented by other studies (12, 28).

Table 4 Differences between pediatric-onset and adult-onset patients:
the phenotypic frequencies (carriage rates) of the minor alleles®

Patients with Patients with

Frequency of the pediatric-onset adult-onset
minor variant disease (%) disease (%) Pvalue
CARD15
1007fs 42 25 0.001?
p.G908R 10 6.7 0.23
p.R702W 11 12 0.74
p.P268S 68 59 0.11
p.V955I 11 11 1.00
p.N289S 0.74 1.9 0.65
PTPN22
p.R620W 19 21 0.68
TNFA
g.—308G>A 28 22 0.19

0R = 2.1,95% ClI 1.2-3.7 inalogistic regression case-only model (i.e.
with CD patients only), where the outcome was 1 for pediatric-onset
disease and 0 for adult-onset disease. The model was adjusted for other
tested variants in the CARD15 gene.
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The allelic frequency of the 1007fs variant in the Czech
population is 20% in CD patients and 5.0% in control
subjects (OR = 4.8, 95% CI 3.4-6.9). To our knowledge,
we report one of the largest proportions both in the case and
in the control group (29). Indeed, a significant heterogeneity
in the frequencies of the CARDIS5 variants has been
observed over Europe (Figure 3). In Northern European
countries, the frequencies of the minor allele at CARDI5
1007fs tend to be lower [CD vs controls — the Norwegians:
2.7-3.0% vs 1.2-1.5% (8, 30), the Finns 4.8% vs 1.7% (31),
the Irish 3.0% vs 0.9% (32) and the Scots 4.6% vs 2.1%
(32)], as compared with the Southern European populations
who exhibit higher frequencies [CD vs controls — the
Greeks: 27% vs 5.0% (33), the Italians: 6.3-9.3% vs 0.7—
2.3% (34, 35), the Spanish: 4.5-14% vs 1-4.3% (9, 36, 37)
and the Portuguese: 6.8% vs 1.6% (38)]. However, there is
no simple gradient, as high frequencies have been observed
also in Central Europe [CD vs controls — the Germans: 12.2—
16.2% vs 2.1-4.3% (30, 39) and the Hungarians: 10.8-10.9%
vs 2.2-2.5% (40, 41)] and in England [9.4% vs 1.6% (11)].
Consequently, there is no consistent trend in the risk
conferred by CARDIS5, and although the frequencies of the
minor allele of the 1007fs are very high both in the Czech
patients and in the control subjects, the calculated OR of
4.2 (95% CI 2.9-6.2) is indeed almost identical to a value of
4.1 (95% CI 3.2-5.2), published in a meta-analysis of 37
studies from the Caucasian populations (27). The PAR of
24% for carriage of 1007fs in the Czechs ranks also high
among the studies, being comparable with 17% and 18%
observed in Germany (30, 39), but still lower than the PAR of
40% recently estimated from a medium-sized dataset in
Greece (33).

Itis apparent that large variations in the allele frequencies
exist over Europe, although part of these variations may be
attributable to selection of cases in university referral
centers and to different distributions of the age at diagnosis.
In type 1 diabetes, another immune-mediated disease,
a model has been proposed where similar differences in
the general population frequency of the highest risk
genotype (HLA-DQ2/DQ8) partly explain the profound
geographic variations in incidence of the disease (42). It,
however, seems that no similar model works for CD, as
recently shown by Hugot et al. (29).

Age at diagnosis

It has been postulated that the genetic factors play more
important role in pediatric-onset patients than in adult-
onset patients. However, results of multiple reports are
inconsistent, partly because of differences in the methodol-
ogy and genuine differences among population. Our data
show that the 1007fs minor allele is associated with an
earlier disease onset (Figure 2); this is well seen both when
analyzing the data by rank-based methods and when
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Table 5 Genotype—phenotype analysis®

O. Hradsky et al.

Predictors
Outcome CARD151007fs CARD15 p.G908R CARD15 p.R702W
Localization
Any ileal involvement 5.2 (2.1-13)° 0.64 (0.24-1.7) 3.3(0.96-11)
in pediatric-onset patients 3.8(1.0-14) 0.72 (0.14-3.8) NA®
in adult-onset patients 5.5(1.6-19) 0.59(0.16-2.1) 2.2 (0.62-8.1)
Upper Gl involvement 1.1(0.58-2.0) 0.84 (0.28-2.5) 0.55(0.19-1.6)
Disease behavior
B2 (stricturing), yes/no 1.14 (0.70-1.9) 0.61 (0.26-1.5) 1.3(0.66-2.7)
B3 (penetrating), yes/no 1.1 (0.63-2.0) 2.1(0.92-5.0) 0.75(0.30-1.9)
Perianal disease, yes/no 0.56 (0.33-0.93)° 0.80 (0.34-1.9) 0.59 (0.27-1.3)
Extraintestinal manifestation 0.90 (0.46-1.7) 1.3(0.45-3.5) 0.28 (0.07-1.2)
Need for surgery 1.0(0.61-1.7) 1.1 (0.46-2.6) 1.1(0.53-2.3)

Gl, gastrointestinal.

@ The data were analyzed using logistic regression, with the clinical phenotype as an outcome and positivity for CARD151007fs, p.G908R and p.R702W
as predictors; the models are adjusted for the disease duration. Other outcomes than ileal involvement did not differ in their association among

pediatric-onset and adult-onset groups; data are therefore not shown.
® OR adjusted also for age and sex is 5.0 (95% Cl 2.0-12).

° Not analyzed, as neither pediatric-onset patient without ileal involvement carries the p.702W allele.

4 P > 0.05 after correction for the number of tests performed.

choosing 18 years of age as a borderline between pediatric-
onset and adult-onset disease.

In several studies, the risk effect of the three CARDI5
variants was found when mean age at diagnosis was
compared, although this may often be incorrect because of
the nature of the distribution of the age at onset. The effect
was found in presence of two minor alleles (12), 1007fs
minor allele (11) or at least one minor allele (43). Significant
differences were found also when patients had been divided
into age groups, and frequencies of these variants were
compared, despite that individual investigators used differ-
ent age limits: 40 years (according to Vienna classification)
(37), 20 years (44) or quartiles (32).

However, the effect of the 1007fs is not universal, as
documented by several well-powered studies that failed to
detect its association with age. In Finland, the low frequency
of the variants among cases precluded significant finding in
otherwise a suitably sized case group (31). Tomer et al. failed
to detect an effect on age within a group of pediatric-onset
patients from the United States (45), and Abreu et al. did not
detect an effect on age in a group of 201 U.S. Caucasian
patients with a high proportion of Jewish ancestry (14),
similarly as in two further studies in Jewish patients from
Israel (46, 47).

Consequently, the minor allele frequency of 1007fs should
vary more strongly among pediatric-onset groups from
various populations than among adult-onset groups. Indeed,
the published allelic frequencies of the 1007fs variant range
from 26% in German pediatric-onset patients (7) to 1.7% in
Swedish pediatric-onset patients (48). The frequency in our
pediatric-onset group reached 42%, but meaningful compari-
son with pediatric populations from neighboring countries
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other than Germany is impossible because of low number of
pediatric-onset patients in published studies.
Other clinical characteristics

We confirmed association between the ileal involvement and
the positivity for CARDI15 1007fs in both pediatric-onset
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Figure 3 Profound differences among European populations in the
frequency of the 1007fs minor variant. Frequencies are plotted for
patients with CD and control subjects from various populations.
Countries: NO, Norway (30); FI, Finland (31); SC, Scotland (32); IR,
Ireland (32); EN, England (11); IT1, Italy (35); IT2, Italy (34); ES1, Spain (37);
ES2, Spain (9); ES3, Spain (36); PT, Portugal (38); DE1, Germany (39);
DE2, Germany (30); HU1, Hungary (40); HU2, Hungary (41); HR, Croatia
(44); GR, Greece (33); CZ, Czech (this study).
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and adult-onset patients, as has been repeatedly shown
before (27, 49-51). This effect was marginally more
pronounced in the adult-onset group. The risk of stricturing
or penetrating forms was not increased by the presence of
the minor variants within CARD15, which association has
been reported in some (14, 52) but not other studies (7, 51).

There are several studies suggesting a significant contri-
bution of CARDIS variants to the need for abdominal
surgery (9, 31, 41, 50). In contrast to these reports, surgery
was not predicted by any of the CARDI5 polymorphisms in
our dataset, similarly to other reports (12, 43, 51, 53). As
Vermeire et al. (54) recently suggested, future studies should
verify whether an earlier indication of infliximab in
therapeutic practice might decrease the need for abdominal
surgery. If so, such an association should attenuate over time.

Lack of association with TNFA g.—308G>A and PTPN22
p.R620W

In the present study, there was no difference in the TNFA
g.—308G>A distribution between cases and control sub-
jects, nor the frequencies differed between pediatric-onset
and adult-onset patients. As the genotype distribution was
almost identical in cases and control subjects, the
2.—308G>A within TNFA promoter region is very unlikely
to play an important role in the etiology of CD in our
population. The study would nevertheless be capable of
detecting a putative association at an OR > 1.6 with
a power of 80%. Within the /BD3 locus, the first candidate
was the classic HLA. Indeed, several weak associations of
CD or its subphenotypes were found with HLA-DRBI1*07
or other alleles (HLA-DRB1*0103, HLA-DRB3*0301,
HLA-DRBI1#04 and HLA-DRBI1*1501) (55). Recently,
TNFA gene emerged as the most extensively studied gene
from the /BD3 locus because of widespread use of anti-TNF
antibodies in clinical practice. Ahmad et al. described
a haplotype containing allele TNFA g.—308G as protective
(RR = 0.6) (11). Ferreira et al. studied both children and
adults and found significantly higher frequency of homo-
zygotes for TNFA g.—308 A/A in patients in comparison
with the control group and a significantly increased risk for
developing CD (OR = 3.0, 95% CI 1.2-7.2) (38). Three
recent studies have described association of TNFA poly-
morphisms in pediatric-onset patients. Levine et al. found
that carriage of g.—863A variant was significantly more
common in pediatric-onset patients than in control subjects
(56). Sykora et al. found an association between TNFA
2.—308G>A and complicated form of pediatric-onset CD
but not with CD as a whole (57). Cucchiara et al. found an
association between g.—308G>A and pediatric-onset pa-
tients with CD (58).

Similarly, the present study did not detect association of
CD with the p.R620W polymorphism within PTPN22,
although the study was adequately powered (detection of
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OR > 1.6 with a power of 80%). The polymorphism is
known to be associated with some but not all autoimmune
diseases. Although an association with CD has not been
detected as yet, studies in larger and multiple populations
are warranted because of its uncertain biological role.

Conclusion

In conclusion, we present a study of genetic association of
CD and polymorphisms within CARDI5, TNFA and
PTPN22 genes, conferring the first data for the Czech
population. We detected an unusually high frequency of the
minor allele at CARD 15 1007fs, and report a strong effect of
this allele on the age at disease onset.
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ABSTRACT

Objectives: An association of variants in the genes encod-
ing the interleukin 23 receptor (IL23R, p.Arg381Gln,
rs11209026), and the autophagy-related gene 16-like 1
(ATGI16L1, p.Alal97Thr, rs2241880) with Crohn disease
(CD) was identified by whole genome association studies,
and subsequently confirmed by other works. The aim of
this study was to assess this association in the Czech
population.

Subjects and Methods: In a case-control study 333 patients
with CD (137 paediatric and 196 adult-onset) and 499 unrelated
healthy controls were genotyped using TagMan SNP assays.
Results: The IL.23R p.381Gln allele was protective against CD in
the Czech population (allelic frequency 3.2% in patients vs 5.5%
in control subjects; OR 0.56, 95% CI 0.33-0.93, P=0.02).
ATGI6L1 p.197Ala allele conferred increased risk of CD
(allelic frequency 60% in patients vs 51% in controls; OR

1.25, 95% CI 1.02—-1.52, P=0.03). There was no appreciable
difference in the effect of the associated alleles across the strata of
CARD15-conferred risk. The IL23R and ATG16LI variants did
not influence the age at diagnosis, and in the genotype-phenotype
analysis, the only detected association was a weak one between
IL23R p.381GIn and involvement of the upper gastrointestinal
tract (uncorrected P =0.031).

Conclusions: We confirmed the role of /L23R and ATGI6LI
in the CD susceptibility in the Czech population, and found a
weak protective effect of IL23R p.381GIn against upper
gastrointestinal tract involvement. JPGN 49:405-410, 2009.
Key Words: Age at onset—A7GI6LI—Crohn disease—
Genetic association—/L23R. © 2009 by European Society
for Pediatric Gastroenterology, Hepatology, and Nutrition
and North American Society for Pediatric Gastroenterology,
Hepatology, and Nutrition

Crohn disease (CD), 1 of the 2 forms of inflammatory
bowel disease (IBD), results from a combination of
genetic predispositions and environmental exposures.
The disease has long been known to associate with
polymorphisms in several genes, in particular the
CARDI)5 (official gene symbol NOD?2) gene and the risk
haplotype in the SLC22A4 and SLC22A5 genes within the
IBD5 region (1). Association of several candidate genes
were not replicated in follow-up studies (2,3). Recently,
genome-wide association studies emerged as an effective
instrument for detection of novel susceptibility loci. They
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found associations with CD in genes encoding interleu-
kin-23 receptor (IL23R) on chromosome 1p31 (4) and the
autophagy-related 16-like 1 gene (ATGI6L1) on chromo-
some 2q37 (5). These findings were replicated in follow-
ing genome-wide association studies published in 2007
(6-9). Testing the associations in further independent
populations, and characterisation of the genotype-
phenotype relation is the next step to strengthen the
knowledge on aetiology of CD.

Since the reports from the genome-wide association
studies, the p.Arg381GIn (c.1142G>A, rs11209026)
substitution in the IL23R gene has been repeatedly
confirmed to associate with CD (10-12). IL-23, a
recently described proinflammatory cytokine (13),
stimulates the secretion of IL-17, IL-21, and IL-22 from
a subset of Th cells termed Th17 (14). IL-21 was
described as an autocrine factor that induced higher
production of itself and /L23R in naive CD4(+) T cells
(15). IL-17 and IL-22 seem to play an important role in
intestinal inflammation in IBD, having been found in

Copyright © 2009 by Lippincott Williams & Wilkins.Unauthorized reproduction of this article is prohibited.
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TABLE 1. Demographic and clinical characteristics of patients

Total (n=333)

Pediatric-onset CD (n=137) Adult-onset CD (n=196)

Sex, M/F 148/185

Age at diagnosis, median (interquartile range) 21 (14-30)
Al (<17 y) 111
A2 (17-40 y) 190
A3 (>40y) 32

Localization
L1 (terminal ileum) 71 (21%)
L2 (colon) 50 (15%)
L3 (ileocolon) 208 (62%)
L1-3 not determined 1
Upper GI 57 (17%)

Disease behaviour

B1 (nonstricturing/nonpenetrating) 137 (41%)
B2 (stricturing) 130 (39%)
B3 (penetrating) 62 (19%)

B 1-3 not determined 4

B4 (perianal disease) 109 (33%)
Extraintestinal manifestation”™ 49 (15%)
Need for surgeryT 174 (52%)

71/66 77/119
14 (12-16) 28 (23-35)
111 0
26 164
0 32
23 (17%) 48 (24%)
13 (9.5%) 37 (19%)
101 (74%) 107 (55%)
0 1
21 (15%) 36 (18%)
78 (57%) 59 (30%)
31 (23%) 89 (45%)
21 (15%) 41 (21%)
3 1
30 (22%) 75 (38%)
16 (12%) 33 (17%)
42 (31%) 132 (67%)

;l"he clinical characteristics are given according to the Montreal classification (24). GI = gastrointestinal.
Extraintestinal manifestation: peripheral arthritis, ankylosing spondylitis, sacroilitis, episcleritis and iritis, erythema nodosum, pyoderma gang-

renosum and sclerosing cholangitis.
" Abdominal surgery for complication of CD (resection).

increased quantities in the affected intestine (16,17).
IL23R encodes one subunit of the IL-23 receptor com-
plex, and its polymorphism affects IL.-22 secretion from
Th17 cells: significantly lower levels of IL-22 are
secreted by individuals carrying the minor allele than
those with the wild type (17).

Also, the G allele encoding the p.197Ala amino
acid residue in the ATGI6LI gene (c.1338G>A,
p-Alal97Thr, rs2241880) has been demonstrated to
increase the risk of CD in several follow-up populations
(18-20). The protein is involved in autophagy, a process
for degradation of cellular constituents (21) that forms an
important part of innate immunity due to its ability to
destroy intracellular pathogens that have escaped from
the phagosome before fusion with lysosomes (22). The
exact role of the autophagy in CD is not yet completely
understood, and the same applies to the relevance of the
amino acid change at position 197.

In this study, we examined the association of CD and
its phenotypes with /L23R and ATG16LI polymorphisms
in the Czech population, focusing on the differences
among childhood-onset and adult-onset patients, and
association with the clinical phenotypes.

SUBJECTS AND METHODS

In a case-control design, we compared 333 Czech-born
patients with CD to 499 unrelated healthy Czech control
subjects. All of the subjects were of European Caucasian
ancestry. The patients and control subjects were recruited
as previously described (22). Briefly, recruitment was

J Pediatr Gastroenterol Nutr, Vol. 49, No. 4, October 2009

performed from a paediatric centre (137 paediatric-onset
patients diagnosed before or at the age of 18 years) and an
adult centre (196 adult-onset patients diagnosed at or
older than the age of 19 years) in Prague, Czech Repub-
lic. The demographic and clinical characteristics of the
patients are listed in Table 1. The 499 controls included
295 unrelated healthy children (208 boys and 87 girls,
median age 8 years, interquartile range 6—11 years) and
204 adult healthy volunteers (114 males, 90 females,
median age 38 years, interquartile range 31-46 years).
The study was approved by the institutional ethics com-
mittees, and a written informed consent was obtained
from all of the participants or their guardians.

Determination of Genotypes

Genomic DNA was extracted from peripheral blood
with a salting-out method (23) or from saliva collected
into Oragene DNA Self-Collection Kit (DNA Genotek
Inc, Ottawa, Ontario, Canada). One single nucleotide
polymorphism (SNP) was analysed in the IL23R gene
(p-Arg381Gln, rs11209026) and 1 in the ATGI6LI gene
(p-Alal97Thr, rs2241880), and previously obtained geno-
typing data were used for 3 polymorphisms inthe CARD 15
gene (1007fs, G908R, R702W). The genotypes of the
SNPs were determined using the TagMan SNP genotyping
assays run using the 1x TagMan Universal PCR Master
Mix on an ABI 7300 machine (TagMan SNP Genotyp-
ing Assay by Applied Biosystems, Foster City, CA).
The endpoint fluorescence readings were evaluated
according to the manufacturer’s instructions. For better

Copyright © 2009 by Lippincott Williams & Wilkins.Unauthorized reproduction of this article is prohibited.
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TABLE 2. Genotype, allelic frequencies, carriage rates, and risk associated with allelic or carriage positivity of the variants

Genotype frequency
nep = 333, Neontrols = 499

Allele frequency
2n¢p = 666, 2ncongrors = 998

Carriage rate
nep =333, Neonirols = 499

IL23R p.Arg381GIn rs11209026 Arg/Arg Arg/GIn GIn/Gln Arg Gln Arg+ Gln+
CD 312 (94%) 21 (6.3%) 0 (0%) 645 (97%) 21 (3.2%) 333 (100%) 21 (6.3%)
Control subjects 446 (90%) 51 (10%) 2 (0.4%) 943 (95%) 55 (5.5%) 497 (100%) 53 (11%)
OR (95% CI) 0.56 (0.33-0.93) 0.57 (0.33-0.96)
ATGIO6LI p.Alal97Thr rs2241880 Thr/Thr Thr/Ala Ala/Ala Thr Ala Thr+ Ala+
CD 68 (20%) 158 (48%) 107 (32%) 294 (44%) 372 (60%) 226 (68%) 265 (80%)
Control subjects 128 (26%) 239 (48%) 132 (27%) 495 (50%) 503 (51%) 367 (74%) 371 (74%)

OR (95% CI)

1.25 (1.02-1.5) 1.34 (0.96-1.9)

discrimination of alleles, some run files were also
inspected. To ensure consistency between runs, samples
of known genotypes were repeated in every analysis.

Statistical Analysis

Association of particular SNP with the CD was tested
by analysis of cross-tabulation and expressed as odds
ratios with 95% confidence intervals. An analysis was
performed after stratification according to the CARD15
genotype: 1 stratum (““CARDI15+"") consisted of subjects
who carried at least 1 minor allele at either of the 3 sus-
ceptibility SNPs (1007fs, G908R, R702W), the other
stratum (““CARDI15-"") consisted of subjects carrying
none of the 3 minor variants. The stratified analysis
was performed according to Mantel-Haenszel, and the
Breslow-Day test was used to test homogeneity across
strata. Genotype-phenotype interactions were studied
using logistic regression having Montreal clinical classi-
fication categories (24) as an outcome, and presence of
the genetic variants as predictors. The effect of poly-
morphisms on the age at diagnosis was tested using
Mann-Whitney rank sum test. In all of the tests,

P <0.05 was considered statistically significant. Ana-
lyses were performed using the Stata package version 9.2
(StataCorp, College Station, TX).

RESULTS

Genotype, allelic, and phenotypic frequencies of
IL23R p.Arg381GIn and ATGI6L1 p.Alal97Thr are pre-
sented with the respective OR and 95% CI in Table 2.
Both studied SNPs were in Hardy-Weinberg equilibrium
in control subjects (P > 0.35). The minor allele p.381GIn
of IL23R gene was negatively associated with CD in the
Czech population (minor allele frequency 3.2% in CD
patients vs. 5.5% in control subjects, OR 0.56, 95% CI
0.33-0.93). Also, its carriage rate (phenotypic fre-
quency) was significantly lower in the patients than in
the control subjects (OR 0.57, 95% CI 0.33-0.96). The
p-197Ala variant within the ATGI6LI gene was signifi-
cantly overrepresented in patients with CD (risk allele
frequency 60% in patients with CD vs 51% in controls,
OR 1.25, 95% CI 1.02—1.52). There was no appreciable
difference in the effect of the associated alleles across the
strata of CARD15-conferred risk, as shown in Table 3.

TABLE 3. Stratification of 1L23R p.Arg381Gin and ATG16L1 p.Alal97Thr by the CARDI1S5 genotype

IL23R p.Arg381GIn carriage rate

ATGI6LI p.Alal97Thr carriage rate

CARDI5 stratum Arg+ Gln+ Ala+ Thr+
CARDI15+" CD (n=154) 154 (100%) 13 (8.4%) 121 (79%) 106 (69%)
Controls (n=101) 101 (100%) 18 (18%) 78 (77%) 70 (69%)
OR (95% CI) 0.43 (0.18-0.99) 1.11 (0.57-2.11) 0.96 (0.54-1.71)
CARDI15-° CD (n=179) 179 (100%) 8 (4.5%) 144 (80%) 120 (67%)
Controls (n=2398) 396 (99.5%) 35 (8.8%) 293 (74%) 297 (75%)

OR (95% CI)
Adjusted OR™ 0.46 (0.26-0.80)
P, homogeneity test! 0.83

0.48 (0.19-1.10)
1.34 (0.95-1.90)
0.45

1.47 (0.94-2.34)
0.77 (0.56—-1.06)
0.34

0.69 (0.46—-1.04)

CARDI5+" = at least 1 minor allele within 3 common variants of CARD15 (1007fs, G908R, R702W).

CARD15—"=no minor allele within 3 common variants of CARD15 (1007fs, G908R, R702W).
*OR for carriers of the studied alleles adjusted for CARD15 genotype using the Mantel-Haenszel test.

T Comparison of ORs for stratified cohorts using the Mantel-Haenszel test and the Breslow-Day test of homogeneity (P values were the same for both
tests). Note that the power of the data set is severely limited as regards the ability to detect putative CARDI5 — IL23R or CARDI5 — ATGI6LI

interactions.

J Pediatr Gastroenterol Nutr, Vol. 49, No. 4, October 2009
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TABLE 4. Genotype-phenotype analysis

Genotype frequencies IL23R

Genotype frequencies

p-Arg381GIn ATGI6LI p.Alal97Thr
Total Arg/Arg  Arg/Gln  GlIn/GIn Carriers Gln P Ala/Ala  Ala/Thr  Thr/Thr Carriers Ala P
Localization L1 (terminal ileum) 71 (21%) 68 3 0 4.2% 0.190 19 35 17 76% 0.396
L2 (colon) 50 (15%) 44 6 0 12% 19 24 7 86%
L3 (ileocolon) 208 (63%) 196 12 0 5.8% 68 96 44 79%
Upper GI involvement
Yes 57 (17%) 57 0 0 0% 0.031" 18 27 12 79% 0.859
No 275 (82%) 254 21 0 7.6% 38 131 56 80%
Disease behavior B1 (nonstricturing/nonpenetrating) 137 (42%) 129 8 0 6.2% 0.474 46 60 31 717% 0.560
B2 (stricturing) 130 (39%) 120 10 0 7.8% 44 63 23 82%
B3 (penetrating) 62 (19%) 60 2 0 3.2% 16 32 14 T7%
B4 (perianal disease)
Yes 109 (33%) 105 4 0 3.7% 0. 297 36 54 19 83% 0.381
No 220 (69%) 204 16 0 7.3% 70 101 49 78%
Extraintestinal manifestation Yes 53 (16%) 48 5 0 9.4% 0.356 16 24 13 75.5% 0.458
No 274 (84%) 258 16 0 5.8% 91 129 54 80%
Surgery Needed 174 (53%) 166 8 0 4.6% 0.183 57 86 31 82% 0.274
Not needed 157 (47%) 144 13 0 8.3% 50 71 36 77%

Genotype and carriage frequencies in patients with CD stratified by subphenotypes according to the Montreal classification (24). GI = gastrointestinal.

" The right limit of OR 95% CI 0.82.

80%
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Finally, the genotype-phenotype correlations were
tested (Table 4) in a case-only model. First we inspected
the effect on the age at diagnosis: the age was not related
to presence of either the IL23R p.381GIn (P =0.48) or
the ATGI6LI p.197Ala allele (P =0.74, both by Mann-
Whitney test). Then we tested the distribution of the
IL23R and ATG16LI genotypes among categories of the
Montreal classification using exact tests. The carriage of
the minor allele within the IL23R gene is negatively
associated with upper gastrointestinal involvement
(P=0.031), as no one of the patients with CD carrying
the p.381GlIn allele was affected by this phenotype. The
association remained unchanged when the model was
adjusted for sex, age, and presence of any of the risk
variants in CARDI5 (OR 0.83, 95% CI 0.70-0.98,
P =0.03). Neither of the remaining clinical character-
istics was associated with the genetic predictors.

DISCUSSION

Here we present the contribution of 2 currently dis-
cussed SNPs to CD in the Czech population. In agree-
ment with most of the previous reports, the p.381GIn
allele within /L23R was underrepresented in patients with
CD as compared to healthy subjects. Also, the allele
p-197Ala within the ATGI6LI gene was associated with
the disease, being more frequent in patients with CD
compared to healthy controls; the association of the
phenotypic positivity (carriage rate) for the ATGI6LI
p-197Ala allele, however, did not reach statistical sig-
nificance. This may either reflect the relatively lower
power of our study (80% to detect an allelic association
of OR>1.3 as compared with OR>1.6 for a dominant
model) or a decreased contribution of this ATGI16L1
variant to the CD susceptibility in our population as
compared with others—except in the Italian study, which
did not find the association at all (25).

Often in multifactorial diseases, early-onset patients
tend to have a stronger association with genetic factors
than the late-onset patients do. We did not observe such a
tendency when testing our data set either for IL23R or
ATGI6LI association. Testing the differences between
childhood-onset and adult-onset patients does not seem
to occur frequently in the published literature: for /L23R,
such an analysis has been done only in a data set from
Israel, with the result of an insignificant trend towards
stronger association in earlier-onset disease (26). In
ATGI16L1, the situation becomes even more blurred with
a study by Van Limbergen et al reporting a stronger
association in the adult-onset than the childhood-onset
patients from Scotland (19), whereas Prescott et al
reported the expected pattern of a higher risk conferred
by the risk allele in younger-onset patients recruited from
London and Newcastle (20). To our best knowledge these
are the only 2 studies so far reporting on the age at onset
and ATGI6LI1-conferred susceptibility.

The genotype-phenotype analyses showed only a weak
tendency towards a negative association of upper gastro-
intestinal involvement (L4) with the IL23R p.381Gln
allele: it was present in none of the 57 patients with
upper gastrointestinal involvement, in contrast to 7.6%
patients without upper GI involvement (P =0.031 with-
out correction for the number of tests). Several published
studies that investigated the relation between IL23R and
upper GI involvement (12,26,27) did not observe such a
trend. It should be noted that the size of our study group
limits our ability to detect the associations with subpheno-
types: the OR that can be detected with an 80% power
ranges between 2.4 and 2.8 depending on the subpheno-
type and polymorphism. In general, the published litera-
ture on /L23R and ATGI6LI has not shown any apparent
genotype-phenotype correlation except 2 noncoding var-
iants in IL23R (rs2201841 and rs10889677) that predis-
posed to stricturing behaviour of the disease in a Finnish
cohort (28).

In conclusion, we confirmed the negative association
of the IL23R p.381GlIn allele and the positive association
of the ATGI6LI p.197Ala allele with Crohn disease. We
also detected a weak negative association of the IL23R
p-381GlIn allele with the upper GI involvement.
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Abstract

Background: The CTLA4 (cytotoxic T-lymphocyte antigen 4) gene is associated with several immunopathologic
diseases and because of its important immuno-regulatory role it may be considered also a plausible candidate for a
genetic association with inflammatory bowel diseases. Previously published studies found no association of CTLA4 with
Crohn's disease itself, but some indicated an association with its subphenotypes. The aim of this study was to assess
the association in the Czech population, using a set of markers shown to associate with other diseases.

Methods: Six polymorphisms within the CTLA4 region were investigated in 333 patients with Crohn's disease and 482
unrelated healthy controls, all Caucasians of Czech origin. The genotypes of the SNPs were determined using the
TagMan SNP genotyping assays. Haplotypes were reconstructed using an expectation-maximization algorithm, and
their association with the condition was assessed using log-linear modeling. Then, potential interactions were tested
between the CTLA4 variants and other genetic factors known to confer the disease susceptibility.

Results: No crude associations with Crohn's disease were found for the tested CTLA4 variants under the log-additive or
dominant models. However, when stratified for the genetic risk conferred by the variants in the NOD2 (the
p.Leu1007fsX1008, rs5743293) or the IL23R (p.R381Q, rs11209026), a significant negative association emerged for the
minor alleles of CTLA4 CT60 (rs3087243), JO31 (rs11571302), JO27-1 (rs11571297) polymorphisms. This negative
association with CTLA4 was apparent only in the strata defined by presence minor alleles at the NOD2 rs5743293 (here
the CTLA4 CT60 A coffered an OR =0.43,95%Cl 0.19 - 0.95 for the presence of CT60 A), or IL23Rrs11209026 (here the OR
for presence of CT60 A was 0.23, 95%Cl 0.07 - 0.71). We observed this effect also for the haplotype consisting of minor
alleles of the three tightly linked CTLA4 markers. Furthermore, this haplotype was associated with the younger age at
diagnosis (OR 1.52,95%CI 1.09 - 2.11, p = 0.014).

Conclusions: A protective effect of a CTLA4 haplotype was unmasked after stratification for the risk variants in the
NOD2 and IL23R genes, and may point towards the biological relevance of the molecule in the pathogenesis of the
disease.

J

Background

Crohn's disease (CD) belongs to inflammatory bowel dis-
eases (IBD) that are characterized by chronic, relapsing
and recurrent inflammation of intestinal mucosa. The
disease is thought to result from the action of environ-
mental factors in genetically susceptible individuals.

* Correspondence: ondrej.hradsky@lfmotol.cuni.cz
! Department of Pediatrics, University Hospital Motol and Second Faculty of

Medicine, Charles University in Prague, Prague, Czech Republic
Full list of author information is available at the end of the article

Three variants in the NOD2 [1,2], IBD5 locus [3] and one
variant in the IL23R [4] and in the ATGI16L1 [5] have
been independently confirmed to be associated with CD,
including associations found previously in the Czech
population [6,7]. Recent studies, however, show that this
list is far from being complete [5,8-12].

The CTLA4 gene may also be considered as a plausible
candidate for a genetic association with IBD. Its product,
the cytotoxic T-lymphocyte-associated protein 4
(CTLA4) is a T-cell suppressor which plays an essential

© 2010 Hradsky et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Commons

() BioMed Centra| Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.
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role in the function of the CD25(+)CD4(+) regulatory
cells that control the process of intestinal inflammation
[13,14]. The CTLA4 gene maps within the 2q33 region
that has been found to carry suggestive linkage signifi-
cance for IBD [15]. The CTLA4 gene is associated with
other immunopathologic diseases (type 1 diabetes,
Graves' disease, Addison's disease, celiac disease, sys-
temic lupus erythematosus, rheumatoid arthritis, vitiligo)
[16]. Among the studied single nucleotide polymor-
phisms (SNPs), the CT60 (rs3087243) shows the most
prominent associations, being followed by other three
SNPs: JO31 (rs11571302), JO30 (rs7565213) and JO27-1
(rs11571297) [16]. A recent publication has shown evi-
dence for association of another SNP within the CTLA4
with type 1 diabetes, the rs1427676 [17]. Previously pub-
lished papers about genetic association with CD tested
three variants in the CTLA4 gene: g.49A > G (rs231775),
g.-318C > T (rs5742909) and the previously mentioned
CT60, having found no association [18-21]. However,
several works suggested that CTLA4 variants may influ-
ence the phenotype of CD [18,19].

The aim of this study was to assess the association in
the Czech population, using a set of markers previously
shown to associate with other diseases.

Methods

Subjects

In a case-control design, 333 Czech patients were com-
pared to 482 unrelated healthy Czech controls represent-
ing a general population sample from the same
geographical region. We tested 137 pediatric-onset
patients (71 boys, 66 girls) who developed CD under or at
the age of 18 years and were diagnosed according to the
Porto criteria [22], and 196 adult onset patients (77
males, 119 females) diagnosed according to endoscopic,
radiological, histological and clinical criteria. Phenotypic
classification was done according to the Montreal Classi-
fication [23]. The demographic and clinical characteris-
tics of the patients are listed in Table 1 and Table 2. The
control group included 482 individuals: 295 children, 187
adult; 311 males, 171 females; median age 12 years, inter-
quartile range 7-34 years. The study was approved by the
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Ethics Committees of the authors' institutions, and a
written informed consent was obtained from all partici-
pants or their guardians.

Genotyping

Genomic DNA was extracted from peripheral blood leu-
kocytes with a routine salting out method, or from sali-
vary samples using Oragene DNA Self-Collection Kit
according the manufacturer's protocol (DNA Genotek
Inc., Ottawa, Ontario, Canada). One SNP proximal to
CTLA4 (rs736611), one from within the gene (g.49G > A,
rs231775), and four SNPs located distally from the coding
part of CTLA4 gene (rs3087243 also called CT60;
rs11571302 called JO31; rs11571297 called JO27-1; and
rs1427676) were selected based on available literature
and genotyped using the TagMan SNP genotyping assays
(TagMan SNP Genotyping Assay by Applied Biosystems,
Foster City, CA, USA). The assays were run on an ABI
7300 machine (Applied Biosystems, Foster City, CA,
USA) and evaluated according to manufacturer's instruc-
tions. To ensure consistency between runs, samples of
known genotypes were repeated in every analysis. For
testing interactions with other associated genes, we used
genotypes generated in previously published studies on
this sample set [6,7].

Statistical analysis

The Hardy-Weinberg equilibrium was checked by com-
paring observed to expected genotype frequencies in the
control subjects, and tested using exact tests. Associa-
tions of particular SNPs with CD were evaluated using
odds ratios (OR) with 95% confidence intervals (CI). Hap-
lotype analysis was performed by estimating the haplo-
type frequencies by the expectation-maximization
algorithm implemented in the R-project package
'haplo.stats' version 1.3.1. Association of haplotypes with
the conditions was tested using log-linear modeling.
Then, a potential interaction between the CTLA4 vari-
ants and other genetic factors associated with the autoim-
mune conditions were tested. The statistical analysis was
performed using the R-project package 'SNPassoc' ver-
sion 1.5-2 [24].

Table 1: Demographic characteristics of patients and control subjects

CD patients
Total (n =333)

Pediatric-onset CD (n =137)

Control subjects (n = 482)
Adult-onset CD (n = 196)

Sex, M/F 148/185

21(14-30)1

71/66

Age, median (interquartile range) 14 (12-16)1

77/119
28 (23-35)1

311171
12(7-34)2

1: Age at diagnosis
2: Age at enrolment
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Table 2: Clinical characteristics of patients
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Total Pediatric-onset CD Adult-onset CD
(n=333) (n=137) (n=196)

Age at diagnosis

A1 (<17 years) 111 111 0

A2 (17 - 40 years) 190 26 164

A3 (>40 years) 32 0 32
Localization

L1 (terminal ileum) 71 (21%) 23 (17%) 48 (25%)

L2 (colon) 50 (15%) 13 (9.5%) 37 (19%)

L3 (ileocolon) 208 (63%) 101 (74%) 107 (55%)

L 1-3 not determined 4 0 4

L4 (Upper GI)? 56 (17%) 20 (15%) 36 (18%)
Disease behavior

B1 (nonstricturing/nonpenetraiting) 138 (42%) 79 (59%) 59 (30%)

B2 (stricturing) 129 (39%) 34 (25%) 95 (49%)

B3 (penetrating) 62 (18%) 21 (16%) 41 (21%)

B 1-3 not determined 4 3 1

B4 (perianal disease) 109 (33%) 32 (23%) 77 (39%)
Extraintestinal manifestation? 53 (16%) 21 (15%) 32(17%)
Need for surgery3 173 (52%) 41 (30%) 132 (68%)

1: Gl: gastrointestinal.

2: Either of: peripheral arthritis, ankylosing spondylitis, sacroilitis, episcleritis and iritis, erythema nodosum, pyoderma gangrenosum, or

sclerosing cholanagitis.
3: Abdominal surgery for complication of CD (resection)

Results

Crude associations

The frequencies of the variants and respective OR are
listed in Table 3. No crude associations with CD were
found for the tested SNPs under the log-additive or dom-
inant models. The genotype distributions in control sub-
jects conformed to Hardy-Weinberg equilibrium in all
SNPs (p > 0.20) except the rs1427676 (p = 0.014 in exact
tests) which was therefore excluded from all further anal-
yses.

As the part of chromosome under the CTLA4 gene is
divided into the several blocks [16] we performed a hap-
lotype analysis using the five SNPs; no crude association
with CD was observed (data not shown).

Interaction of the CTLA4 SNPs with variants in IL23R and
NOD2

We then tested possible interactions between variants in
the CTLA4 and polymorphisms in other genes previously
associated with CD: NOD2 gene p.Leul007fsX1008
(c.3020insC), IL23R gene rs11209026 (c.1142G > A) [6,7],
see Figure 1. This was done in dominant models using an

R-project package 'SNPassoc' version 1.5-2 [24]. Signifi-
cant interactions were observed between the three
CTLA4 variants (CT60, JO31, JO27-1) and NOD2
p-Leul007fsX1008, and the same variants in the CTLA4
and IL23R rs11209026.

For a quantification of the CTLA4 association stratified
by the above NOD2 and IL23R polymorphisms see Table
4. a Table 5: the minor alleles of the CT60, JO31 and JO27-
1 within the CTLA4 modified the risk of Crohn's disease
in the stratum of subjects carrying the frameshift inser-
tion p.Leul007fsX1008 in NOD2, while no perceivable
effect of CTLA4 was found in the stratum of
p.Leul007fsX1008 wild-type homozygotes. Similarly, the
three CTLA4 variants clearly, albeit moderately,
decreased the risk of CD in the stratum of subjects carry-
ing minor alleles of rs11209026 within the IL23R (G/A
and A/A), while no effect was observed in the IL23R wild-
type homozygotes. The effect was observable also for the
haplotype consisting of the three minor alleles of the vari-
ants in tight linkage disequilibrium, the CT60 "A", JO31
"T",JO27-1 "G" haplotype.
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Table 3: Distribution of genotypes of the studied CTLA4 polymorphisms’

Variants Genotype frequency Dominant model? Log-additive model?
cases n = 333, controls n = 482

rs736611 T T/C c/C Genotype T/C+ C/C Allele C

CcD 37% 48% 15% 63% 39%

Controls 34% 48% 18% 66% 42%

OR (95%Cl) 0.89(0.67-1.19) 0.86 (0.70-1.05)

g.49A > G (rs231775) A/A A/G G/G Genotype A/G + G/G Allele G

cDb 41% 46% 13% 59% 36%

Controls 40% 44% 16% 61% 38%

OR (95%Cl) 0.85(0.63-1.14) 0.89(0.72-1.09)

CT60 (rs3087243) G/G G/A A/A Genotype G/A + A/A Allele A

cb 33% 48% 19% 68% 43%

Controls 35% 48% 17% 65% 41%

OR (95%Cl) 1.11(0.82 - 1.50) 1.10(0.90 - 1.35)

JO31(rs11571302) G/G G/T T/T Genotype G/T +T/T Allele T

CcD 29% 50% 21% 71% 46%

Controls 31% 49% 20% 69% 44%

OR (95%Cl) 1.12(0.82-1.53) 1.09 (0.89-1.34)

JO27-1(rs11571297) A/A A/G G/G Genotype A/G + G/G Allele G

cb 29% 49% 22% 72% 47%

Controls 30% 50% 20% 70% 45%

OR (95%Cl) 1.12(0.82-1.53) 1.11(0.91-1.36)

1:the rs1427676 polymorphism was excluded from the analyses as its distribution among healthy population did not conform to Hardy -

Weinberg equilibrium.
2: Adjusted by gender

Genotype - phenotype analysis

Using a case-only design, we tested whether the pheno-
typic characteristics of the patients are dependent on car-
riage status of the minor alleles at CTLA4 variants.

Table 6 shows logistic regression with the outcomes of
clinical characteristics and the three CTLA4 variants and
the haplotype as the predictors. The pediatric-onset
patients differed to the adult-onset patients in their fre-
quencies of the minor allele at the CT60 (74% versus 63%,
p = 0.03). The CT60, JO31 and JO27-1 SNPs, as well as
their "ATG" haplotype retained their associations with the
age at diagnosis after adjustment to the effect of the
NOD2 variant (p.Leul007fsX1008). No difference
between pediatric and adult-onset group was found for
the other two variants in the CTLA4 gene, data not
shown.

The CTLA4 variants were weakly associated with the
ileal-only (L1) and ileocolonic involvement (L3) in a dom-
inant manner, while no association was observed with
any of the remaining clinical characteristics: localization
in the upper gastrointestinal tract, the stricturing or pen-
etrating behavior of the disease, perianal disease,
extraintestinal manifestation, or the need for abdominal
surgery (data not shown).

Discussion

The immunologic importance of the CTLA4 gene is in
striking contrast to the lack of knowledge on the func-
tional relevance of its numerous polymorphisms. Conse-
quently, many groups have investigated various
polymorphisms located within various regions of the
gene. The first published study on CTLA4 variants in CD
investigated the g.49A > G (rs231775) and g.-318C > T
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Figure 1 SNPs interaction in the dominant model. The upper triangle in matrix from this function contains the p values for the interaction (epista-
sis) log-likelihood ratio test (LRT). The diagonal contains the p values from LRT for the crude effect of each SNP. The lower triangle contains the p values
from LRT comparing the two-SNP additive likelihood to the best of the single-SNP models [24]. P value of interactions: * P < 0.05; ** P < 0.01; *** P <
0.001.

(rs5742909) in the Dutch and the Chinese populations,
finding only an association with the age of onset [18].
Similarly, in a Hungarian work, no association of g.49A >
G with CD was detected [21]. Since the work by Ueda et
al [16] had been published on dissecting the association
of CTLA4 with immunopathological diseases, further
investigators focused on the CT60 polymorphism. This
variant was studied in the Japanese [19] and the Spanish

[20] populations, however no crude association with CD
was detected. The G/G genotype of g.49A > G was associ-
ated with penetrating form of CD in the Japanese dataset
[19]. No association within 2q33 chromosomal region has
been found by genome-wide studies [4,5,8-12].

Thus, compelling evidence has been gathered against
simple association of the disease itself with the polymor-
phisms of CTLA4. In line with these findings, we
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Table 4: Stratified analysis of the effect conferred by the CTLA4 CT60, JO31 and JO27-1 variants

NOD2 stratum CT60 (rs3087243), JO31(rs11571302), JO27-1 (rs11571297), Haplotype "ATG" 4
defined using the A carriage rate T carriage rate G carriage rate
Leu1007fsX1008 (genotypes A/G, A/A) (genotypes G/T, T/T) (genotypes A/G, G/G)
polymorphism "
NOD2"+"

cases, n = 108 67 (62%) 69 (64%) 70 (65%)

controls, n =48 38 (79%) 40 (83%) 42 (88%)

OR (95%Cl) 2 0.43 (0.19-0.95) 0.35 (0.15-0.83) 0.26 (0.1-0.68) 0.62(0.37-1.05)
NOD2 "wt/wt"

cases, n =224 157 (70%) 166 (74%) 168 (75%)

controls, n = 434 277 (64%) 292 (67%) 294 (68%)

OR (95%Cl) 2 1.33(0.94-1.88) 1.37 (0.96-1.96) 1.42(0.99-2.03) 1.21(0.96. - 1.53)
Heterogeneity between p=0.011 p =0.0042 p=0.0011 p=0.043

NOD2-defined strata 3

Strata of the risk conferred by the p.Leu1007fsX1008 polymorphism of the NOD2 gene: the effect of CTLA4 is apparent in the stratum with an

increased NOD2-associated risk

1) NOD2"+":homozygous or heterozygous for the minor allele at the p.Leu1007fsX1008 polymorphism; NOD2 "wt/wt": wild-type homozygote at
the p.Leu1007fsX1008 polymorphism. The NOD2 "+" category is associated with an increased risk of OR = 4.36, 95%Cl 2.95 - 6.49 as compared to

"wt/wt" category.

2) OR for the effect of the polymorphism in the specific stratum (NOD2"+" and NOD2"wt/wt"), adjusted for the effect of the IL23R p.381GlIn variant
and p.Gly908Arg, p.Arg702Trp in the NOD2 gene. Results significant at p < 0.05 are in bold.
3) Heterogeneity in the effect conferred by the CTLA4 polymorphisms was assessed between NOD2-defined strata using the Mantel-Haenszel

test of homogeneity.

4) The implemented expectation-maximization algorithm did not allow individual imputation and counting of haplotypes.

observed no crude association unless further genetic fac-
tors were taken into account. However, when CTLA4 was
considered as a modifier of the effects conferred by the
NOD2 and IL23R genes, possible interactions substanti-
ated. Interactions in multifactorial immunopathological
diseases are not infrequent: in CD, the interactions with
the NOD2 gene were detected in the IBD5 locus [25],
IBD6 locus [15], TNFA [26], DLGS [27], ATG16L1[28],
IL23R [29], TLR4 [30] and in CD14 [30]. The interaction
was also found between IBD5 locus and IL23R [31] and
between Toll-like receptor-9 polymorphisms and variants
in NOD2 and IL23R [32].

The interactions we found for the CT60, JO31, JO27-1
variants of CTLA4 (or their haplotype) with the
p-Leul007fsX1008 variant of NOD2 may imply that the
effect of the strongest risk variant within the NOD2
(p-Leul007fsX1008) can be expressed better on the back-
ground of the common CTLA4 haplotype. This is sugges-
tive of a complex pattern of gene-gene interaction that
may merit pursuing further functional studies. Similarly,
the risk haplotype of CTLA4 also interacts with the IL23R
protective variants. This rather weak interaction can be
also due to the relatively limited size of the dataset.

In addition to the modifying effect on the risk of the
disease itself, we observed an association with the age at
onset and the disease subphenotypes. Indeed, the impact

of genetic factors in early-onset patients with CD seems
to be stronger than in adult-onset patients (reviewed by
de Ridder L et al. [33]). In our dataset, the age at diagnosis
was associated with CT60, JO31 and JO27-1. Influence of
CTLA4 variants on the age at diagnosis has been previ-
ously described by Xia et al, although with a different
SNP (g.-318C > T) [18]. Moreover, their patients were
divided into groups where 40 years of age was the cut off,
not 18 years as in our study.

The CTLA4 was associated with the ileal and ileoco-
lonic involvement in our case set: up to our knowledge,
this is the first time when localization of CD is influenced
by any variant within CTLA4. It should be however noted
that these associations are weak, merit further investiga-
tion in other populations, and their clinical relevance can
be only hardly envisaged. The ileal form of disease has
been shown more common in adult-onset patients and
more common in patients carrying minor variants of the
NOD?2 gene. A possible explanation of the association of
CTLA4 with localization of disease might be found in the
interaction between CTLA4 and NOD2 gene.

Similarly to Machida et al [19] we also tested whether
the g.49A > G variant influences the occurrence of pene-
trating disease, but we were not able to confirm this asso-
ciation. However, the genetic background between
Japanese and Czech populations differs markedly.
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Table 5: Stratified analysis of the effect conferred by the CTLA4 CT60, JO31 and JO27-1 variants

IL23R stratum CT60 (rs3087243), JO31(rs11571302), JO27-1 (rs11571297), Haplotype "ATG" 4
defined using the A carriage rate T carriage rate G carriage rate
p.Arg381GIn (genotypes A/G, A/A) (genotypes G/T, T/T) (genotypes A/G, G/G)

polymorphism 1)

IL23R"-"

cases,n =21 10 (48%) 10 (48%) 10 (48%)

controls, n =50 42 (84%) 40 (80%) 40 (80%)

OR (95%Cl) 2 0.23 (0.07-0.71) 0.26 (0.08-0.85) 0.24 (0.07-0.79) 0.30(0.11-0.81)
IL23R "wt/wt"

cases,n =312 214 (69%) 224 (72%) 227 (73%)

controls, n =432 276 (64%) 292 (68%) 296 (69%)

OR (95%Cl) 2 1.26 (0.91-1.74) 1.22(0.87-1.71) 1.21 (0.86-1.69) 1.20(0.96 - 1.51)
Heterogeneity p =0.0061 p=0.011 p=0.011 p=0.030
between

IL23R-defined strata 3

Strata of the risk conferred by the p.Arg381GIn polymorphism of the IL23R gene: the effect of CTLA4is apparent in the stratum with an IL23R-
associated protective effect

1) IL23R"-": homozygote or heterozygote for the IL23R p.381GlIn allele; IL23R "wt/wt": wild-type homozygote at the p.Arg381GIn
polymorphism.The IL23R"-" category is associated with a decreased risk of OR = 0.58, 95%Cl 0.32 - 1.00 as compared to the "wt/wt" category.
2) OR for the effect of the polymorphism in the specific stratum (IL23R"-" or IL23R "wt/wt"), adjusted for the effect of p.Leu1007fsX1008,
p.Gly908Arg, and p.Arg702Trp in the NOD2 gene. Results significant at p < 0.05 are in bold.

3) heterogeneity in the effect conferred by the CTLA4 polymorphisms was assessed between IL23R-defined strata using the Mantel-Haenszel
test of homogeneity.

4) The implemented expectation-maximization algorithm did not allow individual imputation and counting of haplotypes.

Conclusions the CTLA4 haplotype with variants in NOD2 and IL23R
We present a study of genetic association of polymor- genes, and detected an effect of three variants of the
phisms within the CTLA4 gene with CD and its subphe- = CTLA4 on the age at diagnosis and localization of the dis-
notypes, using a representative set of markers previously  ease.

reported from other studies. We observed interactions of

Table 6: Genotype-phenotype analysis'

Outcome CT60 (rs3087243) JO31(rs11571302) JO27-1 (rs11571297) "ATG" haplotype
allele A allele T allele G

Pediatric age at diagnosis? 1.85 1.71 1.70 1.52
(1.12-3.03); (1.03 - 2.85); (1.02-2.84); (1.09-2.11);
p=0.014 p=0.035 p =0.039 p=0.014

lleal involvement (L1) 0.41 0.45 0.43 0.70
(0.24-0.70); (0.26 - 0.78); (0.24-0.74); (0.47 - 1.05);
p=0.0012 p = 0.0052 p =0.0027 p=0.081

lleocolonic involvement (L3)3 1.97 1.91 1.94 1.54
(1.21-3.19); (1.16-3.13); (1.18-3.20); (1.09-2.17);
p =0.0059 p=0.010 p =0.0090 p=0.014

1: OR with their 95%CI come from logistic regression analysis using dominant models, with the clinical phenotype as an outcome and CTLA4
CT60,J031,J027-1 minor variants and ATG haplotype as predictors; the models are adjusted for the p.Leu1007fsX1008 variant in the NOD2 gene.
2: Patients having been diagnosed before or at the age of 18 years.

3: Further, we tested interaction between NOD2 p.Leu1007fsX1008 variant and the CTLA4 ATG haplotype on development of L3. Comparing to
wild haplotype on the background of the ATG haplotype the association of p.Leu1007fsX1008 NOD2 high risk variant was significantly weaker.
P-value of the interaction between ATG haplotype and NOD2 p.Leu1007fsX1008 in the development of L3 was estimated 0.026.
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ORIGINAL ARTICLE

Two Independent Genetic Factors Responsible for the
Associations of the IBD5 Locus with Crohn’s Disease

in the Czech Population

Ondrej Hradsky, MD,* Petra Dusatkova, Mgr,* Martin Lenicek, MD," Jiri Bronsky, MD, PhD,*
Dana Duricova, MD,* Jiri Nevoral, MD, PhD,* Libor Vitek, MD, PhD," Milan Lukas, MD, PhD,*

and Ondrej Cinek, MD, PhD*

Background: The role of the IBD5 locus in development of
Crohn’s disease (CD) has not been clarified. In the Czech popula-
tion we examined its genetic association using variants of the
SLC22A4 (rs1050152), SLC22A5 (rs2631367), two single nucleotide
polymorphisms (SNPs) shown to be associated with CD in genome-
wide studies (rs6596075 and rs2188962), and four SNPs previously
shown to tag the haplotype blocks 4, 7, 9, 10 of the IBD5 locus
(IGR2063b_1, IGR2230a_1, IGR100Xa_1, IGR3236a_1).

Methods: The genotype, phenotype, and allelic frequencies were
compared between 469 unrelated patients with CD (177 pediatric-
onset, 292 adult-onset) and 470 unrelated healthy controls, all
Caucasians of Czech ancestry.

Results: The most significant difference between patients and con-
trols was found for the SNP rs6596075 (odds ratio [OR] = 0.70 for
the G allele; 95% CI 0.52-0.94) in the dominant model and SNP
IGR2063b_1 (OR = 1.38 for the G allele; 95% CI 1.14-1.67) in
the log-additive model. We found a strong linkage disequilibrium
across the IBDS locus except rs6596075. The haplotype consisting
of minor alleles of all tested SNPs except rs6596075 was carried by
31% patients and 23% control subjects (OR = 1.35, 95% CI 1.06—
1.72). The association of variants in SLC22A4 and SLC22AS5 was
dependent on this risk haplotype, while the strong association of the
1s6596075 was seemingly independent. In the analysis of subpheno-
types we found only an association of the penetrating disease with
156596075 (OR = 2.13; 95% CI 1.31-3.47).

Conclusions: Our study confirms the importance of IBD3 in
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determining CD susceptibility, and demonstrates that two inde-
pendent genetic factors may be responsible for the association
observed within this locus.

(Inflamm Bowel Dis 2010,;000:000-000)

Key Words: Crohn’s disease, IBDS5, SLC22A4, SLC22AS5,
haplotype

rohn’s disease (CD) belongs to inflammatory bowel

diseases (IBDs) characterized by chronic, relapsing,
and recurrent inflammation of intestinal mucosa. CD is
thought to result from the action of environmental factors
in genetically susceptible individuals. The first identified
gene associated with CD was NOD2 (nucleotide-binding
oligomerization domain containing 2)'~ which has been
confirmed subsequently in many other populations,* includ-
ing the Czech population.” Later, variants in the other
genes such as /L23R (interleukin 23 receptor), ATGI6LI
(autophagy related 16-likel) have been independently con-
firmed to be associated with CD.%'° However, recent stud-
ies have shown that this list is far from complete.''

The association between CD and the IBDS5 locus,
located at position 5q31, was first identified by a genome-
wide linkage study'*'* and followed by further replication
studies."*"® Fine mapping of the IBD5 locus led to the
identification of a highly conserved 250-kb region that was
in strong linkage disequilibrium.'*'* A high-resolution
analysis of the locus described its haplotype blocks.'” Pel-
tekova et al?® suggested that 2 of the 11 variants on the
risk haplotype, p.Leu503Phe (rs1050152) in the SLC22A4
gene and c.-207G>C (rs2631367) within promoter region
of SLC22AS5, alter the functions of these organic cation
transporters and are therefore responsible for the increased
risk of CD.?° Later, two articles postulated that these var-
iants are not associated independently with the risk of IBD
and that true causal variants still had not been identi-
fied.?"*? The association of the haplotype composed by
p-Leu503Phe (rs1050152) and c.-207G>C (rs2631367),
however, has been widely replicated.”>°
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TABLE 1. Demographic and Clinical Characteristics of Patients

All Patients (n = 469)

Pediatric-onset CD (n = 177) Adult-onset CD (n = 292)

Sex, M/F 211/258
Age at diagnosis, median (interquartile range) 22 (15-30)
Disease duration, median (interquartile range) 9 (4-14)
Age at diagnosis (%)
Al (<17 years) 138 (29%)
A2 (1740 years) 280 (60%)
A3 (>40 years) 51 (11%)

Localization®

L1 (terminal ileum) 146 (31%)

L2 (colon) 69 (15%)

L3 (ileocolon) 252 (54%)
Upper GI 70 (19%)
Disease behavior

B1 (nonstricturing / nonpenetrating) 177 (38%)

B2 (stricturing) 193 (41%)

B3 (penetrating) 99 (21%)
B4 (perianal disease) 156 (33%)
Extraintestinal manifestation® 95 (20%)

Need for surgery” 253 (54%)

89/88 122/170
14 (12-16) 28(23-36)
7 (4-30) 9 (5-15)
138 (78%) 0
39 (22%) 41 (83%)
0 51 (17%)
45 (25%) 101 (35%)
15 (8.5%) 54 (19%)
117 (66%) 135 (47%)
27 (24%) 43 (15%)
88 (50%) 89 (30%)
55 (31%) 138 (47%)
34 (19%) 65 (22%)
49 (27%) 107 (37%)
34 (19%) 61 (21%)
67 (38%) 186 (64%)

Pediatric patients defined by having the disease onset before or at the age of 18 years.

Clinical characteristics according to Montreal Classification.®
“Two patients have an isolated upper gastrointestinal involvement.
°GI: gastrointestinal involvement.

“Extraintestinal manifestation: peripheral arthritis, ankylosing spondylitis, sacroilitis, episcleritis, and iritis, erythema nodosum, pyoderma gangrenosum,

and sclerosing cholangitis.
4Abdominal surgery for complication of CD (resection).

Genome-wide association studies (GWAS) have also
pointed out other SNPs in the IBDS locus that are associ-
ated with an increased risk of CD.”'%*=33 A recent robust
study has indicated that the polymorphism rs6596075 could
tag the previously described risk IBD5 haplotype.® Further-
more, a meta-analysis that merged and inputted data from
three large GWAS’™ pointed out another SNP, rs2188962,
as the strongest disease-associated variant within IBD5.'!

The aim of this study was to examine the association
of CD with SNPs within IBDS5, including the role of its
presumed components within SLC22A4 and SLC22AS5. In
addition, we also explored genotype—phenotype analysis
and potential gene—gene interactions in a panel of Czech
patients and healthy controls.

SUBJECTS AND METHODS

Subjects

In a case—control design, we compared 469 Czech unre-
lated CD patients to 470 unrelated healthy Czech controls. Of
these, 177 were pediatric-onset patients (89 males, 88 females)
who developed CD under or at the age of 18 years and were
diagnosed according to the Porto criteria specified,** and 292
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adult-onset patients (122 males, 170 females) diagnosed
according to endoscopic, radiological, histological, and clinical
criteria.*® Phenotypic classification was done according to the
Montreal Classification.”® The demographic and clinical char-
acteristics of the patients are listed in Table 1. The control
group consisted of 299 children recruited from patients who
underwent minor surgical interventions at the Department of
Pediatric Surgery of the University Hospital Motol, Prague,
and 171 adult healthy volunteers; 304 males, 166 females; me-
dian age 12 years, interquartile range 7-33 years, as reported
previously.>” All subjects were Caucasians of Czech ancestry.

Genotyping

Genomic DNA was extracted from peripheral blood leu-
kocytes with a routine salting out method, or from salivary
samples using the Oragene DNA Self-Collection Kit according
to the manufacturer’s protocol (DNA Genotek, Ottawa, On-
tario, Canada). Variants in SLC22A4 (p.Leu503Phe,
rs1050152), SLC22A5 (c.-207G>C, rs2631367), haplotype-
tagging SNPs: IGR2063b_1, IGR2230a_1 (rs17622 208),
IGRX100a_1, IGR3236a_1 (1s2301579), 1s6596075 and
1s2188962 were genotyped using the TagMan SNP genotyping
assays (TagMan SNP Genotyping Assay; Applied Biosystems,
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TABLE 2. Genotype and Allele Frequencies

SNP Model Variants Patients Controls OR (CI95%)* P-value
SLC22A4 (rs1050152) Dominant L/L 132 (28%) 161 (34%)
F/L-F/F 337 (72%) 309 (66%) 1.28 (0.97-1.70) 0.081
log-Additive F 445 (47%) 376 (40%) 1.33 (1.10-1.60) 0.0035
SLC22A5 (rs2631367) Dominant G/G 112 (24%) 133 (28%)
G/C-C/C 357 (76%) 337 (72%) 1.23 (0.91-1.66) 0.12
log-Additive C 483 (51%) 423 (45%) 1.28 (1.06-1.55) 0.0099
16596075 Dominant Cc/C 362 (77%) 324 (69%)
C/G-G/G 107 (23%) 146 (31%) 0.70 (0.52-0.94) 0.018
log-Additive G 114 (12%) 160 (17%) 0.71 (0.55-0.93) 0.011
IBD5_IGR2230a_1 (rs17622208) Dominant G/G 133 (28%) 141 (30%)
G/A-A/A 336 (72%) 329 (70%) 1.03 (0.78-1.38) 0.82
log-Additive A 452 (48%) 407 (43%) 1.17 (0.97-1.42) 0.094
IBD5_IGR3236a_1 (rs2301579) Dominant Cc/C 121 (26%) 131 28%)
C/A-A/A 348 (74%) 339 (72%) 1.12 (0.83-1.50) 0.46
log-Additive A 459 (49%) 426 (45%) 1.16 (0.96-1.40) 0.13
IBD5_IGR100Xa_1 Dominant G/G 127 (27%) 141 (30%)
G/A-A/A 342 (73%) 329 (70%) 1.16 (0.87-1.54) 0.33
log-Additive A 451 (48%) 412 (44%) 1.19 (0.98-1.43) 0.073
IBD5_IGR2063b_1 Dominant G/G 134 (29%) 169 (36%)
G/C-C/C 335 (71%) 301 (64%) 1.36 (1.03-1.80) 0.032
log-Additive C 442 (47%) 364 (39%) 1.38 (1.14-1.67) 0.00075
1s2188962 Dominant C/C 135 (29%) 169 (36%)
C/T-T/T 334 (71%) 301 (64%) 1.36 (1.02-1.79) 0.033
log-Additive T 438 (47%) 368 (39%) 1.33 (1.10-1.61) 0.0029

“Adjusted by gender.

Foster City, CA) on an ABI 7300 machine (Applied Biosys-
tems), and evaluated according to the manufacturer’s instruc-
tions. To ensure consistency between runs, samples of known
genotypes were repeated in every analysis. For testing interac-
tions with other associated genes, we used genotypes generated
in previously published studies on this sample set.”~’

Power Calculation

Power calculations indicated that a sample size of
469 patients and 470 controls gives the study an 80%
power to detect an association with odds ratios (OR) >1.45
at the o level of 0.05. The power estimates for haplotype
analysis widely differed due to the uncertainty of the
assumptions, but generally indicated limited power to
detect associations with haplotypes. To enable comparison
with other published works with similarly sized datasets,
we nevertheless ran the haplotype analysis.

Statistical Analysis

First, the Hardy—Weinberg equilibrium (HWE) was
checked by comparing observed to expected genotype frequen-
cies in the control subjects and tested using exact tests. Link-

age disequilibrium testing was performed using the R-project
package “genetics.” Associations of particular SNPs with CD
were evaluated using OR with 95% confidence intervals (95%
CI), using the R-project package “SNPassoc” v. 1.5-2.% Hap-
lotype analysis was performed by estimating the haplotype fre-
quencies by the expectation-maximization algorithm imple-
mented in the R-project package “haplo.stats” v. 1.3.1.
Association of haplotypes with the conditions was tested using
log-linear modeling. The potential interaction between variants
and other genetic factors associated with the autoimmune con-
ditions were tested using R-project package “SNPassoc” v.
1.5-2.%® Regression analyses were adjusted for gender.

Ethical Considerations

The study was approved by the Ethics Committees of
the authors’ institutions and a written informed consent
was obtained from all participants or their guardians.

RESULTS

Association of SNPs with CD

All tested SNPs were in HWE in the control population.
Genotype frequencies with the respective ORs from a log-addi-
tive and a dominant model are shown in Table 2. The

3
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Linkage disequilibrium of IBD5 locus

IGR100Xa_1 SLC22A5 rs6569075 IGR2063b_1
SLC22A4 IGR2230a_1 rs2188962
0.91 | 0.81 1 072 | 0.79
0.79 | 0.58 015 | 0.44 | 053 | 'GR32%a
0.88 1 il | o |
0.72 0.14 0.53 0.66 -
0.88 -
076 SLC22A4

0.82 | 0.89
053 | 064 SLC22A5

0.80
0.58
1

1
0.12 | 0.13

IGR2230a_1

rs6569075

0.88 rs2188962
0.77

FIGURE 1. Color schema is displayed according to r’. Data
were obtained using the Czech population. D’ a scaled dise-
quilibrium coefficient; r* correlation coefficient. The data
were obtained using R-project package ‘SNPassoc’ v. 1.5-2.3’

association with CD was found for variants p.Leu503Phe,
1s6596075, rs2188962, and 1G2063b_1 in a dominant model
and p.Leu503Phe, c.-207G>C, r1s6596075, IGR2230a_1,
rs2188962, and IGR2063b_1 in log-additive model. The most
profound difference between patients and controls was found
for SNP 156596075, allele G (OR = 0.70; 95% CI 0.52-0.94;
P = 0.018) in the dominant, and for SNP IGR2063b_1, allele
C (OR = 1.38; 95% CI 1.14-1.67; P = 0.00075) in the log-
additive model.

Linkage Disequilibrium (LD)
The region over the IBD5 locus has been previously
divided into several blocks.'"® These established linkage

disequilibria were present among the studied variants also
in our dataset (Fig. 1). However, the correlation coefficient
(r2) showed that p.Leu503Phe, c.-207G>C, IGR3236a_1,
IGR100Xa_1, IGR2230a_1, rs2188962, and IGR2063b_1
were in tighter SD (r* > 0.53), while the linkage disequili-
brium of rs6596075 with other SNPs was significantly
weaker (all 7% < 0.16).

Haplotype Analysis

According to LD we then constructed haplotypes
using SNPs except 1s6596075 (consisting of IGR3236a_1,
IGR100Xa_1,  p.LeuS03Phe  SLC22A4;  c.-207G>C
SLC22A5, IGR2230a_1, rs2188962, and IGR2063b_1).
Comparison of haplotype frequencies between cases and
controls showed an association with CD for the haplotype
composed of minor alleles (OR = 1.35; 95% CI 1.06-1.72;
P = 0.013) (Table 3).

Because of the weak linkage disequilibrium to
1s6596075, we investigated in a multiple regression analysis
whether this polymorphism independently contributes to the
risk of CD conferred by the above risk haplotype (Table 3).
The effect of the risk haplotype remained virtually unchanged
(OR = 1.28, 95% CI 1.00-1.64, P = 0.046), and the term for
the rs6596075 (positivity for allele G, OR = 0.73, 95% CI
0.53-0.99, P = 0.044) indicated likely independence of the
two genetic factors in determining the disease risk.

Similarly, we tested independence on the haplotype
also for p.Leu503Phe in SLC22A4 and c¢.-207G>C in
SLC22A5. These two variants did not significantly add to the
model with IGR2063b_1, the strongest associated SNP: when
adjusted for IGR2063b_1, p.LeuS03Phe yielded P = 0.50
and P = 0.78, while c.-207G>C yielded P = 0.39 and P =
0.60 in the dominant and log-additive models, respectively.

Genotype-Phenotype Analysis
In a case-only design, we tested possible association
between genotype and available clinical data (age at

TABLE 3. Estimated Haplotype Frequencies and CD Odds Ratios in Patients and Controls

Base Model®

Model Adjusted Also for the
156596075 (C/G-G/G)">*

Haplotype® Patients Controls OR (CI95%) P OR (CI95%) P-value
GCGGCGC 42% 49% Reference® Reference®

CTACTAA 37% 31% 1.33 (1.06-1.65) 0.012 1.26 (1.01-1.58) 0.044
Rare, pooled! 21% 20% 1.25 (0.98-1.60) 0.068 1.28 (1.00-1.63) 0.050

“The haplotypes were constructed from the IGR2063b_1, rs2188962, IGR2230a_1, c.-207G>C SLC22A5, p.Leu503Phe SLC22A4, IGR100Xa_1 and

IGR3236a_1 polymorphisms.

"Adjusted by gender.

“The most frequent haplotype was used as the reference.

“Rare haplotypes (with frequency <5%) were pooled into this category.

“The term for the rs6596075 itself (C/G or G/G genotypes against the C/C) had an OR of 0.68 (CI95% 0.50-0.92), P = 0.014.
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TABLE 4. Literature Describing Association Between IBD5 and Penetrating Form of CD

Author Year Classification Variant Quantification of Association
Noble (21) 2005 Vienna B2+B3 IGR2198 homozygosity P =0.026 (RR = 1.97)
SLC22A5 (rs17622208) P =0.029 (RR = 1.78)
SLC22A4 (rs1050152) P =0.011 (RR = 2.0)
SLC22A4/5 TC haplotype P =0.011 (RR = 2.05)
Vermeire (40) 2005 Vienna B3 SLC22A4/5 TC haplotype P =0.034
Cucchiara (43) 2007 Montreal B3 SLC22A4/5 TC haplotype P =0.038, OR = 2.13
[95%CI 1.03-4.4]
Weersma (44) 2008 Montreal B2+B3 rs273900 P = 0.020
1s272893 P =0.011
Weersma (45) 2009 Montreal B3 IBD locus No
Current study 2010 Montreal B3 186596075 P = 0.0029, OR=2.13

[95%CI 1.31-3.47]

diagnosis, localization, upper gastrointestinal localization,
disease behavior, perianal disease, extraintestinal manifes-
tation, need for surgery). The only association that was
strong enough to persist after Bonferroni correction to the
seven independently tested clinical characteristics was that
of rs6596075 SNP with the penetrating form of disease:
OR = 2.13; 95% CI 1.31-3.47; P = 0.0029 in the domi-
nant, and OR = 1.80; 95% CI 1.16-2.80; P = 0.010 in the
log-additive model. Penetrating form of disease was associ-
ated with rs6596075 also in a logistic regression analysis
including disease duration, extraintestinal manifestation,
need for surgery, and location of the disease. Other associ-
ations that were significant only before correction for mul-
tiple testing may also indicate a possible biological phe-
nomenon: e.g., the rs6596075 with the extraintestinal
manifestation (OR = 0.52; 95% CI 0.28-0.96 in the domi-
nant, and OR = 0.56; 95% CI 0.32-0.99 in the log-additive
model), with the L1 form of the disease (OR = 1.60; 95%
CI 1.02-2.51 in the dominant model). Furthermore, a weak
association of CD and upper gastrointestinal involvement
was found for ¢.-207G>C in both models (dominant: OR
= 1.93; 95% CI 1.00-3.73; log-additive: OR = 1.45, 95%
CI 1.01-2.08) and with IGR100Xa_1 in log-additive model
(OR = 0.68, 95% CI 0.47-0.98). We did not find any asso-
ciation between phenotypic characteristics and the above-
defined risk haplotype.

Analysis of Interaction of the IBD5 Locus with
NOD2, IL23R, and ATG16L1

No interactions were observed between variants
within the IBDS5 locus and polymorphisms in other genes
previously associated with CD: NOD2 gene, 1007fs,
p-Gly908Arg, p.Arg702Trp; IL23R gene, rs11209026;
ATGI6LI gene, rs2241880.77

DISCUSSION

Although the IBDS5 region is undoubtedly associated
with risk of CD, the localization of the causal variants is
still the subject of research. Peltekova et al*’ had shown
that haplotypes consisting of at least one of the p.503Phe
or ¢.-207C alleles on the nonrisk-associated IBDS back-
ground (defined by IGR2078a_1) were more frequent in
patients compared to controls, and based on this finding
and functional studies, these variants in SLC22A4 and
SLC22A5 genes were proposed to be causal. Similar to sev-
eral previous studie:s,21’22’29’3941 we did not confirm this
finding; the power to detect the associations was, however,
borderline. In our dataset, neither variants in SLC22A4 and
SLC22A5 were associated with CD independently of
IGR2063b_1 as the strongest associated SNP within IBDS.

Interestingly, although the variant rs6596075 had
been assigned by the Wellcome Trust Case Control Con-
sortium as the SNP tagging the IBDS5 risk haplotype,” we
observed that it contributes to the risk of CD independently
of the risk haplotype defined by other SNPs: this finding
may imply that more yet-unidentified IBDS variants could
be causal. This finding has to be confirmed by larger stud-
ies sufficiently powered for precise haplotype analyses.

Another SNP that came out of a meta-analysis'' of
three GWAS,L9 the rs2188962, has recently been assigned
as the most disease-associated variant from the IBD5 region.
This variant lies in the gap between previously described
block 4 and block 5."” We confirmed an association between
CD and this SNP, yet there are indications that better
markers exist of the risk conferred by IBDS5: the association
of the SNP IGR2063b_1 within block 4 was stronger and
seems to add to the risk associated with rs2188962.

The IBD5 risk haplotype has been repeatedly shown to
influence the clinical characteristics of CD.'#!>1724:2542
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Regarding the age at diagnosis, we did not detect any differ-
ence between pediatric and adult-onset patients, although sig-
nificant differences have been observed in equally sized data-
sets previously.'>!*2°3% We attempted to replicate results by
Mirza et al'* analyzing the effect of IGR2063b_1 stratified
by NOD2 risk variant, but found no interaction. Although
same previous studies have found locus—locus interactions
(with NOD2, IL23R, ATGIO6LI) in susceptibility to CD, no
interactions have been detected in the present study.

The results of genotype—phenotype analyses in CD
patients showed remarkable discrepancies for the IBDS
locus among various studies. Perianal, penetrating, and
stricturing forms have been associated with IBDS5 in several
datasets.'’?"*!*> After we applied a proper correction for
the number of independent tests performed in our dataset,
we could confirm only an association between the
1$6596075 and the penetrating form of disease (for a list of
previous relevant studies, see Table 4), while the risk hap-
lotype was not associated with any clinical subtype of dis-
ease (including penetrating form). This may indicate an in-
dependent role of rs6596075 not only in development of
CD but also in the disease course—such a role could
underline the true biological character of the association.

In conclusion, the present study on IBD5 associations
in the Czech population shows a prominent role of the
1s6596075 and IGR2063b_1, and also confirms the associa-
tion of the IBDS risk haplotype. The association of the
SNP 16596075 was independent of the IBDS risk haplo-
type, and increased the likelihood of penetrating disease.
We could not confirm an association independent of the
high-risk haplotype for the previously suggested variants
p-Leu503Phe in the SLC22A4 gene, c.-207G>C in the
SLC22A5, and rs2188962.
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SUMMARY

Background
Recently, infliximab dependency has been described.

Aim

To assess frequency of ID in 82 consecutive Crohn’s disease children
treated with infliximab 2000-2006 and to describe clinical and genetic
predictors of long-term infliximab response.

Methods

A phenotype model of infliximab dependency was used to assess treat-
ment response: ‘immediate outcome’ (30 days after infliximab start) -
complete/partial’no response. ‘Long-term outcome’: (i) prolonged
response: maintenance of complete/partial response; (ii) infliximab
dependency: relapse <90 days after intended infliximab cessation
requiring repeated infusions to regain complete/partial response or need
of infliximab >12 months to sustain response. Polymorphisms TNF-308
A>G, TNF-857 C>T, Casp9 93 C>T, FasL-844 C>T, LTA 252 C>T and
CARD15 (R702W, G908R, 1007fs) were analysed.

Results

Ninety-four per cent of children obtained complete/partial response. In
long-term outcome, 22% maintained prolonged response, 12% had no
response, while 66% became infliximab dependent. Perianal disease and
no previous surgery were associated with infliximab dependency (OR
5.34, 95% CI: 1.24-22.55; OR 6.7, 95% CI: 1.67-26.61). No association
was found with studied polymorphisms. The cumulative probability of
surgery 50 months after starting infliximab was 10% in infliximab
dependency, 30% in prolonged responders and 70% in nonresponders
(P = 0.0002).

Conclusions
Sixty-six per cent of children became infliximab dependent. Perianal
disease and no surgery prior to infliximab were associated with inflixi-
mab dependency phenotype.
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INTRODUCTION

An increasing incidence of inflammatory bowel dis-
ease (IBD) has been described. Six to seven per cent of
newly diagnosed patients are children below 15 years
of age.'® Medical therapy is symptomatic and with
limited efficacy. Biologicals are currently the most
potent therapeutic option in severe aggressive IBD in
induction as well as in maintenance therapy.”” "
Infliximab (IFX) has been shown to be efficacious in
children with Crohn’s disease (CD).'” Drug dependency
is well known in corticosteroid use and has been
recently defined and described also in IFX treat-
ment.'> '* A retrospective study of 24 children with
CD treated with IFX showed that 420 of patients
became IFX dependent (ID).'® ID patients represented a
subgroup of patients benefiting from the therapy, but
requiring repetitive IFX infusions to sustain their initial
response. Although the occurrence of adverse events is
relatively low, the risk of severe and potentially fatal
adverse events is still present and the long-term side
effects due to relatively short clinical use of the drug
are still being monitored.'® " Therefore, the need for
predictors of IFX response defining the subgroup of
patients benefiting from the therapy is essential.

The aim of the study was to assess the occurrence of
ID phenotype in CD children treated with IFX. The sec-
ondary aim was to define clinical and genetic predic-
tors of IFX outcome.

PATIENTS AND METHODS

Study population

A total of 82 consecutive paediatric patients with CD
treated with IFX were included and followed up until
the end of 2006. Forty-one originated from the Dan-
ish Crohn Colitis Database treated at two Departments
of Pediatrics in Denmark (Hvidovre and Odense Uni-
versity Hospital) in the period from August 2000
until November 2006. Twenty-four of these children
had already been included in a previously published
study assessing the occurrence of ID.'”> Forty-one
originated from the Czech Republic treated at two
Departments of Pediatrics in Prague (Hospitals of the
1st and the 2nd Faculty of Medicine, Charles Univer-
sity) in the period from October 2002 to June 2006.
The diagnosis of CD of all patients was assessed
according to the international diagnostic criteria.??
Data regarding age, disease duration, disease behav-
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iour and localization, surgery, date of IFX infusions,
infusion dose, treatment indication and concomitant
medical therapy (azathioprine/mercaptopurine/metho-
trexate) were retrospectively retrieved from the files.
The indication for IFX treatment was luminal disease
(refractory or intolerant to treatment, corticosteroid
dependency, with or without growth retardation) in
62 children and perianal disease in 20 children. A
total number of 668 infusions (median: 7; range: 1-
27) were given in a dose of 5 mg/kg. The treatment
strategy and cessation of the therapy were individual-
ized in accordance with the factors such as patient’s
condition and decision of parents—patient to stop the
therapy due to a fear of long-term side effects.
Twelve patients received only induction infusions
(weeks 0, 2, 6), 38 children were treated with induc-
tion infusions followed by maintenance therapy
(median: 10 infusions; range: 5-21) and 31 received
IFX episodically-nonscheduled (median: 6; range: 1-
27). In two patients on maintenance therapy, the dose
of IFX was increased to 10 mg/kg later in the treat-
ment course due to loss of efficacy. When IFX was
stopped, a majority of children continued on immu-
nomodulators, which were introduced prior to initia-
tion or shortly after the start of IFX therapy.
One patient was lost to follow-up. Demographic and
clinical characteristics are shown in Table 1.

Healthy individuals, 182 from Denmark and 283
from the Czech Republic, served as controls in the
genotype-phenotype association study.

Ethical consideration

This study was approved by The Danish Data Protec-
tion Agency and Ethics Committees of the 1st and
the 2nd Faculties of Medicine, Charles University in
Prague.

Assessment of ID

Clinical outcome of IFX therapy was assessed accord-
ing to a modified phenotype model of ID developed
and described previously.'> The model aimed to fit
more than 90% of all response patterns.

Immediate outcome: 30 days after the first infusion.
Complete response: Luminal disease: <2 stools/day
(after surgery +2 stools). No blood, pus, mucus,
abdominal pain and weight loss. Perianal disease:
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Table 1. Demographic and clinical characteristics of 82
Crohn’s disease children treated with infliximab (IFX)

Danish  Czech P

Number of patients 41 41
Age

Median (range) 14 (9-18) 15 (8-18) 0.58
Gender

Male/female 18/23 22/19 0.38
Disease duration (years)

Median (range) 2 (0-7) 2 (0-6) 0.50

Follow-up after the first IFX infusion (months)
Median (range) 45 (3-75) 21 (6-50) <0.001
Disease localization (%)

Ileum 0 3(7) 0.23
Colon 15 (37) 10 (24)
Ileo-colon 17 (41) 20 (49)
+Upper disease 9 (22) 8 (20)
Disease behaviour (%)
Inflammatory 24 (58) 11 (27) 0.01
Stricturing + penetrating 6 (15) 14 (34)
+Perianal 11 (27) 16 (39)
Intestinal surgery prior to IFX (%) 8 (20) 3(7) 0.19
Indication of IFX
Luminal disease 35(85) 27 (66) 0.04
Perianal disease 6 (15) 14 (34)
Concomitant
immunosuppressive
therapy (%)
(azathioprine/ 36 (88) 39 (95) 0.49

mercaptopurine/methotrexate)
Treatment regime

Only induction (0, 2, 6 weeks) 6 (15) 6 (15) 0.04
Induction + maintenance 14 (34) 24 (60)
(every 8 or 6 weeks)
Episodic 21 (51) 10 (25)
IFX infusions
Total 314 254 0.18

Median (range) 7 (2-27) 8 (1-21)

P-values were calculated by Mann-Whitney/chi-squared
test.

closure of all fistulas evaluated by thumb pressure or
patients announcement of ‘no secretion’.

Partial response: Luminal disease: <4 stools/day
(after surgery +2 stools). Blood, pus, mucus, abdominal
pain less than daily, no fever and weight loss. Perianal
disease: reduced secretion or discomfort from fistulas
or closure of one or some of the fistulas.

No response: Luminal/perianal disease: no regres-
sion of symptoms with a need to shift to another
immunomodulator and/or surgery within 3 months
after initiation of IFX.

Long-term outcome: irrespective of the length of
treatment.

Prolonged response: maintenance of complete or par-
tial response.

ID: relapse within 90 days after intended treatment
cessation requiring repeated IFX infusions to regain
complete/partial response or need of IFX treatment
>12 months to sustain complete/partial response.

No response: no regression of symptoms with a need
to shift from IFX treatment to another immunomodu-
lator and/or surgery.

Immunomodulator was defined as corticosteroids,
azathioprine/mercaptopurine/methotrexate and other
biological drugs. Surgery was classified as intestinal
(resection, strictureplasty, colectomy) or perianal (inci-
sion of abscess, fistulotomy, advancement flap). Inci-
sion of perianal abscess as a possible consequence of
healing process during IFX treatment was not consid-
ered as surgery. If re-infusion of IFX was given more
than 1 year after the previous last infusion, the treat-
ment was considered as the second, the third, etc.
course. In the present study, the clinical outcome after
the first treatment course was analysed.

Furthermore, clinical outcome of IFX therapy was
evaluated one year after the last IFX infusion in
patients who obtained prolonged response and ID.

Genetic polymorphisms

Association of polymorphisms TNF-308 A>G, TNF-857
C>T, Casp9 93 C>T, FasL-844 C>T, LTA 252 C>T and
CARD15 (R702W, G908R, 1007fs) was studied with
response to IFX treatment.

Genomic DNA was isolated from peripheral blood
by routine salting out procedure (Czech Republic) or
from buccal swab (Denmark) using Qiagen DNA purifi-
cation Kit (Qiagen, Hilden, Germany).

All polymorphisms were typed using PCR-restriction
fragmented length polymorphism (RFLP). PCR was
carried out in a total volume of 15 ul containing
25 ng of genomic DNA, 3 pmol of each primer (Generi
Biotech, Hradec Kralove, Czech Republic), 1.5-6 mm
MgCl,, 200 um dNTPs (each), 0.25 units of Taq poly-
merase and 1x Taq buffer (all from Fermentas, Lithua-
nia). The mixture was incubated for 3 min at 95 °C
followed by 30-40 cycles of 10-30 s at 95 °C, 15-20 s
at 48-68 °C and 15-30 s at 72 °C. Final extension was
5 min at 72 °C.

About 7-10 uL of PCR product was digested with
1 unit of restriction endonuclease in appropriate buffer

Aliment Pharmacol Ther 29, 792-799
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(HpyCHIV was from New England Biolabs, Ipswich,
MA, USA, other restriction endonucleases were from
Fermentas, Lithuania) for at least 2 h. Digests were
separated on 1.5-3.5% agarose gel (low EEO; Appli-
chem, Darmstadt, Germany) in 0.5x TBE buffer and
stained with ethidium bromide (Applichem, Germany).
For details, see Table S1 (published online). Genotypes
of controls were in Hardy-Weinberg equilibrium.

Statistical analysis

Empirical transition probabilities from immediate out-
come to long-term outcome were calculated. Univari-
ate logistic analyses were carried out analysing: (i) the
probability of being complete or partial responder at
immediate outcome and (ii) the probability of being
prolonged responder and ID at long-term outcome.
Fisher exact test was used, when appropriate. Chi-
squared test and Fisher exact test were used to com-
pare allelic and genotype frequencies and to analyse
an association of present polymorphisms with response
to IFX. Time to surgery was compared by the log-rank
test. A significance level of 5% was chosen.

RESULTS

Response to IFX

One month after the first infusion (immediate outcome),
65 (79%) children obtained complete response, 12
(159%) partial response and five (6%) did not respond. In
long-term outcome, 18 (22%) patients achieved pro-
longed response, 53 (66%) developed ID and 10 (12%)
patients were nonresponders. The median number of
infusions was 3 (range: 1-6) in prolonged responders,
10 (5-27) in ID and 2 (2-3) in nonresponders.

One year after the last IFX infusion, 23 (28%) chil-
dren were still in remission, while 10 (12%) children
lost their response, thus resulting in 20 (25%) nonre-
sponders in total. Thirty-eight (47%) children were still
in treatment or their observational time was <1 year
after the last infusion (Figure 1).

Transition probabilities from immediate to long-term
outcome showed that patients obtaining complete
response had a probability of 20% of developing pro-
longed response, 75% probability of developing ID
and 5% probability of becoming nonresponders. Those

Complete Partial No response IMMEDIATE
response response OUTCOME
30 days after the
79% 15% 6% the 1st IFX
r L
LONG-TERM
Prolonged No response OUTCOME
response dependency Irrespective of
the length of th
22% 66% 12% © engi otihe
treatment
r
OUTCOME
Still in remission Still in remission No response 1YEAR
16% 12% 25% AFTER THE
LAST IFX*

Figure 1. Immediate and long-term outcome of infliximab (IFX) treatment in 82 children with Crohn’s disease.
* Thirty-eight (47%) children were still in treatment or their observational time was <1 year after the last IFX infusion.
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with partial response had 42% probability of becoming
prolonged responders, 42% of becoming ID and 16% of
becoming nonresponders (Figure 2).

Clinical predictors

Patients with inflammatory disease behaviour were
more likely to become prolonged responders or ID
compared with those with stricturing/penetrating dis-
ease (OR oo, 950% CI: 3.23-c0, P = 0.003). Intestinal sur-
gery prior to IFX treatment was related to a lower
probability to achieve prolonged response or ID (OR
0.05, 95% CI: 0.01-0.32; P = 0.001).

Complete responders developed more ID phenotype
than partial responders (OR 3.9, 95% CI: 1.13-13.22;
P = 0.036). Patients with perianal disease compared
with luminal disease had higher probability to become
ID (OR 5.34, 95% CI: 1.24-22.55; P = 0.014). Simi-
larly, children with no intestinal surgery prior to IFX
vs. those who underwent surgery were more likely to
develop ID response (OR 6.7, 95% CI: 1.67-26.61;
P = 0.007).

Country, gender, age, disease duration, localization
and concomitant immunosuppressive therapy did not
influence therapeutic outcome.

Genetic predictors

No association was found between studied polymor-
phisms and IFX outcome (Table S2, published online).

1004 NR
2 90+ NR NR
QE) 80'
704
] D D
% 604
g 504
fé 404
é’ 304
3 20+
o 1l
0+ - T
CR PR NR
(n=64) (n=12) (n=5)

Immediate outcome

Figure 2. The probability of transition from immediate
outcome (30 days after the first infusion) to long-term
outcome (irrespective of the length of treatment) in 81
children with Crohn’s disease treated with infliximab
(one child was lost to follow-up). CR, complete response;
PR, partial response; NR, no response; PRO, prolonged
response; ID, infliximab dependency.

Significantly higher frequency of C allele of LTA 252
C>T polymorphism was observed in Czech patients
compared with Czech controls (36% vs. 23%, P =
0.016). This association, however, was not confirmed in
the Danish cohort. No significant differences in allele
frequencies of FasL-844 C>T; Casp9 93 C>T; TNF-308
A>G and TNF-857 C>T polymorphisms were found.

Surgery

Complete and partial responders had significantly
lower cumulative probability of undergoing intestinal
surgery than nonresponders (P = 0.0012). The median
time to the first surgery was 62 months in complete
and partial responders compared to 25 months in
nonresponders. The cumulative probability of surgery
50 months after the start of IFX was 10% in ID, 30%
in prolonged responders and 70% in nonresponders
(P = 0.0002). ID patients had significantly less surger-
ies compared with patients with prolonged response
(P = 0.036) (Figure 3).

Safety

No cancer, death or severe adverse events, such as
infections, occurred during the treatment with IFX or
follow-up.

DISCUSSION

One type of ID patients was characterized by early
relapse after the treatment cessation with a need for
repetitive infusions to regain and sustain initial
response. The other type was defined by inability to
stop maintenance or episodic therapy within 1 year
after the treatment start. In this study, we demon-
strated the occurrence of ID in 66% of CD children
treated with IFX. Children having perianal disease or
no history of surgery prior to IFX were indicative of
developing ID response. No association was revealed
between selected polymorphisms and IFX response.
Thirty days after the first infusion, 94% of CD
children obtained complete or partial response. These
results are in agreement with previous studies showing
a tendency of higher response rate in children
compared with adult patients.” '* ?*> This high positive
response was maintained also in the long-term as 22%
of children were in remission without further need for
IFX; however, 66% became ID. In the previously pub-
lished studies, the frequency of ID with a magnitude
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(a) No response
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P=0.0012
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T T T 1
0O 10 20 30 40 50 60 70
Time after start of infliximab treatment (months)

Number of patients at risk

Complete and 75
partial response

No response 5 2 2 1 1 1 0 0

64 42 28 18 11 4 0

(b)

— — Infliximab dependency
---- No response
— Prolonged response

Proportion of patients without
intestinal surgery (%)

T T T T T T 1
0 10 20 30 40 50 60 70
Time after start of infliximab treatment (months)

Number of patients at risk

Prolonged 17 15 11 8 6 2 0 0
response

Infliximab 53 47 29 18 10 7 3 0
dependency

No response 10 4 4 3 3 3 1 0

Figure 3. Proportion of Crohn’s disease patients without intestinal surgery (resection, strictureplasty, colectomy) after the
start of infliximab therapy (log-rank test). (a) Comparison with respect to immediate outcome (30 days after the first infu-
sion); (b) Comparison with respect to long-term outcome (irrespective of the length of treatment); Significant difference
found also between prolonged response and infliximab dependency (P = 0.036)

of 42-56% has been reported.'> ** A study evaluating
long-term outcome of CD children after only three
induction infusions or after induction + maintenance
1-year therapy revealed that 75% and 72% of children
respectively relapsed within 1-year after the treatment
cessation (median time to relapse 4 and 3 months). In
the majority, IFX reintroduction was required to main-
tain clinical response.”® These results are very indica-
tive of the new response pattern of ID.

Corticosteroids are not effective in maintaining
remission and their long-term use is often accompa-
nied by serious adverse events.?® Thus, corticosteroid
dependency is an undesirable condition and the prompt
withdrawal of the drug is required, especially in
children where corticosteroids cause growth failure.
Contrary to this, IFX is efficacious in maintenance
therapy’ and has rather a good safety profile as out-
lined in national and local cohorts.'® *" *” From these
perspectives, it seems that ID, in contrast to cortico-
steroid dependency, may be considered beneficial.
However, severe adverse events are still matter of con-
cern, especially in ID patients in whom the number of
infusions is high and the drug is often combined with
azathioprine.'® ' ?°  Although neither cancer nor
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death occurred in our cohort, the median follow-up (45
and 21 months respectively) was too short and possible
long-term adverse effects could not be excluded.

The transition probabilities from immediate to long-
term outcome showed that 95% of children with
immediate complete response and 849% with partial
response had a benefit in long-term outcome. These
results suggest that patients with partial as well as
complete response may profit from the therapy not
only in short term but also in long-term perspective.

Children with inflammatory behaviour had signifi-
cantly better long-term outcome compared with those
with stricturing/penetrating disease. This is in agree-
ment with the finding that patients with no intestinal
surgery prior to IFX (assumed non-stricturing/non-
penetrating disease) had higher probability to become
prolonged responders or ID. The explanation could be
the anti-inflammatory activity of IFX. Occurrence of
perianal fistula was predicative of ID phenotype.
Perianal disease is characterized by varied complexity
and severity, which influence the therapeutic success.
Deep and permanent healing of all tracks is an impor-
tant assumption of sustained response.”® We speculate
that superficial healing or premature closure with
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remaining deep tracks could lead to early and recur-
rent relapses and thus contribute to ID. The limitation
concerning validity of the results is relatively small
number of patients involved in analysis. New studies
are needed to confirm our findings.

As the frequencies of studied polymorphisms in
background populations of Denmark and Czech
Republic were different (results not shown), analyses
were carried out separately.

No association between the polymorphisms and IFX
outcome was found in our study. In a previous study,
genes involved in apoptosis such as FasL/Fas system
and Casp9 have been shown to have an influence on
therapeutic outcome.?® A certain haplotype of lympho-
toxin alpha has been reported to be responsible for
a decreased response to IFX in CD.*° Although no
association was found with TNF-o promoter poly-
morphisms and CARD15 variants,’'? studies showing
their role in a disease course and disease behav-
iour’**® have suggested these polymorphisms as con-
ceivable predictors of ID response. The small number
of individuals involved could be a reason that possible
association was not detected in our study. Further
studies with large sample sizes are needed.

Biologicals were believed to change the natural
course of the disease and thus decrease the need for
surgery. A retrospective study evaluating risk factors
for initial surgery in CD children showed that the
treatment with IFX was associated with a decreased
risk for the 1st surgery (HR 0.36, 95% CI: 0.20-0.64).%”
In contrast, another study proposed that [FX may only
delay the need for surgery. Up to 60% of treated chil-
dren required surgery within 12 months, 47% of those
with initial complete response.*® Our results showed
lower cumulative probability of surgery in patients
with prolonged response and ID compared with nonre-
sponders. This observation confirms the validity of the
definitions and indicates a long-term benefit of IFX.
The follow-up is too short to conclude if I[FX may
change the disease course, but at least we can see that
the need for surgery was postponed.

In conclusion, IFX had high efficacy in children with
CD. Up to 66% developed ID and needed repetitive infu-
sions to regain and sustain initial response. ID, contrary
to corticosteroid dependency, was associated with a good
overall clinical outcome, but one has to be aware of
potential long-term adverse events. Perianal disease and
status without previous surgery were found to be possi-
ble predictors of ID response. No genetic predictor was
revealed. IFX seems to delay the necessity for surgery
in those responding to therapy. Prospective trials with
further assessment of the occurrence of ID are needed.
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