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Zoznam pouzitych skratiek:

AGA
AJA
APC
ARA
CD
CTLA-4
CXCL13
DCs
EGF
EMA
FGF-4
GFD
GM-CSF
GRO
HD
ICAM-1
IELs
IFN-y
LP
LPS
MALT
MCP
MDC
MHC
MIP-1a
NK
PAMPs
PDTC
PIGF
PRRs

antigliadinové protilatky
antijejunalne protilatky
antigén prezentujuce bunky
antiretikulinové protilatky
aktivni celiaci
cytotoxicky leukocytarny antigén
B lymfocytarny chemoatraktant
dendritické bunky
rastovy epidermovy faktor
antiendomyzialne protilatky
rastovy faktor fibroblastov
bezlepkova diéta
faktor stimulujuci rast koldni granulocytov a makrofagov
s proliferaciou suvisiaci onkoprotein
zdravi darci
intracelularna adhezivna molekula
intraepitelové lymfocyty
interferon gamma
lamina propria
lipopolysacharid
lymfoidné tkanivo asociované s mukdzou
protein atrahujici monocyty
chemokin odvodeny od makrofagov
hlavny hitokompatibilny komplex
zapalovy protein makrofagov
prirodzeni zabijaci
s patogénom asociovana molekula
pyrrolidine dithiocarbamate
rastovy faktor placenty

pattern recognition receptors



RS refraktorna sprue

TGF-B transformujuci rastovy faktor

TIMP tkanivovy inhibitor metaloproteinaz

TLRs toll-like receptors

TNF-a faktor nekrotizujuci nadory

TPCK L-1-tosyloamido-2-phenyl chloromethyl ketone
tTG2 tkanivova transglutaminéaza

VCAM-1 adhezivna molekula ciev
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1. CELIAKIA

Celiakia je imunologicky mediované ochorenie tenkého Creva, ktoré je vyvolané u
geneticky predisponovanych jedincov po poziti pSeni¢ného gluténu/lepku a jemu
pribuznych prolaminov, ako st hordeiny v jaémeni a sekaliny v Zite. Skrinigové Studie
v Eurdpe a v USA poukazuju na to, Ze prevalencia celiake v populécii je 1:100/200,
¢o st ovela vyssie hodnoty neZ sa vo vSeobecnosti predpokladalo (Catassi et al.,
1994; Csizmadia et al., 1999; Hill et al., 2000).

V pociatoénej faze ochorenia dochadza k infiltracii tenkého ¢reva T a B
lymfocytmi, makrofagmi, dendritickymi bunkami a k ich aktivacii. Chronicky zapal
tenkého ¢reva vedie k atrofii klkov a k splosteniu ¢revnej sliznice. Celiakia je uspeSne
lie¢ena nasadenim bezlepkovej diéty (Trier, 1991; Marsh, 1992; Miki a Collin, 1997;
Sollid, 2002; Fasano a Catassi, 2001).

1.1 Klinické priznaky

Na zéaklade pritomnosti klinickych symptdmov sa celiakia moZze klasifikovat’ na
symptomaticki a asymptomatickd. Symptomatickd, aktivna forma je prezentovana
klasickymi gastrointestinalnymi priznakmi, ako je diarrhoea, abdominalna distenzia,
zatial' ¢o u asymptomatickej, tichej formy, tieto priznaky chybaju (Green a Jabri,
2003).

Celiakia je Casto diagnostikovand vrannom detstve. V ddsledku sploStenia
¢revnej sliznice je zniZena absorbcia Zivin, u deti si pritomne gastrointestinalne
problémy, poruchy rastu, anémia, a celkové neprospievanie (deficit kys. listovej,
vapnika, Zeleza, vitaminu D a d’al$ich vitaminov a mineralov) (Wahab et al., 2002 a).
V dospelosti sa moZe celiakia prejavit’ $ir§im spektrom priznakov. V poslednej dobe
je az 60% novo diagnostikovanych pacientov dospelych, z toho 15-20% je nad 60
rokov (Mulder a Cellier, 2005; Jansen et al., 1993). MdZe byt pozorovana zvys$ena
unava, ubytok na hmotnosti, osteoporéza, neplodnost, mdZe byt postihnuty aj

endokrinny, nervovy a pohybovy systém. U pacientov sa mdZu neSpecificky



vyvinit neurologické symptomy ako je neuropatia, ataxia, alebo epilepsia. U
niektorych pacientov su pozorované afty a defekty zubnej skloviny (Lahteenoja et al.,
1998; Lepore et al., 1996; Aine et al., 1990 Wierink et al., 2007). Celiakia mdZe byt
asociovana s d’al§imi autoimunitnymi ochoreniami. Ak je postihnutd len proximalna
Cast’ tenkého €reva, pacienti sa nezvyknu staZovat’ na diarrhoeu, pretoZe absorpiné
straty tukov a karbohydratov sit kompenzované distalnou Castou tenkého Creva (Green
et al., 2003), diarrhoea je pozorovana u pacientov u ktorych choroba zasiahla aj

distalnu ¢ast’ tenkého ¢reva (Rubin, 1960).

1.2 Glutén

Vyvolavaci agens - glutén/lepok predstavuje zloZiti zmes bielkovin. Podla
rozpustnosti vo vodnom roztoku alkoholu sa glutén deli na 2 frakcie: nerozpustné
gluteniny a rozpustné gliadiny. Gliadiny su monoméry, zatial' ¢o gluteniny tvoria
polymérne frakcie tvorené z podjednotieck navzdjom viazanych S-S védzbou. Podla
pohyblivosti v elektrickom poli sa gliadiny delia na o/B,y a ® typy (~250-300
aminokyselinovych zvy$kov, molekulova hmotnost’ 20-75 kDa). Gluteniny sa podla
molekulovej hmotnosti delia na nizkomolekulové (~270-330 aminokyselinovych
zvyskov) a vysokomolekulové (~650-800 aminokyselinovych zvySkov). Glutén patri
do skupiny prolaminov, je bohaty na prolin a glutamin (Sollid et al., 2002).
V gastrointestindlnom trakte st gliadiny a gluteniny pdsobenim traviacich enzymov
(pepsin, trypsin, chymotrypsin) degradované. Alfa-gliadiny s vysokym zastupenim
prolinu su viac odolné proti enzymatickému posobeniu pankreatickych a zZaludoénych
proteaz. VSetky uvedené =zlozky gluténu a gliadinové peptidy prispievaju
k poSkodeniu ¢revnej sliznice. Shan a spolupracovnici opisali a-gliadinovy peptid 33-
mér o sekvencii LQLQPFPQPQLPYPQPQLPYPQPQLPYPQPQPF, ktory indukoval
T-bunkové klony izolované z €reva celiakdlnych pacientov. Tento peptid ostava
stabilny aj po posobeni proteaz traviaceho traktu. Nachddzaji sa v fiom 3 gliadinové
epitopy, ktoré boli rozpoznavané T-bunkami pacientov (PFPQPQLPY, PQPQLPYPQ,
PYPQPQLPY) (Shan et al., 2002). Boli opisané bakterialne a rastlinné enzymy, ktoré

Stiepia tieto odolné peptidy na mensie fragmenty, stracaju vdzobnu aktivitu na HLA-



DQ2 a HLA-DQS8 a tym aj schopnost’ stimulovat’ T-bunky. Vhodnou kombinéciou
tychto bakterialnych a rastlinnych enzymov by mohli byt zavedené nové terapeutické

postupy v celiakii (Stepniak et al., 2006; Shan et al., 2002; 2004; Siegel et al., 2006).

1.3. Genetické pozadie celiakie

Asociacia celiakie s HLA kompexom bola po prvy krat opisana v roku 1972
(Falchuk et al., 1972). Vic¢sina celiakov ma DR3-DQ2 haplotyp alebo si DR5-DQ7/
DR7-DQ2 heterozygoti. Priblizne 95% celiakov exprimuje HLA-DQ2 heterodimér
(DQA1*0501/DQB1*0201), zvySnych 5% pripada na DQ8 heterodimér
(DQA1*0301/DQB1*0302) (Green a Jabri, 2003; Sollid et al., 1989; Mazzarella et al.,
2003; Karell et al., 2003). Az 30% kaukazianskej populacie je nositefom HLA-DQ?2
alel (Sollid et al., 1989). V pripade heterodimérov sa alely moZu vyskytovat' v cis
alebo vzicnejSie v trans konfiguracii. Cis a trans forma sa liSia jednou
aminokyselinou v kazdej podjednotke (van Heel et al., 2005). U nositelov
homodimérov koédujucich alelami DQA1*05 alebo DQB1*02 v cis pozicii je vyssie
riziko vzniku ochorenia (Vader et al., 2003).

Polanco a spoluprac. (1984) popisuju 70% vyskyt celiakie u jednovaje¢nych
dvoj¢iat. Stadie u monozygotnych a dizygotnych dvojéiat, ktoré maju 100% a 50%
genetickd variabilitu a rovnaké okolité podmienky poukazuju na to, Ze pritomnost’
DQ2 je nevyhnutny, ale nie postacujuci faktor pre vznik celiake. Uréity podiel na
rozvoji celiakie maju aj gény pre neklasické-HLA molekuly (Greco et al., 2002; van
Heel et al., 2005). Niektoré prace opisuju vplyv génov kodujicich kostimulaéné
molekuly cytotoxickych T-lymfocytov CTLA4/CD28/ICOS na chromozdme 2q33, ale
ich vieobecny efekt je slaby (Djilali-Saiah et al., 1998; King et al., 2002; Haimila et
al.,, 2004). Typizacia DQ2/8 by mohla byt nidpomocna pri stanoveni diagndzy,

v pripade negativity sa diagnoéza celiakie moZe vylucit.

1.4 Celiakia ako autoimunitné ochorenie

Celiakia spifia kritéria autoimunitnych ochoreni (Rose, 1998):



e v sére je zvySena hladina IgG, IgA protilatok proti gliadinu, autoprotilatok
proti endomyzialnemu autoantigénu tkanivovej transglutamindze a proti
kalretikulinu (Karska et al., 1995; Dietrich et al., 1997)

e je asociovana sdal§imi autoimunitnymi ochoreniami ako je napr.
autoimunitna tyreoitida, diabetes mellitus I typu, reumatoidnd artritida,
systémovy lupus erytematodes, sarkoidéza, Sjégrenov syndrom, priméarna
biliarna cirh6za. Vysoko rizikovi su aj pacienti s neurologickymi symptémami,
epilepsiou, pacienti s Downovym a Turnerovym syndromom (Chin et al.,
2003; Bonamico et al., 1998, 2001; Ventura et al., 1999; Cronin et al., 1997;
Luft et al., 2003 Dickey et al., 1997;Collin a Maki, 1994).

e ochorenie bolo prenesené intraepitelovymi lymfocytmi u krysiecho modelu
celiakie a neimyselne bunkami pri transplantacii kostnej drene medzi
jednovaje¢nymi dvojéatami (Stépankova et al., 1989; Bargetzi et al., 1997)

e polygénny spdsob dediCnosti celiakie je viazany na MHC komplex (Sollid
1997; Troncone et al., 1996)

e (Castejsi je vyskyt u Zien nez u muZov (Marsh, 1992)

1.4.1 Tkanivova transglutaminaza

Dietrich a spoluprac. (1997) identifikovali endomysidlny autoantigén -
tkanivovi transglutaminazu (tTG2), ktora sa exprimuje vo vietkych organoch, véetne
tenkého Creva, intraceluldrne alebo extracelularne. Z buniek sa uvolfiuje pocas
mechanického poskodenia, stresu, pri infekcii, zapale alebo apoptézou. Je to kalcium
dependentny enzym (76-85 kDa) stransaminaénou a GTPazovou aktivitou.
Transaminiciou alebo deamidaciou glutaminu zodpovedd za posttranslaéné
modifikécie proteinov. U celiakalnych pacientov je zvySena expresia subepitelove;j
tTG2 (Molberg et al., 1998; Greenberg et al., 1991). Spdsobuje prekriZenie proteinov,
vznikom e-(y-glutamyl)-lysin kovalentnych vizieb medzi vedlajsim retazcom
glutaminu na jednom proteine s aminoskupinou na lysine druhého proteinu. Za
nepritomnosti lysinu a pri nizkom pH (v tenkom &reve), glutamin interaguje s vodou

a je deamidovany na kyselinu glutimovi (Obr. &.1) (Sollid et al., 2002).V procese



demidacie vyznamni Glohu zohrava vzdialenost’ glutaminu a prolinou v gluténovych

peptidoch (Vader et al., 2002).
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Aktivna forma tTG2 sa exprimuje na povrchu aktivovanych makrofagov,
monocytov a DCs (Murtaugh et al., 1984; Akimov a Belkin; 2001; Le Noaur et al.;
2001). Nedavno bola preukazana GTP-azova aktivita tTG2 a jej ovplyvnenie
multifunkénou molekulou kalretikulinu (Mhaouty-Kodja, 2004).

1.4.2. Kalretikulin

Kalretikulin je vSadepritomny, kalcium viaZuci protein a molekularny chaperén
o molekulovej hmotnosti 46 kDa (pI=4.2), migrujuci v SDS-PAGE ako molekula o
hmotnosti 60-63 kDa. Je lokalizovany v endoplazmatickom retikule, ale bol opisany aj
v jadre, v lytickych granulach T-lymfocytov, na povrhu buniek a bol detekovany aj
v krvnom sére (extracelularne) (Zhu et al, 1997; Andrin et al., 1998; Kishore et al.,
1997).

Na zaklade kriZovej reaktivity antigliadinovych protilatok izolovanych zo séra
celiakélnych pacientov i mySich monoklonalnych protilatok bol v nasom laboratériu
identifikovany kalretikulin ako autoantigén u celiakie (Karska et al., 1995; Tuckova et
al., 1997). Po prvy krat boli opisané antikalretikulinové protilatky izotypu IgA
(TuCkova et al., 1997). Az 93% pacientov s celiakiou ma signifikantne zvysené

hladiny IgA a IgG antikalretikulinovych protilatok v sére (Sanchez et al., 2000).



Antikalretikulinové protilatky izotypu IgA boli zvySené aj vsére pacientov
s primarnou bilidrnou cirhdzou, autoimunitnou hepatitidou a alkoholickou cirhézou
peéene (Sanchez et el., 2003). Autoprotilatky (IgG a IgM) proti kalretikulinu boli
najdené tieZ u niektorych pacientov so systémovym lupus erytematodes, lupus
neonatalis a cutaneus, Sjogrenovym syndromom, reumatoidnou artritidou,
hepatocelularnym karcinémom, halotanovou hepatitidou a u pacientov infikovanych
parazitmi (Gut et al., 2005; Rokeach et al., 1991; Routsias et al., 1993; Le Naour et al.,
2002; McKhalife et al., 1993).

1.5. Diagnostika

Kritéria pre diagndzu celiakie boli schvéalené v r. 1974, a korigované vr. 1979
a 1990 Europskou spolo¢nostou pediatrickej gastroenterologie a vyzivy (ESPGAN)
(McNeish et al., 1979; Walker-Smith et al., 1990).

1.5.1 Sérologické vySetrenie

Pri podozreni na celiakiu sa testuje pritomnost’ IgA antigliadinovych (AGA) a
antiendomyzidlnych (EMA) protilatok, protilaitky proti tTG2, pripadne
antijejundlnych (AJA) a antiretikulinovych (ARA) protilatok a celkova hladina IgA
v sére (Karpati et al., 1990; Troncone a Ferguson, 1991).

Pre klinické vyuZitie sa zacali prednostne stanovovat EMA protilatky, ktoré
maju vySe 90% sensitivitu (percento pacientov, ktori boli v teste pozitivni) a az 100%
Specifickost’ (percento zdravych kontrol, ktori boli v teste negativni) (Fernandez et al.,
2005). Viaceré $tidie poukazuju na fakt, Ze u nelieCenych celiakov hladina EMA
protilatok koreluje s mierou atrofie klkov (Rossi et al., 1988; Dickey et al., 2000).
Stanovuji sa metédou nepriamej imunoflurescencie na tkanivovych rezoch opi¢ieho
ezofagu a I'udského pupoc¢nika (Ladinser et al., 1994).

Protilatky proti tTG2 sa stanovuju ELISA testom, pouzitim tTG z pecene
morciat alebo rekombinantnej l'udskej tTG (Wong et al.,, 2002). U pediatrickych



pacientov hladina IgA protilatok proti tTG2 a EMA korelovala s histopatologickym
nalezom (Donaldson et al., 2007).

U pacientov s normalnym histologickym nélezom alebo s miernym poSkodenim
sa citlivost’ detekcie tTG2 protilatok znizuje. U pacientov s ¢iasto¢nou atrofiou klkov,
nemusia byt tieto protilatky detekované, ale zvy€ajne su pozitivni na AGA protilatky
(Tursi et al., 2003). Ak su sérologické testy negativne, ale vSetky klinické symptomy
silne poukazuju na celiakiu, méze ist’ o imunoglobulinové deficiencie. U pacientov so
selektivnym deficitom IgA aZ 1,7-2,6 % postihnutych ma celiakiu. V takom pripade
sa odporuca merat’ tTG2 protilatky triedy IgG (Cataldo et al., 1998).

1.5.2. Biopsia - histologicky obraz celiakie

Pozitivne sérologické testy poukazuju na celiakiu, ich detekcia je vyznamna pri
zachyte potencialnych pacientov, avSak nie si kone¢nou diagnostikou. Histologické
vySetrenie biopsie zjejuna €i duodena ¢reva sa pokladd za konecni metddu
diagnostiky celiakie (Green a Jabri, 2003; Murray a Green, 1999).

Podl'a rozsahu poSkodenia c¢revnej sliznice Marsh (1992) klasifikoval Styri
stupne celiakie. U typu I (Marsh I) sa opisuje normalna architekrira klkov, v sliznici
je zvySena infiltracia intraepitelovych lymfocytov (IELs). Za fyziologickt hodnotu sa
poklada, ak na 100 enterocytov pripada 25 lymfocytov (Hayat et al., 2002). Ked’ je
poCet vyssi neZz 30 IELs/100 enterocytov, povaZuje sa tento stav za abnormalny.
ZvySeny pocet IELs sa povaZuje za citlivy, aj ked’ neSpecificky marker celiakie.
ZvySenad infiltraicia IELs moéze byt zaznamenana aj u d’alSich autoimunitnych
ochoreni, u tropickej sprue, u Crohnovej choroby, pri giardidze, akutnej infekénej
enteropatii (Marsh 1992; Lebwohl et al. 2003; Shah et al., 2000; Kakar et al., 2003;
Ferguson a Murray, 1971). Marsh II je definovany, ak je v histologickom naleze
zvySena infiltracia lymfocytmi sprevadzanad hyperplaziou krypt. Marsh III bol
podrobnejsie klasifikovany do troch podskupin A az C, podl'a miery atrofie klkov
(Wahab, 2002). Vicsina diagnostikovanych pacientov (50-60%) spada do tejto
kategérie (Green et al., 2005). Marsh IIIA - iastoéna atrofia kikov, kiky su tupé a
skratené, pomer kikov a krypt je pod 1:1. Marsh IIIB - kiky st silne atrofické, aviak

stale rozpoznatelné, pretrvava lymfocytdza, krypty si rozsirené s patrnou mitotickou



aktivitou. Typ IIIC - totilna atrofia kikov, hyperplastické krypty s taZzkou
lymfocytézou, mukédza tenkého <reva je podobnd rektilnej mukoéze. Marsh
charakterizoval aj stupeii IV- celkova atrofia sliznice s hyperplaziou krypt (Marsh,

1992).

1.5.3. Liecba a obnova ¢revnej sliznice

K regeneracii architektury ¢revnej sliznice dochadza pri déslednom dodrZiavani
bezlepkovej diéty. Minimalne 6-12 mesiacov po jej nasadeni vymiznu sprievodné
symptomy a zniZuje sa hladina vSetkych protilatok. Obnova sliznice méze trvat’ aj
niekolko rokov, zavisi to od stupria a rozsahu poskodenia. U deti je uzdravenie
rychlejSie neZ u dospelych (Uil et al.,1996; Grefte et al., 1988). U 65% pacientov
doslo k zlepseniu pocas 2 rokov dodrziavania bezlepkovej diéty, u 85,3% do 5 rokov a
u 89,9% u dlhodobejsie lie€enych. U pacientov so silnym poskodenim (Marsh IIIC) je
obnova pomalSia a neuplnd, i nad’alej méZu pretrvavat abnormality ¢revnej sliznice
(Wahab, 2002a).

Stanovenie protilatok v sére je vhodnou skriningovou metédou v populécii
rizikovych skupin pre celiakiu. Do tejto skupiny spadaju jednostupiiovi pribuzni
pacientov s celiakiou, s diabetes mellitus 1. typu, s Downovym syndromom a
primarnou bilidrnou cirhézou. Napomahajui tieZ monitorovat dodrZiavanie

bezlepkovej diéty.

1.5.3.1. Formy celiakie

Dermatitis herpetiformis (Duhringova choroba) sa poklada za kozni formu
celiake. Prejavuje sa svrbivymi pluzgierovitymi vyraZkami na vonkajsej strane
kolena, lakti, na zapisti a na temene hlavy. Pacienti maju zvySent hladinu protilatok
proti gliadinu a tTG2. Histologicky nalez ztenkého &reva poukazuje na rovnaké
funk¢éné a morfologické zmeny ako u celiake. Nasadenim bezlepkovej diéty dochadza
po niekolkych mesiacoch k zlepSeniu slizni¢nych aj koZnych prejavov (Rodrigo,

2006).



Asi u 5% pacientov nedochadza k obnove ¢revnej sliznice. Ak pri dlhodobom
dodrziavani bezlepkovej diéty (vySe 12 mesiacov) nad’alej pretrvava atrofia klkov,
hyperplazia krypt a infiltracia IELs, ide o refraktornu sprue (RS). Podl'a fenotypu
IELSs sa rozliduju 2 typy RS: typ I. s IELs CD3'CD8" TCRB+, u typu II. je 50% IELs
aberantnych s CD3'CD8TCR B+ fenotypom. Diagnéza sa musi potvrdit
histologickym nalezom (Cellier et al., 1998; 2000).
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2. SLIZNICNY IMUNITNY SYSTEM

Povrch gastrointestindlneho, respiraéného a urogenitalneho traktu, ocnej
spojivky a vyvodov exokrinnych Zliaz tvori asi 300m’. Sliznice maju vytvoreny
vysoko u€inny obranny systém, ktorého ulohou je rozli§it' Skodlivé antigény od
nesSkodnych.

Celiakia sa vyvija v prostredi slizniéného systému, ktorého integralnou sucastou
su rezidentné cirkulujice zlozky imunitniho systému. Sliznica ¢reva je anatomicky
tvorena jednou vrstvou epitelovych buniek a v nej pritomnych imunitnych bunkéch.
Hlavnou tlohou slizni¢ného imunitného systému je zabranit' vniknutiu patogénnych
mikroorganizmov a patogénnych zloziek z povrchu sliznice do vnutorného prostredia
organizmu. Slizni¢ny imunitny systém ma vyvinuté regulaéné mechanizmy, ktoré
eliminuju nebezpecéné antigény (mechanizmom antigénnej exklazie), alebo navodzuji
oralnu toleranciu proti komenzalnym mikroorganizmom a potravinovym antigénom
(Singh et al., 2001). Pri celiakii nastava poru$enie oralnej tolerancie proti gluténu.

Do patogenetickych mechanizmov celiakie st zapojené obe zlozky imunitného
systému, jak adaptivna (T a B-bunkami mediovand), tak aj prirodzend imunita

(Maiuri et al., 2003; Hiie et al., 2004; Meresse et al., 2004).

2.1 Adaptivna imunita

MALT (lymfoidné tkanivo asociované s mukodzou) je tvoreny T a B
lymfocytmi, ktoré moéZu byt zoskupené v lymfoidnych folikuloch (Payerove plaky

v Creve), alebo st rozptylené v epiteli (IELs) a v lamina propria (Ogra et al., 1999).

2.1.1 T- lymfocyty

T-lymfocyty sa vyvijaji vtymuse, do krvi prestupuju ako naivné T-
lymfocyty, migruji do lymfoidnych tkaniv, kde s aktivované cudzorodymi
antigénmi v komplexe s MHC predkladanymi na povrchu antigén prezentujicich

buniek. Vzniké subpopulacia efektorovych a pamétovych buniek.
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T-lymfocyty recirkulujuce v krvi aj v tkanive sa rozdel'uji na pomocné Ty
(CD3'CD4") a cytotoxické Tc (CD3'CDS8") bunky. Podla typu nesuceho TCR
receptoru sa rozdel'uju na of alebo ¥8. Az 95% lymfocytov je aff typu, zvy$nych 5%
nesie yd retazec. Minoritna subpopulacia Y0 T-lymfocytov je zvdcSa fenotypu
CD3"CD4’, CD8 a rozpoznava antigény nepeptidovej povahy bez ugasti antigén
prezentujucich buniek (APC) a HLA molekdl. Na zaklade rozdielnej distribticie a
funkcie sa mézu T-bunky delit’ do 2 skupin: jedna skupina sa nachadza v lymfatickom
tkanive a druhda medzi epitelovymi bunkami koZe a €reva a zrejme su sucastou
imunologického dohladu (Buc, 2001). Ich zvySeny pocet je pozorovany pri

autoimunitnych chorobéch.

2.1.1.1. Intraepitelové lymfocyty

IELs sa nachadzaju v epiteli koze a sliznic. Su fenotypovo heterogénne.
Rozliduju sa 2 zakladné populdcie, jedna nesie af” T bunkovy receptor, druha y§" T-
receptor. Podet af” T-buniek sa zvySuje pri reakci na antigénny podnet alebo pri
strese. Uloha y8" buniek nie je uplne objasnend, mohli by zohravat ur&itu regulaénu
ulohu pri imunitnych reakciach. (Collin et al., 2005).

Vicsina IELs je CD3'CD8’, nesu of* T-receptor, s CD45R0" fenotypom,
s adhezivnymi molekulami typu integrinov (a4B7) a cytoplazmatickymi granulami
s perforinom, ktoré sa podiel'aji na bunkami mediovanej cytotoxicite. U mysi bola
opisana subpopuldcia nesica homodimér CD8oc, ktord sa beZne nevyskytuje
v cirkulacii (Ogra et al.,1999; McDonald, 1998; Stépénkové et al., 1998).

Intraepitelové T-lymfocyty spolu s epitelovymi bunkami sa podielaji na
zéapalovych reakciach, ako su nespecifické ¢revné zapaly, Crohnova choroba a celiakia
(Tlaskalova-Hogenova et al., 1995). Charakteristickym znakom celiakie je zvySeny
podet intraepitelovych TCR off” a 8" T-buniek. ZvySeny pocet y8" T-buniek nie je
typicky fenomén len u celiakie, bol pozorovany aj pri alergii na mlieko, post-enteritide
ale aj u zdravych jedincov (Spencer et al., 1991; Brandtzaeg et al., 1998; Collin et al.,
2005). Napriek tomu, v pripade chybajucej atrofie, je vySetrenie ich po&tu napomocné

pri stanoveni diagnozy celiakie (Miki et al., 1991).
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Atrofia klkov stvisi s apoptozou enterocytov veducou k deStrukcii epitelu
(Ciccocioppo et al., 2001). Jednym z moZnych mechanizmov je zabijanie epitelovych
buniek cez systém perforin/granzym (Di Sabatino et al., 2001). Apoptdéza mdze byt
spustena interakciou NKG2D receptoru a CD94 na povrchu NK buniek a CD§"
cytotoxickych T-lymfocytov a jeho ligandu MICA (neklasickd-HLA molekula) a
HLA-E na povrchu epitelovych buniek. U zdravych jedincov len vel'mi malé percento
enterocytov exprimuje na svojom povrchu MICA, jeho nizka expresia chrani epitelové
bunky pred IELs. MICA a HLA-E mézu byt indukované stresom a interferonom
(IFN)-y (Jabri et al., 2000; Maiuri et al., 2001). Hiie a spoluprac. (2004) potvrdili, Ze
MICA je po in vitro stimulacii gliadinom a jeho peptidom (p31-49) silne exprimovany
na povrchu epitelovych buniek u celiakdlnych pacientov a je rozpoznadvand NKG2D
receptorom na povrchu cytotoxickych IELs. AZ 87% epitelovych buniek u pacientov
sRS je MICA pozitivnych, interakcia NKG2D/MICA je zrejme  hlavnym
mechanizmom masivnho poskodenia ¢revného epitelu (Hiie et al., 2004). IELs
izolované z pacientov s RS (aberantné CD3"CD7'NKG2D") zabijali MICA-pozitivne
HT-29 a HeLa epitelové linie (Di Sabatino et al., 2001). U refraktérnej sprue
pretrvava aktivacia IELs aj po nasadeni bezlepkovej diéty, u tychto pacientov je

vysoké riziko vzniku T- bunkovych lymfomov (Meijer et al., 2004).

2.1.1.2. CD4" T- lymfocyty v lamina propria (LP)

CD4" T-lymfocyty st prekurzorom pomocnych T-buniek, ktoré sa podla
produkovanych cytokinov rozdel'uju na Tyl (IL-2, IFN-y, lymfotoxin), Ty2 (IL-4, IL-
5, IL-6, IL-9, IL-13), Ty3 (IL-10, TGF-B). Subpopulacie sa polarizuju z Ty0 klonov
(produkuju zmes cytokinov obidvoch typov).

Hlavnu ulohu v imunopatogenetickom mechanizme celiakie zohravaju mukézne
CD4" /B T-lymfocyty v LP, ktoré produkuju zdpalové cytokiny T-bunkového typu s
Tul/TuO profilom (Sollid et al., 2002;Schuppan et al., 2003; Cerf-Bensussan et al.,
2003). Zvysuje sa polet gluténom aktivovanych CD4" T-buniek v lamina propria a
CD8" T-buniek v epiteli (Shan et al., 2002; Sollid et al., 2002). V tkanive tenkého
¢reva sa zvySuje hladina cytokinov, najmi IFN-y, ktory aktivuje d’alsie typy buniek

zahrniujucich 1 bunky prirodzenej imunity (Nilsen et al., 1995). IFN-y spolu s tumor
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nekrotizujucim  faktorom (TNF)-o vyrazne prispieva k zvySeniu epitelovej
permeability (Madara a Stafford, 1989). Glutén-Specifické T-bunky boli izolované
z periférnej krvi celiakalnyh pacientov (Raki et al., 2007).

Viésina glutén-$pecifickych T-buniek rozpoznava v alkohole rozpustné frakcie
gliadinu. Na zaklade $tudii na T-bunkovych klonoch izolovanych z ¢revnej mukoézy
celiakalnych pacientov boli opisané imunogénne gliadinové epitopy (Sjostrom et al.,
1998; Molberg et al., 1998; Arentz-Hansen et al., 2000; 2002; Sollid et al., 2000).
Dva si  HLA-DQ2 peptidy o-9(QLQPFPQLPY) a o-
2(PQPQLPYPQPQLPY), zdielaju spolo¢ny motiv 7 aminokyselin (PQPQLPY). T-

lymfocyty z celiakalnych pacientov rozpoznavaju prevazne peptidy na N-terminalnom

z nich restrikéné

konci o-gliadinu (prezentované HLA-DQ2 alebo DR7 molekulami) (Franco et al.,
1994; Johansen et al., 1996).

Prehl'ad znamych peptidov, ktoré su schopné stimulovat T-bunky je uvedeny

v tab. ¢. 1 (Koning, 2005; Stepniak a Koning, 2005).

Gliadinové peptidy stimulujice T-bunky

Peptid Sekvencia Zdroj proteinu HLA-DQ tTG zavislost’
Glia-a2  PQPQLPYPQ a-gliadin DQ2 +++
Glia-09  PFPQPQLPY a-gliadin DQ2 +++
Glia-020 FRPQQPYPQ a-gliadin DQ2 +++
Glia-a QGSFQPSQQ a-gliadin DQ8 +
Glia-y2  FPQQPQQPF v-gliadin DQ2 +++
Glia-y] PQQSFPQQQ y-gliadin DQ2 +++
Glia-y30 IIQPQQPAQ v-gliadin DQ2 +
Glt-156  FSQQQQSPF  LMW-glutenin DQ2 +++
Glt-17  FSQQQQQPL  LMW-glutenin DQ2 +++
Glt QGYYPTSPQ  HMW-glutenin DQ8 -
Glu-5 QLPOQQPQQF Unknown DQ2 +++

Tabul'ka ¢.1: Deamidované aminokyseliny su zvyraznené. +++ peptidy sl rozpoznavané T-
bunkami po demidacii tTG2; + deamidacia tTG2 zvySuje T-stimulaéni kapacitu, - peptid je
rozpoznany T-bunkami nezavisle na deamidacii tTG2 (Koning, 2005; Stepniak a Koning,
2005)

Peptid p31-43 pochadzajuci z a-gliadinu nie je rozpozniavany CD4"

intestinalnymi T-lymfocytmi, ale vyvolava poskodenie tenkého &reva u celiakalnych
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pacientv a u pacientov v remisii (Maiuri et al., 2003; Fraser et al., 2003; Sturgess et
al., 1994). Stimuluje makrofagy k produkcii cytokinov a aktivuje dendritické bunky
v lamina propria, zvySuje u nich expresiu IL-15, ktory je podstatny pre aktivaciu a
zachovanie pamétovych T- buniek (Maiuri et al., 1996; 2000; 2003; Jelinkova et al.,
2004).

Peptidy prestupuji do lamina propria tenkého creva pravdepodobne cez
porusené medzibunkové spoje. Glutamin tychto peptidov je pésobenim tTG2 v ¢reve
deamidovany na kyselinu glutdimovi. Deamidaciou glutaminovych zvyskov ziskavaju
gliadinové peptidy negativny naboj a zvySuje sa ich vézobna aktivita na HLA-DQ2
alebo HLA-DQS8 a tym sa zvySuje aj ich T-stimula¢né kapacita (Obr. ¢ 2) (Green a
Jabri, 2003; van de Wal et al., 1998; Sollid, 1998; Sjostrom et al., 1998; Molberg et
al., 1998; Shan et al., 2002; Stepniak a Koning, 2005).

Native gliadin peptide

TG

L 4 v -
Deamidated gliadin —» A
peptide A(-)

T-cell receptor
Destructive
—-» Interferon —# intestinal
Y fesion

Obrazok €. 2 (Green a Jabri, 2003)

Ned4vno bola opisana d’alsia efektorova subpopulacia lymfocytv CD4" Tyl7,
ktora sa diferencuje pod vplyvom IL-23, IL-6 a transformujiceho rastového faktora
(TGF)-B1. Tieto bunky produkuji IL-6, TNF-o, IL-17A a IL-17F cytokiny a st
pravdepodobne zodpovedné za zapalovu imunitnd odpoved u mnohych
autoimunitnych ochoreni (Kikly et al, 2006). IL-17 produkovany hlavne
aktivovanymi T-bunkami stimuluje fibroblasty, endotelové bunky, makrofagy a
epitelové bunky k produkcii prozapalovych mediatorov (IL-1, IL-6, TNF-a,
metalopreteindz a chemokinov), ktoré indukuju zapal ( Kolls a Linden, 2004; Nakae et
al., 2003).

Zvlastnu skupinu tvoria regulaéné T bunky - Treg (CD4'CD25"), Ty3 a Trl,
ktoré maju tlmivy G¢inok na vznik autoimunitnych reakcii, reguluju autoreaktivne

lymfocyty, ktoré unikli negativnej selekcii v tymuse (Thornton a Shevach, 2000).
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Produkuji prevazne IL-10, TGF-B a prostaglandiny. Inhibuji hlavne Tyl imunitna
odpoved’. Reguluju cez neznamy mechanizmus, vyZzaduju priamy kontakt bunka-
bunka, alebo cez G¢inok produkovanych cytokinov (Sakaguchi et al., 1995; Akbari et
al., 2003; Kretschmer et al., 2005). Gianfrani a spoluprac. izolovali z revnej mukozy
celiakalnych pacientov v remisii gliadin-Specifické T-bunky, ktoré kultivovali
v prostredi s gliadinom a s IL-10. Ziskali klon T-buniek s Ty0 cytokinovym profilom.
Z biopsii sa im podarilo izolovat’ aj T-regula¢né bunky Trl, ktoré boli anergické, po
stimulacii gliadinom produkovali IL-10 a IFN-y, ale len malo IL-2 a IL-4 a potlacali
proliferaciu izolovanych patogénnych Ty0 bunkovych klonov, zistenie pritomnosti
Trl buniek v éreve by mohlo viest k novym terapeutickym pristupom v celiakii

(Gianfranni et al., 2006).

2.1.2. B lymfocyty

Diferencujice sa B-lymfocyty st pritomné v germindlnych centrach
lymfoidnych folikulov. V lamina propria si prezentované hlavne plazmatickymi
bunkami produkujicimi prevazne IgA, v mensej miere aj IgM a IgG. B lymfocyty
moézu fungovat’ aj ako APC, komplexy tTG-gliadin si endocytované a prezentované s
HLA-DQ pribuznym T-lymfocytom (Sollid et al, 1997; Tlaskalova-Hogenova et al.,
2002).

Boli charakterizované imunodominantné B bunkové epitopy ovf a y-gliadinu
rozpoznavané IgA a IgG protilatkami pacientov s celiakiou (Kasarda et al., 1984;
Okita et al., 1985; Krupic¢kova et al, 1999, Osman et al., 2000). Osman a spoluprac.
pouzitim syntetickych peptidov identifikovali niekol’ko epitopov o-gliadinu
charakterizovanych pritomnostou spoloéného motivu QQQPFP a jeden repetitivny
epitop v y-gliadine (Osman et al, 2000).

V naSom laboratdriu boli §tudované B-bunkové epitopy gliadinu a autoantigénu
kalretikulinu, ktoré boli rozpoznavané IgA autoprotilatkami v sére celiakdlnych
pacientov a pacientov s asociovanymi autoimunitnymi a ¢revnymi ochoreniami
(Karska et al., 1995, Krupickova et al., 1999, Sanchez et al., 2000). Sanchez a
spoluprac. (2003) dalej metoédou PEPSCAN, pouzitim dodekapeptidov kalretikulinu,
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mapovali epitopy B-lymfocytov pacientov s celiakiou a s autoimunitnymi
ochoreniami pefene a preukazali radu spoloénych a pre nemoc Specifickych

imunodominantnych epitopov kalretikulinu.

2.2. ZloZky prirodzenej imunity

Prirodzena zlozka imunitného systému je v mukéze zastipend epitelovymi
bunkami, makrofagmi, dendritickymi bunkami, NK bunkami, mastocytmi,
fibroblastami, neutrofilmi, eozinofilmi a ich humoralnymi produktmi (cytokiny,
chemokiny, zloZky komplementu, lyzozym, laktoferin), charakteristickd je aj
produkcia antimikrobidlnych proteinov a peptidov (Mestecky et al., 2005; Tlaskalova-
Hogenova, 2002).

2.2.1. Epitelové bunky

Epitelové bunky tenkého Creva su vysoko polarizované bunky s apikdlnym a
bazolateralnym koncom. Su to kratko Zijuce bunky, ich obnova sa uskuto¢nuje
kazdych 3-5 dni. Zakladnym predpokladom pre ich spravnu funkciu je celistvost
epitelovej vrstvy (Tlaskalova-Hogenové, 1995). Uzko kooperuji s intraepitelovymi T-
lymfocytmi a spoloéne tvoria prvi obrannu liniu pred vstupom cudzorodych
antigénov do organizmu. Reaguji navzidjom prostrednictvom E-kadherinovych
adhezivnych molekul epitelovych buniek aintegrinov z podrodiny 7 (0gB7)
lymfocytov. Zabezpecuju interakciu organizmu s vonkaj§im prostredim a
extracelularnou matrix, konStitutivne exprimuji MHC molekuly I. aj II. triedy, ich
expresia sa zvySuje po stimulacii napr. IFN-y. Produkuju §iroké spektrum cytokinov a
chemokinov (IL-1, IL-6, IL-7, IL-8, IL-10, IL-15, IL-18, faktor stimulujici rast
kolénii granulocytov a makrofagov (GM-CSF), TGF-B), ktoré napoméhaju
pri reguldcii slizni¢nej imunity. Maja uréitd Glohu pri edukacii IELs nezavislych na
tymuse (Eckmann, 1993; Stadnyk, 2004; Sartor, 1994). Intestinalne epitelové bunky
exprimuju aj neklasické molekuly MHC I, ktoré napomahaju prenosu signalov

z limenu ¢reva k lymfocytom v lamina propria a robia znich tak unikitne APC
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v ¢reve. Spolo¢ne s molekulami CDI1d, MICA/B, HLA-E, FcRn, MR1 a ULI16-
viaZicim proteinom sa podiel'aju na aktivacii lamina propria T-lymfocytov a na
regulécii zapalu (Dahan et al., 2007).

Enterocyty viaZzu polymérne imunoglobliny (IgA, IgM) produkované
plazmatickymi bunkami v lamina propria a transportuju ich do limenu ¢reva ako
sekre¢né imunoglobuliny (Brandtzaeg, 1995).

Zvlastnu dlohu medzi epitelovymi bunkami maji Panethove bunky a
membranové epitelové bunky (M-bunky). Panethové bunky st sekre¢né epitelové
bunky produkujuce latky s antimikrébnymi uUc€inkami (lyzozym, fosfolipaza A2,
defenziny) (Huttner a Bevins, 1999). M-bunky, pohlcuju antigén z lumenu creva a
transportuju ho do lymfatickych folikulov, kde aktivuju T-lymfocyty a tym indukuji
sliznién\ imunitu.

Aktivované  T-lymfocyty vepiteli tenkého cCreva  prostrednictvom
produkovanych cytokinov priamo pdsobia na epitelové bunky. V poslednej dobe sa
pozornost’ zameriava na ulohu IL-15, ktory zrejme zohrava jednu z vyznamnych tuloh
v patogenéze celiakie. IL-15 je pleiotropny cytokin, ktory spolo¢ne zdiel'a s IL-2 dva
receptorové retazce (IL-2RP a 7y retazec) (Giri et al., 1994). Exprimuju sa v§ak na
rozdielnych bunkach, zatial' co IL-2 je exprimovany na povrchu aktivovanych T-
lymfocytov, IL-15 je exprimovany viacerymi typmi buniek, vratane monocytov,
makrofagov a epitelovych buniek (Waldmann a Tagaya, 1999; Perera et al., 2000). IL-
15 stimuluje produkciu IFN-y intraepitelovymi lymfocytmi, zvySuje ich cytotoxicitu a
prispieva k poSkodeniu epitelu (Meresse et al., 2004). Sti¢asne oba cytokiny (IL-2 a
IL-15) stimuluju T-bunkovu proliferaciu (Li et al., 2001).

Mention a spoluprac. (2003) detekovali zvySeni expresiu IL-15 v &reve
pacientov s aktivnou formou celiake, ale nebola zaznamenana u Crohnovej choroby.
IL-15 indukuje expresiu MICA v biopsiach pacientov aj zdravych kontrol, a tym
neustale aktivuje adaptivnu imunitu (Maiuri et al., 2000).

Intestinalne epitelové bunky st rozpoznavané IgA i IgG autoprotilatkami v sére
pacientov a v kultivaénom médiu z jejunalnych biopsii (Tlaskalova et al., 1990;

Krupickova et al., 1999; Sanchez et al. 2000).
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2.2.2. Antigén prezentujuce bunky

Profesiondlne antigén prezentujuce bunky, medzi ktoré patria monocyty,
makrofagy a dendritické bunky, zohravaju v lamina propria vyznamnu ulohu pri
udrZiavani oralnej tolerancie. Za fyziologickych podmienok exprimuji nizku hladinu
povrchovych molekul B7 (CD80) a B7.2 (CD86), ktoré su kostimulatnymi
molekulami T-buniek (Qiao et al., 1996).

2.2.2.1. Mononuklearno-fagocytovy systém

Zastupcami mononuklearno-fagocytového systému si makrofagy. Za nezrelt
formu makrofagov sa oznacuji monocyty, ktoré¢ su pritomné v krvnom obehu. Na
zaklade povrchovej expresie diferenciaénych znakov sa monocyty rozdeluju na
,.klasické* (CDl4hiCDl6‘), ktoré tvoria 90-95% z cekového mnoZstva monocytov u
zdravych jedincov a ,neklasické”, alebo tieZ oznafované ako ,prozapalové*
(CD14"CD16"(FcyIIl pozitivne)), ktoré produkuji menej IL-10 a viac TNF-c.
V porovnani s klasickymi monocytmi maji vys$$iu expresiu HLA-DR. U zdravych
Jedincov tato subpopulacia predstavuje 5-10% z celkového poctu krvnych monocytov
a su akymsi prekurzorom migrujucich DCs (Frankenberger et al., 1996; Belge et al.,
2002; Randolph et al, 2002). Jednotlivé subpopulacie sa li§ia aj expresiou
povrchovych molekul. Receptory pre CCR5 a CX3CR1 su silne exprimované u
CD14°CD16" buniek, expresia CCR2 a nizka expresia CX3CR1 st typické pre
CD14"CD16 bunky. Expresia rozdielnych chemokinovych receptorov a adhezivnych
molekul v jednotlivych subpopulacidch méZe mat” vyznamnu ulohu v ich odlidnej
migracii a citlivosti na jednotlivé infekcie (Weber et al, 2000; Geissmann et al., 2003).

Makrofagy sa nachadzajii v celom organizme, v réznych tkanivach a organoch,
maju spolo¢ny povod a rovnaki funkciu. Tvoria asi 5% z celkovej populicie
leukocytov. Makrofagy sa vyvijajo z prekurzorovej bunky zkostnej drene

(monoblast). Pod vplyvom rastovych faktorov sa diferencuju na promonocyty a dalej
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na monocyty. Po 3 dioch v cirkulacii sa monocyty usidluju v tkanivach kde
diferencuji na makrofagy. Su to dlho Zijuce bunky schopné lokalnej proliferacie.
Makrofagy patria medzi prvé bunky, ktoré sa infiltrujd na miesto zapalu.
V odpovedi na mikrobidlne stimuly a IFN-y produkuju prozapalové cytokiny a
chemokiny (IL-12, TNF-q, IL-1, IL-6, IL-8, zapalovy protein makrofagov (MIP)-1o).
Zohravaju dolezitd imunoregulaénd ulohu jak v prirodzenych, tak aj v adaptivnych
imunitnych obrannych mechanizmoch. Zudastiiuju sa fagocytdzy, syntetizuji
imunoregulaéné latky (monokiny), zloZzky komplementu a funguji ako APC (Buc,

2001).

2.2.2.2. Dendritické bunky

Dendritické bunky sa vyvijaji z progenitorovej bunky CD34" v kostnej dreni,
ktoré diferencuju na krvné prekurzory DCs (CD117CD14"). Pod vplyvom IL-4 a
GM-CSF alebo TNF-a. sa diferencuji na nezrelé DCs (CD11°,CD11°CD14"). Nezrelé

tkanivové DCs maju vysoki fagocytarnu schopnost’ a po aktivacii migruja do
lymfatickych uzlin, kde aktivuju T-lymfocyty. Prostrednictvom S$pecifickych
receptorov reaguju na Siroké spektrum chemokinov. Po stimuldcii antigénom
podlichaju funkénym a fenotypovym zmenam. V priebehu vyzrievania zvySuju
expresiu molekil CD80, CD86, CD40, HLA-DR, CCR?7, zniZuje sa ich fagocytarna
schopnost’. 'V lymfatickych folikuloch sliznic sa nachadzaju dva typy DCs:
subpopulacia nezrelych DCs tesne pod epitelom folikulov a subpopulacia
diferencovanych DCs v interfolikularnej oblasti, kde su v kontakte s T-bunkami.
Dendritické bunky prispievaji k polarizacii naivnych T-lymfocytov. Studie
v poslednej dobe ukazuju, Ze vysledna imunitnd odpoved’ na antigén (indukcia
tolerancie alebo stimulacia) zavisi od zucastnenych subpopulacii DCs (Banchereau et
al., 2000). Neinfekéné antigény su prezentované nezrelymi DCs, ktoré indukuju Ty2
alebo Tu3 polarizdciu a navodzuju oralnu toleranciu. Patogénne antigény si
prezentované diferencovanymi DCs, indukujucimi Tyl imunutni odpoved’, vedicu
k zapalu alebo k rezistencii proti intracelularnym infekciam (Tlaskalova-Hogenova et
al. 2007).
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2.2.3. NF-xB systém

Signalne drahy predstavuju siet’ kaskad, ktoré zabezpecuju odpoved’ bunky na
rozliéné stimuly, ako st napr. cytokiny, rastové faktory alebo stres. Jedna
z vyznamnych signalnych drah vedie cez NF-kB transkripény faktor, ktory indukuje
expresiu mnohych génov. Reguluje apoptézu, migraciu buniek, produkciu zépalovych
cytokinov (IL-1B, TNF-a, GM-CSF, IL-2, IL-11, IL-17), chemokinov (IL-8,
RANTES, MIP-1q, protein atrahujici monocyty (MCP)-2), enzymov (indukovatelnu
NO syntazu, cyklooxygenazu) a adhezivne molekuly (VCAM-1, ICAM-1, E-slektin) a
receptory (receptor pre IL-2). Pozostava z 5 podjednotiek: NF-xkB1 (p105/p50), NF-
kB2 (p100/p52), RelA (p65), RelB a c-Rel. Najlastejsie su do signdlnych drah
zapajené diméry z podjednotiek p65 a p50 alebo s p52 (Siebenlist et al., 1994;
Baeuerle a Baltimore, 1996). V cytoplazme buniek sa diméry nachadzaju
v neaktivnom komplexe spolo¢ne s inhibitorom IkB. Po stimulacii je IkB podjednotka
fosforylovand, ubikvitinovana a nasledne degradovana v protedzovom komplexe.
Uvolneny dimér translokuje do jadra a viaZze sa na DNA $pecificky prométor, &im

spust’a transkripciu génov (Barnes, 1997).
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3. CIEL, PRACE

1. Analyzovat a porovnat’ stimulaény u¢inok gliadinu a jeho peptidov a inych
potravinovych antigénov (ako je sdja a ovalbumin) na bunky l'udskych
monocytarnych linii, ktoré sa od seba liSia stupiiom diferenciacie. Sledovat’
produkciu cytokinov a chemokinov a charakterizovat signalnu drahu

indukovanu gliadinom.

2. Studovat odpoved monocytov izolovanych z periférnej krvi pacientov
s aktivnou formou celiakie (CD), pacientov na bezlepkovej diéte (GFD) a
zdravych darcov (HD) na peptické fragmenty gliadinu. Porovnat’ produkciu
cytokinov a chemokinov medzi jednotlivymi skupinami monocytov a
analyzovat’ vplyv pridaného IFN-y. Ur¢it vplyv genetickej predispozicie na
kvantitu produkovanych cytokinov u zdravych jedincov a expresiu
aktivaénych a maturaénych znakov buniek. U pacientov liecenych
bezlepkovou diétou charakterizovat’” vztah vysky hladiny produkovanych
protilaitok proti gliadinu a tTG2 na hladiny gliadinom indukovanych

cytokinov.
3. Analyzovat ochranny u¢inok materského mlieka na vznik celiakie.

Charakterizovat’ a monitorovat’ zmeny cytokinového profilu materského

mlieka odoberaného od matiek v réznych ¢asovych intervaloch po porode.
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4.VYSLEDKY

Zlozky prirodzenej a adaptivnej imunity spolu uzko kooperuju. Antigén
prezentujuce bunky na zaklade povahy antigénov rozhoduji, ktorym smerom bude
imunitna odpoved’ indukovana. V naSom laboratdriu sme zistili, Ze peptické Stepy
gliadinu a jeho peptidy maju vynimo¢nu schopnost’ stimulovat mysie peritonealne
makrofagy k produkcii chemokinov, cytokinov a indukovatenej NO syntazy. Bol
identifikovany dodekapeptid B (FQQPQQQYPSSQ), ktory vyrazne indukoval
makrofagy k produkcii TNF-a, IL-10, a RANTES (Tuckova et al., 2002).

Zaujimalo nas, ¢i ma gliadin rovnaky vplyv aj na l'udské monocyty. V naSej
praci sme sledovali stimulaény uéinok potravinovych proteinov (séje, ovalbuminu,
gliadinu a jeho peptidov) na produkciu cytokinov a chemokinov (IL-8 a TNF-o)
l'udskymi monocytarnymi liniami THP-1 a U937 a ovplynenie tejto aktivity IFN-y,
ktory je hlavnym cytokinom pri celiakii. IL-8 a TNF-a boli stanovené v kultivatnom
médiu metédou ELISA testu. Aby sme sa ¢o najviac pribliZili podmienkam, aké st
v gastrointestinalnom trakte, pouZité proteiny boli opracované pepsinom (naviazanym
na agarézou) v kyslom prostredi (pH 1.8). Monocytové/makrofagové linie THP-1
(CD14°CD68") a U937 (CD14'CD68") sa lidia od seba stuptiom diferenciécie.
Nestiepeny gliadin ma len slaby vplyv na produkciu IL-8 a TNF-a liniou THP-1. Jeho
peptické Stepy vyvolavali signifikantne vyssiu produkciu oboch cytokinov (100-500
pg/ml), po stimulacii spolo¢ne s IFN-y (150 U/ml) sa produkcia este viac zvysila.
NaStiepena s6ja a ovalbumin nemali Ziaden ucinok na produkciu IL-8 a TNF-o ani
v kombindcii s IFN-y. Sledovali sme aj vplyv prestimulacie IFN-y. Produkcia IL-8 a
TNF-a bola najvyssia po stimudcii gliadinovymi fragmentami v kombinacii s IFN-y,
po 2h a 24h prestimulacii IFN-y v porovnani s neprestimulovanymi bunkami sa e$te
viac zvysila.

Menej diferencované U937 bunky produkovali po stimulacii gliadinovymi
fragmentami len vel'mi nizku hladinu IL-8, ktora sa zvysila po 24h prestimulacii IFN-
Y. Produkcia TNF-o nebola detekovatelna.

Sucasne s celou zmesou gliadinovych peptidov sme sledovali produkciu IL-8
THP-1 bunkami po stimuldcii syntetickym peptidom 33-mérom, peptidom p31- 43, a

B-peptidom. Produkcia IL-8 stimulovand 33-mérom dosahovala len 20% a B
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peptidom 60% odpoved’ zo stimula¢nej kapacity celkovej zmesi gliadinu a p31-43.
TNF-a produkcia po stimulacii B peptidom dosiahla len 10% a u p31-43 len 40%
uéinnost’ v porovnani s gliadinovymi fragmentami. 33-mér neindukoval produkciu
TNF-a ani po stimulacii spolo¢ne s IFN-y. Jednotlivé gliadinové peptidy sa liSia
svojou stimulaénou kapacitou, najsilnej§im aktivatorom l'udskej monocytarnej linie
THP-1 je cela zmes gliadinu.

Ako pozitivnu kontrolu sme pouzili LPS (1pg/ml). Odpoved’ na LPS (obdobne
ako na gliadin) bola u linii THP-1 a U937 odli$na. THP-1 produkovali signifikantne
vysSiu hladinu IL-8 (558.7 + 23.7 pg/ml) a TNF-a (107.3 + 13.0 pg/ml) nez U937
linia (IL-8: 322.6 + 16.1 pg/ml; TNF-a: 33.5 + 5.2 pg/ml). Zaujimalo nas, ¢i expresia
CD14 molekuly, ktora je vysoko exprimovana u THP-1, ale nie u U937 linie, ma
vplyv na produkciu cytokinov. Monoklondlna protilaitka anti-CD14 zniZovala
produkciu IL-8 u THP-1 buniek po stimuladcii LPS, ale nemala Ziaden efekt na
aktivaciu buniek gliadinovymi fragmentami.

Po stimuldcii THP-1 buniek gliadinovymi fragmentami (500 pg/ml) sa
zvySovala védzobna aktivita podjednotiek (p50 a p65) NF-xB signalnej drahy. Pre
potvrdenie zapojenia NF-kB do signalizaénych mechanizmov po stimulécii gliadinom
(500 pg/ml) sme sledovali efekt inhibitorov NF-xB: sulfasalazinu, PDTC a TPCK.
Sulfasalazin inhibuje fosforylaciu Ix-B (Wahl et al., 1998), PDTC (pyrrolidine
dithiocarbamate) blokuje disociaciu NF-xB/Ix-B komplexu (Snyder et al., 2002),
TPCK (L-1-tosyloamido-2-phenyl chloromethyl ketone) brani degradacii Ix-B
(Baldwin, 1996). PDTC (0.5 uM) a sulfasalazin (2 mM) inhibovali vizobnu aktivitu
p65 podjednotky, ale len slabo pS0; TPCK (5 uM) inhiboval vizobna aktivitu
podjednotky pS0 vyraznej$ie neZ p65 podjednotky.

Sulfasalazin zniZoval produkciu IL-8 THP1-bunkami, jeho efekt bol davkovo
zavisly, v koncentracii 0,1 mM bola pozorovana 15% inhibicia a 2 mM mal az 90%
u¢innost’. PDTC posobil uz pri koncentracii 0,1 uM. TPCK mal pri koncentracii 1 uM
32% efekt a 25uM tplne inhiboval produkciu IL-8.

Pri aktivéacii NF-xB sa IxkBa fosforyluje a degraduje. Pomocou Western Blotu
sme sledovali fosforylaciu IxkBo u THP1-buniek po stimulécii Stiepenym gliadinom

samotnym a v kombinécii s IFN-y, v porovnani s nestimulovanymi bunkami sa
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fosforylacia IkBo. zvySovala. Tieto vysledky potvrdzuju zapojenie NF-kB do
signaliza¢nej drahy I'udskych monocytov po stimulacii gliadinom.

Nase vysledky ukazali, Ze gliadin na rozdiel od inych potravinovych antigénov,
ako je sdja a ovalbumin, je schopny priamo stimulovat’ ludské monocyty k produkcii
IL-8 a TNF-o. T-bunkovy cytokin IFN-y, ktory je hlavny cytokin u celiakdlnych
pacientov, mé synergisticky u¢inok na produkciu cytokinov a chemokinov. ZvySena
produkcia IL-8 (chemoatraktant imunitnych buniek) a TNF-o (vyvolava produkciu
metaloproteindz) aktivovanymi monocytmi/makrofagmi prispievaju k poskodeniu
¢revnej sliznice.

Gliadin stimulates human monocytes to production of IL-8 and TNF-
o through a mechanism involving NF-xB. Jelinkovd L, Tuckova L, Cinova J,
Flegelova Z, Tlaskalova-Hogenova H. FEBS Letters; 571: 81-85, 2004

Aby sme lep$ie pochopili Glohu prirodzenej imunity v celiakii, porovnavali sme
odpoved’ na gliadin medzi l'udskymi monocytmi izolovanymi z periférmej krvi
zdravych darcov, aktivnych celiakov a pacientov na bezlepkovej diéte.

V jednotlivych  skupinach monocytov sme pouzitim ELISA metddy
v kultivatnom médiu merali spontdnnu a gliadinom indukovant produkciu IL-8 a
TNF-o.. Spontdnna produkcia IL-8 bola v skupine aktivnych celiakov a pacientov
lie¢enych bezlepkovou diétou vyssia (525 +404 pg/ml a 965+ 682 pg/ml, P > 0.05)
nez u monocytov zdravych darcov (1314202 pg/ml, P < 0.001). Po stimulacii IFN-y
(150U/ml) samotnym nedo$lo k vyraznejSiemu zvy$eniu produkcie, v kombinacii
spolo¢ne s gliadinom (100 pg/ml) sa zvysila produkcia IL-8 u vSetkych troch skupin.
Monocyty celiakalnych pacientov produkovli viac IL-8 neZ monocyty zdravych
darcov. NajvysSia produkcia bola v skupine aktivnych celiakov (3365 + 2451 pg/ml).
U pacientov na bezlepkovej diéte poklesla produkcia IL-8 (2645+ 1723 pg/ml), aviak
v porovnani s produkciou monocytov u zdravych darcov (1046+ 783 pg/ml) ostala
Statisticky vyznamne zvy$ena (P < 0.001). Obdobné rozdiely medzi skupinami boli
najdené i v pripade produkcie TNF-o.. Zaujimavé je, Ze pridany IFN-y nemal vplyv na

produkciu IL-8, ale vyrazne zvysil produkciu TNF-o.
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U krvnych monocytov zdravych jedincov sme sledovali vplyv gliadinovych
fragmentov na fenotypové zmeny. Po kultivicii  monocytov s gliadinovymi
fragmentami (100pg/ml) alebo s IFN-y (150 U/ml), v porovnani s nestimulovanymi
monocytmi, sa len mierne zvySila expresia maturaénych (CD83) a aktivanych
(CD80, CD40) molekul, ktoré predstavuji znaky dendritickych buniek. Po stimulacii
gliadinom v kombindcii s [FN-y sa u monocytov vyrazne zvysila povrchova expresia
molekil CD80, CD86, CD40, a hlavne CD83 . Inkubécia buniek v pritomnosti sdje a
jej proteolytickych fragmentov, na rozdiel od gliadinu, nevyvolala fenotypové zmeny
na bunkovom povrchu, ani v kombinécii s IFN-y.

Viésina celiakalnych pacientov (95%) exprimuje antigén HLA-DQ2". Zaujimal
nas vplyv genotypu na produkciu IL-8 monocytmi zdravych darcov. Po stimulacii
gliadinom a IFN-y monocyty HLA-DQ2" zdravych darcov produkovali 2 az 3-krat
viac IL-8 neZ monocyty HLA-DQ2" jedincov. Vysledky poukazuji na to, Ze monocyty
s HLA-DQ2" genotypom st predisponovani k vyssej produkcii IL-8.

Podobne ako u THP-1 linie, zaujimalo nas, ¢i gliadinom indukovna produkcia
cytokinov monocytmi z periférnej krvi vedie tieZ cez NF-xB signdlnu dréhu. U
monocytov aktivnych celiakov sa po stimulédcii gliadinom zvySila vdzobna aktivita
podjednotiek pS50 a p65 (P < 0.05). Po inkubacii s inhibitorom TPCK sa vdzobna
aktivita redukovala u p50 podjednotky na 20% a u podjednotky p65 na 54%. NF-xB
inhibitory TPCK (1-25 uM) a PDTC (1-10 uM) zniZovali produkciu IL-8 a TNF-o.. U
monocytov zdravych darcov bola po stimulécii gliadinom zaznamenana len slaba
vdzobna aktivita oboch podjednotiek, ktora TPCK (25 uM/ml) dplne redukoval.
Produkciu IL-8 a TNF-a inhiboval aZ na uroveri pozadia.

Vtejto praci sme ukazali, Ze gliadinové fragmenty aktivuji monocyty
celiakdlnych pacientov a monocyty HLA-DQ2" zdravych jedincov k zvysenej
produkcii prozépalovych cytokinov a chemokinov. Zvy$ené hladiny cytokinov
aktivuji  bunky prirodzenej imunity a tym ich zapajaji do patogenetickych
mechanizmov celiakie.

Gliadin peptides activate blood monocytes from patients with celiac disease.
Cinové J., Palova-Jelinkova L, Smythies LE, Cerna M, Pecharova B, Dvotdk M,
Fruhauf P, Tlaskalova-Hogenova H, Smith PD, Tu¢kova L. J Clin Immunol; 27:201-
209, 2007
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Materské mlieko obsahuje vel'a imunologickych $pecifickych aj neSpecifickych
faktorov, vratane imunitnych buniek. U kojencov, ktori eSte nemaju plne vyvinuty
imunitny systém zabezpefuji ochranu pred infekénymi agens (Ogra, 1999;
Tlaskalova-Hogenova et al.,1982). V materskom mlieku sa nachadzaju imunologicky
aktivne zloZky, ako je sekreény IgA, antimikrobne faktory, cytokiny a rastové faktory.
Jednym z nich je aj rastovy epidermovy faktor (EGF), ktory sa podiel'a na proliferacii
a diferenciacii epitelovych buniek. EGF bol detekovany v réznych telovych
tekutinach, vratane kolostra a materského mlieka (Goodland et al, 1996; Xu, 1996).
Stépankova a spoluprac. vypracovali experimentalny model celiakie na krysach, ktoré
boli kfmené v¢asne po narodeni gliadinom spolu sIFN-y. Na tomto modeli
demonstrovali ochranny vplyv materského mlieka pred rozvojom celiakie a ukazali,
Ze jeden z faktorv, ktory je v tomto mechanizme vyznamny je EGF (Stépankova et al.,
2003). Zda sa , Ze kojenie ma vplyv na nastup celiakie a ukazuje sa, Ze u deti, ktoré su
prikrmované a zéaroven aj kojené je nizSie riziko vzniku celiakie. Pre nas bolo
zaujimavé vediet’, aké je zloZenie kolostra a materského mlieka, ¢i sa ich zloZenie
postupom Casu meni a ¢i by jednotlivé zlozky mohli mat ochranny uc¢inok pred
rozvojom celiakie.

Podielali sme sa na pokusoch, v ktorych bolo odobranych 31 vzoriek kolostra
(prvych 72 h po porode), alebo 22 vzoriek mlieka (72 h po pdrode) odobranych pocas
prvych 4 dni po pdérode. Pouzitim testov na stanovenie cytokinov (RayBio Human
Cytokine Array V) sme sledovali zastipenie jednotlivych proteinv v kolostre a v
mlieku, ich koncentraciu a zmeny v ¢asovo postupne odoberanych vzorkach. Jedna
skupina vzoriek (17) bola odobrana pocas prvych 2 dni po porode a boli pouZité array
(na ktorych je moZné detekovat’ az 79 rdznych proteinov v jednej vzorke. V druhej
skupine bolo testovanych 42 proteinov (RayBio Human Cytokine Array III),
pozostavala zo 14 vzoriek kolostra, kde od jednej matky bolo niekolko odberov
v réznych ¢asovych intervaloch. PouZitim cytokinovych testov pre 79 proteinov, sme
detekovali 68 réznych proteinov, ztoho 32 z nich boli opisané v Fudskom kolostre
alebo v mlieku po prvy krat. Tri cytokiny (EGF, IL-8, a GRO-s proliferaciou stvisiaci
onkoprotein) boli pritomné vo vSetkych testovanych vzorkach, 19 proteinov malo

vel'mi Casty vyskyt (u vySe 50 % vzoriek). Priemerny pocet cytokinov detekovany
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v jednej vzorke je 20. Zastupenie jednotlivych cytokinov v kolostre a v mlieku matiek
vykazuje individudlne rozdiely a zmena koncentracie v ¢ase nie je jednotnd, ale
vicsinou sa zniZuje, preto sme sicasne so stanovenim cytokinov prevadzali aj meranie
celkovej hladiny bielkovin v tychto vzorkach.
rastovych faktorov (rastovy faktor fibroblastov (FGF)-4, rastovy faktor placenty
(PIGF)), chemotaktickych faktorov (B lymfocytarny chemoatraktant/CXCL13,
zéapalovy protein makrofagov (MIP)-18-1p/CCL4, MIP-16/CCL15, MIP-3a/CCL20,
(PARC)/CCL18, faktor inhibujuci leukémiu, oncostatin M) a protizdpalové faktory
(tkanivovy inhibitor metaloproteindz (TIMP)-1, TIMP-2, chemokin odvodeny od
makrofagov (MDC)/CCL22). V§eobecnou ¢értou bol pokles koncentracie IL-12 a MIP-
18/CCL15 a narast koncentracie MCP-1/CCL2 v materskom mlieku.

Cytokine profiling in human colostrum and milk by protein array. Kverka
M, Burianova J., Lodinova-Zadnikovad R, Kocourkova I, Cinova J, Tutkova L,

Tlaskalova-Hogenova H. Clin Chem; 53:955-962, 2007

Cast vysledkov znasej prace je uvedenych v prehladnom &lanku, ktory
opisuje ulohu slizniéného imunitného systému a jeho vplyv na celkovy vyvoj
imunitného systému. Hned’ po narodeni, ked’ este nie je dokonale vyvinuty imunitny
systém, je organizmus chraneny pred infekciu prirodzenou zloZkou imunitného
systému. Vyznamnym znakom prirodzenej imunity je schopnost’ rozliSit' patogénne
mikroorganizmy pomocou pattern recognition receptors (PRRs). Tieto molekuly su
tieZ zname aj ako Toll-like receptors (TLRs), ktoré rozpoznavaju charakteristické,
s patogénom asociované molekuly na povrchu mikroorganizmov (pathogen-associated
molecular paterns-PAMPs) (Medzhitov a Janeway, 2000; Aderem a Ulevitch, 2000;
Akira a Takeda, 2004), ich interakcia vedie k signalizacii a k aktivacii transkripéného
faktoru NF-xB, ktory zodpoveda za aktivaciu génov kédujtcich produkciu cytokinov,
chemokinov a d’alich mediatorov zapalu. Baktérie ¢revnej mikroflory si v izkom
kontakte s epitelovymi bunkami. Po narodeni sa osidluje &revnd sliznica
mikroorganizmami (~1x10%). Je otdzne, akymi mechanizmami je zabezpe&ené, e tieto
komenzalne baktérie u zdravych jedincov nevyvolavaju na rozdiel od patogénnych

baktérii zépal sliznice. Vac§ina tycho komenzalnych baktérii je nekultivovatelna,
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preto presné zloZenie Erevnej mikrofléry je neustidle predmetom mnohych S§tudii.
Pouzitim gnotobiologickych zvieracich modelov sa potvrdilo, Ze jednotlivé zloZky
¢revnej mikrofléry maju rozhodujicu ulohu pri postnatdlnom vyvoji imunitniho
systému.

Zistenie, ktoré baktérie a bunky, a akym spdsobom sa podiel'aju na indukci a
udrZiavani chronického zapalu ¢reva, by mohlo priniest nové pristupy v terapii a
v prevenci neSpecifickych ¢revnych zépalov medzi ktoré patri Crohnova choroba,
ulcerdzna kolitida a celiakia.

Involvement of innate immunity in the development of inflammatory and
autoimmune diseases. Tlaskalova-Hogenova H, Tuckova L, étépénkové R, Hudcovi¢
T, Palova-Jelinkova L, Kozdkova H, Rossmann P, Sanchez D, Cinova J, Hrnéif T,
Kverka M, Frolovéa L, Uhlig H, Powrie F, Bland P. Ann NY Acad Sci; 1051: 1-12,
2005
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5. DISKUSIA

Celiakia je multifaktoridlne ochorenie sliznice tenkého creva, ktoré je u
geneticky vnimavych jedincov vyvolané pSeniénym lepkom - gluténom a jeho
hlavnymi zlozkami. Z d’al§ich faktorov, ktoré mézu mat’ vplyv na nastup celiakie, je
vplyv vonkajsieho prostredia, prekonanych infekénych ochoreni a vyzivy. Aj ked’ je
znamy vyvolavajuci agens celiakie, patogeneticky mechanizmus tohoto ochorenia nie
je doposial dostatoéne objasneny. Velka pozomost bola venovani tlohe CD4" T-
buniek, ktoré rozpoznavaji gliadinové peptidy prezentované APC. Aktivované
Specifické T bunky stimuluju jak B-bunkovu produkciu $pecifickych protilatok, tak aj
odpoved’ Tyl buniek, su zapojené do produkcie celej rady cytokinov a chemokinov,
ktoré ovplyviiuju d’al§ie bunky adaptivnej aj prirodzenej imunity. V poslednej dobe sa
predmetom intenzivnych §tudii stdva uloha buniek prirodzenej imunity v patogenéze
ochoreni. Je S§tudovand aktivacia monocytov, Erevnych epitelovych buniek a
makrofagov, expresia povrchovych molekal ako su HLA-DR, CD95/Fas,
intracelularnych adhezivnych molekal (ICAM-1), produkcia cytokinov a ich podiel
v mechanismoch zapojenych do morfologickych a funkénych zmien ¢revnej sliznice
(Maiuri et al., 2003; 2003a; Mention et al., 2003; Giovannini et al., 2003; Shuppan et
al., 2003).

V naSom laboratériu sme sa zapojili do tejto $udie a ukazali sme, Ze peptické
Stepy gliadinu, na rozdiel od intaktného gliadinu a obdobne spracovanych ostatnych
testovanych potravinovych proteinov (s6ja, ovalbumin, kasein) stimuloval
v pritomnosti IFN-y (hlavného cytokinu celiakie) mysSie peritonealne makrofagy (in
vitro) k produkcii cytokinov a NO (Tuckova et al., 2000).

Zaujimalo nés, ¢i podobny efekt budi mat gliadinové Stepy aj na ludské
monocyty. PouZili sme l'udské monocytdrne linie U937 (CD14°'CD68") a THP-1
(CD14°CD68"), ktoré predstavujii odliné stupne diferenciacie monocytov/
makrofagov. Ukazali sme, Ze viac diferencované bunky l'udskej monocytarnej linie
THP-1 odpovedali na gliadinové fragmenty zvySenou produkciou IL-8 a TNF-a a ich

produkcia je vyznamne zvy$ovana v pritomnosti exogenného IFN-y.
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V tkanive jejuna aktivnych celiakov bola detekovana vysoka hladina mRNA pre
IFN-y (Nilsen et al., 1998). Jeho hlavnym producentom si gliadin-senzitivne T-
lymfocyty (Nilsen et al., 1995). IFN-y spolu s TNF-o prispievaji k zvySenej
permeabilite érevného epitelu (Deem et al, 1991; Madara a Stafford, 1989). Odpoved’
THP-1 buniek na gliadin bola signifikantne vys$ia, jak v pripade, ked’ bunky boli
inkubované spoloéne s gliadinom a IFN-y, tak aj u buniek prestimulovanych IFN-ya
nasledne stimulovanych gliadinovymi fragmentami samotnymi alebo v kombinacii s
IFN-y. Nestiepeny gliadin, s6ja a ovalbumin mali len vel'mi slaby vplyv na aktivaciu
monocytov, ktory sa nezvySoval ani po pridani INF-y. Odpoved’ U-937 monocytov
bola velmi nizka, znamky produkcie IL-8 boli pozorované po stimulacii gliadinom a
IFN-y a to len v pripade buniek prestimulovanych IFN-y (24h), zatial ¢o TNF-a
produkcia nebola detekovana. THP-1 monocytarna linia reagovala intenzivnejSie
nielen na stimuldciu gliadinom, ale tieZ na bakteridlny LPS signifikantne vyS$Siou
produkciou IL-8 a TNF-a neZ linia U-937. Rozdielna odpoved’ THP-1 a U-937
monocytov bola dokumentovana aj inymi autormi po stimulacii E. Coli LPS a Shiga-
toxinmi (Eperon a Jungi, 1996; Ramegowda a Tesh, 1996). Imunohistochemické
§tadie poukazuju na zvySeny pocet CD14 pozitivnych makrofagov a vys§iu expresiu
iNOS v biopsiach z aktivnych celiakov, na rozdiel od zdravych jedincov (Steege et al.,
1997). THP-1 bunky su charakterizované vysokou expresiou CD14, pouZitim anti-
CD14 monoklonalnej protilatky bola LPS-indukovana produkcia IL-8 redukovana,
aviak na gliadinom indukovani odpoved’ to nemalo Ziaden efekt. Uast CD14
molekuly na aktivacii buniek gliadinom sa v tychto experimentoch nepotvrdila.

Analyzou povrchového receptoru pre gliadin sa zaoberal aj Fasano a spoluprac.,
na mysich bunkach sledovali moznu ulohu povrchovych TLR2 a TLR4 pri aktivacii
gliadinom. Autori ukazali, Ze u mysi s defektem v expresii tychto molekil nie je
ovplyvnena produkcia cytokinov po aktivaci gliadinovymi peptidmi a s najvacSou
pravdepodobnostou nepredstavuju receptorové molekuly pre gliadin na povrchu
tychto buniek (Thomas et al., 2006).

Stbezne s pokusmi na monocytoch prebiehali v naSom laboratdriu v spolupraci
s oddelenim Imonolégie 2.LF v Motole pokusy testujuce uGc¢inok gliadinovych
fragmentov na dendritické bunky pripravené z 'udskej perifémej krvi. Pokusy boli

inSpirované vysledkami Nikulina a kol, ktori na dendritickych bunkach odvodenych

31



z kostnej drene mysi ukazali, Ze gliadinové fragmenty indukuju expresiu maturaénych
znakov MHC II, CD40, CD54 a CD86 (Nikulina et al., 2004). V naSej pracovne;j
skupine boli dendritické bunky pripravené v prostredi IL-4 a GM-CSF. Bolo ukézane,
7e gliadinové fragmenty maju nielen stimulaénu schopnost, opisani v predoslych
pokusoch, ale navodzuju aj funkéné a fenotypové vyzrievanie DCs. Gliadinové
fragmenty zvySovali povrchovii expresiu maturaénych znakov CD83, CD80, CD86,
CD40 a HLA-DR a zniZovali fagocytdrnu kapacitu DCs. Podobne ako aj u
monocytov, proteolytické fragmenty séje a ovaluminu nemali Ziaden zretelny efekt na
maturaciu DCs. Maturacia DCs suvisi s produkciou §irokého spektra cytokinov a
chemokinov (McColl, 2002). U gliadinom stimulovanych DCs buniek bola namerana
vysoka produkcia IL-6, IL-8, TNF-a. Produkcia regulaénych cytokinov (IL-4, IL-10)
bola nizka, gliadin dokonca zniZil produkciu TGF-B v porovnani s nestimulovanymi
DCs. Zaujimavé bolo zistenie, Ze LPS-stimulované a gliadinom-stimulované DCs sa
liSia spektrom produkovanych cytokinov, hlavne v produkcii IL-12, ktord nebola
zaznamenana u DCs stimulovanych gliadinom. Nepritomnost IL-12 je
charakteristickym znakom u celiakie, IL-12 nebol detekovany ani na urovni mRNA
izolovanej z tkaniva celiakélnych pacientov (Nilsen et al., 1998). Domnievame sa, Ze
uloha IL-12 pri Tyl polarizicii by mohla byt zastipena IL-23 alebo IL-18
molekulami.

Vysledky naSich, uZ spominanych experimentov zameranych na analyzu
signalnej drahy aktivovanej gliadinovymi peptidmi u F'udskych monocytarnych linii
THP-1 a U937 a ludskych monocytov izolovanych z perifernej krvi, tak aj
pozorovanie d’al§ich autorov (De Stefano et al., 2006; Palova-Jelinkova et al., 2005)
poukazuji na vyznamnu uéast’ molekil NF-kB komplexu. U vsetkych tychto buniek
bolo potvrdené zapojenie dvoch hlavnych vizobnych podjednotiek (p50 a p65) NF-
KB signalnej drahy. Gauss a spoluprac. zisitli, Ze 'udské monocyty po kultivacii
s TNF-o zvySuju aktivitu NADPH oxidazy, to vedie k zvy$enej produkcii kyslikovych
radikalov a k aktivacii NF-xB, ¢im TNF-a eventulalne podporuje zapal (Gauss et al,
2007)

Subepitelové 'udské (Rugtveit et al., 1997) aj mysie (Chirdo et al., 2005) ¢revné
makrofdgy a DCs exprimuju za fyziologickych podmienok len nizke hladiny

kostimula¢nych molekul CD80 a CD86 a nie su schopné navodit' stimuldciu T-
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lymfocytov (Qiao, 1996). Ked'ze ¢revné makrofagy su odvodené od krvnych
monocytov (Smythies et al., 2006), mikroprostredie ¢reva pravdepodobne zniZuje
schopnost’ novo osidlenych monocytov odpovedat’ na gliadin.

Monocyty zdravych jedincov po stimuldcii gliadinom samotnym nezvySovali
povrchovu expresiu znakov CD80, CD86, CD83 a CDA40, avsak po pridani gliadinu
spoloéne s IFN-y sa prejavil synergisticky ucinok IFN-y na aktivaciu monocytov.
V ramci skupiny monocytov zdravych jedincov sme v produkcii IL-8 zaznamenali
Siroky rozptyl hodndt, preto sme na zaklade HLA-DQ?2 typizacie monocyty rozdelili
na HLA-DQ2" a HLA-DQ2". Monocyty HLA-DQ2" jedincov spontdnne uvolfiovali
viac IL-8, nez monocyty HLA-DQ2". Vysledky naznalili, Ze zvySend produkcia
cytokinov u celiakalnych pacientov je asociovana s expresiou HLA-DQ2, avSak toto
spojeniec moézZe byt sucastou doposial neobjasnenych genetickych faktorov a
komplexnych mechanizmov pri vzniku tohoto ochorenia.

Nase vysledky zapadaju do hypotézy navrhovanej Brantzaegom (2006), podl'a
ktorej vicsina APC, ktoré su pritomné véreve za fyziologickych podmienek
v nezrelej forme, vedie skor k indukcii tolerancie nez k aktivacii T-buniek. Jednym
zmoznych mechanizmov vzniku celiakie je poruSenie ordlnej tolerancie za
spoluucasti d’al§ich, doteraz neznamych (¢initelov, ako je napr. infekcia a
mikroprostredie v tkanive. Gliadinové peptidy prestupujuce crevnou sliznicou
stimuluju epitelové bunky a CD8" IELs k produkcii cytokinov. Kombinécia tychto
cytokinov s gliadinovymi peptidmi stimuluje makrofagy a vedie k maturécii
dendritickych buniek. Na DCs sa zvySuje expresia kostimulaénych molekal a
dochadza k vzniku gluten-pecifickych CD4" Tyl lymfocytov (Obr. &. 3). Gliadin
navodzuje aktivaciu a maturaciu dendritickych buniek a tak zvySuje celkovy pocet
buniek prezentujucich jeho peptidy. Predstavu o vplyve mikroprostredia v tkanive na
reaktivitu buniek podporuju aj nalezy L. Smythies, ktora ukazala, Ze makrofagy
izolované zc¢revného tkaniva zdravych jedincov nenesi znaky umoZiujiuce ich
aktivaciu bakteridlnymi antigénmi. (Smythies et al., 2005; Smith et al, 1991; 2005).
V ramci spoluprace s touto skupinou bol testovany aj efekt gliadinu, ktory nenavodil v
in vitro podmienkach aktivaciu makrofagov izolovanych z ¢reva zdravych jedincov,
na rozdiel od ich krvnych monocytov, ktoré boli gliadinom aktivované k produkcii

Sirokého spektra cytokinov a chemokinov (vid’ nasa spolo¢na publikacia).
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Obrazok ¢. 3 (Brandtzaeg et al., 2006)

Ked’Ze sihrn ¢initel'ov podielajucich sa na vzniku celiakie je stale otazny, do
istej miery by mohli ur¢iti ulohu zohravat’ aj baktérie mikrobialnej flory. V sucasnej
dobe niekolko pracovnych skupin sa zaobera porovnanim bakteridlnej flory u
zdravych jedincov a u deti s celiakiou (Tjellstrom et al., 2005, Sanz et al., 2007). Do
tejto Stadie sme sa zapojili spolo¢ne s pracovnou skupinou Y. Sanz z Valencie, kde
vramci spolo¢ného grantového projektu sme zahajili $tudium vplyvu vybranych
bakteridlnych kmeriov, (ktorymi sa li§ili zdravi a celiakdlni pacienti) na bunky
prirodzenej imunity. Bude testovany ich samotny u&inok na bunky prirodzenej
imunity a ich vplyv spolo¢ne s gliadinom na monocyty a makrofagy izolované zo

zdravych jedincov a pacientov s celiakiou.
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6. ZAVER

b

Zaverom by som zhrnula, Ze naSou S$tudiou sa nam podarilo prispiet
k objasneniu u¢asti buniek prirodzenej imunity pri vzniku a vyvoji celiakie. Uk4zali
sme, Ze gliadin, na rozdiel od ostatnych potravinovych antigénov mé schopnost
aktivovat’ jak 'udské monocytarne linie, tak aj monocyty izolované z periférnej krvi
celiakalnych pacientov a zdravych jedincov k produkcii cytokinov a chemokinov,
pricom odpoved monocytov z celiakdlnych pacientov je vys§ia v porovnani
s monocytmi zdravych jedincov. Podarilo sa nam ciasto¢ne analyzovat' gliadinom
aktivované signalne drahy stimulované gliadinovymi fragmentami. Stile ostava
klai¢ovou otazkou v patogenéze celiakie, ¢im je glutén tak vynimo¢ny, Ze navodzuje
rozsiahlu bunkami mediovani imunitni odpoved’, aké receptorové molekuly viazu
gliadinové fragmenty na povrch buniek a ktoré z tychto fragmentov su patogenetické
pre celiakiu.

Podiel’ali sme sa na $tudii, ktora v navdznosti na preukdzany protektivny vplyv
kojenia na rozvoj celiakie, charakterizovala cytokinové zloZenie kolostra a materského
mlieka. V nasej $tadii bola po prvy krat opisana cela rada cytokinov a d’alsich
faktorov a ich zmeny v Case, ktoré by mohly byt zodpovedné za ochranu crevnej
sliznice u kojencov.

Tieto vysledky st len malou suéastou zloZitého mechanizmu vzniku celiakie.
Vedu k celej rade d’alSich otazok, ktoré je potrebné d’alej analyzovat’. Patri sem aj
identifikacia gliadinovych peptidov, ktoré stimuluju bunky prirodzenej imunity,
identifikécia receptoru pre tieto imunogénne peptidy, podrobnejsia analyza signalnych

drah a potencialna ucast’ baktérii pri tomto ochoreni.
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Abstract Wheat gliadin is the triggering agent in coeliac
disease. In this study, we documented that proteolytic fragments
of gliadin, in contrast to other food antigens, induced interleukin
(IL)-8 and tumour necrosis factor-o (TNF-a) production and
significantly increased interferon (IFN)-y-induced cytokine se-
cretion in human monocytic line THP-1 cells. Stimulation with
gliadin resulted in elevated phosphorylation of the IxBa molecule
and increased NF-xB/DNA binding activity that was inhibited by
sulfasalazine, L-1-tosylamido-2-phenylethyl chloromethyl ketone
and pyrrolidine dithiocarbamate (PDTC). The activation path-
way was shown to be independent of the CD14 molecule. Less
mature U-937 monocytes responded to gliadin stimulation by low
IL-8 secretion, TNF-a production was not detectable. We
propose that gliadin-induced activation of monocytes/macro-
phages can participate in mechanisms leading to the impairment
of intestinal mucosa in coeliac patients.

© 2004 Federation of European Biochemical Societies. Published
by Elsevier B.V. All rights reserved.

Keywords: Monocyte; Gliadin; Interleukin-8; Tumour necrosis
factor-a; NF-xB; Innate immunity

1. Introduction

Coeliac disease, a chronic inflammation of small intestine,
develops in genetically susceptible individuals because of
intolerance to wheat gluten and related prolamins. Gluten, a
complex mixture of gliadins and glutenins, is usually digested
in the gastrointestinal tract by various enzymes of human and
bacterial origin, mainly by pepsin in stomach.

Gliadin-peptide-specific CD4+ a/B T lymphocytes present in
jejunal mucosa seem to be central in the immunopathology of
the disease. After challenge, they produce increased levels of
inflammatory cytokines of T-helper 1 profile (mainly interfer-
on-y, IFN-y) and other mediators that can activate other cell
types including cells of innate immunity. Macrophages and
dendritic cells in intestinal mucosa play a role as antigen pre-
senting cells and could be activated by various stimuli to the
production of inflammatory cytokines (such as tumour necrosis
factor-a (TNF-a), interleukin (IL)-1 and IL-6), chemokines

* Corresponding author. Fax: +420-241-721-143.
E-mail address: lenicka@biomed.cas.cz (L. Jelinkova).

(IL-8, monocyte chemotactic protein-1 [MCP-1]) and reactive
oxygen and nitrogen intermediates [1-4).

Although the vast majority of bacterial and food compo-
nents do not elicit intestinal inflammation, it is becoming in-
creasingly recognised that pathogens that cause acute
inflammation do activate the NF-kB pathway, resulting in a
regulation of genes encoding proinflammatory cytokines,
chemokines and adhesion molecules. The NF-xB family of
proteins consists of homo- and heterodimeric subunits of the
Rel family, including p50 and p65. The activity of NF-xB is
regulated by a family of IkB inhibitor proteins (IkB «a, B, y and
€), which sequester NF-kB in the cytoplasm. Upon stimula-
tion, IkB is phosphorylated, ubiquitinated, and subsequently
degraded by the proteasome complex. Degradation of IxB
allows NF-kB to translocate to the nucleus, bind to its specific
promoter elements and activate gene transcription [5].

In recent years, the mechanism of activation of monocytes,
intestinal epithelial cells or macrophages and the involvement
of upregulated membrane expression and secretion of mole-
cules such as HLA-DR, CD95/Fas, intercellular cell adhesion
molecule-1 (ICAM-1), IL-15 or reactive nitric oxide (NO)
radicals in coeliac disease immunopathogeny became a topic of
intensive studies [6-10].

We have shown that wheat gliadin and its peptic fragments
have the unique ability, in contrast to other food proteins, to
activate the mouse peritoneal macrophages to the production
of TNF-a, IL-10, RANTES and an inducible form of NO
synthase. Gliadin fragments active in these processes were
isolated and identified [3,4].

The aim of the present study was to investigate whether food
proteins such as gliadin, soya protein or ovalbumin can also
activate human monocytic cell lines (THP-1 and U-937 dif-
fering in surface marker expression) to cytokine and chemo-
kine production and whether this activity could be modulated
by IFN-y, the main cytokine in coeliac disease. We also
analysed the potential role of CD 14 receptor and NF-kB
family members in the activation pathway.

2. Materials and methods

2.1. Food proteins

Ovalbumin and soya proteins (Sigma, St. Louis, MO) were diluted
to 1 mg/ml concentration in incomplete RPMI-1640 medium (Endo-
toxin tested, Sigma), centrifuged (5000x g, 10 min) and supernatants
were stored at =20 °C. The stock solution of crude gliadin 5.0 mg/ml in
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50 mM HCI was prediluted in RPMI-1640 medium, centrifuged
(10000x g, 10 min), the sediment was dissolved in HCI solution, the
concentration of soluble molecules was measured and the final dilution
calculated.

Peptic fragments of proteins were prepared using the pepsin-agarose
gel (ICN, Biomedicals, OH, USA). 7 ml of protein (10 mg/ml) in 0.1 M
HCI, pH 1.8, was incubated with 5 ml of pepsin-agarose gel (45 min,
37 °C). Removing the gel by centrifugation (1500x g, 10 min) stopped
enzymatic cleavage. The supernatants were then centrifuged
(12000 x g, 10 min) and soluble protein fragments divided into aliquots
and frozen at -20 °C.

The gliadin 33-amino acid (AA) peptide [11), gliadin peptide p31-43
[6], and B peptide [4] were synthesised using the Fmoc/tBu protection
strategy on aminoethyl copoly (styrene-1% divinylbenzene) resin with
Knorr linker. After cleavage from the resin, the peptides were purified
using high-performance liquid chromatography and characterised by
AA analysis and liquid chromatography/mass spectrometry (System
Waters 2690 Separation Module and Waters 2487 Dual A Absorbance
Detector, connected to a Micromass Platform L.C.).

Potential presence of lipopolysaccharide (LPS) was tested using the
E-toxate test (Sigma). The LPS level in all reagents used in the study
was below the detection limit.

2.2. Cell lines and their activation

THP-1 and U-937 cells (GCMCC, Braunschweig, Germany) were
cultured as described earlier [12]. Cells in concentration of 1 x 10¢/ml
were exposed to gliadin or its peptic fragments (10-500 pg/ml) alone
or together with human IFN-y (150 U/ml, R&D System, Minneap-
olis) or to LPS (Sa/monella typhimurium, 1-10 pg/ml, Sigma) for 24 h.
THP-1 cells were also incubated with soya protein, ovalbumin or their
peptic fragments (100-500 pg/ml) or synthetic gliadin peptides [33 AA
gliadin peptide, B peptide and p31-43 peptide (200 pg/ml)] alone and/
or with IFN-y (150 U/ml). Alternatively, the cells were preincubated
with IFN-y for 2 or 24 h, washed twice with PBS and stimulated for
additional 24 h with gliadin digest alone or together with IFN-y. In
some experiments, THP-1 cells were preincubated for 1 h at 37 °C
with mouse anti-CD14 monoclonal antibody (mAb) MEM-18 or with
isotype control IN-O5 mouse anti-insulin mAb (both mAb provided
by Prof. V. Hofejsi); the gliadin fragments or LPS were then added to
cultured cells in the presence of anti-CD14 mAb or IN-O5 mAb for
24 h. Furthermore, NF-xB inhibitors sulfasalazine (0.1-2.0 mM),
pyrrolidine dithocarbamate (PDTC) (0.1-10 pM) and r-1-tosylamido-
2-phenylethyl chloromethyl ketone (TPCK) (1.0-25.0 pM) (Sigma)
were added to cultured cells for 30 min, and then gliadin digest was
added for 24 h.

2.3. Enzyme-linked immunosorbent assay

The level of IL-8 and TNF-a was determined in cell culture super-
natants collected after 6, 24 and 48 h of cultivation by enzyme-linked
immunosorbent assay DuoSet kit (R&D System, Minneapolis)
according to the manufacturer’s instructions.

2.4. Western blot analysis

THP-1 cells were stimulated for 30 min with gliadin digest
(200 pg/ml), IFN-y (150 U/ml) or LPS (1 pg/ml), rinsed in cold 1 pM
Na3VOy in Tris buffered saline, lysed in ice-cold lysis buffer (25 mM
Tris-HCI, pH 7.4, 1 mM DTT, | mM Na;VO, and 1% Nonidet P-40,
1 mM EDTA, | mM EGTA, 10 mM NaF and | mM PMSF) for
30 min at 4 °C and centrifuged (14000 x g, 15 min, 4 °C). Supernatants
were assayed for protein by the BCA protein kit (Pierce, USA). The
same amount of protein from each lysate (30 pg/well) was subjected to
10% SDS-polyacrylamide gel electrophoresis (PAGE) [13] and trans-
ferred onto nitrocellulose membranes. Phosphorylated IxB protein was
detected after incubation with rabbit anti-phospho-IxBa Abs (1:1000
final dilution) (Cell Signaling, USA). The membrane was then incu-
bated with goat anti-rabbit horseradish peroxidase-conjugated Abs
(1:2500 final dilution) (Cell Signaling, USA). Immunoreactive bands
were visualised by ECL detection kit (Amersham, UK) and quantified
by densitometry using Scan Pack 3.0 Software (Biometra, Gottingen,
Germany).

2.5. Preparation of cell nuclear extract and colorimetric NF-xB assay

Nuclear extracts were prepared from THP-1 cells stimulated for 90
min with gliadin digest (500 pg/ml) alone or together with IFN-y (150
U/ml), sulfasalazine (2 mM), PDTC (0.5 uM) and TPCK (5 uM)
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using a Nuclear extract Kit (Active Motif, USA). NF-xB DNA
binding activity was detected using a TransAM NF-kB family tran-
scription factor assay kit (Active Motif, USA) according to the
manufacturer’s protocol. Briefly, microwells coated with a double-
stranded oligonucleotide containing the NF-kB consensus sequence
were incubated with the nuclear extract for 1 h at room temperature
and washed three times with washing buffer. The captured active
transcription factor was incubated for 1 h with Ab specific for p65 or
p50 NF-xB subunit, then for 1 h with anti-rabbit IgG coupled-
horseradish peroxidase and after washing exposed to developing so-
lution for 10 min. The optical density was measured at 450 nm using
a Titertec Multiscan MCC/340 (Flow Lab., Irvine, Scotland).

2.6. Statistical analysis

Data are presented as arithmetic means of at least three independent
experiments + S.E.M. Statistical analysis was performed by Student-
Newman-Keuls multiple range test and Student’s t-test. P values
smaller than 0.005 were considered to be significant.

3. Results and discussion

3.1. Cytokine production by human monocytic cell lines
stimulated with gliadin

Since the phenotypic and functional characteristics of hu-
man jejunal macrophages have not been precisely determined
in healthy and diseased conditions, the effect of food proteins
was tested using human cell lines THP-1 and U-937. THP-1
and U-937 cells represent different stages of monocyte/mac-
rophage maturation. Unlike the polyploid U-937 cells (CD 14-,
CD 68-), THP-1 cells (CD 14+, CD 68+) posseses a normal
complement of chromosomes and resemble primary monocyte-
derived macrophages in terms of inducible functions [14].

The crude gliadin had a very low direct effect on the acti-
vation of THP-1 cells evaluated by IL-8 and TNF-a produc-
tion, while gliadin proteolytic fragments (100-500 pg/ml)
elicited a significant secretion of both cytokines that was en-
hanced on its joint administration with IFN-y (150 U/ml).
Soya protein and ovalbumin, treated similarly to gliadin, had
no effect on IL-8 and TNF-a production either when applied
alone or in combination with IFN-y (Fig. 1).

Since joint administration of IFN-y with gliadin fragments
enhanced the gliadin-induced production of IL-8 and TNF-a,
we investigated the effect of IFN-y prestimulation (Fig. 2).
Interestingly, prestimulation of THP-1 cells with IFN-y
(150 U/ml) for 2 or 24 h prior to the addition of gliadin frag-
ments resulted also in a higher secretion of IL-8 and TNF-a
with respect to non-prestimulated cells (Fig. 2A and B). The
production of IL-8 and TNF-a was even higher when gliadin
fragments were applied to prestimulated cells simultaneously
with IFN-y. In contrast to THP-1 cells, the response of U-937
cells to gliadin fragments was very low and these cells produced
significantly increased amount of IL-8 only when gliadin was
added to the cells prestimulated for 24 h with IFN-y (Fig. 2C).
The TNF-a production after gliadin challenge was not detect-
able (data not shown).

To complete the time schedule, the IL-8 and TNF-a secre-
tion by THP-1 cells was measured also 6 and 48 h after trig-
gering with gliadin fragments (200 pg/ml) alone or along with
IFN-y (150 U/ml). IL-8 production increased in time, reaching
a maximum value after 48 h of cultivation. TNF-a secretion
was elevated during the first 24 h. Extension of the cultivation
to 48 h did not elevate cytokine secretion in response to gliadin
fragments and increased spontaneous release of TNF-a by cells
was observed (Fig. 3).
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Fig. 1. Effect of gliadin, soya protein and ovalbumin and their prote-
olytic fragments on IL-8 (A) and TNF-a (B) secretion by THP-1 cells
measured after 24 h of cell cultivation (left); the synergistic effect of
IFN-vy applied together with food proteins (right). Data are expressed
as means+S.E.M. from at least three independent experiments.
* P<0.05 ** P<0.0l.

For comparison, we tested the stimulatory capacity of 33-
AA peptide derived from o-gliadin (resistant to digestive
enzymes), described as an inducer of gliadin-specific T cells
[11], synthetic dodecapeptide B (FQQPQQQYPSSQ), a po-
tent mouse macrophage-stimulating peptide [4] and the glia-
din peptide (p31-43) that stimulates innate response in
cultivated coeliac biopsies [6]. The IL-8 production by THP-1
cells in response to the 33-AA peptide reached only about
20% and to the B peptide about 60% of the response detected
with the whole gliadin digest, while p31-43 gliadin peptide
exerted the same stimulatory capacity as the gliadin digest.
On evaluating TNF-a production, the B peptide reached
about 10% and p31-43 about 40% of the response detected
with the gliadin digest, while 33-AA peptide was unable to
induce TNF-a secretion even in combination with IFN-y.
Similarity in the synergistic effect of IFN-y and gliadin-de-
rived peptide B, p31-43 and/or the whole gliadin digest on
cytokine secretion was observed (data not shown). These
results indicate that gliadin-derived peptides differ in their
capacity to activate human monocytes and/or macrophages;
however, the whole gliadin digest was found to be the most
potent activator of these cells.
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Fig. 2. Response of THP-1 (A, B) and U-937 cells (C) to gliadin
fragments added directly to cell cultures (a) or after preincubation with
IFN-y for 2 (b) or 24 h (c) measured as IL-8 (A, C) and TNF-a (B)
production. Data are expressed as means + S.E.M. from at least three
independent experiments. * P < 0.05, ** P < 0.01.

3.2. The CDI14 molecule is not involved in the activation of
THP-1 cells by gliadin

The response of THP-1 and U-937 cells to LPS (I pg/ml),
known to activate monocytes/macrophages, was compared
with activation by gliadin and/or IFN-y. When stimulated with
LPS, THP-1 cells produced significantly higher levels of IL-8
(558.7+23.7 pg/ml) and TNF-a (107.3+13.0 pg/ml) than
U-937 cells (IL-8=322.6+16.1 pg/ml; TNF-a=33.5+
5.2 pg/ml). The differences in response of THP-1 and U-937
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Fig. 3. The kinetics of IL-8 (A) and TNF-a (B) production by THP-1
cells. Cytokine production was determined 6, 24 and 48 h after addi-
tion of gliadin fragments and/or IFN-y to cells directly or after IFN-y-
preincubation (for 2 or 24 h). Data obtained from at least three
experiments are expressed as means + S.E.M; differences between val-
ues at individual time intervals were calculated by Student’s t-test.
* P <0.05 ** P<0.01, *** P <0.001.

monocytes were also documented by other authors using
Escherichia coli LPS and purified Shiga-like toxins [15,16).

Since the more pronounced response of THP-1 cells seemed
to be in accordance with the higher expression of CD14 mol-
ecule, we examined the effect of anti-CD14 mAb on cytokine
production. Addition of anti-CD14 mAb to THP-1 cells sub-
stantially reduced the IL-8 production induced by LPS, but
had no effect on the activation by gliadin digest (Table 1). This
observation throws doubt on the potential role of CD14
molecule in the activation of cells with gliadin.

3.3. Gliadin-induced IL-8 secretion is mediated via NF-xkB
pathway
Stimulation of THP-1 cells with gliadin digest (500 pg/ml)
and/or with IFN-y (150 U/ml) resulted in a marked increase of
the binding activities of NF-xB subunits pS0 and p6S, more

Table 1
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Fig. 4. The involvement of NF-kB subunits p50 and p65 in the acti-
vation pathway induced by gliadin fragments in THP-1 cells. The NF-
kB DNA binding activity and the effect of inhibitors: sulfasalazine (2
mM), PDTC (0.5 pM) and TPCK (5 pM) was measured after a 90 min
cultivation by a colorimetric NF-kB assay. Data are presented as
means + S.E.M. from three independent experiments. * P < 0.05,
** P <00l was calculated vs. untreated cells and © P < 0.01,
00 P < 0.01 vs. gliadin-stimulated cells.
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pronounced in the case of p50 subunit. To confirm the role of
NF-kB in gliadin-induced activation of THP-1 cells, we ex-
amined the effects of NF-kB inhibitors: sulfasalazine, PDTC
and TPCK. Sulfasalazine inhibits phosphorylation of Ik-B
[17], PDTC functions as a NF-xB inhibitor by blocking the
dissociation of the NF-kB/IxB complex [18] and TPCK plays a
role as proteasome inhibitor; it can therefore inactivate NF-kB
by preventing the degradation of IxB [19]. Treatment with
0.5 uM PDTC and 2 mM sulfasalazine inhibited substantially
p65 but only slightly pSO binding activity; 5 pM TPCK re-
duced the p50 binding capacity more efficiently than that of
p65 (Fig. 4).

Moreover, sulfasalazine markedly suppressed, in a dose-
dependent fashion, gliadin-stimulated IL-8 secretion by THP-1
cells, producing 15% inhibition at 0.1 mM and 90% inhibition
at 2 mM concentration. The effect of PDTC was first evident at
0.1 uM concentration. TPCK produced 32% inhibition at
1 uM and completely abolished IL-8 production at 25 pM
concentration (data not shown).

Since NF-kB activation involves the phosphorylation and
subsequent degradation of IkBa, we assayed the phosphory-
lation of IkBa by Western blot analysis. Fig. 5 shows that the
treatment of THP-1 cells with gliadin alone or together with
IFN-y increased phosphorylation of IkBa, when compared
with unstimulated cells. Taken together, these results suggest
that NF-kB molecule containing p50 and p65 subunits is in-
volved in the activation pathway triggered by gliadin frag-
ments in human monocytes.

In summary, our results document for the first time the di-
rect effect of gliadin on human monocytes. In contrast to soya

Anti-CD14 mAb (MEM-18) blockade of IL-8 production by LPS and gliadin-stimulated THP-1 cells

1L-8 secretion (pg/ml)

mAb added +MEM-18 (10 pg) (% of blockade) +1IN-05 (10 pg) (% of blockade)
LPS 10 pg 1030.3+130.0 324.4476.8 (70) 1038.4 £+ 56.6 (0)
Gliadin 500 pg 287.5+21.2 273.1£11.0 (5) 300.5+20.2 (0)
Cells 98.0+11.8 100.2 4 10.5 (0) 98.2+15.6 (0)

Note. Data are shown as means + S.E.M. MEM-18, anti-CD14 monoclonal antibody IN-05, anti-insulin control monoclonal antibody.
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Fig. 5. Representative Western blot shows the effect of gliadin frag-
ments, IFN-y or LPS (positive control) on phosphorylation of IxBa in
THP-1 cells (p-IxkBa formation) (A) and its densitometric evaluation
presented as mean AUC (arbitrary units) + S.E.M. of three indepen-
dent experiments, ** P < 0.01 (B).

protein and ovalbumin, gliadin and its fragments stimulated
human monocytes to increased IL-8 and TNF-a production.
IFN-y, the main cytokine produced by gluten-specific T cells of
coeliac patients, exerted a costimulatory effect on chemokine
and cytokine production. Moreover, the data from our on-
going experiments show that gliadin peptides also activate
human peripheral blood monocytes and that the production of
IL-8 and TNF-a significantly differs in cells isolated from
healthy donors and coeliac patients. The analysis of factors
affecting the responsiveness is under study. Based on these
findings, it could be suggested that increased secretion of IL-8
(a chemokine attracting immune cells to inflamed tissue) and
TNF-a (cytokine involved in the activation of metallopro-
teinases digesting tissue components) produced by activated
monocytes and/or macrophages could be involved in the im-
pairment of coeliac intestinal mucosa.
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ABSTRACT: Initial events and effector mechanisms of most inflammatory and
autoimmune diseases remain largely unknown. Dysfunction of the innate and
adaptive immune systems associated with mucosae (the major interface be-
tween the organism and its environment, e.g., microbiota, food) can conceivably
cause impairment of mucosal barrier function and development of localized or
systemic inflammatory and autoimmune processes. Animal models help in elu-
cidating the etiology and pathogenetic mechanisms of human diseases, such as
the inflammatory bowel diseases, Crohn’s disease and ulcerative colitis, severe
chronic diseases affecting the gut. To study the role of innate immunity and gut
microbiota in intestinal inflammation, colitis was induced by dextran sulfate so-
dium (DSS) in mice with severe combined immunodeficiency (SCID). Conven-
tionally reared (microflora-colonized) SCID mice displayed severe
inflammation like that seen in immunocompetent Balb/c mice, whereas only mi-
nor changes appeared in the intestinal mucosa of DSS-fed gnotobiotic germ-free
SCID mice. The presence of microflora facilitates the inflammation in DSS-in-
duced colitis that develops in immunodeficient SCID mice, that is, in the absence
of T and B lymphocytes. Celiac disease, a chronic autoimmune small bowel dis-
order, afflicts genetically susceptible individuals with wheat gluten intolerance.
We showed that, in contrast with any other food proteins, wheat gliadin and its
peptic fragments activate mouse macrophages and human monocytes to pro-
duce proinflammatory cytokines through the nuclear factor-«B signaling path-
way. Activation of innate immunity cells by food proteins or components from
gut microbiota thus could participate in the impairment of intestinal mucosa
and the development of intestinal and/or systemic inflammation.
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INTRODUCTION

Body surfaces covered by epithelial cells come into contact with a number of
microoganisms and foreign substances immediately after birth. Although the surface
of the skin (~2 m?) is protected mechanically by several epithelial layers, the surfac-
es of the gastrointestinal, respiratory, and urogenital tracts (~300 m2) are mostly cov-
ered with a single-layered epithelium. To resist the invasion of microorganisms, they
require extensive protection, as represented by a complex of mechanical and chem-
ical mechanisms responsible for the degradation and removal of heterogeneous sub-
stances, and by highly effective innate and highly specific adaptive immune systems.
However, the interface between the organism and the outside world is also the site
of the exchange of nutrients, and the export of products and waste components. Mu-
cosae must, therefore, be selectively permeable; at the same time, they must consti-
tute a barrier equipped with local defense mechanisms against environmental threats
(e.g., invading pathogens). The mucosal immune system has evolved mechanisms
for discriminating between harmless antigens from food and microflora and danger-
ous antigens. Characteristic features of mucosal immunity distinguishing it from
systemic immunity are (1) strongly developed mechanisms of innate defense; (2) the
existence of characteristic populations of unique types of lymphocytes and their
products; (3) colonization of the mucosal and exocrine glands by cells originating
from the mucosal-organized tissues (“common mucosal system”); (4) transport of
polymeric immunoglobulins through epithelial cells into secretions (sIgA); and (5)
preferential induction of inhibitory mechanisms directed against mucosal nondan-
gerous antigens (“oral/mucosal tolerance”). The innate mucosal immune system is
represented by cells (epithelial cells, macrophages, dendritic cells, mast cells, and
other cells) and their humoral products (e.g., antimicrobial proteins and peptides).
Basic functions of the mucosal immune system are protection against pathogenic
microorganisms and prevention of penetration of immunogenic components from
mucosal surfaces into the internal environment of the organism (barrier and anti-
infectious functions). Another important function is the induction of unresponsive-
ness of systemic immunity to antigens present on mucosal surfaces (oral/mucosal
tolerance) and the maintenance of homeostasis on mucosal surfaces (immunoregu-
latory function).!-*

INNATE IMMUNE MECHANISMS IN INFLAMMATORY AND
AUTOIMMUNE PROCESSES: THE ROLE OF
MUCOSAL BARRIER

The basic mechanism of mucosal immunity is innate, natural immunity, as repre-
sented by processes that protect the host immediately, within the first minutes and
hours of exposure to infection. It is of interest that these defense mechanisms of ver-
tebrates are implemented by structurally related effector molecules present in plants
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and insects, which do not possess higher, specialized forms of adaptive immunity. A
characteristic, although not yet clearly defined, feature of innate immunity is an abil-
ity to distinguish between potentially pathogenic microbial components and harm-
less antigens by pattern recognition receptors (PRRs). Examples of these molecules
are the so-called Toll-like receptors (TLRs) that enable mammalian cells to recog-
nize conserved characteristic molecules present on microorganisms that represent
so-called pathogen-associated molecular patterns (PAMPs).5~7 Because these mole-
cules (e.g., lipopolysaccharides, peptidoglycans) also are present on commensal
bacteria, it seems more precise to call them microbe-associated molecular patterns
(MAMPs). Toll receptors were originally described in Drosophila; their extracellu-
lar domain contains leucine-rich repeats, whereas the cytoplasmic domain is homol-
ogous to the IL-1 receptor (IL-1R). In insects, they were found to play an essential
role in the immune response to fungal infection. In mammals, PRRs are present on
macrophages, neutrophils, dendritic cells, epithelial cells, and other cells belonging
to the innate immune system. It was demonstrated that recognition of microbes ac-
tivates the NF-xB signaling pathway, triggering cytokine production and upregula-
tion of costimulatory molecules on antigen-presenting cells that leads to activation
of T cells. We have shown that human intestinal epithelial cells express an important
lipopolysaccharide-binding molecule, CD14, which, together with Toll-like recep-
tors, can participate in maintaining the intricate balance between self and the outer
environment in the gut. Western blotting and reverse transcriptase polymerase chain
reaction (RT-PCR) confirmed CD14 positivity. Furthermore, we found that these
cells release a soluble form of CD14 that may have important implications in shap-
ing the interaction between the mucosal immune system and gut bacteria.? Innate
immunity is closely linked to adaptive, acquired immunity; the link is represented by
dendritic cells.

In addition to well-known humoral components of innate immunity (humoral
forms of PRRs) present on mucosal surfaces such as complement, lysozyme, lacto-
ferrin, and mannan-binding protein, recently described factors have been the subject
of intensive study. Important components of nonspecific mechanisms are antimicro-
bial peptides widely distributed throughout the plant and animal kingdoms. Various
antibiotic peptides, defensins, were found in epithelial cells (e.g., in apical granules
of Paneth epithelial cells). In addition to their wide antimicrobial activity, defensins
display chemotactic activity toward T cells; in other words, they represent compo-
nents of innate immunity interacting with adaptive immunity.%

The intestine harbors an enormously complex microflora of a large variety of in-
digenous bacteria. These bacteria are in close proximity to a large population of rap-
idly renewing epithelial cells and other components of the mucosal innate immune
system. Components of normal microflora maintain a balanced, “physiological” in-
flammatory response that is missing in animals reared under germ-free condi-
tions.!®!! Starting from the first hours after delivery from the sterile uterine
environment, microorganisms colonize most of the mucosal surfaces and skin. The
number of autochthonous bacteria (~1 x 10!4) exceeds the number of cells forming
the human body. The highest numbers of commensal bacteria, exhibiting enormous
diversity, are found in distal parts of the gut; their identification and characterization
is, however, hampered by the fact that many intestinal bacteria are not cultivable.
Molecular biological methods help in analyzing the complexity of the microflora
and in identifying its components.!2 The highly protective colonization of the mu-
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cosal surfaces by commensals has an important stimulatory effect on innate and adap-
tive immunity, metabolic processes (e.g., nutrition), and other host activities.!3-15
Using gnotobiotic animal models (animals reared in germ-free conditions), we and
others demonstrated that components of intestinal microflora play a crucial role dur-
ing early postnatal development of the immune system.!® However, unlimited im-
mune activation in response to signals from commensal bacteria could pose the risk
of pathological inflammation. The mucosal immune system has developed special-
ized regulatory, anti-inflammatory mechanisms for eliminating or tolerating non-
dangerous commensal microorganisms and food antigens (oral/mucosal
tolerance).'®17 Still, under specific conditions, commensal bacteria could partici-
pate in the development of intestinal or systemic inflammation.!1-18

The epithelium of most mucosal surfaces consists of a layer of interconnected, po-
larized epithelial cells separated by a basal membrane from the connective and sup-
porting tissue surrounding various types of cells present in the lamina propria. The
epithelial layer is reinforced by tight junctions present in paracellular spaces of epi-
thelial cells and forming an interconnected network. In addition to laterally situated
tight junctions present in zonula occludens, there are intermediary junctions and des-
mosomes in the so-called zonula adherens. Tight junctions were found to act as a dy-
namic and strictly regulated port of entry that opens and closes in response to various
signals (e.g., cytokines) originating in the lumen, the lamina propria, and the epithe-
lium. Tight junctions participate in preserving cellular polarity and are regarded as
key elements in intestinal diffusion mechanisms. Occludin, members of claudin fam-
ily, and junctional adhesion molecule (JAM) were identified as the molecules forming
transmembrane tight junction strands. The cytoplasmic plaque of tight junctions in-
cludes many proteins (e.g., zonula occludens-1 [ZO-1], ZO-2, ZO-3) that interact
with each other and with cytoskeletal proteins. Tight junction proteins also appear to
be direct targets and effectors of different signaling pathways. Although our knowl-
edge of the ultrastructure of tight junctions has progressed during the last several
years, the pathogenic mechanism of diseases where tight junctions are affected re-
mained poorly understood, because of limited knowledge about their regulation. !9-2!

The intestinal epithelium represents the primary site for active transport of fluid
and electrolytes from the gut lumen through the transcellular pathway; however, the
predominant route for passive transepithelial solute flow is the paracellular pathway.
Gut mucosa serves as the main barrier to the passage of macromolecules, that is, for-
eign antigens entering the host via the oral route, components of commensal flora
such as toxins. The majority of luminal proteins cross the intestinal barrier through
the transcellular pathway, followed by lysosomal degradation. Lysosomal degrada-
tion changes proteins into nonimmunogenic peptides. Small but immunologically
significant amounts of antigens cross the barrier in intact form through the paracel-
lular pathway. The paracellular pathway involves a subtle regulation of intercellular
tight junctions that leads to antigen (mucosal) tolerance. When the integrity of tight
junctions is compromised, for example, as a consequence of prematurity, exposure
to toxins, drugs, or radiation, aberrant immune reactions to environmental antigens
occur and could lead to inflammatory and autoimmune diseases.!*2! Various types
of epithelial cells participate in the mucosal barrier function; the main and most
common cells are conventional enterocytes (colonocytes in colon). Also of impor-
tance are goblet cells producing both mucus and trefoil peptides required for epithe-
lial growth and repair, enteroendocrine cells producing neuroendocrine molecules
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having a paracrine effect, and Paneth’s cells secreting antibiotic peptides-defensins.
Epithelial cells are maintained on a network of interconnected myofibroblasts,
which produce molecules necessary for the basal membrane, in addition to factors
required for epithelial growth. Mucosal barrier function is greatly influenced by the
products of the nervous system (neurotransmitters), increasing, for instance, the pas-
sage of macromolecules through tight junctions.*

Initial events leading to the development of chronic inflammatory and autoim-
mune diseases have not yet been elucidated. We propose that dysfunction of the im-
mune system associated with the gut and other mucosal surfaces is a prerequisite for
impairment of physiologically developing regulatory mechanisms. The balance in
intestinal mucosa may be disturbed by pathogenic microorganisms and toxins at-
tacking the mucosae by qualitative or quantitative changes in the composition of mu-
cosal microbiota, or by inadequately functioning components of the innate or
adaptive immune system occurring in cases of dysregulated mechanisms of mucosal
immunity, or in immunodeficiencies. An expression of pathologically increased im-
munological activity may induce inflammatory processes of a different character,
depending on the type and mediators of inflammation. Thus, numerous chronic dis-
eases may occur as a result of disturbances of mucosal barrier function or of changes
in mechanisms regulating mucosal immunity.2!"!4 The main characteristics of
chronic, “idiopathic,” inflammatory, and autoimmune diseases are tissue destruction
and functional impairment as a consequence of immunologically mediated mecha-
nisms that are principally the same as those functioning against dangerous (patho-
genic) infections. One of the most attractive explanations for inflammatory and
autoimmune phenomena has centered on various infections as natural events capable
of initiating the process in genetically predisposed individuals.2!122-25 We propose
that not only pathogenic microorganisms but also components of normal microflora
could participate in the triggering and development of inflammatory and auto-
immune processes.

THE ROLE OF COMMENSAL BACTERIA AND INNATE IMMUNE
MECHANISMS IN INFLAMMATORY BOWEL DISEASES:
STUDY IN EXPERIMENTAL MODELS

Both forms of inflammatory bowel disease (IBD), that is, Crohn’s disease (CD)
and ulcerative colitis (UC), are severe chronic disorders that affect approximately
0.2% of the human population. They represent an important medical problem be-
cause they have a devastating impact on quality of life and require long-standing
medical care. Despite the long-lasting efforts, the etiology and pathogenesis of IBD
remain unclear. The inflammatory bowel diseases seem to involve interactions
among immune, environmental, and genetic factors; the combination of these factors
results in induction of inflammation, subsequent mucosal lesions, and then repair.26
Environmental factors seem to be responsible for the remarkably growing incidence
of IBD, Crohn’s disease, in particular, observed during the last half-century. It has
been shown that northern geographic location and high social and economic status
increase the risk of IBD. This finding is in agreement with “the hygiene hypothesis”
for allergic and autoimmune diseases.
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Recently, experimental models of intestinal inflammation, induced chemically or
developing spontaneously, have been described that make it possible to examine ear-
ly events during the induction of disease, to control all steps in disease progression,
and to develop new preventive and therapeutic strategies.2’~29 Chemically induced
intestinal inflammation is used to study the participation of immunological mecha-
nisms in the pathogenesis of the diseases. Several murine and rat models with spon-
taneously developing colitis suggest that disruption of T lymphocyte regulatory
functions or mucosal barrier defects could lead to intestinal inflammation. Mice with
a null mutation in the interleukin-2 (IL-2), interleukin-10 (IL-10), transforming
growth factor B1 (TGF-f1), MHC class II, T cell receptor (TCR)-o chain, and TCR-
B chain, and mice lacking signaling protein G protein subunit Gai2 chain were
shown to develop chronic intestinal inflammation spontaneously. Interestingly, when
some of these mice were reared in germ-free conditions, disease did not appear.2”-

Dysregulation of the intestinal immune response to bacterial flora was suggested
to play a crucial role. Loss of physiologically normal regulatory mechanisms of the
local immune system, perhaps a breakdown of oral tolerance to environmental anti-
gens/commensal gut bacteria, could be involved in the pathogenic mechanism. Find-
ings from experimental models of IBD indicate that T cells are responsible for the
regulation of the intestinal immunological response to luminal antigens.' The find-
ing that there is an abnormal T cell responsiveness against indigenous microflora in
human inflammatory bowel disease, and its experimental model, awakened interest
in the possibility that commensals may initiate and/or maintain IBD lesions.30-3!
Breakdown of oral tolerance to microfloral antigens was suggested to play a role in
the development of intestinal inflammat ion. Under conditions of an immunoregula-
tory or mucosal barrier defect, the common intestinal flora obviously is capable of
evoking stimulation leading to a chronic intestinal or systemic inflammation.2%:31
The solutions to the questions of which and how gut bacteria, and which cells, are
involved in the induction and maintenance of chronic intestinal inflammation are of
great importance because they could bring about new approaches to the therapy and/
or prevention of this severe disease.

We used colitis induced by dextran sulfate sodium (DSS) feeding of mice to study
the immunological factors involved in the pathogenetic mechanisms of chemically
triggered intestinal inflammation. The role of adhesion molecules in intestinal in-
flammation was studied in our laboratory using mice with deletion of the gene for
ICAM-1, in comparison with genetically corresponding wild-type controls.32 Acute
and chronic colitis was induced by oral administration of DSS in drinking water.
Only minor changes were found in ICAM-1 knockout (KO) mice; in contrast, wild-
type controls exhibited severe intestinal changes with ulcerations, suggesting direct
involvement of ICAM-1 molecules in the development of the inflammatory re-
sponse. The chronic colitis was accompanied by an increased level of anti-epithelial
IgA autoantibodies detected in wild-type control mice.32

These experimental models were used also to analyze the role of commensal bac-
teria and innate immunity in the development of intestinal inflammation. Using the
DSS-induced model of intestinal inflammation, we have shown that, as in conven-
tionally reared, immunocompetent Balb/c mice, mice with severe combined immu-
nodeficiency (SCID) developed profound inflammatory changes in colonic mucosa.
Immunocompetent Balb/c and immunodeficient SCID mice were transferred into
isolators for germ-free rearing by special gnotobiological techniques. Balb/c and
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FIGURE 1. The colon after 1 week of ingestion of dextran sodium sulfate in (a) con-
ventional SCID mice, showing ulcerative colitis with severe infiltration of inflammatory
cells (grade 4 inflammation); and (b) germ-free SCID mice, in which no inflammation is
observed.

SCID mice reared in germ-free conditions developed only minor signs of mucosal
inflammation.33 Interestingly, conventionally reared SCID mice, lacking T and B
cells, developed intestinal inflammation similar to the inflammation that developed
in immunocompetent Balb/c mice (FIG. 1). This finding suggests that under physio-
logical conditions, innate immunity components are able to regulate (keep in bal-
ance) the interaction of the macroorganism with commensal bacteria, and, after
chemically induced breakdown of mucosal barrier, commensal bacteria could induce
severe forms of intestinal inflammation in the absence of components of adaptive
immunity (T and B cells).

Another model of intestinal inflammation, developing spontaneously in the co-
lons of conventional SCID mice restored with the CD45 RBM8h subset of CD4* T
cells isolated from the spleens of normal Balb/c mice, was used in further stud-
ies.!6:17 The CD4* CD45RBMgM subpopulation of T cells was purified from the
spleens of conventional Balb/c mice and transferred to SCID mice. As recipients,
germ-free SCID mice, conventional SCID mice, or SCID mice monoassociated with
defined bacterial strains or colonized with bacterial mixtures were used. The clinical
picture as well as morphological results revealed that severe colitis was present only
in conventional SCID mice and in mice colonized with the cocktail of specific patho-
gen—free (SPF) microflora plus segmented filamentous bacteria (SFB). A monoas-
sociation of SCID mice with SFB or colonization with the cocktail of SPF bacteria
did not lead to intestinal inflammation.34 Signs of impairment of tight junctions of
the intestinal barrier in the terminal ileum of colitic mice was documented by anti—
ZO0-1 antibody (FIG. 2). Our studies performed in the model of reconstituted SCID
mice suggest that noncultivable segmented filamentous bacteria, together with a de-
fined mixture of cultivable bacteria from SPF mice, were effective in triggering in-
testinal inflammation.3*

Experiments performed in gnotobiotic models suggest that the composition of gut
microbiota plays a decisive role in the pathogenetic mechanism of intestinal inflam-
mation. Exogenous application of commensal organisms (probiotics) exerting bene-
ficial effects on host health has recently been shown to have protective and
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FIGURE 2. Tight junctions in terminal ileum of SCID mice colonized 12 weeks after
transfer of CD4*CD45RBh8h T cells with (a) specific pathogen—free (SPF) microflora,
showing preserved integrity of tight junctions; and (b) mixture of SPF microflora and seg-
mented filamentous bacteria, showing altered structure of tight junctions (staining for zonu-
la occludens-1).

therapeutic effects on diarrheal diseases, including IBD, and to reduce the risk of in-
fections and allergies.3-38 Oral introduction of probiotic bacteria is associated with
an alleviation of intestinal inflammation and normalization of increased intestinal
permeability, together with promotion of intestinal barrier functions. Orally ingested
probiotic microorganisms do not exert health effects entirely in the intestine. Inves-
tigations in germ-free mice have shown that after oral monoassociation of the mice
with a Bifidobacterium longum strain, bifidobacteria translocated and were found in
the mesenteric lymph nodes, liver, and kidneys 1 week later. Translocation of probi-
otic bacteria had no harmful effects but increased the barrier function of the intesti-
nal mucosa and inhibited translocation of other bacteria. Recently, we showed that
monoassociation with B. bifidum speeds up the biochemical maturation of entero-
cytes, resulting in a shift of specific activities of brush-border enzymes between the
values found for germ-free and conventionally reared mice.3® Regulation of micro-
flora composition (e.g., by probiotics and prebiotics) offers the potential to influence
the development of mucosal and systemic immunity but also can play a role in the
prevention and treatment of human IBD,30:31.40

INNATE IMMUNITY MECHANISMS IN PATHOGENESIS
OF CELIAC DISEASE

Celiac disease is a disorder characterized by gluten-dependent enteropathy. Small
intestinal mucosal villous atrophy with hyperplasia of the crypts, abnormal surface
epithelium, and increased inflammatory cell infiltration are regularly found in biop-
sy specimens taken from the jejunum or duodenum of patients with active disease.
The features of the mucosal lesions suggest that gliadin and related prolamins of oth-
er cereals lead to an aberrant, pathologically increased immune response in geneti-
cally predisposed individuals. The pathogenetic concept of celiac disease is based on
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TABLE 1. Effects of gliadin, soy protein, ovalbumin, and their proteolytic fragments
on IL-8 and TNF-« secretion by THP-1 (monocytic cell line) cells, measured after 24 h
of cell cultivation

Food proteins only +IFN-y 150 U
Opg 100 pg 500 pg 100 pg 500 pg

IL-8

Gliadin crude 81.2(10.9) 14.1(6.0)  77.5(25.6) 191.3(17.5) 245.0 (68.6)
Soy crude 81.2(10.9) 19.1(8.7)  24.2(2.3) 86.3(11.3) 114.2(12.8)

OVA crude 81.2(10.9) 21.7(23) 21.7(3.1) 67.2(8.4) 127.0(25.1)

Gliadin digest ~ 81.2(10.9) 71.7 (15.2)2 216.5 (13.6)® 166.3 (30.2) 481.3 (30.0)®

Soy digest 81.2(10.9) 12.0(1.2)  243(58)  90.6(10.4) 133.5(19.6)
OVA digest 81.2(10.9) 27.3(22) 21.3(3.1) 823(12.6) 162.2(14.4)
TNF-a

Gliadin crude 21.6 (6.5) 20.6(2.5)  29.8(10.1) 24.3(7.2) 32.4(6.0)
Soy crude 21.6 (6.5) 4.7 (3.6) 92(1.2) 179(4.4) 24.1(72)
OVA crude 21.6 (6.5) 2.5(2.1) 8.5(2.2) 235(42) 23.9(2.0)
Gliadin digest 21.6 (6.5) 27.2(4.4)® 66.4 (8.4 52.9(7.5% 107.6 (12.0)®
Soy digest 21.6(6.5) 0.0 (0.0) 128 (7.1)  25.3(5.9) 27.7(4.0)

OVA digest 216 (6.5) 8.0(5.1) 16.1(3.5) 31.5(3.5) 34.5(5.6)

Right: Synergistic effect of IFN-y applied together with food proteins. Data are expressed as
mean (£ SEM).

4p <.05,%P < .01.5°

OVA, ovalbumin.

the interaction of toxic gliadin peptides with HLA-DQ2 antigens, which occurs in
antigen-presenting dendritic cells of the lamina propria. Intolerance to gluten seems
to be caused by increased activity of gliadin-specific lamina propria CD4* T cells
producing ThO/Th1 cytokines, and cytotoxic intraepithelial CD8* T cells expressing
NK receptors.*!~4* The increased level of antibodies to gliadin in sera of patients is
regularly accompanied by the presence of autoantibodies. The molecular target of
antiendomysial autoantibodies recently was identified as tissue transglutaminase.
We identified common epitopes on gliadin and another autoantigen, calreticulin, rec-
ognized by antibodies present in sera of patients with celiac disease.*> Also, other
features of the disease suggest that celiac disease fulfills the criteria for autoimmune
diseases.22:46

Based on our previous findings, it seems that the unique structure of gliadin and
its fragments could be responsible for the involvement of innate immunity mecha-
nisms in the pathogenetic mechanism of this disease.*’ The question of how gliadin
affects innate immunity was answered by experiments in which mouse macrophages
were used. We have shown that in contrast with other dietary proteins tested, gliadin
stimulated IFN-y-treated mouse macrophages to produce nitric oxide and secrete cy-
tokines (TNF-a, IL-10, RANTES).*8 Moreover, the active gliadin peptide was sep-
arated and identified.4° Using the human monocytic cell line THP-1, we tried to see
whether human monocytes could be activated similarly by a peptic digest of gliadin.
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Cultivation of THP-1 cells with a digest of gliadin was found to lead to the produc-
tion of IL-8 and TNF-¢; the production was augmented by pretreatment of cells with
IFN-y or its addition to the culture. Ovalbumin and soy protein or their peptic digests
had no effect on IL-8 and TNF-a production when applied alone or in combination
with IFN-y (TABLE 1). The participation of nuclear factor—kB (NF-kB) in the stimu-
latory effect of the gliadin digest on monocytes was documented by a marked in-
crease of the DNA-binding activities of NF-xB subunits p50 and p65. Moreover, the
inhibition of p65 and p50 subunit binding was detected using NF-xB inhibitors sul-
fasalazine, PDTC, and TPCK.’° Because NF-kB activation involves phosphoryla-
tion and subsequent degradation of Ik-Ba, the phosphorylation of Ik-Bo was
determined by immunoblotting. We found that stimulation of THP cells with gliadin
and/or with IFN-y leads to an increase of phosphorylation of Ik-Ba, suggesting that
NF-xB is involved in the activation pathway triggered by gliadin fragments. Similar
findings were recently described by other authors.43:44-1,52
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To elucidate the role of innate immune responses in celiac dis-
ease, we investigated the effect of gliadin on blood monocytes
from patients with celiac disease. Gliadin induced substantial
TNF-a and IL-8 production by monocytes from patients with
active celiac disease, lower levels by monocytes from patients
with inactive celiac disease, and even lower levels by monocytes
from healthy donors. In healthy donor monocytes gliadin in-
duced IL-8 from monocytes expressing HLA-DQ?2 and increased
monocyte expression of the costimulatory molecules CD80 and
CD86, the dendritic cell marker CD83, and the activation marker
CD40. Gliadin also increased DNA binding activity of NF-xB
pS0 and p65 subunits in monocytes from celiac patients, and NF-
x B inhibitors reduced both DNA binding activity and cytokine
production. Thus, gliadin activation of HLA-DQ2" monocytes
leading to chemokine and proinflammatory cytokine production
may contribute to the host innate immune response in celiac
disease.
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INTRODUCTION

Celiac sprue is a chronic inflammatory disorder of the
small intestine induced by dietary gluten or related rye
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and barley proteins in genetically predisposed individuals.
More than 90% of patients with celiac disease express
the HLA class II molecule HLA-DQ?2, encoded by the
DQAT1"05 and DQB1°02 alleles, compared to 20-30% in
the general population in Europe and Northern America.
Symptoms and pathological changes in the small intestine,
including villous atrophy, crypt hyperplasia, infiltration
of inflammatory cells, and activation of the infiltrating
inflammatory cells, are effectively treated by the exclusion
of gluten from the diet (1-6).

Lamina propria CD4" T cells that produce inter-
feron (IFN)-y in response to gliadin and intraepithelial
CD8" lymphocytes cytotoxic for epithelial cells express-
ing MHC class I polypeptide-related sequence A (MICA)
appear to play fundamental roles in the pathogenesis of
celiac disease (7—-14). The activation of local as well as
systemic humoral responses is reflected in the presence
of circulating IgG and IgA antibodies to gliadin, endomy-
sium, tissue transglutaminase (tTG), and other autoanti-
gens (15-22).

Recent evidence indicates that innate immune response
cells, including monocytes/macrophages and dendritic
cells (DCs), also contribute to celiac disease pathogenesis.
Gliadin fragments formed after pepsin digestion induce
mouse peritoneal macrophages to produce TNF-¢, IL-10,
and RANTES and to release increased amounts of ni-
tric oxide in the presence of IFN-y (23-25). In addition,
gliadin triggers NF-«B activation, interferon regulatory
factor (IRF)-1 release, and STAT-1-mediated signal trans-
duction in mouse monocytes (26). Importantly, gliadin-
induced activation of human monocytes appears to be
dependent on the stage of cell differentiation (23-23, 27—
29). Gliadin fragments also induce phenotypic and func-
tional maturation of human monocyte-derived dendritic
cells (30).

0271-9142/07/0300-0201/0 « 2006 Springer Science* Business Media, LLC
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To further understand the possible role of innate im-
mune cells in celiac disease, we investigated whether
peptic fragments of gliadin activate blood monocytes and
the mechanism of that activation, and whether the gliadin-
induced response of monocytes from celiac patients with
active disease differs from the response of monocytes from
patients with inactive disease on a gluten-free diet.

METHODS

Food Proteins

Peptic fragments of gliadin and soya protein were pre-
pared using pepsin-agarose gel (ICN, Biomedicals, Inc.,
Ohio), as previously described (24, 30). Protein concentra-
tions were measured by Bicinchoninic acid assay (BCA
Protein assay, Pierce, Rockford, IL). All reagents were
tested by the E-toxate test for lipopolysaccharide (LPS)
(Sigma, St. Louis, MO) and shown to be below the limit
of detection (2 pg/mL).

Study Subjects

The study population consisted of 54 patients with
biopsy-proven celiac disease, including 14 symptomatic,
untreated subjects [ESPGAN criteria; (31)] and 40 asymp-
tomatic, treated (gluten-free diet) subjects. The control
group consisted of 45 healthy blood donors. Patients
were recruited after appropriate local ethics committee
approval, and informed consent was obtained from all
subjects.

Cells and Their Activation

Peripheral blood mononuclear cells were isolated by Fi-
coll paque (Amersham Biosciences, Piscataway, NJ) and
incubated for 24 h in 24-well plates (Nunc, Roskilde, Den-
mark). Nonadherent cells were removed by washing, and
the adherent monocytes were recultured in RPMI-1640
medium supplemented with 10% fetal calf serum, 2 mM L-
glutamine, 100 pg/mL streptomycin, and 100 U/mL peni-
cillin (Sigma). The monocytes were removed by scraping
and analyzed by flow cytometry (BD FACS Vantage SE,
SanJose, CA) after staining with the indicated monoclonal
antibodies (mAbs). The monocytes (70-80% CD14" )
were cultured at a concentration of 1 « 10° cells/mL
for 24 h in complete RPMI-1640 with gliadin (100-
200 pg/mL) alone or with gliadin (100 pg/mL) plus IFN-
y (150 U/mL; R&D Biosciences, Minneapolis, MN), as
described previously (7, 29, 32). In parallel monocyte cul-
tures, the NF-« B inhibitors L-1-tosylamido-2-phenylethyl
chloromethyl ketone (TPCK, 1.0-25.0 uM) or pyrroli-
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dine dithiocarbamate (PDTC, 1.0-10.0 uM) (both Sigma)
were added to the cells for 30 min prior to the addition of
gliadin. Cultures were maintained at 37°C, 5% CO; in a
humidified incubator.

Flow Cytometric Analysis

To evaluate the effect of gliadin fragments on monocyte
surface antigen expression, blood monocytes (5 * 10%)
were incubated with optimal concentrations of FITC-
labeled mouse mAbs to HLA-DR, CD40, CD80, CD&3,
CD86 (all from BD Biosciences Pharmingen), and CD14
and MEM-18 (kindly provided by V. Hoiejs{, Charles
University, Prague). Cells also were incubated with FITC-
or PE-conjugated irrelevant antibodies of the same con-
centration and isotype. After two washings, cells were
resuspended in ice-cold PBS with 0.1% NaN3j or fixed
with 2% paraformaldehyde and analyzed by flow cytom-
etry (FACSCalibur, BD Bioscience). Data were evaluated
using CellQuest software (BD Biosciences). Staining with
propidium iodide was performed to assess cell viability.

Preparation of Nuclear Extracts and Colorimetric NF-k B
Assays

Nuclear extracts were prepared from purified mono-
cytes stimulated for 90 min with gliadin digest
(100 pg/mL) as mentioned earlier, with or without TPCK
(1-25 uM) and PDTC (1-10 M), using the Nuclear Ex-
tract Kit (Active Motif, Carlsbad, CA). NF-x B DNA bind-
ing activity was determined using the TransAM NF-«B
family transcription factor assay (Active Motif), accord-
ing to the manufacturer’s protocol. Briefly, microwells
coated with a double-stranded oligonucleotide containing
the NF-«B consensus sequence were incubated with nu-
clear extracts for 1 h at room temperature and washed
with washing buffer. The wells containing captured ac-
tive transcription factor were incubated for 1 h with mAb
specific for pSO or p65 NF-« B subunits, then for 1 h with
anti-rabbit IgG coupled to horseradish peroxidase and,
after washing, exposed to developing solution for 10 min.
Optical density was measured at 450 nm using a Titertec
Multiscan MCC/340 (Flow Lab., Irvine, Scotland).

Measurement of IL-8 and TNF-a Proteins

The amounts of IL-8 and TNF-« in supernatants of
monocytes (1 ¢ 10° cells/mL) cultured for 24 h with or
without gliadin (100 pg/mL) in the presence or absence
of IFN-y (150 U/mL) were determined by ELISA (R&D
Systems, Europe, Germany) according to the manufac-
turer’s instructions.
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Preparation of Genomic DNA

QIAamp spin columns (QIAGEN, GmbH, Hilden, Ger-
many) were used for rapid DNA purification according to
the specifications of the manufacturer. Briefly, lysis buffer
and proteinase K were added to the monocyte cultures,
which were mixed by pulse-vortexing and incubated for
10 min at 56" C. After the addition of 100% ethanol, the
mixture was applied to the QIAamp Spin Column, cen-
trifuged, and the filtrate discarded. After the QIAamp Spin
Column was washed with washing buffers, elution buffer
was applied, and the column was incubated at 15-20" C for
1 min. The DNA filtrate was collected by centrifugation
and stored at 4°C.

Analysis of the HLA Class Il Molecule HLA-DQ?2

Genes were typed by PCR with sequence-specific
primers (33, 34). Oligonucleotide primers (Genovision,
West Chester, PA) were designed to amplify the second
exon of the class IT genes. PCR amplification was carried
out in a final volume of 10 uL containing: 6 ng/uL of
genomic DNA, PCR Master Mix (200 uM of each dNTP,
PCR buffer: 50 mM KCl, 1.5 mM MgCl,, 10 mM Tris-
HCIlpH 8.3, 0.001% w/v gelatin, 5% glycerol, 100 pg/mL
cresol red) complete with 0.4 U/uL Taq polymerase and
specific primer mix. Thermal cycling was accomplished
by heating the sample at 94° C for 2 min and then running
10 cycles of 10 s at 94" C (denaturation), 60 s at annealing
temperature 65° C, and 20 cycles of 10 s at 94° C (denatu-
ration), 50 s at annealing temperature 61°C, 30 s at 72°C
(extension). After 30 cycles, the extension was completed,
and the samples were stored at 4°C.

Statistical Analysis

The differences among healthy donors and active
and treated celiac patients groups were evaluted by the
Kruskal-Wallis test and Mann—Whitney test for pairwise
comparison. The levels of significance of the Mann-
Whitney tests were adjusted according to Holm’s method
(35). P values < 0.05 were considered significant.

RESULTS

Cytokine Production by Gliadin-Stimulated Monocytes

Since monocytes are a major source of the chemokine
IL-8 and the proinflammatory cytokine TNF-«, we eval-
uated blood monocytes from celiac patients and healthy
donors for spontaneous and inducible IL-8 and TNF-«
production. Monocytes from patients with active celiac
disease and patients with inactive celiac disease on a
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Fig. 1. IL-8 and TNF-a production by monocytes from patients with
celiac disease. Monocytes isolated from patients with active celiac dis-
ease (n * 14), asymptomatic patients with celiac disease on a gluten-free
diet (n * 40), and healthy donors (n * 45) were cultured for 24 h with
gliadin (100 pg/mL) alone or with gliadin plus IFN-y (150 U/mL). The
amounts of (A) IL-8 and (B) TNF-« (mean ¢ SD) released into the
supernatants were determined by ELISA. The level of significance for
patients versus healthy donors are indicated as follows: **P < 0.01,
""P < 0.001,°°P < 0.01,°°P < 0.001.

gluten-free diet spontaneously released low levels of 1L-
8 (525 * 404 pg/mL and 965 + 682 pg/mL, re-
spectively, P > 0.05), which were significantly greater
than the amounts spontaneously released by monocytes
from healthy control subjects (131 « 202 pg/mL)
(P < 0.001) (Fig. 1A). The addition of IFN-y (150 U/mL)
to the cultures did not significantly enhance IL-8 pro-
duction by monocytes from patients or healthy donors.
In sharp contrast, the addition of gliadin fragments
(100 pg/mL) to the cultures induced monocytes from
all three groups to secrete markedly higher levels of
IL-8; monocytes from patients with active celiac dis-
ease produced more IL-8 (3365 < 2451 pg/mL than
monocytes from patients with inactive disease on a
gluten-free diet (2645 « 1723 pg/mL), which in turn
produced more IL-8 than monocytes from healthy donors
(1046 + 783 pg/mL) (P <0.001). The production of
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Fig. 2. Effect of gliadin on monocyte phenotype. Blood monocytes from healthy donors were incubated for 24 h in media or with IFN-y alone,
gliadin alone, or IFN-y plus gliadin at the indicated concentrations and then analyzed by FACS for the expression of activation and differentiation
markers. Staining after exposure to isotype-matched Ig is shown as a shaded histogram. Values are the percent monocytes that expressed the

indicated marker from a representative donor (n * 3).

TNF-a by monocytes from the three groups paralleled
that of IL-8 (Fig. 1B). The addition of IFN-y did not
further enhance gliadin-induced IL-8 production, but did
enhance TNF-a production. Similar results were obtained
for IL-8 and TNF-« production when the monocytes were
preincubated with IFN-y (data not shown). In contrast to
gliadin, soya proteins (100 pg/mL) with or without IFN-y
did not induce production of IL-8 or TNF-a by monocytes
from the three groups.

Gliadin Fragments Induce Differentiational Changes in
Monocyte Surface Phenotype

Systemic immune activation is well documented in
patients with celiac disease (36-39). In related studies
(30), we have shown that gliadin fragments induce mat-

uration of monocyte-derived dendritic cells. Therefore,
we determined whether incubation of blood monocytes
from healthy persons with gliadin fragments (100 pg/mL)
induced changes in monocyte phenotype. Incubation of
blood monocytes with gliadin, and to a lesser extent with
IFN-y (150 U/mL) alone, induced a slight increase in the
percentage of cells expressing dendritic cell (DC) mark-
ers of maturation (CD83) and activation (CD80, CD40),
compared to monocytes incubated in medium (Fig. 2).
Importantly, incubation of monocytes with gliadin frag-
ments plus IFN-y induced a marked upregulation in the
surface density and percentage of cells expressing CD80,
CD86, CD83, and CD40 (Fig. 2). In contrast to the abil-
ity of gliadin to induce phenotypic changes, soya pro-
teins (in the presence or absence of IFN-y) did not alter
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Table 1.

205

Interleukin (IL)-8 Production by HLA-DQ2-Positive and -Negative Monocytes from Healthy Donors

Monocyte IL-8 Production (pg/mL)*

Gliadin Gliadin
100 pg/mL ¢ 200 pg/mL *
Gliadin IFN-y 150 Gliadin IFN-y 150 IFN-y 150
HLA Type Donors (n) Medium 100 pg/mL U/mL 200 pg/mL U/mL U/mL
HLA-DQ2’ 11 228 « 116 1792 « 272 1463 + 358 1959 « 271 1801 « 394 566 + 222
HLA-DQ2" 34 98 « 24 788 + 116 677 + 97 1073 « 121 809 « 96 273 « 68
“Values are expressed as mean * SEM of IL-8 protein.
monocyte surface protein.expression (data not shown). DISCUSSION

This altered phenotype suggests a synergistic effect of
gliadin and IFN-y on monocyte activation.

Effect of HLA-DQ?2 on Monocyte Cytokine Production

Since the majority of celiac patients are HLA-DQ?2" ,
we studied the relationship between HLA genotype and
monocyte IL-8 production in healthy control subjects.
Monocytes from HLA-DQ2' healthy donors secreted IL-
8 spontaneously. However, in the presence of gliadin or
IFN-y, the monocytes released two- to three-fold more
IL-8 than monocytes from HLA-DQ2" donors (Table I).
These findings suggest that the HLA-DQ2" genotype pre-
disposes monocytes to increased IL-8 secretion.

Gliadin Induces Monocyte Cytokine Production via NF-
kB Activation

We have shown perviously that NF-«B activation
is involved in gliadin-induced cytokine production by
monocyte-derived DCs and THP-1 cells (30). Therefore,
we next determined whether the NF-«B signal transduc-
tion pathway is also involved in gliadin-induced cytokine
production by monocytes. Stimulation of monocytes from
celiac patients with gliadin digest (200 pg/mL) resulted
in a marked increase in the binding activity of the NF-«B
p50 and p65 subunits (P < 0.05). Incubation of mono-
cytes from celiac patients with the NF-« B inhibitor TPCK
reduced p50 and p65 binding to 20% and 54%, respec-
tively (Fig. 3). Supporting the role of NF-«B in gliadin-
induced cytokine production by monocytes from patients
with active celiac disease, NF-« B inhibitors also reduced
gliadin-induced IL-8 and TNF-a production (Fig. 4).
In contrast, stimulation of monocytes from healthy sub-
jects with gliadin caused weak NF-« B binding, which was
completely inhibited by TPCK (25 uM/mL), and reduced
cytokine production to background levels.

Journal of Clinical Immunology, Vol. 27, No. 2, 2007

We report for the first time that gliadin fragments stim-
ulate cytokine production by blood monocytes from pa-
tients with celiac disease. The level of cytokine produc-
tion varied with disease activity, as monocytes from pa-
tients with active celiac disease produced more gliadin-
induced TNF-a and IL-8 than monocytes from patients
with inactive disease, which in turn produced more in-
ducible TNF-a and IL-8 than monocytes from healthy
subjects. We also investigated whether IFN-y further en-
hanced gliadin-induced TNF-a and IL-8 production by
blood monocytes, since gliadin-induced T cells from pa-
tients with celiac disease produce increased levels of IFN-
y. IFN-y plus gliadin upregulated TNF-¢, but not IL-8,

DNA Binding of NF- xB p50/p65
(fold-increase)
w

a
.5

Gliadin 100 ug Gliadin 100 pg

TPCK 25uM
Treatment Group

TPCK 25 yM

Fig. 3. Gliadin induction of monocyte NF-«B p50 and p65 subunit
binding. Monocytes from patients with active celiac disease and healthy
donors were analyzed for NF-k B DNA binding activity after a 90 min in-
cubation with gliadin (in the presence or absence of the NF-« B inhibitor
TPCK). Data are presented as the fold-increase in DNA binding activity
by gliadin-stimulated versus nonstimulated monocytes (mean * SD
for three separate experiments). * P < 0.05 corresponds to the binding
activity of monocytes from celiac patients versus that of monocytes from
healthy donors.



206

A

5000 [l Celiac disease

D Healthy donor

—_ 4000
E
2 3000
bt
=1 20004

1000 ﬁ [I_I

0l AN

Gliadin(100pug) . + + + + + + + - + + + + + + +
TPCK (uM) - 25101 - - -- 2510 1 - - - -
PDTC (uM) e e+« 210 51- - - - 25105 1

Treatment Group

B 750
. Celiac disease
D Healthy donor
T o
2
3
E 250
0. & ﬁﬁﬁﬁ&ﬁ

Gliadin (100ug) . 4+ + 4+ + + + 4+ - + + + 4+ + + +
TPCK (uM) - 25101 - - -- 25101 - - - -
PDTC (uM) e« + « <10 51- - - - 25105 1

Treatment Group

Fig. 4. NF-«B inhibitors block gliadin-induced monocyte IL-8 and
TNF-a production. Monocytes from patients with celiac disease and
healthy donors were cultured for 24 h with gliadin in the presence or
absence of the NF-« B inhibitors TPCK (1-25 uM) or PDTC (1-10 uM),
and the amount of IL-8 and TNF-« released into the culture supernatants
were measured by ELISA. Results are expressed as mean * SD of
cytokine production of monocytes from three patients with active celiac
disease and six healthy donors.

production. These data suggest that monocytes from celiac
patients are activated in vivo, consistent with the increased
levels of other cytokines, i.e., IL-6, that have been de-
tected in patients with celiac disease (38, 39). Coinci-
dent with gliadin-induced monocyte activation, gliadin
also induced a DC phenotype in blood monocytes, con-
sistent with our earlier observation that gliadin promoted
maturation of monocyte-derived DCs (30). Moreover, co-
incubation of gliadin with IFN-y further enhanced the up-
regulation in the surface density and percentage of cells
expressing CD80, CD86, CD83, and CDA40, suggesting
a synergistic effect of gliadin and IFN-y on monocyte
activation. Since our data indicates that gliadin enhances
monocyte IL-8 release, and the majority of celiac patients

CINOVA ET AL.

are HLA-DQ2" (1-6), we examined the ability of mono-
cytes from HLA-DQ2" and HLA-DQ?2" healthy subjects
to release IL-8 following exposure to gliadin. Mono-
cytes from HLA-DQ2" , but not HLA-DQ?2" , healthy sub-
jects spontaneously released IL-8, and monocytes from
HLA-DQ2" persons released two- to threefold more IL-8
than monocytes from HLA-DQ2' persons. These find-
ings suggest that the enhanced cytokine production by
monocytes from patients with celiac disease is due, at
least in part, to the activated HLA-DQ2" population of
monocytes.

Celiac disease is characterized by increased infiltration
of lymphocytes into the lamina propria and epithelium.
Increased production of IL-8 and TNF-« by cells of the
innate immune system (monocytes, macrophages, DCs)
within the lamina propria could contribute to the patho-
genesis of celiac disease through their ability to recruit
lymphocytes to the mucosa. In this regard, IL-8 is reported
chemotactic for T lymphocytes (40, 41) at concentrations
equivalent to those reported in our study (40). Moreover,
TNF-« induces the upregulation of vascular ICAM-1, a
receptor for the adhesion molecule LFA-1 on memory T
cells (42—44). Thus, the production of TNF-« by gliadin-
stimulated monocytes in the lamina propria would in-
crease adhesion properties on mucosal vessels and thereby
promote T-lymphocyte infiltration into the adjacent mu-
cosa (in celiac disease). In this regard, increased mucosal
expression of ICAM-1 has been reported in the intestinal
mucosa of patients with celiac disease (42, 43). In addi-
tion, IFN-y, which is abundant in the mucosa of patients
with celiac disease (44, 45) and has been implicated in
T-lymphocyte recruitment (42—44) (via ICAM-1 upregu-
lation) also has an additive effect on TNF--induced T-cell
migration (43, 46). Thus, IFN-y alone, and together with
TNF-a, could contribute to T-lymphocyte recruitment in
celiac disease. Our findings, therefore, suggest an im-
portant potential mechanism whereby gliadin-stimulated
release of IL-8 and TNF-« from mucosal innate immune
cells contribute to the recruitment of T cells to the mucosa.

While our report has focused on the potential inflam-
matory effects of gliadin on innate immune cells of the
monocytic lineage, other cells within the mucosa, such as
epithelial cells, also likely contribute to the innate mucosal
response to gliadin in celiac disease. To our knowledge,
there are no data available concerning gliadin-induced
IL-8 production by primary intestinal epithelial cells, but
gliadin is known to alter intercellular tight junction and
barrier function in intestinal epithelial cell lines (47, 48),
possibly through the induction of zonulin from gliadin-
stimulated epithelial cells (47) and macrophages (49).

Members of the NF-xB/Rel family, including the p50
and p65 subunits, regulate inflammatory and immune
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responses by inducing the expression of specific genes
(50). We show here that exposure of monocytes to gliadin
increased the binding activity of the pS0 and p65 subunits.
Increased p50 and p65 binding was more pronounced in
monocytes from celiac patients with active disease than in
monocytes from healthy subjects. This finding is consis-
tent with our previous observations that gliadin activates
the NF-« B p50/p65 complex in human monocyte-derived
DCs (30) and THP-1 monocytes (29) and with observa-
tions by others that gliadin activation of macrophages is
MyD88- and NF-«B-dependent (26, 49). In this regard,
both NF-«B/DNA binding activity and p50/p65 nuclear
levels are reported to be elevated in the inflamed mu-
cosa of celiac patients (51). The involvement of the NF-
kB/IxB complex in gliadin-induced activation of mono-
cytes was confirmed using the NF-«¢B inhibitors TPCK,
which prevents degradation of IxB inhibitor, and PDTC,
which blocks dissociation of the NF-«x B/Ix B complex (52,
53). Both NF-«B inhibitors substantially reduced gliadin-
induced NF-« B binding as well as TNF-a and IL-8 secre-
tion by monocytes. Taken together, these findings under-
score the likely involvement of monocyte/macrophage-
derived innate immune reponses in celiac disease and
suggest that NF-«B regulation should be considered in
designing future therapeutic strategies.

In normal persons, wheat gluten, the major source of
dietary gliadin, does not induce the T-cell activation or
intestinal inflammation characteristic of celiac disease.
In addition, intestinal macrophages isolated from healthy
subjects do not respond to gliadin in vitro (Smythies,
unpublished observation), which is consistent with the
profound inflammation anergy characteristic of intesti-
nal macrophages (54). Since intestinal macrophages are
derived from blood monocytes (55), our findings sug-
gest that local mucosal factors likely downregulate the
ability of monocytes newly recruited to the mucosa to
respond to gliadin. Since the “normal” downregulation of
gliadin-induced monocyte activation and differentiation
may be impaired in celiac disease, indentification of these
mucosa-derived factors could have important therapeutic
implications.

CONCLUSIONS

In summary, gliadin-derived fragments activate mono-
cytes from celiac patients and HLA-DQ2" monocytes
from healthy donors. The higher activity of monocytes
in celiac patients could augment gliadin-specific immune
responses and thus contribute to the pathogenesis of celiac
disease.
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MiLosLAv KVERKA,!" JAROSLAVA BURIANOVA,! RaJA LODINOVA-ZADNIKOVA,?
INGRID Kocourkova,? JaNa CiNova,! LupmiLa Tuckova,! and
HEeLENA TrAskALOVA-HOGENOVA!

Background: Human colostrum and milk contain com-
ponents thatinfluence development. Our aim was to use
a protein array to determine the cytokine profile of
human lacteal secretions and changes that occur during
the early postpartum period.

Methods: We collected 17 samples of colostrum during
the first 2 days postpartum and a 2nd group of 5 sets of
2 to 3 sequential colostrum or milk samples (at 20- to
30-h intervals). We analyzed the samples with array
membranes consisting of 42 or 79 antibodies directed
against cytokines.

Results: In most samples, we detected the previously
described cytokines interleukin-8 (IL-8)/CXCLS, epider-
mal growth factor (EGF), growth-related oncoprotein
(GRO)/CXCL1-3, angiogenin, transforming growth fac-
tor B-2, and monocyte chemotactic protein 1 (MCP-1/
CCL2). In addition, we found 32 cytokines that have not
been described before in colostrum. Cytokine concen-
trations differed among mothers, and the spectrum of
cytokines changed with time after delivery. A signifi-
cant decrease occurred in IL-12 and macrophage inflam-
matory protein-16/CCL15 and a significant increase in
MCP-1/CCL2. The production of angiogenin, vascular
endothelial growth factor, GRO/CXCL1-3, EGF, and
IL-8/CXCL8 remained high throughout. The concentra-
tions of 2 selected cytokines measured with the array
technique and ELISA showed moderate to strong corre-
lation (r = 0.63 for EGF and r = 0.84 for IL-8/CXCLS).
Conclusion: Despite the lack of precise quantification,
the protein array might be suitable for cytokine screen-
ing. It allows simultaneous detection of a broad spec-
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trum of cytokines (including those not described before)
in lacteal secretions.
© 2007 American Association for Clinical Chemistry

Breastfeeding is an important factor helping the newborn
adapt to the environment. Microbial colonization of epi-
thelial surfaces after birth is a potential threat to newborns
but is also the main contributor to the proper develop-
ment of the immune system (1, 2). The beneficial effect of
breastfeeding may extend well beyond weaning and has
been shown to prevent or mitigate several diseases later in
life (3). Many of these beneficial effects are the result, at
least partially, of secretory IgA, which is the major immu-
noglobulin isotype in human lacteal secretions, and to
other immunologically active components such as antimi-
crobial factors, cytokines, chemokines, and growth fac-
tors. Our knowledge about the variety of these factors is
restricted, however, by limitations of the techniques used
to study them.

In recent years, methodological approaches for de-
tection of various biological factors have developed
rapidly. Bioassays, in which the biological activity of a
given component in the sample is tested on a target cell,
were replaced by immunoassays (enzymatic immuno-
assay, RIA) affording generally higher specificity, sen-
sitivity, and reproducibility. Recently, proteomics has
been successfully used to detect multiple proteins at
once using various multiplex methods available in
commercial form (4, 5). Antibody-based protein arrays
are a valuable tool, especially in characterizing the
spectra of biologically active components in body fluids
and cells.

The main objective of our study was to screen human
colostrum and milk for cytokines, chemokines, and
growth factors and evaluate their changes early after
delivery using a proteomic method based on protein
array.
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Materials and Methods
CHARACTERISTICS OF THE COLOSTRUM OR MILK
DONORS AND BREAST MILK SAMPLE COLLECTION
We collected 31 colostrum (within the first 72 h postpar-
tum) or milk (after 72 h postpartum) samples from 22
mothers within 4 days postpartum. Median (SD) age of
the colostrum and milk donors was 29 (4.7) years, and in
12 cases (54.5%) it was their first delivery. The specimens
were collected into sterile plastic tubes, immediately fro-
zen at —20 °C, transported to the laboratory, and stored at
—20°C until analysis, which was performed within 8
weeks. To address the question of cytokine degradation
during storage, we measured a pool of samples that
included both fresh samples and samples frozen at both
—20°C and -70 °C. Freezing the samples did not affect
the results of the assay (data not shown). The breast milk
fatty layer and cellular elements were removed by 2
centrifugations, at 680g for 10 min at 4 °C, after which the
supernatants were removed and then at 10 000g for 30
min at 4 °C. The resulting translucent whey was used for
analysis.

PROTEIN ARRAY

RayBio™ Human Cytokine Array (Raybiotech) was used
for detection. Two groups of samples differed according
to the protein array used. The 1st group of 17 samples was
taken during the first 2 days postpartum and was tested
using RayBio Human Cytokine Array V. This array is
designed to detect 79 cytokines. The 2nd group, 14
colostrum samples comprising 5 sets of 2 to 3 sequential
samples (obtained at 20- to 30-h intervals) from the same
mother, was tested using RayBio Human Cytokine Array
II, which can detect 42 cytokines.

We processed human cytokine array membranes ac-
cording to the manufacturer’s recommendation. Briefly,
the membranes were blocked by incubation with the
blocking buffer at room temperature for 30 min and
incubated with the sample at room temperature for 90
min. Membranes were washed 3 times with Wash Buffer
I and 2 times with Wash Buffer II at room temperature for
5 min per wash and incubated with biotin-conjugated
antibodies at room temperature for 90 min. Finally, the
membranes were washed and incubated with horseradish
peroxidase-conjugated streptavidin at room temperature
for 2 h and with detection buffer for 2 min.

We used a luminescence detector (LAS-1000, Fujifilm)
for detection, and the data were digitized and subjected to
image analysis (AIDA 3.28, Raytest). By subtracting the
background staining and normalizing to the positive
controls on the same membrane, we obtained relative
protein concentrations. We then compared the mean
values for each cytokine detected 30, 60, and 90 h post-
partum. The manufacturer claims that the imprecision
(CV) of the array is <10%. We tested a pool of colostrum
samples on 5 arrays. Each of the 5 results was within 11%
of the mean of the 5 results.

We measured total milk protein concentration by the
bicinchoninic acid protein assay (Pierce).

EPIDERMAL GROWTH FACTOR AND INTERLEUKIN-8/
CxCL8 ELISA

The results of the array were compared with data ob-
tained by ELISA. The concentrations of epidermal growth
factor (EGF)? and interleukin-8 (IL-8)/CXCL8 were ana-
lyzed in all 31 samples with commercial ELISA kits from
R&D according to the manufacturer’s protocol. All sam-
ples and calibrators were analyzed in duplicate, and the
mean value was used. The absorbance of the controls was
subtracted from the absorbance of the calibrators and
samples.

The influence of breast milk components on the mea-
sured EGF and IL-8/CXCL8 concentrations was evalu-
ated by adding known amounts of recombinant cytokines
to colostrum samples, which were then analyzed. The
recovery was tested with a concentration expected to be in
the middle of the linear part of the standard curve. The
recovery was 93% for EGF and 94% for IL-8/CXCL8. Our
results are in agreement with recovery studies performed
by other authors who tested broader spectra of cytokines
in colostrum and maternal milk by ELISA (6).

STATISTICS

We performed statistical analysis by use of the MedCalc
package for Windows version 8.1.1.0 (MedCalc Software).
We used Passing and Bablok regression analysis and
Bland-Altman plots for method comparisons (7, 8) and
the cusum test to evaluate linearity of the paired data. To

“analyze the association between the 2 methods, we used

the Pearson correlation coefficient. The data obtained at
various time points were compared by paired Student
t-test with post hoc Bonferroni correction.

ETHICS

The Local Ethics Committee for Human Research at the
Institute for Care of Mother and Child approved the
study, and all participants gave informed consent.

Results

SPECTRUM OF CYTOKINES

Using an array designed to detect 79 proteins, we found
altogether 68 proteins, 32 of which were detected in
human colostrum or milk for the 1st time. Three cytokines
[EGF, IL-8/CXCL8, and growth-related oncoprotein
(GRO)/CXCL1-3] were present in all the tested samples,
and 19 were found very often (250% samples) (Table 1).
The median number of cytokines detected in samples was

> Nonstandard abbreviations: EGF, epidermal growth factor; IL-8, inter-
Jeukin-8; GRO, growth-related oncoprotein; BLC, B lymphocyte chemoattrac-
tant; MIP, macrophage inflammatory protein; TIMP, tissue inhibitor of metal-
loproteinase; and MDC, macrophage-derived chemokine.
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Table 1. Comprehensive array map (RayBlo Human Cytokine Array V) of cytokines present in human colostrum.

a
n

Average amount (SE)
Sensitivity, ng/L

b

n

Average amount (SE)
Sensitivity, ng/L

c

n

Average amount (SE)
Sensitivity, ng/L

d

n

Average amount (SE)
Sensitivity, ng/L

e

n

Average amount (SE)
Sensitivity, ng/L

f

n

Average amount (SE)
Sensitivity, ng/L

g

n

Average amount (SE)
Sensitivity, ng/L

h

n

Average amount (SE)
Sensitivity, ng/L

I

n

Average amount (SE)
Sensitivity, ng/L

i

n

Average amount (SE)
Sensitivity, ng/L

k

n

Average amount (SE)
Sensitivity, ng/L

n Is the number of positive results for each cytokine of all 17 samples.

1
NT-4°
3/17
3.5(1.48)
2
OPG
11/17
6.0 (0.94)
100
PARC®
12/17
8.1(1.74)
1000
PIGF®
5/17
2.3(0.42)
100
TGRB2
13/17
4.3 (0.53)
1000

TGF-B3°
2/17

0.9, 1.4
100
TIMP-1°
15/17
7.4(1.26)
100
TIMP-2°
15/17
6.8 (1.76)
1

Neg

Pos

Pos

* Claimed by manufacturer.

® Newly discovered cytokines (32).

Designations of columns and rows (numbers 1-8 and letters a-k) are used only for the purpose of easy orientation.

Pos, positive control; Neg, negative control; BONF, brain-derived neurotrophic factor; Ck, chemokine; ENA, epithelial cell-derived neutrophil activating protein; FGF,
fibroblast growth factor; Fit-3, fms-related tyrosine kinase-3; GCP-2, granulocyte chemotactic protein 2; G-CSF, granulocyte colony-stimulating factor; GDNF, glial cell
line—derived neurotrophic factor; GM-CSF, granulocyte-macrophage colony-stimulating factor; HGF, hematopoletic growth factor; IFN, interferon; IGFBP-, insulin-ike
growth factor binding protein; IGF-1, Insulin-like growth factor; IP-10, interferon-y-inducible protein of 10 kDa; LIF, leukemia inhibitory factor; MCP-, monocyte
chemoattractant protein; M-CSF, macrophage colony-stimulating factor; MIF, macrophage migration inhibitory factor; MIG—, monokine induced by Interferon-y, NAP-2,
neutrophl! activating peptide 2; NT, neurotrophin; PARC, pulmonary and activation-regulated chemokine; PDGF, platelet dertved growth factor; PIGF, placenta growth
factor; SCF, stem cell factor; SDR1, stromal cell-derived factor 1; TARC, thymus and activationregulated chemokine; TGF, transforming growth factor; TNF, tumor
necrosis factor; and VEGF, vascular endothelial growth factor.

2
IGFBP-3
9/17
2.3(0.51)
1000
IGFBP-4®
2/17
1.1,33
1000
IL-16
2/17
1.8, 29
1
IP-10
12/17
3.6 (0.49)
10
LIF?

7/17

2.1 (0.26)
1000
LIGHT
0/17

0.0

1

MCP-4°
1/17
13.6

100

MIF

6/17

3.1 (0.76)
100
MIP-3a®
4/17

2.7 (0.18)
100
NAP-2
5/17

3.4 (0.94)
100
NT-3%
2/17
10,17
20

3
FGF-4°
4/17
1.5(0.62)
1000
FGF6°
2/17
15,17
1000
FGR7®
2/17
1.6, 2.2
1
FGR9®
2/17
1.4,23
100
FIt-3 ligand
0/17
0.0
1
Fractalkine®
2/17
14,18
1600
GCP-2
0/17
0.0
100
GDNF®
2/17
21,24
100
HGF
12/17
9.5 (3.50)
200
IGFBP-1
12/17
5.0 (1.21)
1
GFBP-2
12/17
6.7 (1.20)
10

4
Oncostatin M®
8/17
3.4 (0.73)
100
Thrombopoietin
2/17
14,19
100
VEGF
11/17
4.3(0.74)
100
PDGF-BB®
1/17
1.6
1000
Leptin
0/17
0.0
100
BDNF®
1/17
0.6
100
BLC®
8/17
2.0 (0.26)
10
Ck g 8-1°
2/17
11,14
1000
Eotaxin
0/17
0.0
1
Eotaxin-2°
1/17
1.8
1
Eotaxin-3°
2/17
0.2,1.3
320

5
MIP-15°
9/17
3.6 (1.20)
100
RANTES
8/17
3.7 (0.71)
2000
SCF®
1/17
2.5
10
SDF1
2/17
07,29
2000
TARC®
1/17
1.3
100
TGF-B1
1/17
18.5
200
TNFa
2/17
1.0,1.7
100
TNF-g°
1/17
123
1000
EGF
17/17
42.5 (4.63)
1
IGF1 -
1/17
0.2
10
Angiogenin
16/17
9.0 (2.05)
10

[}
IL-12
1/17
5.8
1
IL-13
0/17
0.0
100
IL-15°
1/17
7.9
100
IFN-y
3/17
4.4 (1.95)
100
MCP-1
13/17
6.1 (0.99)
3
MCP-2°
2/17
1.8,18.4
100
MCP-3
0/17
0.0
1000
M-CSF
2/17
15,28
1
mDC®
5/17
2.3(0.36)
1000
MIG
1/17
15.7
1
MIP-18
12/17
2.4 (0.32)
10

7
1-309
0/17
0.0
1000
L1
2/17
2.5, 4.8
1000
L1
1/17
27.7
100
IL-2
0/17
0.0
25
IL-3®
1/17
10.6
100
L4
2/17
1.6, 1.9
1
ILs
0/17
0.0
1
IL6
3/17
7.3(3.27)
1
L7
0/17
0.0
100
IL8
17/17
80.4 (13.15)
1
IL-10
2/17
1.6, 7.0
10

8
Pos

Pos

Pos

Pos

Neg

Neg

ENA-78
1/17

3.2

1

G<CSF
1/17
61.5
2000
GM-<CSF
2/17

2.4, 33.7
100

GRO
17/17
40.7 (14.14)
1-1000
GRO-x
6/17

8.5 (6.43)
1000
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20 (range 4 to 38) (Fig. 1). The variability in cytokine
spectrum of individual samples is shown in Fig. 1.

The cytokine concentration in colostrum or milk taken
from an individual mother was quite variable, and
changes of the same protein were not consistent over time
(Fig. 2). The number of detected cytokines did not change
significantly with time, although there was an overall
decreasing tendency (Fig. 3). The mean number of cyto-
kines (SD) we found 20 to 30 h after delivery was 22.80
(8.61), 50 to 60 h after delivery, 18.60 (5.32), and 80 to 90 h
after delivery, 15.75 (5.32).

We found 32 proteins that have not been described in
human colostrum or milk before. Some of these were
present in more than 3 samples: growth factors. (fibroblast
growth factor 4, placental growth factor), chemotactic
factors [B lymphocyte chemoattractant/CXCL13, macro-
phage inflammatory protein (MIP)-18/CCL4, MIP-16/
CCL15, MIP-3a/CCL20, pulmonary and activation-re-
lated chemokine (PARC)/CCL18, leukemia inhibitory
factor, oncostatin M], and antiinflammatory factors [tissue
inhibitor of metalloproteinase (TIMP)-1, TIMP-2, macro-
phage-derived chemokine (MDC)/CCL22].

The protein content in 14 samples was in the range of
23.4 to 203 g/L, with a mean (SE) of 70.67 (16.30) g/L. We
did not find any statistically significant difference be-

A1234567BB12345678
a ® ® a
b : . )
c . ® ¢
d | . e d
e e
f ' f
g a g9
h . h
! ] s o i
] @ [ N ° . e e |
k @ [ . . K
C12345678012345678
] L ® *» v . g @
b ) ® . . ‘@b
c . * . . » & ..c
d . ‘ - P @ d
e . * e
f . f
g . ' 9
h « . * - h
! * oo v e - |
] ® . @ . e - - e« !
k ® . LI o . . ® k

12345678 123456178

Fig. 1. Examples documenting the variability of the individual samples.

Sample A shows 4 (minimum), sample B 16, sample C 22, and sample D 38
(maximum) positive cytokines. These arrays are designed to detect 79 cytokines,
chemokines, or growth factors. See Table 1 for cytokine identification.

tween the protein content in milk at 20 to 30 h [135.48
(27.10) g/L), 50 to 60 h [38.68 (6.28) g/L), and 80 to 90 h
postpartum [29.70 (1.69) g/L].

COMPARISON OF ELISA WITH PROTEIN ARRAY

We statistically evaluated and compared the data ob-
tained for IL-8/CXCL8 and EGF using ELISA and protein
array. The correlation between the array and ELISA was
moderate to strong (r = 0.63, P <0.001 for EGF and r =
0.84, P <0.001 for IL-8/CXCLS8). The Passing and Bablok
regression analysis (Fig. 4A and B) and Bland-Altman
plot (Fig. 4C and D) did not suggest any constant or
proportional difference between the 2 methods. The cu-
sum test did not show a significant deviation from linear-
ity for either of the cytokines (P >0.10 for EGF and P
>0.05 for IL-8/CXCLS).

Discussion

One of the approaches to characterize the proteomic
profile in biological samples is protein array. The cytokine
array we used in our experiments belongs to a multiplex
immunoassay that allows detection of many proteins
simultaneously. Nowadays, more multiplex techniques
based on antigen-antibody binding are available. Because
it uses the largest number of cytokines, the protein array
is most suitable to screen for biological factors and their
changes.

The cytokine arrays give information about relative
changes in cytokine concentrations, but they do not pro-
vide specific quantitative information as does an ELISA.
The sensitivity for each protein of interest varies because
of differences in antibody affinity. However, correlation
with ELISA, at least for the 2 cytokines we tested (EGF
and IL-8/CXCL8), is moderate to strong. Correlation
between these 2 methods for IL-8/CXCL8 detection was
also reported in human plasma (9). Interestingly, the
concentrations of EGF and IL-8/CXCLS8 in colostrum are
>1000 times higher than concentrations in plasma (10).

The advantages of this approach are that the number of
proteins detected on an array is high and steadily increas-
ing (moreover, custom arrays are offered); the manufac-
turer (Raybiotech) tests the sensitivity and specificity for
each protein of interest and claims that no cross-reactivi-
ties have been found for the antibodies on the array; and
according to the user’s manual, the detection range may
be at least 100-fold greater (IL-2) with the protein array
than with ELISA. We used this advantageous technique to
measure the content of cytokines in biologically important
body fluids—human colostrum and milk. The quality of
measurement is influenced by many factors including
preparation, processing, and standardization of samples.
Moreover, interindividual, diurnal, and other variations
may affect the evaluation of the biologically active com-
ponents of mucosal and exocrine gland secretions (11).
The number of cytokines detected in individual samples
of colostrum and milk shows considerable interindividual
variability. The problem of normalization of the cytokine
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Fig. 2. Changes in cytokine relative concentration with time after delivery.

Thin lines represent the trends in relative protein concentration In individual mothers.

groups of samples taken at the same time.

content to some constant in mucosal fluids is not yet
solved and standardized (12).

It seems that cytokines are secreted in the mammary
gland mostly by the epithelium and resident leukocytes,
but a minor part derives from the serum (13). The
production of chemotactic factors and specific adhesion
molecules in the mammary gland allows the cells of
mucosal origin to enter the mammary gland from the
circulation and increase the production of immunologi-

The thick line represents the mean values. *Significant differences between the

cally active proteins in situ. Human colostrum and milk
contain high concentrations (10° to 10’ for colostrum, 10°
to 10° for milk) of numerous cells capable of producing
various cytokines even in the infant’s gut (12). Besides
nutritional components, antibodies, and major antibacte-
rial proteins (e.g., lysozyme, lactoferrin, defensins), a
wide array of immunomodulatory factors such as cyto-
kines, chemokines, and growth factors are present (3).
These factors may influence not only the suckling’s gut,
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Fig. 3. Cytokine profile 30 h (4), 60 h (B), and 80 h (C) after delivery in one of the sample sets, demonstrating the changes in cytokine spectrum.
The rightmost array (D) represents a negative control array. These arrays are designed to detect 42 cytokines, chemokines, or growth factors. See Table 2 for cytokine

Identification.

but the whole organism as well, as the complex proteins
may be absorbed into the newborn'’s bloodstream through
the permeable intestinal barrier and thus help to adapt the
newborn’s immune system to the environment (14, 15).
Moreover, all the above factors are similarly important for
protecting the maternal mammary gland (13).

Using multiplex analysis, this study confirmed the
presence of various cytokines described previously; EGF,
GRO/CXCL1-3, and IL-8/CXCL8 were detected in all
samples of lacteal secretions. There is little evidence
concernihg the in vivo activities of human milk cytokines

"in sucklings; however, their immunomodulatory effects in

vitro and in animal models have been proven repeatedly.
In an animal model of human celiac disease, we have
shown that EGF, in concentrations similar to those in
milk, exerts a protective effect when orally administered
to newborn rats (16).

In connection with supposed biological activities, it
would be interesting to speculate on the total intake of
these factors. Based on the known daily volume of milk
ingested by breast-fed infants, we can calculate the intake
of those cytokines detected in human colostrum, by use of
a method that gives quantitative results (17). EGF concen-
tration in colostrum is ~222 ug/L (7.3 ng/day) on the 1st

day, 228 ug/L (9.8 pg/day) on the 2nd day, and 268 pg/L
(28.7 ng/day) on the 3rd day. For other cytokines, we can
use sensitivity values for the array given by the manufac-
turer: e.g., sensitivity for angiogenin is 10 ng/L; because it
was detected in the sarhple, it could be expected that the
suckling ingests >330 pg on the 1st day, >430 pg on the
2nd day, and >1070 pg on the 3rd day.

Interestingly, by use of the protein array, we found
several immunologically active proteins not yet described
in human colostrum or milk (search performed using
PubMed database, http:/ /www.ncbi.nim.nih.gov/PubMed,
accessed July 24, 2006). These proteins (cytokines) differ in
their main biological activities; they exert chemoattractant,
growth-promoting, and antiinflammatory activities, and
some of them display multiple functional properties.

Cytokines with chemoattracting activity found in co-
lostrum or milk for the 1st time included PARC/CCL18,
MIP-3a/CCL20 (mainly for lymphocytes and immature
dendritic cells), MIP-18/CCL4 (mainly for NK cells and
macrophages), and B lymphocyte chemoattractant/
CXCL13 (mainly for naive B lymphocytes). Their activity,
promoting the attraction of various types of cells, could be
advantageous for the proper development and priming of
the intestinal lymphocytes, which may protect the new-

Table 2. Comprehensive array map (RayBlo Human Cytokine Array lll) of cytokines for identification of individual cytokines

In Fig. 3.

1 2 3 4 8 6 7 8
a TNF-a TNF- MCP-1 MCP-1 IL-2 IL-2 Pos Pos
b TNFB TNFB MCP-2 MCP-2 IL-3 I-3 Pos Pos
c EGF EGF MCP-3 McCP-3 -4 IL-4 Neg Neg
d IGF-| IGF- M-CSF M-CSF IL-5 L5 Neg Neg
e Angiogenin Angiogenin MDC MDC IL-6 IL-6 ENA-78 ENA-78
f Oncostatin M Oncostatin M MIG MIG -7 L7 G-CSF G-CSF
g Thrombopoietin Thrombopoietin MIP-15 MIP-15 -8 IL-8 GM-CSF GM-CSF
h VEGF VEGF RANTES RANTES IL-10 IL-10 GRO GRO
i PDGF-BB PDGF-8B SCF SCF 1L-12p40p70 IL-12p40p70 GRO-a GRO-a
i Leptin Leptin SDF-1 SDF-1 L-13 13 1-309 1-309
k Neg Neg TARC TARC IL-15 IL-15 It1a IL-1a
I Pos Pos TGF-81 TGF-B1 IFN-y IFN-y IL-18 IL-1B8

Designatlons of columns and rows (numbers 1-8 and letters a-k) are used only for the purpose of easy orientation.
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born against several diseases immediately after birth and
later in life (18).

Some of the growth factors found in colostrum and
milk for the 1st time, such as leukemia inhibitory factor
and fibroblast growth factors, may contribute to develop-
ing gut structure and function including epithelial barrier
maturation; others, such as placenta growth factor, may
mainly influence angiogenesis. Interestingly, we found
several neuronal growth factors (brain-derived neurotro-
phic factor, glial cell line-derived neurotrophic factor,
neurotropin-3, and neurotropin-4), which may be impor-
tant for development of the newborn’s enteric nervous
system and possibly also for the proper development of
the central nervous system (19).

Along with several cytokines with antiinflammatory
activity described earlier, we found the following antiin-
flammatory factors for the first time: TIMP-1, TIMP-2, and
MDC. These factors may help in establishing mucosal
homeostasis in both the mammary gland and the suck-
ling’s gut (13, 20, 21).

Because of the increasing interest in the detection of
multiple biomarkers, there is a need to identify them in a
time-saving and efficient way. The protein array offers
parallel identification of individual protein biomarkers,
which makes it very suitable for use in basic and clinical
research as well as in clinical practice.
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