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1 Abstrakt

Patologie imunitniho systému muze vyustit ve stavy imunodeficienci na zdklad¢ poruch
ruznych slozek imunity, nebo ve stavy alergie ¢i autoimunity, které jsou vysledkem S$patné
kontroly imunitnich reakci. Imunopatogeneze alergickych a autoimunitnich onemocnéni je
do zna¢né miry spole¢na obéma imunopatologickym staviim. Oba tyto stavy vznikaji na
podklad¢ nepfiméfené imunitni reakce, ktera vede k destrukci tkani a orgdnti nebo k poruseni
jejich funkci. Alergie 1 autoimunitni onemocnéni jsou vysledkem kombinace vnitinich,
zejména genetickych a zevnich faktort jako je infekce.

V ptedlozené dizertacni praci se zaméfujeme pravé na mechanismy, které vedou
k poruchdm regulace imunitni reakce. Na kohortach pacientl s alergickymi a autoimunitnimi
onemocnénimi jsme se veénovali genetické komponenté vnimavosti k témto staviim, dale
mechanismiim vrozené imunity a zvlasté dendritickym bunikdm, které jsme vySetiovali jak u
alergii, tak u autoimunit, a posléze i ziskané¢ imunité, hlavné¢ B lymfocytim a protilatkdm.
V jedné z praci predkladame i naSe zkusenosti s terapii pravé ovlivnénim B lymfocytarni fady
monoklondlni protilatkou proti CD20 (rituximabem).

Souhrnem téchto praci dokladame komplexnost imunitnich reakci, které se na alergickych
a autoimunitnich onemocnénich podileji. Hlavni nalezy naSich praci se tykaji dendritickych
bunék. U alergii jsme dokumentovali specifické nalezy dendritickych bunék
v brochoalveolarni lavazi, které jsou charakteristické pro astma bronchiale. U autoimunit
predkladdme ndlezy alterace dendritickych bun€k u diabetu prvniho typu, které se mohou
podilet na vzniku onemocnéni.

Dizertacni prace se zabyva v obecné casti poruchami regulace imunitni odpovédi na
urovni genetické 1 imunologické, ve vlastni vyzkumné c¢asti potom piedkladd konkrétni
diskusi k jednotlivym vlastnim vysledkiim. Prace doplituje dominantni vyzkumny program
pracovisté kandidatky, kterym je vyzkum dendritickych bunék a ukazuje na dulezitost téchto

bunék u alergii a autoimunit.

Klicova slova: alergie, atopickd dermatitida, diabetes mellitus 1. typu, dendritické bunky,

cytokiny, protilatky



The pathology of immune system can lead to immune disorders. Immunodeficencies are
caused by insufficient or missing immune response. On the other hand, allergies and
autoimmune disorders represent a consequence of wrong control of the immune reaction and
breakdown of an immune tolerance. Immunopathogenesis of allergic and autoimmune
diseases are to some extent common to both immunopathologies; both represent harmful
hypersensitive reaction to autoantigen or allergen and lead to the destruction of tissues and
organs or to their dysfunction. Allergy and autoimmunity result from the combination of
internal, mainly genetic, and external factors, such as infection.

In this thesis, we focused on the mechanisms that lead to the disorders of regulation of
immune reaction. We studied cohorts of patients with allergy or autoimmunity and we
concentrated first on the genetic components that underlie both immunopathologies, further
on mechanisms of innate immunity, particularly dendritic cells and finally on the adaptive
immunity, mainly B cells and antibodies. One of our projects presented our experience with
the therapy influencing B lymphocytes using monoclonal antibody against CD20 (rituximab).

In summary, our studies present a complex view on immune reactions that contribute to
allergic and autoimmune diseases. Our main findings are concentrated on dendritic cells. We
documented specific finding of subsets of dendritic cells in bronchoalveolar fluid in patients
with asthma. In an area of autoimmune disease, we show alterations of dendritic cells in type I
diabetes which can contribute to the pathogenesis of the disease.

The thesis is composed from two parts, in the first general and review part we discuss
disorders of the immune regulation; in the second research part we present the discussion of
our results. This thesis complements dominant research programme of candidate’s department
which is concentrated on dendritic cells and shows the importance of these cells in allergy and

autoimmunity.

Key words: allergy, atopic dermatitis, diabetes mellitus type 1, dendritic cells, cytokines,

antibodies



2 Uvod do problematiky

Imunitni systém clovéka je vysledkem vyvoje obrannych mechanismi, které jsou
uplatiiovany u vSech forem zivota. V tomto stadiu dosahl imunitni systém sofistikované
urovné usporadani, kdy je schopen zajistit rozpoznani a ochranu vlastni integrity, a zaroven
uc¢inné rozpoznani a zniceni vSech nebezpeci z vnéjsiho 1 vnitiniho prostiedi. Imunitni reakce
jsou vysledkem logicky uspotddanych kroki, které¢ vedou od aktivace vrozené imunity ptes
zapojeni mechanismi ziskané¢ imunity. VSemi stadii imunitnich reakci prostupuji kroky
regulacni, které zajisti ucinnost a bezpe¢nost mocnych reakci imunitniho systému.

Patologie imunitniho systému vyusti ve stavy imunodeficienci na zaklad¢ poruch
ruznych slozek imunity, nebo ve stavy alergie ¢i autoimunity, které jsou vysledkem Spatné
kontroly imunitnich reakci. Pravé témto staviim se vénuje predloZend dizertacni prace. Ve
dvou hlavnich okruzich vénovanych alergiim a autoimunitdm popisuje zdkladni mechanismy
funkce a regulace odpovidajicich imunitnich reakci. Na tuto tivodni ¢ast navazuji kapitoly

diskutujici vlastni publikované vysledka v oblasti alergii a autoimunitnich onemocnéni.



3 Imunitni reakce podilejici se na patogenezi alergii

Vzajemna interakce genetickych vlivli a vlivil prostfedi mtize u nékterych jedincti vést
k rozvoji alergickych onemocnéni. Alergickd onemocnéni jsou podminéna hypersenzitivni
reakci imunitniho systému na béZzny neSkodny antigen — alergen, kterd vede k zanétlivym
zméndm tkani a organti (obr. 1). Tato onemocnéni jsou zpusobena zejména I. typem
imunopatologické reakce, ktera je zalozena na produkci protilatek tfidy IgE proti béznym
antigeniim prostfedi. Klasicka IgE-mediovana reakce I. typu vznikd u sensibilizovanych
jedinci po styku salergenem nyni jiz dobie popsanou, Th2-mediovanou cestou. Th2
lymfocyty produkuji cytokiny regulujici syntézu IgE protilatek B lymfocyty i1 aktivaci
eosinofill a zirnych bun¢k. Imunokomplexy slozené z IgE a alergenu, po vazbé na své vysoce
afinni Fc-receptory (FceRI) na povrchu Zirnych bun€k a basofild, indukuji uvolnéni dalSich
zanétlivych mediatori, protedz a cytokinl. V Casné fazi se uvoliluje predevsim histamin a
heparin, v pozdni fazi jsou tvofeny sekunddrni metabolity, zejména produkty metabolismu
kyseliny arachidonové — leukotrieny, prostaglandiny a tromboxany, které jsou vlastnimi

mediatory klinickych projevi alergické reakce.
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3.1 Role vrozené imunity - pohlceni a zpracovani alergenu

Stejné jako ostatni reakce imunitniho systému i alergicka reakce zaCina zapojenim
mechanismii obecné obrany organismu a reakci vrozené imunity. Zakladnim clankem
alergické reakce je pohlceni alergenu antigen-prezentujici buitkou, jeho zpracovani a
prezentace T-lymfocytim. Hlavni roli zde hraji pfedevSim dendritické bunky (DC), které se
nachazi ve sliznicich dychacich cest, zazivaciho traktu i v kizi. Obdobné jako pfi bézném
zpracovani a prezentaci antigenu pracuji DC 1 s alergenem. Podle povahy alergenu smétuji
potom DC u predisponovaného jedince dalsi kroky alergické reakce zapojenim Th2-vétve
ziskané¢ imunity. Vzhledem ke kli¢ové uloze DC u alergickych reakci a ve spojeni
s experimentalni ¢asti prace je problematice DC u alergii vénovana ¢ast kapitoly 4.,

pojednévajici praveé o dendritickych bunikach.

3.2  Subpopulace T lymfocytu

K diferenciaci naivnich T lymfocyti do jednoho subtypu efektorovych bunék Thl,
Th2, Th17 nebo Treg dochazi béhem nékolika dni kontaktu s antigen-prezentujici buinikou
(APC, Obr. 2) (Lafaille 1998). Faktorti odpovédnych za vznik urcitého typu efektorového T
lymfocytu je mnoho: povaha a afinita antigenu, typ TCR signalizace, druh koreceptorovych
signalii, cytokinové prostfedi. Ve vyvoji jednotlivého typu T bunck je zapojeno mnoho
molekularnich mechanismti, které jsou v piipad€ alergickych reakci ovlivnény zékladni
reaktivitou alergika a odpovidajicimi poruchami v regulaci imunitni odpovédi. Alergickym

reakcim dominuje Th2 typ bunééné imunitni odpoveédi.
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Obr.2  Subpopulace T lymfocyti, které se vyviji z naivnich lymfocyti. Pievzato (Wabre 2012)

3.2.1 Th2 lymfocyty

Th2 lymfocyty hraji centralni roli v alergické reakci (Holgate 2008). Experimenty na
mySich modelech ukazaly, Ze cytokinové prostfedi hraje velmi dualezitou roli v regulaci
diferenciace T lymfocytl, uplatnit se nicméné mohou i dal$i faktory jako koncentrace
antigenu, exprese kostimula¢nich molekul nebo Notch ligandy (Abbas et al. 1996; Amsen et
al. 2004).

Diferenciace Th2 lymfocyti probiha po odpovédi antigen-prezentujicich bun€k na
okolni alergeny anebo parazity zejména pod vlivem IL-4 (Romagnani 1994; Akdis et al.
2004). Zdroj IL-4, ktery je odpovédny za dany fenotyp T lymfocyti ve fazi jejich
diferenciace, zatim neni zcela identifikovan. V posledni dob¢ se jako potenciondlni mozné
zdroje jevi eosinofily, Zirné buniky (Gessner et al. 2005) a NKT buiiky (Wang et al. 2006). IL-
4 se vaze na své dva povrchové receptorové komplexy: jeden je slozeny z IL-4Ra fetézce a
spole¢ného y cytokinového receptorového fetézce (yc), druhy je slozeny z IL-4Ra a IL-13Ra
fetézce. Vazbou na tyto fetézce IL-4 indukuje produkci transkripéniho faktoru STAT6

v naivnich T lymfocytech a dalsi signalizaéni drdhy (Kelly-Welch et al. 2003). STAT6
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nasledné aktivuje expresi hlavniho diferencia¢niho transkripéniho faktoru Th2 lymfocytt,
GATA-3. GATA-3 a T-bet (transkripcéni faktor Thl lymfocytll) maji antagonisticky ucinek.
Pokud je zvySena exprese IL-4 a GATA-3, dojde ke sniZzenému uvoliovani T-bet, na druhé
stran¢ pokud je zvySend hladina IFN-y, IL-12 a T-bet, je utlumena produkce GATA-3
(Ouyang et al. 1998). GATA-3 ma vliv na up-regulaci promotorové oblasti souboru genti na
chromozomu 5q31-33, mezi které patii geny kodujici IL-3, 1L-4, IL-5, IL-9, IL-13 a GM-
CSF, zéaroven je inhibovadna exprese IL-12 receptoru a vyvoj Thl lymfocytid (Zheng et al.
1997; Ray et al. 1999). Pokusy na mySich modelech ukazaly, ze pokud dojde k utlumeni genii
pro GATA-3, dojde k vymizeni klicovych projevii astmatu: eosinifilie v dychacich cestach,
produkce hlenu a syntézy IgE (Zhang et al. 1999).

Interleukin IL-6 hraje taktéz dilezitou roli vindukci Th2 odpovédi, protoze up-
reguluje produkci IL-4 a inhibuje STATI1 fosforylaci, a tim zabraniuje expresi genu IFNy
(Dodge et al. 2003; Detournay et al. 2005). IL-6 je produkovén v ¢asnych fazich diferenciace
dendritickymi bunikami, makrofagy a zirnymi buiikami (Dodge et al. 2003).

Alergen-specifické Th2 lymfocyty byly identifikovany v periferni krvi (Parronchi et
al. 1991; van der Heijden et al. 1991) 1 v postizenych tkdnich (van der Heijden et al. 1991; Del
Prete et al. 1993) u alergickych pacientd. Th2 cytokiny - IL-4, IL-5, IL-9, IL-13 produkované
Th2 lymfocyty maji nejriznéjsi pfimy nebo nepiimy vliv na mnohé patofysiologické
mechanismy u alergickych pacientii. Tyto cytokiny vedou k produkci alergen-specifickych
IgE B lymfocyty (IL-4 a IL-13), maji vliv na shlukovani zirnych bunék (IL-4, [L-9 a [L-13) a
na maturaci eosinofilti (IL-3, IL-5 a GM-CSF) a basofila (IL-3 a IL-4). ZvySené hladiny
mRNA IL-4, IL-5 a IL-13 byly nalezeny v mistech klize, kterd byla i nebyla postizena
atopickou dermatitidou (Hamid et al. 1996). ZvySena Th2-cytokinova odpovéd byla
detekovdna v periferni krvi i v misté alergického zanétu, napf. v dychacich cestich u
alergickych pacientil (Robinson et al. 1993; Boniface et al. 2003; Cho et al. 2005). Klicova
uloha Th2 lymfocyti i jimi produkovanych cytokinti v alergické reakci je nyni jiz

jednoznacéné potvrzena.

3.2.1.1 IL-4

Maturované Th2 lymfocyty produkuji velké mnozstvi IL-4, ktery parakrinné stimuluje
sousedni naivni T lymfocyty k pfeméné do Th2 fenotypu. Jejich role v alergické reakci neni

limitovana jenom na schopnost indukovat produkci alergen-specifickych imunoglobulinii E B
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lymfocyty, ale i stimulovat infiltraci tkdni zirnymi buiikami a eosinofily. Data ziskan4 na
experimentalnich mySich modelech a u lidi ukazuji, ze patofyziologické dusledky
vyplyvajicich z alergické reakce mohou probihat i za nepfitomnosti IgE a odpovédi zirnych
bunék, nicméné Th2 lymfocyty nebo jejich pisobky jsou nevyhnutelné pro patogenezi
alergickych onemocnéni. Mysi, které byly deficientni pro B lymfocyty, IgE, CD40 nebo zirné
bunky, byly schopny vyvinout astma, ale u mysi s deficienci CD4+ T lymfocytt, IL-4,
STAT6 nebo IL-5 byla sice utlumena bronchialni hypereosinofilie (Foster et al. 1997; Hogan
et al. 1997), ale zaroven nedoslo k rozvoji astmatu (Akimoto et al. 1998; Ray et al. 1999;
Mathew et al. 2001). Th2 lymfocyty, IL-4 a jeho vazba na odpovidajici receptor jsou zasadné

dualezité pro rozvoj i udrzeni alergické reakce.

3.2.1.2 IL-S

IL-5 produkovany Th2 lymfocyty je v plné mife odpovédny za eosinofilii v krvi i
v postizenych tkanich. Plsobi na progenitorové buiiky v kostni dfeni a urychluje produkci
eosinofili (Johansson et al. 2004). ZvySena hladina IL-5 byla zaznamenana
v bronchoalveolarni lavazi (BAL) u alergickych pacientl i mysi, zvySena hladina mRNA byla
1 v klizi pacienti s atopickou dermatitidou (Walker et al. 1992; Hamid et al. 1996; Rothenberg
et al. 2006). Roli Th2 lymfocyth a IL-5 v alergické reakci podporuje i studie, kterd
demonstrovala, ze pasivni transfer T lymfocytti u IL-4 -/- my$i vedl k rozvoji Th2 buné¢k a
produkci IgE (Schmitz et al. 1994). Zd4 se tedy, Ze v rozvoji alergické reakce za urcitych
monoklondlni protilatkou anti-IL-5 (mepolizumab), pfinaseji ale neuspokojivé vysledky.
Lécbou sice doslo k poklesu hladin eosinofild v periferni krvi a ve sputu u astmatickych
pacientt, ale nedoslo ke zmirnéni bronchialni hyperreaktivity (Leckie et al. 2000; Kips et al.

2003; Flood-Page et al. 2007).

3.2.1.3 IL-9

IL-9 ma mnoho imunologickych funkei, které jsou podobné jinym Th2 cytokinim. IL-
9 pusobi pies IL-13 a indukuje produkei hlenu a plisobi chemoatrakci eosinofila epiteliemi

plicni tkdné (Steenwinckel et al. 2007).
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Pivodné se, na zdkladé mnoha in vitro studi, predpokladalo, ze cytokin IL-9 je
produkovan Th2 lymfocyty, a tudiz byl zafazen do rodiny Th2 lymfocyt (Dugas et al. 1993;
Petit-Frere et al. 1993). Mnohé studie u lidi potvrdily, Ze je IL-9 zvySené exprimovan na
urovni mRNA 1 proteinu v CD3+ lymfocytech v BAL i bronchidlni tkani alergickych pacienti
(Shimbara et al. 2000; Erpenbeck et al. 2003; Tsicopoulos et al. 2004). Hladina IL-9 vyrazngji
koreluje s koncentraci alergen-specifickych IgE v porovnani s IL-5 a IL-13, zaroven hladiny
IL-9 byly vys8i u pacientll s astmatem nez s alergickou rhinitidou (Devos et al. 2006).
Vysledky ziskané z mySich modelti astmatu jsou ale castokrat velmi rozporuplné. U
transgennich mysi zvySen¢ exprimujicich IL-9 byla po antigenni stimulaci zjiSténa zvysSena
bronchialni hyperreaktivita, eosinofilie a vysoké hladiny IgE (McLane et al. 1998), u IL-9
deficientni mysi po sensibilizaci alergenu nebyly tyto fenomeny pozorovany (McMillan et al.
2002). Studie u alergenem indukovaného astmatu s blokujici protilatkou anti-IL-9 prokéazaly
snizeni eosinofilie, IgE, bronchialni hyperreaktivity i poSkozeni dychacich cest (Kung et al.
2001; Cheng et al. 2002) .

Posledni studie prokazaly, ze interleukin 9 je produkovan samostatnym typem T
lymfocytl, které byly oznaceny jako Th9 a hraji roli jedine¢nou roli v imunitni odpovédi a

v alergické reakci (Dardalhon et al. 2008; Veldhoen et al. 2008).

3.2.14 1IL-13

IL-13 patii mezi nejsilnéjsi cytokiny produkované Th2 bunikami a nachézime u ného
mnoho 0¢inkdt u alergického astmatu (Wills-Karp 2004). IL-13 se vaZze na spolecny
receptorovy komplex IL-4Ra - IL-13Ra (Mueller et al. 2002) a indukuje produkci CCL-7, -11
a -24 (Eotaxin-1, -2, and -3), chemokini, které maji synergicky efekt s IL-5 pro selektivni
atrakci eosinofilii do plic (Radinger et al. 2004; Ravensberg et al. 2005). IL-13 je schopen
indukovat produkci nejriznéjSich dalSich cytokini a chemokini (Kuperman et al. 2002).
Blokovani IL-13 protildtkou vede k utlumeni bronchidlni hyperreaktivity u mySich modelt,
zaroven se zmirni dalsi alergické procesy jako eosinofilie, produkce hlenu a zanét dychacich
cest (Wills-Karp 2004). Knock-out mysi pro tento cytokin jsou chranény pied rozvojem
alergického astmatu (Wills-Karp 2004). Vysledky mnohych prospektivnich studii, zejména u
déti, potvrdily silnou asociaci IL-13 s rozvojem alergickych onemocnéni. Vysoka produkce
IL-13 mononuklearnimi bunikami pupecnikové krve po stimulaci Der pl a fytohemaglutininu

je asociovana s rozvojem atopické dermatitidy ve 3 letech (Lange et al. 2003), zarovein byla
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nalezena korelace prudkého vzestupu hladiny IL-13 a IL-5 v krvi v prvnim roce zivota a
rozvojem alergické symptomatologie v roce zivota (Neaville et al. 2003). Obdobné i studie u
starSich déti potvrdily asociaci mezi alergenem stimulovanou produkei IL-13 a klinickymi

projevy alergie (Contreras et al. 2003).

3.2.1.5 Chemokiny

Dalsimi intercelularnimi mediatory, které hraji dalezitou roli v alergické reakci, jsou
chemokiny. Chemokiny tvoii skupinu asi 40 malych, strukturdlné¢ podobnych cytokint, které
interaguji s transmembranovymi G-proteinovymi receptory. Chemokiny tvofi rozsahlou sit’.
Mnohé chemokiny se vazi na rizné receptory a naopak jeden receptor je schopen vazat riizné
chemokiny (Palmqvist et al. 2007). Chemokiny reguluji pfedevSim migraci leukocytl jak
v homeostaze, tak 1 v zanétu (Rot et al. 2004). Role chemokint v alergické reakci spoc¢iva
nejen v regulaci migrace leukocytl, ale ovliviiuji také bunécnou aktivaci, uvolnovani
mediatort basofily a eosinofily, podporuji Th2-polarizovanou zanétlivou reakci a regulaci
produkce imunoglobulinu IgE (Gangur et al. 2000).

Chemokinovy receptor CCR3 je exprimovany na eosinofilech a basofilech a je
receptorem pro CCL5 (RANTES), eotaxiny — CCL11 (eotaxin-1), CCL24 (eotaxin-2) a
CCL26 (eotaxin-3) (Pope et al. 2005), MCP-3 a MCP-4 (Uguccioni et al. 1997). Dulezitost
jeho role v alergické reakci podporuji vyzkumy na mySich modelech i u lidi. U knock-out
mysi, které neexprimuji CCR3, byl popsan znacné snizeny alergicky zanét v dychacich
cestach i v kiizi (Humbles et al. 2002; Ma et al. 2002; Pope et al. 2005), obdobné vysledky
byly dosazeny i po podéani antagonisty CCR3 u mysi (Das et al. 2006). Vyrazné zvysena
exprese CCR3 byla zjisténa in vivo i in vitro na zirnych bunikach na rozdil od Th2 lymfocyta
(Ochi et al. 1999; Romagnani et al. 1999).

Receptor CCR4 je exprimovany piedev§im na Th2 lymfocytech, coz vedlo rtzné
skupiny k vyzkumu role této molekuly u alergickych onemocnéni (D'Ambrosio et al. 1998).
Jeho ligandy jsou makrofagy-derivovany chemokin (MDC) a thymus-asociovany a
regulovany chemokin (TARC) (Bonecchi et al. 1998). Mnoh¢ studie potvrzuji roli CCR4
v rozvoji Th2 odpovédi na alergen. Tyto studie dokladaji, Ze up-regulovana exprese CCR4
byla nalezena na Th2 lymfocytech u astmatickych pacienti (D'Ambrosio et al. 2001),
koncentrace CCR4+T lymfocyti koreluje stizi onemocnéni (Ishida et al. 2006) a Ze po

stimulaci alergenem CCR4 hraje roli v migraci T bunék do dychacich cest (D'Ambrosio et al.
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2001; Nouri-Aria et al. 2002). Dalsim z chemokinovych receptorti, ktery je popsan v asociaci
s Th2 fenotypem, je CCR8, nicmén¢ jeho role v alergickych onemocnénich je rozporuplna.
Dalsim chemoatraktivni receptor, ktery je vyrazné zapojen do patogeneze alergickych
onemocnéni u lidi, je CRTH2. CRTH2 (chemoattractant receptor for Th2 cells) jak uz z ndzvu
vyplyva, je exprimovan hlavné na Th2 lymfocytech, nicmén¢ je exprimovan i na eosinofilech
a basofilech (Nagata et al. 1999). CRTH2 je in vitro i in vivo selektivné exprimovan na Th2
lymfocytech a na cytotoxickych bunikdch 2. typu (Tc2), ale jeho exprese nebyla detekovéana na
jinych Th subtypech (Cosmi et al. 2000). Bylo zjisténo, Ze ligand pro tento receptor je
produkovan zirnymi bunikami a Ze se jedna o prostaglandin D2 (Nagata et al. 1999; Hirai et al.
2001). Tyto studie ptfinaSeji vysledky, které miizou pfispet k porozuméni vzajemnych
interakci bunck v alergické reakci a podstaty chemoatraktivity bun¢k do mista alergického

zanétu.

322 Th1

Na rozdil od Th2 lymfocyti je vzajemny vztah Thl subpopulace a atopickych
onemocnéni velmi sporny. Thl lymfocyty jsou subpopulace Th lymfocytd, které se
diferencuji z naivnich CD4+ lymfocytid pod vlivem IL-12 a antigen-prezentujicich bunck
stimulovanych mikrobiadlnimi antigeny. Diferencované Thl lymfocyty produkuji IFN-y, ktery
vede k intracelularni destrukci fagocytovanych mikrobt. Z nejriznéjsich studii provedenych
v poslednich dvou dekadach vyplyva vzajemna negativni interakce Th1 a Th2 systému. IFN-y
produkovany Thl lymfocyty potlacuje rozvoj Th2 imunitni odpovédi, naopak IL-4
produkovany Th2 potlacuje produkci IFN-y Thl lymfocyty a vyvoj Thl odpovédi (Abbas et
al. 1996; Ouyang et al. 1998). Nejraznéjsi studie dokladaji korelaci mezi snizenou hladinou
IFN-y nebo snizenou schopnosti produkce IFN-y v in vitro pokusech v novorozeneckém a
kojeneckém obdobi déti, u kterych se pozd¢ji vyvinula alergickd onemocnéni (atopické
dermatitidy, astma) (Contreras et al. 2003). Tato Thl/Th2 nerovnovaha patii mezi
nejdulezitéj$i imunoregulaéni mechanismy a v pfipadé alergickych onemocnéni je
patogenetickym podkladem tzv. hygienické hypotézy. Klicovou roli v polarizaci imunitni
reakce do urcité Th odpovédi (Thl, Th2, Th17, Tregs) hraji dendritické buiiky a stimulace
mikrobidlnim antigenem nebo alergenem pies jednotlivé typy TLR na jejich povrchu.
Podrobnéji bude tato problematika probrana ve stati o dendritickych buiikdch a jejich roli

v imunopatologickych stavech.
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Studie z poslednich let v§ak poukazuji na fakt, ze alergicka onemocnéni nelze vysvétlit
pouze pouhym posunem z Thl do Th2, do patogeneze téchto onemocnéni jsou zapojeny,
zejména v chronickych fazich, i dalsi subpopulace T lymfocytt: Thl, Th17, regula¢ni T
lymfocyty (Tregs). I kdyz je Th2 polarizace dominantni v leh¢ich formach astmatu, ¢i
casnych stadiich atopické dermatitidy, pfi progresi onemocnéni pievladaji spiSe IFN-y-
produkujici Thl a cytotoxické CD8+ T lymfocyty (Krug et al. 1996; Cho et al. 2005; Barnes
2008). Pokusy na mysich modelech taky podpoftily teorii o vlivu Thl na alergicky zanét.
Adoptivni transfer Th1 buné€k s naslednou stimulaci alergenem vede k migraci Th1l bun¢k do

dychacich cest a vzniku eozinofilniho zanétu (Randolph et al. 1999).

323 Th17

Th1/Th2 rovnovaha nebyla schopna vysvétlit vSechny molekularni mechanismy, které
vedly ke vzniku imunopatologickych stavii. V posledni dekad¢ byly objeveny dalsi subtypy T
lymfocytt, které zasahuji do imunopatologickych reakci a do patogeneze autoimunitnich a
alergickych onemocnéni — Th17 a T regula¢ni lymfocyty (Weaver et al. 2006; Stockinger et
al. 2007).

T lymfocyty produkujici IL-17 byly popsany v roce 2000 jak na mySim, tak lidském
modelu (Infante-Duarte et al. 2000). Podle produkovaného cytokinu byly nazvany ,,Th17
lymfocyty“. Jejich vyvoj je zavisly na interleukinu-23 a transkripénich faktorech, které se
odliSuji od téch u Thl nebo Th2 lymfocytt (Harrington et al. 2005; Park et al. 2005). Pozd¢ji
byl jako klicovy diferenciacni transkripéni faktor identifikovan ROR-yt (Ivanov et al. 2006).
U této subpopulace lymfocytii existuji vyrazné rozdily ve vlivu cytokinového prostfedi na
jejich diferenciaci. U mysi bylo zjisténo, Ze klicovym cytokinem vedle IL-23 je IL-6
v kombinaci s TGF-3 pro in vitro i in vivo diferenciaci Th17 lymfocyta (Bettelli et al. 2006;
Veldhoen et al. 2006). Tato trojkombinace cytokinli vede k diferenciaci patogenetickych
Th17, pokud jsou ale pfi diferenciaci pfitomny jen IL-6 s TGF-B, vede to ke vzniku Thl17,
které zaroven s IL-17 produkuji i IL-10 (McGeachy et al. 2007). U lidi je situaci jina. Pro
svou diferenciaci potiebuji Th17 zcela jiné cytokinové prostiedi. TGF-B zfejm& nehraje
rozhodujici roli v diferenciaci Th17, dulezita je kombinace IL-1p s IL-23 nebo IL-1f a IL-6
(Acosta-Rodriguez et al. 2007; Wilson et al. 2007).

V poslednim desetileti se mnoh¢ studie, zvlasté na mysich modelech, snazily prokazat

roli Th17 v patogenezi alergickych onemocnéni, pfedevSim astmatu a atopické dermatitidy.
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Uloha Th17 vrozvoji alergickych onemocnénich vSak zatim neni zcela jasni. Bylo
prokédzéano, ze IL-17 mRNA 1 IL-17 byly zvySené v plicich, sputu, bronchoalveolarni lavéazi
(BAL), v biopsiich klize i sérech pacientl s astmatem v korealaci s tizi onemocnéni, (Molet et
al. 2001; Laan et al. 2002; Zhao et al. 2010). Stejné nalezy byly potvrzeny v chronické fazi
atopické dermatitidy (Toda et al. 2003). Interleukin IL-17 zvySuje produkci mnohych dalSich
cytokinli a chemokind, véetné IL-6, IL-8, CCL20 bronchialnimi nebo koznimi fibroblasty,
epitelidlnimi bunikami a keratinocyty (Molet et al. 2001; Toda et al. 2003; Kao et al. 2005).
Vysledky ze studii patogeneze astmatu a atopické dermatitidy provedenych na mysich
modelech pfinaseji rozporuplné vysledky. Studie na deficientnich mysich kmenech IL-17A™
nebo IL-17RA™ prokédzaly vliv IL-17A na indukci alergen-specifickych Th2 lymfocyta,
akumulaci eosinofilli a zvySovani hladiny IgE v séru (Nakae et al. 2002; Schnyder-Candrian
et al. 2006). Na druhé strané vysledky studii na mysich modelech astmatu indukovaného
ovalbuminem ukazaly, Ze po podani bloka¢ni protilatky anti-IL-17A dojde k nardstu migrace
eosinofilt a produkce IL-5 v bronchoalveolarni lavazi (BAL) (Schnyder-Candrian et al.
2006). Zda se, ze Th17 nemaji piimy vliv na Th2 lymfocyty, ale spiSe potencuji nespecifickou
imunitu - migraci neutrofili do mista zdnétu, aktivaci zirnych bunék a reguluji Th2-

mediovanou alergickou odpovéd'.

3.24 T regulaéni lymfocyty (Tregs)

T regula¢ni lymfocyty (CD425") jsou dalsi subpopulaci T lymfocyti hrajici roli
v rozvoji alergii. Tregs jsou schopny potlacovat vznik alergické Th2 i Thl odpovédi, a proto
hraji dtlezitou regulacni roli v reakci imunitniho systému na alergeny a také v patogenezi
alergickych onemocnéni (Akdis et al. 2004; Verhagen et al. 2006). V periferni krvi se nachazi
v poctech asi 5-10% z CD4" (Sakaguchi et al. 1995). CD25"FoxP3" tvoii subtyp Tregs tzv.
ptirozenych, konstitutivnich Tregs (nTregs), které¢ vznikaji v thymu. Druhym subtypem jsem
inducibilni Tregs, které vznikaji v periferii efektorovych T bunck vystavenych antigenim.
Tato populace se vyznacuje produkci cytokinid, pomoci kterych negativné reguluji imunitni
reakci: IL-10 (Th3 lymfocyty), TGF-B (Tr1) (Sakaguchi 2004; Wing et al. 2006).

Predominance  atopické dermatitidy u pacienti sonemocnénim IPEX
(immunodysregulation polyendocrinopathy enteropathy X-linked syndrome), jehoz podstatou
je pravé porucha funkce Tregs, vedla mnohé vyzkumné skupiny ke studiu role Tregs u

alergickych onemocnéni.
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Tregs normaln¢ inhibuji expresi Th2 cytokinli v odpovédi na alergen u nealergickych
lidi (Ling et al. 2004). Svycarska skupina ukézala, Ze u pacientl sastmatem se v krvi
vyskytuje zvySena koncentrace Th2 lymfocytd produkujicich IL-4 na rozdil od zdravych
darct, u kterych byl zvySeny podil T regulacnich bun¢k produkujicich IL-10 (Akdis et al.
2004). U alergickych pacientt byly zjistény snizené pocty Tregs i v BAL-u (Hartl et al. 2007).
Zaroven 1 pokusy na mysich modelech prokazaly suprimujici vliv Tregs v dychacich cest na
alergicky zanét a bronchialni hyperreaktivitu (Kearley et al. 2005; Lewkowich et al. 2005;
Strickland et al. 2006).

Roli Tregs v supresi alergické reakce na alergen podporujii vysledky ze studii u
alergen-specifické imunoterapie (SIT). Bylo prokazano, Ze alergenova SIT vede ke zvySovani
supresorové aktivity u alergen-specifickych IL-10-produkujicich Trl lymfocyth i CD4"25"
Tregs (Akdis et al. 1998; Jutel et al. 2003; Ling et al. 2004). Mezi supresorové molekuly
alergen-specifickych Trl bunck patii cytokiny IL-10, TGF-p a molekuly CTLA-4 (cytotoxic
T lymphocyte antigen 4) a PD-1 (programmed death).

Vsechny tyto studie prokazuji, ze Tregs hraji diilezitou roli v regulaci alergické reakei.

Souhrny vliv Tregs na regulaci alergické odpovédi ukazuje nasledujici obrazek (Obr. 3):
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Obr.3  Vliv regula¢nich T lymfocyti na regulaci alergické odpovédi. Pirevzato (Akdis 2006)
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3.3 B lymfocyty a imunoglobulin E

Dalsi dtlezitou skupinou leukocytti s vyznamnym vlivem na rozvoj alergické reakce
jsou B lymfocyty. Role B lymfocytl v patogenezi alergickych onemocnéni je dana predevsim

produkci alergen-specifickych imunoglobulini IgE.

3.3.1 IgE

Aktivované Th2 lymfocyty up-reguluji na svém povrchu molekulu CD40L, ktera
aktivuje svij ligand CD40 na B lymfocytech. B lymfocyty po této stimulaci Th2 lymfocyty za
pritomnosti 1L-4 a IL-13 produkuji imunoglobuliny ve tfidé IgE (Platts-Mills 2002). U
alergickych pacientil je tato polarizace vyraznéj$i. U pacientl trpicich alergickou rhinitidou
bylo zjisténo, ze v nosni sliznici se nachazi cca 4% B lymfocyti a 12-19% plasmatickych
bun¢k exprimujicich IgE, u zdravych osob tyto subpopulace lymfocytl tvoii pouze 1%
(KleinJan et al. 2000).

IgE se vaze na své dva povrchové receptory: vysoko-afinni (FceRI) a nizko-afinni
(FceRII) receptory. Vysoko-afinni receptor FceRI je exprimovan na povrchu vSech typil
granulocytd, pfedevS§im na basofilech a zirnych bunkach, ale také na monocytech, DC a
Langerhansovych buiikach. Exprese FceRI na povrchu basofili a zirnych bunék koreluje
s hladinou IgE. Pokles IgE v séru vede ke snizeni exprese FceRI a snizené schopnosti
degranulace basofilil a Zirnych bun€k (MacGlashan et al. 1999; Holgate 2000). Nizko-afinnni
receptor FceRII (CD23) je exprimovan na povrchu mnohych bunék, vcetné B bunék,
makrofagl 1 na bunkéach hladkych svalti v dychacich cestaich (Hakonarson et al. 1999). Na
povrchu B lymfocytli je exprimovan v obou svych isoforméch. Studie na mySich modelech i
in vitro studie dokladaji, ze CD23 reguluje IgE expresi pomoci negativni zpétné vazby a
nasledné i vlastni povrchovou expresi (Kisselgof et al. 1998). Obdobné vysledky podporuji i
klinické studie u bronchidlniho astmatu s pouzitim monoklonalni protilatky anti-CD23, IDEC-
152. Po podani protilatky doslo k poklesu IgE, nicméné bez vyraznéjsiho klinického vyznamu
(Rosenwasser et al. 2003).

IgE je povazovan za kli¢ovy mediator v patogenezi alergickych onemocnéni. Vysoké
hladiny IgE detekované v séru jsou asociované s bronchidlnim astmatem, atopickou
dermatitidou a jinymi alergickymi onemocnénimi (Burrows et al. 1989). Hladiny IgE v séru

jsou u atopickych jedinct 10-krét i vicekrat vyssi nez u zdravych lidi. ZvySené hladiny IgE

17



v pupe¢nikové krvi jsou asociovany s predispozici k atopii u malych déti (Kobayashi et al.
1994). Nicméné u znacného procenta pacientll s astmatem a alergickou rhinitidou naopak
nenachdzime zvySené hladiny IgE v séru (D'Souza et al. 1999). Tato onemocnéni jsou
povazovana za non-IgE-mediovand a ukazuji, Zze do patogeneze téchto alergickych

onemocnéni jsou zapojeny dal§i medidtory a buiiky imunitniho systému.

3.3.1.1 Lehké retézce

Lidské imunoglobuliny jsou slozeny ze dvou tézkych a dvou lehkych fetézcii
spojenych disulfidickymi mistky. Lehké fetézce x a A jsou béhem syntézy imunoglobulinti
produkovany v nadbytku (Hannam-Harris et al. 1981; Hopper et al. 1986). Tyto volné lehké
fetézce se vyskytuji bud’ jako monomery (molekulovd hmotnost 22-27 kDa) nebo dimery
(molekulovd hmotnost 44-55 kDa). Volné polyklondlni lehké fetézce jsou detekovatelné u
zdravych lidi v mnohych biologickych tekutinach: sérum, mo¢, mozkomisni mok (Bradwell et
al. 2001; van der Heijden et al. 2006). Pfedpoklada se, ze béhem 24 hodin se vyprodukuje cca
500mg volnych lehkych fetézct, které jsou katabolizovany a vylouceny ledvinami (1-
10mg/24hod.) (Bradwell 2006).

Abnormalni zvySeni monoklondlnich lehkych fetézcl v séru je spojovano predevsim
s maligni klonalni proliferaci plasmatickych bunék — monoklonalni gamapatii, MGUS
(Bradwell 2006). Nadbyte¢na produkce volnych lehkych fetézch (FLC) byla povazovana za
vedlejsi produkt syntézy imunoglobulinii, nicméné mnoho studii ukéazalo, ze lehké tetézce
interaguji s mnohymi intraceluldrnimi a extracelularnimi proteiny (Nishimura et al. 1999; van
den Beucken et al. 2001) i1 buitkami (Wall et al. 1996) a maji nejriiznéjsi biologické ptsobeni,
napt. aktivace komplementu (Jokiranta et al. 1999). V poslednich letech byla prokazana role
volnych lehkych fetézcii v regulaci zanétlivé reakce u mnohych imunopatologickych stavii.
Bylo prokéazéano, ze volné lehké fetézce jsou schopny indukovat aktivaci zirnych bunék, kteréa
vyusti v akutni hypersenzitivni reakci (Redegeld et al. 2002). Po podani specifického antigenu
(alergenu) naivnim myS$im, u kterych pfedem probéhl transfer alergen-specifickych FLC,
doslo kaktivaci Zzirnych bunck, klokdlnim otokim (pifi kozni aplikaci) nebo
k bronchokonstrikei, pokud byl antigen podédn intranasalné (Redegeld et al. 2003; Kraneveld
et al. 2005). Stejné vysledky dokladaji i studie s deficientnimi myS§imi kmeny pro zirné bunky

nebo studie s pouzitim specifického antagonisty F991, kdy hypersenzitivni reakci vyvolané
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FLC lze zabranit podanim daného antagonisty (Redegeld et al. 2002; Kraneveld et al. 2005;
van Houwelingen et al. 2007).

Zvysené hladiny FLC v séru byly popsany u mnohych autoimunitnich i alergickych
onemocnéni. U autoimunit korelovaly hladiny FLC s hladinou IgG a aktivitou onemocnéni
((van der Heijden et al. 2006; Gottenberg et al. 2007; Hutchison et al. 2008). Nedavno
holandské vyzkumna skupina popsala signifikantn¢ vyssi hladinu FLC u pacient( s astmatem
IgE 1 non-IgE mediovanym v porovnani se zdravymi kontrolami (Kraneveld et al. 2005).
Vysledky téchto studii dokladaji, ze spoluptisobeni FLC a zirnych bunék hraje dilezitou roli

v patogenezi atopickych 1 non-atopickych alergickych onemocnéni.

3.4  Zirné buriky

Zirné buiiky jsou jiz dlouho asociovany s patogenezi alergickych onemocnéni.
Koncentruji se v sliznicich dychacich cest u astmatu (Kaur et al. 2006; Holgate 2008) 1
v dermis u atopické dermatitidy (Alenius et al. 2002). Pfemosténi IgE-FceRI komplext na
povrchu zirnych bunék vazbou alergenu vede k ¢asné fazi alergické reakce, k degranulaci
zirnych bunék a k uvolnéni vazoaktivnich latek jako jsou histamin, tryptdza a jiné proteazy,
heparin a dalsi latky, které jsou ulozené v sekre¢nich granulech. Tyto plsobky vedou ke
zvySené kontraktilit¢ hladkych svall, zvySuji mikrovaskularni permeabilitu a vazodilataci
nasledné i k ptiznakiim astmatu (piskoty, dusnost) nebo alergické rymy (nasalni obstrukce a
sekrece). Zaroven dochazi k produkci metaboliti kyseliny arachidonové — leukotrienii (LTC4,
LTD4, LTE4), prostaglandini (PGD2) a tromboxanid (TXA4). Cytokiny a chemokiny
uvolnéné v ¢asné fazi spoustéji béhem nékolika hodin pozdni fazi alergické reakci (Gould et
al. 2008). Zirné buiiky a eosinofily jsou taky dilezitym zdrojem matrixovych metaloproteinaz
(MMP-3 a MMP-9). MMP interaguji s matrixovymi proteiny a proteoglykany a podileji se na
remodelaci dychacich cest (Wenzel et al. 2003). Zirné buiiky tedy hraji roli v &asné i pozdni

fazi alergické reakce a jsou jednim z klicovych faktort jejiho rozvoje.
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3.5 Basofily

Podobnou funkci jako zirné buiky maji i basofily, exprimujici FceRI, které po
piemosténi FceRI rychle produkuji cytokiny a histamin. Zirné buiiky byly dlouho povaZzovany
za tkdnovou formu basofill. Nicméné pomoci specifickych marker basofilti, napf.
basogranulinu, byla tato samostatna subpopulace granulocyt identifikovana v dychacich
cestach astmatikti (Macfarlane et al. 2000; Mochizuki et al. 2003; Agis et al. 2006).

V poslednich letech byla odhalena role basofili jako hlavni zdroj IL-4 a IL-13
produkovanych po kontaktu s alergenem a nasledné polarizujicich imunitni odpovéd’ smérem
k Th2. Krom¢ zminovanych cytokinti, basofily produkuji i TSLP (thymic stromal
lymphopoeitin) ((Min 2008). In vitro jsou basofily schopny indukovat pfesmyk B lymfocytt
k produkci IgE. Aktivované basofily zvySuji expresi CD40 ligandu na svém povrchu, ktery po
rozeznani CD40 molekuly na povrchu B lymfocyti vede k jejich diferenciaci (Yanagihara et

al. 1998).

3.6  Eosinofily

Dal$im bunéénym typem, ktery je velmi Casto popisovan u alergického zanétu jsou
eozinofily. Fyziologicky jsou eozinofily pfitomny témét vyluéné v zazivacim traktu a nejsou
pfitomny v jinych tkénich. Hlavnim matura¢nim a chemoatraktvinim faktorem eosinofila je
IL-5. Také nékteré CC chemokiny jsou dulezitym chemotaktickym faktorem pro eozinofily —
eotaxin a RANTES. Eozinofily ptfedstavuji bohaty zdroj kationickych proteinti uvoliiovanych
z granuli jako hlavni bazicky protein (major basic protein — MBP), eozinofilni peroxidaza a
eozinofilni kationicky protein (ECP), desticky aktivujici faktor (PAF), zaroven jsou schopny
produkce eikosanoidli — prostacyklin (PGI2) a leukotrieny (LTC4). V posledni dobé bylo
prokazano, ze eozinofily maji schopnost aktivovat dendritick¢ bunky, které mizou
polarizovat Th2 imunitni odpoveéd’ (Yang et al. 2008).

U alergickych onemocnéni jako astma nebo atopicka dermatitida nachazime pomérné
Casto eozinofilii v periferni krvi korelujici s tizi onemocnéni(Holgate 2008). U pacientli se
slabou kontrolou nad astmatem jsou eozinofily pfitomny nejenom ve sténé dychacich cest, ale
1 ve sputu nebo bronchoalveolarni lavazi (Holgate 2008). Jak uz bylo popsano vyse (viz. Kap.

2.2.1.2.), klinické studie s mepolizumabem (monoklondlni protildtka anti-IL-5) sice vedla
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k dramatickému snizeni poctu eozinofili, nicméné bez vyraznéjSiho inhibi¢niho efektu na

bronchialni hyperreaktivitu.

3.7 Role genti v rozvoji alergické reakce

Na vzniku a rozvoji alergickych onemocnéni se jasné podili genetickd dispozice.
Alergie nicméné nepodléhaji zdkladnim mechanismim mendelovské dédicnosti, jejich
genetickd komponenta je velmi komplexni. Vzhledem k polygenni dédicnosti,
k pravdépodobnému vlivu vice geni a kombinace téchto genl je vyzkum genetiky alergie
slozity. Navic fenotyp onemocnéni mize byt ovlivnén rliznou penetranci, kombinaci geni
nesoucich rizné polymorfismy a dokonce i vlivem prostfedi na genetickou vybavu jedince.

Vsechny studie, které se vénuji genetice alergie a hledani zucastnénych genti, zacinaji
genetickymi studiemi rodin, kde se onemocnéni vyskytuje. Velkou vyhodou v tomto hledani
je studium dvojcat, které usnadni mapovani kandidatnich genti. Riziko AD u ditéte je 50%,
pokud jeden zrodi¢li ma alergické onemocnéni (AD, bronchidlni astma nebo alergicka
rhinitida) a 75%, pokud oba rodice jsou alergi¢ti. (Schultz Larsen 1993; Reich et al. 2003).

VétSina kandidatnich gent asociovanych s atopii, astmatem nebo AD je

indentifikovana nejvice ze studii zamétenych na single nukleotide polymorfismti (SNP), které
vedou ke zméndm exprese danych genl. ZvySend nebo snizena exprese danych proteinti
ovliviiuyje jejich vysledné zapojeni v imunitni reakci. Vysledky studii v poslednich desetiletich
piinesly rozporuplné asociace mezi SNP a alergickymi onemocnénimi a byly zavislé na
zkoumané populaci.
VétSina studii u kavkazské populace, véetné genome-wide studii, potvrdily asociaci urcitych
SNP genti se zvySenou hladinou IgE nebo s alergickymi onemocnénimi: 1q21, 321 (CD80 a
CD86), cluster cytokinovych genti na 5. chromosomu 5q, 11q (B-fetézec FceRI), 12q (IFN-y a
STAT-6) a chromosom 16 (IL-4R), 20p a dalSi. Tyto studie prokazaly silu asociace
chromozomalnich seki od slabé az po velmi silnou.

Na chromosomu 1q21 se nachézi gen pro filaggrin, ktery je hlavni protein epidermalni
diferenciace a jeho mutace jsou asociovany s atopickou dermatitidou (Palmer et al. 2006;
Weidinger et al. 2006). Mutace filaggrinu se vyskytuji v ¢asnych fazich AD a indikuji sklon
k astmatu (Soderhall et al. 2007)

Nejvice studovanym regionem genomu ve spojitosti s alergickym onemocnénim je

usek na chromosomu 5q, kde jsou kodovany mnohé mediatory Th2-imunitni reakce: 1L-4, IL-
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5, IL-9, IL-13, GM-CSF, SPINKS. Mnohé studie potvrdily asociaci SNP téchto gent
srozvojem astmatu (Halapi et al. 2004), atopickou dermatitidou (Beyer et al. 2000) a
zavaznosti AD (Soderhall et al. 2002). Polymorfismus promotorové oblasti IL-4 (IL-4 -
590C/T) vede ke zvysené aktivité této oblasti a je asociovany s AD (Woodward et al. 2001).
Mnohé genové variace genu pro IL-13 jsou asociovany se zvySenou hladinou IgE (Kabesch et
al. 2006), s eosinofilii (Liu et al. 2004) a atopickou dermatitidou (Halapi et al. 2004).

Specificka imunitni odpovéd’ je zahajovana prezentaci antigenii navazanych na HLA
molekuly L. nebo II tfidy T lymfocytim. HLA 1. i II. tfidy jsou zapojeny do patogeneze
alergie (Kuwata et al. 1994; Saeki et al. 1994). HLA geny, nachéazejici se na kratkém raménku
6. chromozomu, pfedstavuji nejvice polymorfni tsek lidského genomu. Antigen HLA-DRB1
vykazuje velmi silnou asociaci s atopii 1 astmatem (Saeki et al. 1994). Alela A24 je zase
asociovana s AD (Lee et al. 2001).

Gen pro IL-4 receptor je velmi dobfe popsany locus vazajici se s atopii a astmatem
(Hershey et al. 1997) i flexularni formou AD ((Callard et al. 2002). Nékteré SNP IL-4R jsou
asociovany se zvySenou expresi tohoto receptoru na povrchu bun¢k a sjeho zvySenou
senzitivitou k IL-4 (Risma et al. 2002).

DalSim genem, ktery je asociovan s atopii, je gen pro ADAM33 (desintegraza A a
metaloproteindza 33). SNP tohoto genu jsou asociovany s bronchidlnim astmatem a
kandidatnim genem pro remodelaci bunécné stény u astmatu ((Van Eerdewegh et al. 2002).

Interpretace vysledki asocia¢nich studii kandidatnich gen je pomérné slozita.
Alergickd onemocnéni nejsou podminéna mutaci jednoho genu, ale jsou to onemocnéni
s polygenni dédi¢nosti. Z dosud provedenych studii vyplyva, ze nékteré polymorfismy miizou
byt asociovany s rizikem vzniku onemocnéni u urcité populace, ale nemusi byt potvrzeny i1 u
jiného etnika. Pro vysledny efekt SNP je dualezitd i vzdjemna interakce gent, naptiklad
souCasnd piitomnost SNP pro IL-4, IL-13 a STAT6 asociovanych s rizikem onemocnéni
(Sengler et al. 2002). V neposledni tadé¢ pro vysledny fenotyp je podstatna i interakce
genetického pozadi s prostfedim (Barnes 2010).
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4 Imunitni reakce podilejici se na patogenezi autoimunitnich onemocnéni

Jednou ze zasadnich funkci imunitniho systému je schopnost rozliSovat mezi vlastnim
a cizim. Tolerance vuc¢i vlastnim antigenim je za fyziologickych podminek vysoce
regulovany proces. Centralni tolerance, odehravajici se v thymu a kostni dfeni, hraje hlavni
roli v ochrané¢ organismu pfed imunitni reakci namifenou proti vlastnim antigenim.
V periferii je tolerance k vlastnim antigenim udrzovdna nékolika mechanismy: funkéni
anergii, klonalni deleci autoreaktivnich lymfocytl a supresi regulacnimi T lymfocyty. Vznik
autoimunitnich onemocnéni je podminén prolomenim této tolerance (centralni nebo periferni)
a naslednym ptsobenim autoreaktivnich T a B lymfocytl a autoprotilatek.

Imunopatologickych mechanismii, které se podileji na rozvoji autoimunitnich
onemocnéni, je mnoho a patii mezi né viceméné vSechny typy imunopatologickych reakci.
IL.-IV. typ imunopatologické reakce se TUCastni patogeneze vétSiny autoimunitnich
onemocnéni. Jednotlivd onemocnéni lze didakticky dé€lit dle pfevazujiciho typu autoimunitni
reakce: zprostfedkované protilatkami tfidy IgG a IgM (ADCC reakce, stimulacni nebo
blokacni protilatky), imunokomplexy nebo Thl zanétlivymi bunkami. Imunopatologicka
reakce 1. typu je podkladem ptedevsim alergickych reakci. U autoimunitnich onemocnéni
prozatim nebyl popsan tento typ imunitni reakce na autoantigen jakoZzto pficina tkanového
poskozeni. ZvySené hladiny IgE se vSak u autoimunit mohou objevit (u vaskulitid typu
Churg-Straussové i u dalSich vaskulitid, ¢asto u dermatomyositidy). V poslednich letech vyslo
nekolik praci, které popsaly vyskyt IgE protilatek proti autoantigentim (jaderné antigeny,
tyreoidalni peroxidaza, tyreoglobulin, hemidesmosomalni protein BP180), proti kterym se
vétsinou tvori IgG protilatky.

Zapojeni jednotlivych mechanismti a typi bunék do patogeneze autoimunitnich
onemocnéni bude v nasledujicich kapitolach piedstaveno na piikladé organové specifického

autoimunitniho onemocnéni — diabetes mellitus 1.typu (T1D).

4.1 Diabetes mellitus 1. typu

Diabetes mellitus 1. typu je nejcastéj$i autoimunitni onemocnéni v détském véku,
jehoz incidence v poslednich dekadach vyrazné stoupa. TID je povazovan za chronické

imunitné zprostfedkované onemocnéni. Je charakterizovano selektivni destrukci B-bunck
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pankreatu u geneticky predisponovanych lidi. Pti¢iny, které spousti autoimunitni reakci,
nicmén¢ nejsou zname.

Za vznik diabetu jsou povazovany poruchy centralni i periferni tolerance, pfispivajici
k perzistenci autoreaktivnich T lymfocytt, jak bylo ukdzano u NOD mys$i, animalniho modelu
TID (Anderson et al. 2005). Pouhd patologie ziskané imunity vSak nevysvétluje cely
komplexni obraz T1D patologie, na které se podileji i dalsi faktory, hlavné geneticke, ale i

faktory vrozené imunity.

4.1.1 Rizikové faktory rozvoje T1D

Obdobné jako u alergii, jsou za hlavni vnitini rizikové faktory povazovany genetické
faktory. Zvyseny vyskyt T1D v jedné rodiné, riziko 6% pro sourozence pacienta s diabetem,
nebo 30-50% riziko mezi jednovaje€nymi dvoj€aty podporuji vliv genetické determinace na
manifestaci T1D (Todd 2010). Mnoh¢ studie prokazaly vyraznou asociaci s HLA systémem
II. Tridy (Owerbach et al. 1983). Predevsim HLA haplotypy DRB1*0401-DQB1*0302 a
DRB1*0302-DQB1*0201 na chromosomu 6p21 (Davies et al. 1994; Hashimoto et al. 1994;
Thomson et al. 2007) znamenaji zvySené riziko onemocnéni. Krom¢ HLA systému mezi
rizikové geny patii geny pro insulin, CTLA -4, PTPN22 a CD25 (Alizadeh et al. 2008).

Za vn&jsi rizikové faktory je povazovana Casnd expozice kravskému mléku, deficience
vitaminu D a infekce v détstvi. Rozsahla studie TRIGR (Trial to Reduce IDDM in the
Genetically at Risk) se zabyvala vlivem proteinii kravského mléka na rozvoj TID u déti
s genetickym rizikem. Tyto déti byly vystaveny proteiniim kravského mléka (nenastépenym
nebo hydrolyzovanym) az po 6-8 mésici zivota (TRIGR 2007; Luopajarvi et al. 2008;
Akerblom et al. 2011). Vysledky této rozsahlé dvojité zaslepené studie zatim nejsou
k dispozici, randomizace bude odslepena az vroce 2017 kdy posledni pacient ve studii
doséhne véku 10 let.

Vitaminu D a jeho vlivu na imunitni systém byla v poslednich letech vénovana velka
pozornost. Vzhledem k jeho supresivnimu ucinku na imunitni reakci na bunééné urovni a
podporovani regulacnich T lymfocyti se nabizi jeho vliv na rozvoj autoimunitnich
onemocnéni u lidi 1 na mySich modelech (Giulietti et al. 2004; Baeke et al. 2008; Mora et al.
2008; Sochorova et al. 2009). Deficience vitaminu D byla zjiSténa u pacienti s T1D v Case
diagnozy (Littorin 2006). Probiha také klinickd studie fadze 1, kde byl vitamin D podavan
détem s genetickym rizikem rozvoje T1D (Wicklow et al. 2006). Studie prokazaly, Ze
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suplementace vitaminem D u prediabetickych jedincii mize pomoci v prevenci anebo snizit
iniciaci autoimunitniho procesu pravdépodobné regulaci selekce T lymfocyti v thymu —
snizeni autoreaktivnich T lymfocytd a zvySeni zastoupeni Tregs (Takiishi et al. 2012).

Vliv infekce v rozvoji TID byl zkouméana na mySich modelech i u lidi. Z vyzkumt
vyplyvaji 3 mozna vysvétleni role infekce v patogenezi T1D (Shoenfeld et al. 2008):

1. ZvySena imunogenicita zpusobena infekénim zanétem, b&hem kterého dochazi
ke zvySené expresi autoantigent a jejich rozeznani T lymfocyty

2. Polyklonélni aktivace T a B lymfocyti bcéhem infekce a nasledna produkce
autoprotilatek (Schatz et al. 1988)

3. Poslednim moznym vlivem infekce na rozvoj autoimunitni reakce je podobnost
mikrobidlnim proteini s autoantigeny (molekularni mimikry), naptiklad podobnost
virovych antigent s autoantigenem dekarboxylazou GAD65 (Hiemstra et al. 2001). Ve
spojitosti s rozvojem T1D byla studovana mnoha infekéni agens. Mezi mozné infekcni
spoustéci faktory byly zafazeny enteroviry, cytomegalovirus (CMV), dalsi viry, ale i

nékteré baktérie.

Mnohé studie prokazaly vyznamnou roli enterovirt vrozvoji TI1D v asociaci
s genetickymi faktory. V sérech pacientti s T1D a u matek déti s T1D byly zjistény zvySené
hladiny IgM specifickych protilatek v porovnani se zdravymi kontrolami (King et al. 1983;
Hyoty et al. 1995). Enterovirové infekce jsou také €astéjsi u ptibuznych, u kterych se vyvinul
diabetes (7). Tyto vysledky podporuji i studie s detekei enterovirové mRNA v krvi pacientil
s ¢erstvou manifestaci TID i v pribeéhu onemocnéni (Filippi et al. 2010). Nejcastéjsim
enterovirovym kmenem u prediabetikli a pacientii s diabetem je Coxakie virus B4. Tento
kmen byl detekovan i1 v pankreatické tkdni u 50% vySetfenych (Dotta et al. 2007; Roep et al.
2010)).

I kdyz rizné enteroviry nebo CMV jsou schopné znicit bunky lidskych ostrivka
pankreatu in vivo a indukovat T1D (Elshebani et al. 2007), mnohé studie na zvifecich
modelech nepopsaly pfimy ucinek enterovirti na B-bunky pankreatu, ale spiSe neptimy efekt
autoimunitni reakce spusténé infekci (Drescher et al. 2004; Horwitz et al. 2004). Obdobné
vysledky piinesly i studie na zvifecich modelech zaméfené na roli CMV na rozvoj T1D, role
CMV spociva spise v aktivaci makrofagu, proliferaci autoreaktivnich T lymfocyta a v indukci
produkce autoprotilatek proti B-buikdm pankreatu (van der Werf et al. 2003). Virové infekce
vedou ke spusténi produkce interferonti imunitnim systémem hostitele. Interferony primarné

zabranuji replikaci vird, a tim zabranuji poSkozovani infikovanych bun€k, nicméné, a to
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v pripadé¢ B-bunck pankreatu, interferony a dalsi prozanétlivé cytokiny (IL-1B a TNF-a) vedou
ke spusténi mechanismti vedoucich ke zni¢eni bun¢k (Eizirik et al. 2009). Role interferont
bude vice diskutovédna v kapitole 4.3.2.

Kromé¢ virovych infekci i bakteridlni infekce jsou povazovany za rizikovy faktor
rozvoje autoimunitni reakce. Bakteridlni DNA je schopna stimulovat pfirozeny imunitni
systém, aktivovat TLR a indukovat produkci DNA autoprotilatek, a tudiz mtze hrat roli
u autoimunitnich onemocnéni (Pisetsky 2008). Na druhé strané¢ mnohé studie pfevazné na
mySich modelech (NOD mysSi) prokazaly, Ze bakteridlni infekce muize byt asociovéana i
s ochranou pied vznikem T1D (S. typhimurium, M.bovis) (Harada et al. 1990; Zaccone et al.
2004). Druh mikroba a nacasovani, kdy dojde ke styku imunitniho systému s infekénim
agens, jsou velmi dulezité faktory, které ovliviiuji vyslednou imunitni reakci a vedou k rozvoji

autoimunitni reakce nebo k obrané organismu pied infekci (Goldberg et al. 2009).

4.1.2 Bunééné mechanismy v imunopatogenezi T1D

V etiopatogenezi T1D se na destrukci B-bun¢k ostrivkll pankreatu podileji hlavné
autoreaktivni CD4+ a CD8+ T lymfocyty, didle B lymfocyty a dendritické¢ bunky (Obr. 4).
V poslednich 2 dekédach se pozornost studii patogeneze T1D zaméfovala predevSim na
adaptivni imunitu (Tsai et al. 2008; Zipris 2008) a prokazala ptimy vliv T lymfocytd na
destrukci bun€k ostrivkll pankreatu a také roli B lymfocytl v souvislosti s produkci
autoprotilatek a porusené B-bunécné toleranci (Miao et al. 2007; Wong et al. 2010).

Vysledky studii z poslednich let ale prokdzaly dilezitou roli pfirozené imunity na
vzniku T1D (Zipris 2008; Kim et al. 2009). PfedevS§im se zda, ze ustfedni roli na rozvoji
T14D by mély hrat dendritické bunky, které stoji na pomezi piirozené a adaptivni imunity a
jsou odpovédné na indukcei efektorovych T lymfocytl a navozeni a udrZeni periferni tolerance

(Tisch et al. 2009; Lehuen et al. 2010).
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Obr.4 Imunopathogeneze diabetu mellitu 1.typu. Pievzato (Hober 2010)

4.1.2.1 Autoprotilatky u T1D

Klinick4d manifestace T1D ptedstavuje az konecné staddium insulitidy, v Case
diagnozy je jiz funkénich pouze 10-20% B-bunck. Manifestaci T1D ptedchazi rizné dlouhé
asymptomatické obdobi (n€kolik mésicti az roky). Prvni zndmky autoimunitniho zanétu
muzou byt detekovatelné jiz v prvnich letech Zivota.

Prvni zndmkou autoimunitniho zanétu je pfitomnost autoprotilatek. V soucasné dobé
se vyuziva testovani protiladtek proti Ctyfem typlim autoantigentim: autoprotilatky proti
insulinu (IAA), proti 65kD isoform¢ dekarboxylazy kyseliny glutamové (GADA), proti
proteintyrosin-fosfatéze IA-2 molekuly (IA-2A) a proti bunkam ostrivki (ICA, proti
detekovatelné dlouho pied diagnézou T1D (Barker et al. 2004). Z rodinnych studii vyplyva,
ze pokud jsou pozitivni 3 ze 4 protilatek, tak riziko vzniku T1D je 60-100% b&éhem 5-10 let

(Bingley et al. 1994).
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Prvnim typem autoprotilatek, které¢ je mozné detekovat jiz u malych déti, jsou
protilatky proti insulinu IAA, které jsou zaroven velmi silné asociovany s HLA DR4-DQ8

(Kimpimaki et al. 2001).

4.1.2.2 T subpopulace zapojené do autoimunitni reakce u T1D

Patogeneze diabetu je zkoumana hlavné na mysich modelech, non-obese diabetickych
(NOD) mysich, protoze =ziskdni Ccerstvé tkané u lidi je viceméné nedostupné. Do
imunopatogeneze T1D jsou zapojeny piedevsim autoreaktivni efektorové T lymfocyty.
Mnohé studie ukazuji na roli CD4 i CDS8 lymfocyti na destrukci B-bunc¢k pankreatu
(Rabinovitch 1994; Mueller et al. 1997; Savinov et al. 2001). CD4 bunky jsou schopny
zpusobit nebo urychlit vznik onemocnéni u mladych NOD mysi. Dlouho byly za efektorové
bunky povazovany IFN-y produkujici Th1 lymfocyty, jak bylo ukdzdno na mnohych studiich
u lidi i na mySich modelech.

V poslednich letech se ukédzalo, ze Thl buiiky nejsou jediné T lymfocyty zapojené do
rozvoje autoimunitniho zanétu. Vysledky novéjsich studii potvrdily i ilohu Th17 lymfocytt.
Th17 jsou vysoce autopatogenni a jsou schopné indukovat zanét v tkanich a autoimunitni

onemocnéni.

4.1.2.3 Th1 lymfocyty

ey ee

specifickych autoimunit byly Thl lymfocyty popsany jako patognomické, na druhou stranu
Th2 subpopulace ma spise inhibi¢ni vliv (Bending et al. 2012).

Studie u pacientii s TID ukdzala, ze T-bunéénd odpovéd’ na pfirozené epitopy
antigenti ostrivkil je velmi siln¢ polarizovand smérem Thl k produkci IFN-y (Arif et al.
2004).

Experimentalni studie dokumentuji, Ze autoimunitni diabetes se nevyvine u T-
lymfopenickych mysi nebo u mysi bez thymu (O'Reilly et al. 1991). Autoantigen-specifické
Thl lymfocyty jsou schopny po transferu vyvolat onemocnéni u novorozenych mysi (Katz et
al. 1995). V misté autoimunitniho zadnétu byla nalezena zvysSena exprese IFN-y a jeho role

v autoimunitnim procesu je podlozena mnohymi dalS$imi studiemi: blokadou IFN-y pomoci
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jeho solubilniho receptoru dojde ke zlepSeni onemocnéni (Wang et al. 1997), akcelerace
onemocnéni po podani IL-12 (Yang et al. 2004) nebo nepiitomnost onemocnéni u STAT-4
nebo T-bet deficitnich mysi (Nicoletti et al. 1996; Esensten et al. 2009). Na druhé strané bylo
ale prokazano, ze mutace v genu pro IFN-y nezabrani rozvoji diabetu u NOD mysi (Hultgren
et al. 1996).

Jednou z hlavnich patogenetickych roli IFN-y u diabetu je zvySovani exprese MHC

molekul na povrchu buné€k ostritvkll a antigenni prezentace (von Herrath et al. 1997).

4.1.2.4 Th17 lymfocyty

V posledni dekddé¢ mnohé studie poukazuji i na roli Thl7 na rozvoji mnohych
autoimunitnich onemocnéni, véetné T1D. Vysledky studii nicméné piinaseji rozporuplné
vysledky — IL-17A mize hrat roli poskozujici (Jain et al. 2008; Emamaullee et al. 2009) 1
protektivni (Han et al. 2010; Nikoopour et al. 2010). Patogenni role Th17 byla prokazana u
my$i, u kterych po podédni anti-IL-17 nebo inhibitor IL-17 (IL-25) doslo ke zmirnéni projevi
diabetu (Emamaullee et al. 2009). U lidi bylo prokdzano zvysené procento Th17 lymfocytt
v periferni krvi (Honkanen et al. 2010; Marwaha et al. 2010). IL-17 je zarovein toxicky pro
buiiky pankreatu in vitro (Honkanen et al. 2010), zvlast€¢ v pfitomnosti prozanétlivych
cytokint IL-1B, IFN-y a TNF-a (Arif et al. 2011). Dalsi kritickym cytokinem pro rozvoj T1D
u mysi je IL-21 (Thl7-related cytokin), a to spiSe v pozd¢jsSich fazich onemocnéni, protoze
jeho neutralizace v rannych fazich je neefektivni (Sutherland et al. 2009; McGuire et al.
2011).

Studie také prokézaly, Ze se nemoc mize vyvinout u NOD-SCID mysi po transferu in
vitro polarizovanych Th17, nicméné¢ dal$i analyza prokazala konverzi transferovanych Th17
lymfocyti do Thl subtypu (Bending et al. 2012). Obdobné vysledky byly potvrzeny ve studii
u déti s revmatoidni artritidou (Nistala et al. 2010).

4.1.2.5 Regulacni T lymfocyty

Imunologicka tolerance je soubor mnohych mechanismi, které jsou dulezité

pro homeostazu organismu a pro neodpovidavost na vlastni antigeny. V soucasnosti zname
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dva zakladni typy tolerance: centralni (selekce autoreaktivnich T lymfocytli v thymu) a
periferni (anergie, ignorance, suprese).

V periferni toleranci hraji zasadni roli regula¢ni T lymfocyty (Tregs, CD25+FoxP3+),
které se podili na supresi efektorovych T lymfocyti, véetné autoreaktivnich (Wing et al. 2006;
Sakaguchi et al. 2010; Li et al. 2012). Vrozené nebo ziskané poruchy v Tregs jsou asociovany
s lymfoproliferaci a vznikem raznych autoimunit. Mezi primarni imunodeficience spojené
s autoimunitnimi onemocnénimi patii IPEX (mutace genu pro FoxP3), APECED (nebo také
APS-1, autoimunitni polyglandulérni syndrom 1, mutace genu pro AIRE) nebo ALPS (mutace
genu pro FAS/FAS ligand).

FoxP3+ regulacni T bunky délime na nTregs, vznikajici v thymu a iTregs (aTregs),
které se diferencuji v periferii (Bluestone et al. 2003).

Mnohé diikazy prokazuji, ze regulacni mechanismy imunitni reakce jsou dulezité pro
vysledné projevy autoimunitnich onemocnéni, vcetné diabetu L.typu. Studie u pacient
s diabetem neprokazaly rozdily v po¢tu Tregs, stanovené pomoci exprese CD4, CD25, FoxP3
(Brusko et al. 2005; Leung et al. 2010), studie nepopisuji ani rozdily v poctu CD4+25+ a
CD4+25high lymfocytil v zavislosti na délce trvani diabetu (Brusko et al. 2005; Lindley et al.
2005; Putnam et al. 2005).

Funkéni vlastnosti nTregs, studované na modelech NOD mysi, jsou zavislé na IL-2
(Setoguchi et al. 2005). Nizk4 hladina IL-2 vede ke snizenému poctu nTregs v mysSich
pankreatech, a tim k porusené¢ regulacni funkci v periferii (Dendrou et al. 2008). Také
genetické studie u lidi 1 my$i prokazaly asociaci signaliza¢ni drahy IL-2 s T1D (Rainbow et
al. 2008). U NOD mysi bylo popsano, ze nTregs jsou schopny konverze do diabetogennich
efektorovych bunék (Zhou et al. 2009), které spousti zanétlivy proces a indukuji T1D. Tento
proces je mozné zvratit aplikaci IL-2 (Tang et al. 2008).

Také u lidi bylo nalezeno snizeni po¢tu nTregs v pankreatickych ostrivcich u pacientt
cerstvou manifestaci T1D (Willcox et al. 2009) i jejich funkéni poruchy ptirozenych Tregs
(Brusko et al. 2005; Lindley et al. 2005). U T1D pacientii bylo zji§téno zvySené procento
nTregs exprimujicich IFN-y (McClymont et al. 2012). T lymfocyty pacientt s T1D jsou také
rezistentni k supresi regula¢nimi T lymfocyty (Lawson et al. 2008; Schneider et al. 2008).
Inducibilni Tregs (iTregs) jsou Tregs vznikajici v periferii, mohou byt i indukované
znaivnich T lymfocyti za ptfitomnosti IL-2 a TGF-B (Zheng et al. 2002; Davidson et al.
2007). iTregs maji podobné charakteristiky jako nTregs: exprese CD25, CTLA-4, GITR a
produkce IL-10 a TGF-p, které piispivaji k jejich regulaénim funkcim (Weber et al. 2006; Li
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et al. 2012), inhibuji proliferaci T bunék in vitro a in vivo (Vignali et al. 2008) a inhibuji
produkci IFN-y (Weiner 2001; Barrat et al. 2002).
Studie u lidi 1 mysi tedy prokazuji, Ze na patogenezi autoimunitniho diabetu se podili

jak neefektivni funkce nTregs, tak velmi potentni efektorové T lymfocyty.

31



5 Uloha dendritickych bunék v rozvoji imunopatologickych reakci ve vztahu

k alergiim a autoimunitnim reakcim

Dendritické bunky (DC) jsou antigen-prezentujici bunky, které maji jedinecnou
schopnost spoustét primarni imunitni reakci. DC jsou schopny pohltit, zpracovat a nasledné
prenést informaci z prostiedi az k buitkkdm adaptivni imunity. DC jsou nejen schopny navodit
imunitni reakci vuci signalim ze zevniho prostredi, ale taktéz hraji dulezitou roli v indukci
imunologické tolerance a v regulaci T-bunééné imunitni reakce.

N¢ékolik ptivodnich praci naSeho pracovisté se tyka problematiky dendritickych bunék
u alergickych nebo imunopatologickych onemocnéni, proto bude v nasledujicich kapitolach
detailnéji pfiblizena funkce DC v lidském organismu a jejich roli v patogenezi

imunopatologickych reakei.

5.1 Biologie dendritickych bunék

Dendritické buniky jsou hlavni antigen-prezentujici buiky, které se vyskytuji
v riznych organech a tkdnich. Tato specifickd subpopulace leukocytl byla popsana pied
mnoha lety u mysi v lymfoidnich tkanich a néasledné byla zjisténa jejich ptitomnost témét ve
vSech organech téla (Steinman et al. 1973). Jejich hlavni role na sliznicich a v kizi spoc¢iva
v rozeznani cizorodych antigend vnéj$iho prostfedi. Nasledn¢ DC migruji do lymfatickych
tkani, kde jiz zpracované antigenni peptidy predkladaji naivnim T lymfocytim (Upham
2003). Dendritické bunky rozhoduji i o polarizaci T-bunééné odpovédi do Thl nebo Th2,

recentn¢ byl popsan i jejich vliv na rozvoj T regulacnich a Th17 lymfocytt.

5.1.1 Pohlceni a prezentace antigenu

Dendritické bunky predstavuji vyznamné procento bunék, které se nachazi podél linii
interagujicich se zevnim prostiedi — ve sliznicich dychacich cest, gastrointestindlniho a
urogenitalniho traktu a ktize. V téchto non-lymfoidnich orgdnech se DC nachazeji predevSim
v nezralém stavu, ve kterém jsou vyborné pfipravené pro pohlceni antigenii ze zevniho

prostiedi. Uz jejich charakteristickd morfologie — buriky s dlouhymi vybézky (dendrity),
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vyrazné napomaha jejich funkci. DC jsou vétSinou ulozené pod bazalni membranou, ale jejich
dendrity vybihaji pies epitel do lumenu dychacich cest nebo gastrointestinalniho traktu bez
poruseni epitelidlni bariéry (Rescigno et al. 2001; Jahnsen et al. 2004).

Nezralé¢ DC jsou velmi dobie vybavené pro pohlcovani a zpracovavani antigenti. U
DC nachazime 3 zpisoby pohlceni antigenu. Prvnim zplsobem pohlceni je receptorem
mediovana endocytdéza za pomoci klatrinovych siti. Na povrchu dendritickych bunék se
nachazi znacné mnoZstvi specializovanych receptorii (C-lektinové receptory, Fc receptory
(CD64 a CD32), integriny a scavangerové receptory), které rozezndvaji motivy asociované
langerin, DC-SIGN, dectin, manosovy receptor nebo DEC-205. Pohlceni antigenu
zprosttedkované lektinovym receptorem vede k G¢inngjsi antigenni prezentaci T lymfocytim,
nez je tomu u pohlceni antigenu za pomoci tekuté faze (van Vliet et al. 2007). C-lektiny jsou
exprimované na povrchu bunék a jsou schopné vazat nejen bakteridlni nebo virové antigeny,
ale i alergeny.

Druhym zptisobem pohlceni antigenu je makropinocytoza, dé¢j, pii kterém dochazi
k pohlceni vétsiho mnozstvi tekutiny s rozpustnymi antigeny vychlipenim membrany DC za
pusobeni aktinového systému. Nasledné je antigen pomoci koncentra¢niho gradientu
dopraven do endocytického kompartmentu. Makropinocytdza je zakladnim mechanismem
potiebnym pro pohlceni partikuli jako viry (Pelkmans et al. 2003; Meier et al. 2004), baktérie
(Kolb-Maurer et al. 2002), apoptotick¢ buiiky (Henson et al. 2001). Také ji vyuzivaji
Langerhansovy buniky k pohlceni alergeni jako Bet v 1 nebo Phl p 1. Ttetim, poslednim
mechanismem, typickym pro nezralé Langerhansovy buiiky nebo DC kultivované in vitro, je
fagocytoza, ktera je vyuzivana predevsim pro pohlcovani celych bakterii nebo apoptotickych

bunék, zaroven by mohla byt dominantnim zptisobem pro pfijimani alergenti.

512 Maturace a migrace DC

Klicovym momentem pro indukci bunééné imunity je migrace DC z perifernich tkani,
z mista zanétu do spadovych lymfatickych uzlin aferentnimi lymfatickymi cévami. Migra¢ni
d&j je ovlivnén chemotaktickymi gradientem. Béhem maturace DC po pohlceni antigenu
dochazi k expresi chemotaktickych receptori CCR7 a CXCR4, zarovenn exprese CCR6 je
utlumena, a tim dochazi k migraci DC ptfednostné do T-oblasti lymfatickych uzlin (Forster et

al. 1999). Na druhé stran¢ T- oblasti lymfatickych uzlin produkuji chemotaktické faktory -
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jako CCR7 ligand, MIP3-f a CXCR4 ligand stromal cell-derived factor-1 potiebné
k vytvofeni chemotaktického gradientu.

Po té, co se DC dostanou do lymfatickych uzlin, jejich schopnost pohlcovat antigeny
je vyrazné utlumena a DC ziskdvaji schopnost stimulovat naivni T lymfocyty. Tomuto
procesu metamorfozy DC, pfi kterém dochazi u DC k fenotypickym i funkénim zméndm, se
fika maturace. Jedna se o kliCovy proces nutny k spravné stimulaci naivnich T lymfocyta
dendritickymi bunikami.

Ve vétSing tkani se DC vyskytuji v tzv. nezralém stavu, kdy na svém povrchu nemaji
molekuly nezbytné pro aktivaci T lymfocytt. Nezral¢ DC piedavaji organismu informaci o
skladb¢ vnitiniho prostiedi a upozoriiuji v€as na hrozici nebezpeci. Nezralé DC se vyskytuji
témét ve vSech perifernich tkanich, a pfichazeji tedy do kontaktu s antigenem brzy po jeho
priniku do organismu. Pokud neni v organismu piitomna infekce, ¢i jiny druh signélu
nebezpeci, tak nezralé dendritické buniky pohlcuji pribézné odumftelé bunky zdravych tkani a
molekuly rozpuSténé v mezibunécné tekuting, nasledné¢ migruji do lymfatickych uzlin,
pohlcené molekuly zpracuji a vystavi je na svém povrchu (Niess et al. 2005). Specifické T
lymfocyty, které takovy antigenni peptid rozpoznaji, nejsou aktivovany, ale jsou bud’ zcela
utlumeny, nebo se z nich vytvoii regula¢ni T lymfocyty. Takto se nezralé dendritické bunky
podileji na zachovani tolerance viici vlastnim tkanim (Bonifaz et al. 2002; Tarbell et al. 2004;
Tarbell et al. 2006).

Pokud vSak nezralé dendritické bunky rozpoznaji podnét, ktery piedstavuje pro
organismus nebezpeci, tzv. signdly nebezpeci, nejcastéji se jednd o patogenni
mikroorganismy, nekrotické, ale i maligné transformované buiky, DC se aktivuji a stavaji se
znich zral¢ dendritické bunky, které¢ dokazou jako jediné aktivovat naivni T-lymfocyty
((Matzinger 1994; Medzhitov et al. 1997; Matzinger 1998). Zralé DC se od nezralych lisi
expresi povrchovych markerii i funkénimi charakteristikami (Inaba et al. 2000; Mellman et al.
2001). U DC dochazi k morfologickym zméndm, ke ztraté adhesivnich struktur,
k reorganizaci cytoskeletu a DC ziskéavaji schopnost zvySené pohyblivosti (Trombetta et al.
2005). Rozdil ve sloZeni povrchovych molekul mezi nezralymi a zralymi DC spociva zejména
ve vyssi expresi kostimulaénich molekul (CD80, CD86, CD40), matura¢nich znakti (CD83),
chemokinovych receptort (CCR7) a dalSich adhezivnich molekul na zralych DC, které
zesiluji signaly zprostfedkované dendritickou bunkou a zahajuji aktivaci rtiznych druha T
lymfocyti (Caux et al. 1994). Dochazi také ke zvySeni exprese komplexit MHC molekul I. a
II. tfidy s antigeny (Cella et al. 1997; Pierre et al. 1997). Mezi funkéni zmény patii ztrata

schopnosti fagocytovat, ale naopak se zvySuje kapacita zpracovani antigenu. Antigenni $tépy
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jsou pak vystaveny na povrchu spolu s molekulami MHC a ptedlozeny lymfocytiim T. Béhem

procesu zrani produkuji DC tfadu cytokint, které moduluji vznikajici imunitni odpoveéd’. Mezi

al. 1998; Blanco et al. 2008). Kombinace exprese povrchovych molekul a urcité cytokinova
prostiedi dava DC schopnost polarizovat imunitni odpovéd’ do Thl, Th2, Tregs nebo Thl7.

Dendritické bunky piedstavuji spojeni mezi piirozenou imunitou, zaloZzenou na
rozpoznavani signalll nebezpeci, a adaptivni imunitou, kterd je specificky namifend proti
témto peptidim. Imunitni odpovéd’ pfirozené imunity je zalozena na identifikaci evolu¢né
konzervovanych motivi patogeni (PAMPs — patogen-associated molecular patterns). PAMPs
jsou molekularni motivy mikrobt jako baktérie, viry, houby a parazity a které se odlisuji od
motivi nalezenych u eukaryotickych organismi (Obr. 5). Rozpoznani PAMPs spolecné
s antigeny dendritickymi buiikkami vyvoldvad imunitni odpovéd’, produkci prozanétlivych
cytokint a efektivni stimulaci T-bunééné odpovédi (Akira et al. 2001; Eisenbarth et al. 2002).
Vzajemné pusobeni PAMPs s dendritickou buiikou predstavuje tfeti signal, spolecné s prvnim
signalem (interakce mezi T-bunéénym receptorem a MHCII molekulou) a druhym signalem
(kostimulace pomoci kostimula¢nich molekul CD80 a CD86) a vede k aktivaci specifické
imunitni odpovédi (Akira et al. 2001).

Signaly nebezpeci jsou dendritickymi bufikami rozpoznavany pomoci receptord, tzv.
pattern-recognition receptors (PRRs). Nejlépe definovanou rodinou PRRs jsou tzv. Toll-like
receptory (TLRs), které rozeznévaji virové nebo bakteridlni motivy. Dal§imi PRR receptory
exprimovanymi DC jsou membranové C-typ lektiny, intracelularné exprimované NOD-like

receptory (NLRs) nebo RIG-I-like helikazy (RLHs).

bacteria
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Obr.5 Regulace aktivace DC. Pievzato (Ueno, Immunol Rev 2007)
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5.1.2.1 TLR receptory (TLR)

Toll receptory, které rozeznavaji specificky ur¢ité mikrobidlni motivy, byly poprvé
popsany u drozofil (Lemaitre et al. 1996). Pozd¢ji byly jim podobné receptory — Toll-like
receptory (TLR) objeveny i u jinych zivoc¢isnich druhti, véetné lidi (Kumagai et al. 2008). U
lidi a ostatnich savcl rozeznavame 10 typt TLR, u mysi jich je znamych 13, které se 1isi svoji
lokalizaci na buiice i typem ligandd, které vazou.

Patogeny jako bakterie, houby nebo prvoky maji znaéné mnozstvi extracelularnich
antigeni nebo soucasti bunécnych stén ve formé glykolipidi a peptidoglykend. Tyto
mikrobidlni motivy jsou rozeznavany specializovanymi receptory dendritickych bunék — TLR
lokalizovanymi na povrchu bunék (TLR 1,2,4,5,6,10). Na druhou stranu viry jsou
intraceluldrnimui patogeny, které vyuzivaji hostitelsky metabolismus pro svoji replikaci a
netvoii ,,cizi“ glykolipidové nebo peptidoglykanové struktury. Na detekci predevsim virovych
infekci, ale 1 nekterych bakterialnich slouzi TLR umisténé intraceluldarné¢ v endosomalnim
kompartmentu (TLR 3,7,8 a 9), které jsou schopny vazat geneticky material (DNA, RNA).
Kromé patogennich ligandt jsou DC schopny vézat i1 vlastni proteiny, v€etné mnohych heat-
shock proteinti (HsP). Dalsi ligandy viz. Tab.1.

Molekularni slozeni jednotlivych ligandl, které rozeznavaji TLR na povrchu
patogend, je znacné odlisné od peptidoglykant, glykolipidl a lipoproteinovych motiva, které
se nachazeji v lidském organismu. Na zaklad¢ téchto vlastnosti je pfirozeny imunitni systém
schopen rozliSovat mezi vlastni a cizi antigenni strukturou (Janeway 1989). Molekularni
struktury bakterii, virti, hub a prvokl rozezndvané TLR jsou vysoce konzervované, a proto je
pfirozeny imunitni systém schopen pouzivat omezené mnozstvi TLR pro detekci Sirokého
spektra patogend.

TLR4 rozeznava lipopolysacharid (LPS) Gram-negativnich bakterii (Poltorak et al.
1998; Hoshino et al. 1999), ligandem TLR2 jsou soucasti buné¢né stény Gram-pozitivnich
bakterii a hub — kyselina liopoteichoové a peptidoglykany (Takeuchi et al. 1999). TLR2 je
schopen tvofit i heterodimery s TLR1 a TLR6, které vazou triacyl- a diacyl-lipopeptidy
(Takeuchi et al. 2001; Takeuchi et al. 2002). TLRS je receptorem pro bakteridlni protein
flagelin, ktery je nezbytny pro pohyb bakterii (Hayashi et al. 2001; Takeuchi et al. 2001;
Takeuchi et al. 2002; Uematsu et al. 2006). TLR3 rozeznavaji dvousroubovici RNA (dsRNA)
a polyinositolovou-polycytidylovou kyselinu (poly I:C, syntetickd dsSRNA) (Alexopoulou et
al. 2001). TLR7 a TLRS jsou receptorem pro virovou jednosroubovici RNA (ssRNA) (Heil et
al. 2004). Na druh¢ strané, ligandem pro TLRY je virova i bakterialni DNA i DNA prvoki
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(Coban et al. 2005; Ishii et al. 2006; Coban et al. 2007). TLR9 receptor rozeznava bakterialni
a virovou DNA s nemetylovanymi CpG motivy (Hemmi et al. 2000) a také hypometylované
useky lidské DNA (Deane et al. 2006; Uematsu et al. 2006). Nemetylované CpG motivy jsou
hojn¢ pritomny v bakteridlni DNA, kdeZto u savct jsou takovéto motivy velmi vzacné (Ishii

et al. 2006).
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Tabulka 1.

Rozpoznavani mikrobialnich komponent pomoci Toll-like receptori

(upraveno dle (Anders et al. 2005; Akira 2009)

mikrobialni komponenta | druh patogenu | Receptor
Bakterie

LPS I Gram-negativni bakterie 'TLR4

diacyl lipopeptidy Mykoplazmy TLR6/TLR2
triacyl lipopeptidy Bakterie a mykobakterie TLR1/TLR2
LTA Streptokoky skup. B TLR6/TLR2
peptidoglykan Gram-pozitivni bakterie TLR2

poriny | Neisseria ' TLR2
lipoarabinomanan I Mycobakterie ' TLR2
flagelin Bicikaté bakterie TLRS
CpG-DNA | Bakterie a mykobakterie ' TLR9

ND uropatogenni bakterie TLR11

Plisné a houby

zymosan I Saccharomyces cerevisiae ' TLR6/TLR2
fosfolipomanan Candida albicans TLR2

manan Candida albicans TLR4
glukuronoxylomanan Cryptococcus neoformans TLR2 a TLR4
Paraziti

GPI-mutin Trypanosoma TLR2
glykoinositolfosfolipidy Trypanosoma TLR4
Hemozoin Plasmodium TLR9
profilin-like molecule Toxoplasma gondii TLRI11

Viry

DNA DNA-viry TLRY9

dsRNA | Viry ' TLR3

ssRNA RNA viry TLR7 a TLRS
proteiny obalu RSV, MMTV TLR4
hemaglutinin protein Virus spalni¢ek TLR2
Hostitel

Heat-shock proteiny 60, 70 TLR2 a TLR4
Fibrinogen TLR4

mRNA TLR3 a TLR7
HMGBI1 TLR2 a TLR4
DNA TLRY9
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TLRs se skladaji mnohych na leucin bohatych oblasti (LRRs — leucin-rich repeats) a
jedné homologni domény Toll-interleukin-1 receptoru (TIR) (Akira et al. 2006). Dalsi
dilezitou molekulou je MyD88, ktera se skldda z TIR domény a ,,death® domény (DD), je
asociovana s TIR doménou TLR. Na zaklad¢ zapojeni molekuly MyD88 se signalizace pies
TLR d¢li na MyD88-dependentni a independentni. Molekula MyDS88 je zapojena do
signalizace ptes TLR 1,2,4,5,6,7 a 9 (Takeuchi et al. 2000; Hemmi et al. 2003). MyD88-
dependentni signalizace je obecné povazovana za nezbytnou v prozanétlivé reakci. MyD88
spousti intracelularni kaskadu, ktera finaln¢ vede k translokaci transkripéniho nukledrniho
faktoru (NF-kB) a indukci produkce prozanétlivych cytokini — IL-1beta, IL-6, IL-8 a TNF-
alfa (Takaoka et al. 2005). MyD88-dependentni signalizace pii stimulaci TLR7 a TLR9 vede
k transkripci IFN-inducibilnich gent a k nasledné produkci interferond (IFN) I. typu (Cao et
al. 2007).

MyDS88-independentni signalizace probiha kaskadovitou aktivaci jinych adaptorovych
proteini jako TRIF, TIRAP a TRAM, vede taktéz k aktivaci NF-kB a produkci
prozanétlivych cytokini, v€etné IFN-beta. Tato signalizacni kaskada je vyuzivana u TLR3 a
castecné i u TLR4 (Yamamoto et al. 2002; Yamamoto et al. 2003; Yamamoto et al. 2003).
Ob¢ tyto signalizacni cesty (MyD88- dependentni a MyD88-independentni pathways)
prispivaji k maturaci DC, a stejné nebo rizné TLR aktivuji stejné, ale piesto rozlicné

signaliza¢ni kaskady (Obr. 6).
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Obr. 6  Regulace aktivace DC. Prevzato (Kawai & Akira, Nature Immunol 2010)
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5.1.2.2 C-lektinové receptory

TLR vsak nejsou jediné PRR, které rozeznavaji PAMP molekuly a jejichz signalizace
vede k aktivaci DC v odpovédi na signaly nebezpeci. C-lektinové receptory jsou rozmanitou
rodinou receptorit schopné véazat uhlovodikové motivy (Zelensky et al. 2005). Fyziologicka
funkce C-lektind je velmi rGznorodd, nékteré typy hraji roli v adhesi mezi riznymi typy
bunék, na druhé stran¢ jiné¢ specificky rozeznavaji urcit¢é uhlovodiky derivované
z patogennich struktur a hraji roli v rozeznavani patogent i jejich internalizaci.

C-lektiny zprostfedkovavaji receptorem-mediovanou fagocytézu nebo endocytozu
myeloidnimi buiikami. Mezi tyto receptory patii napf. mandzovy receptor (MR), dectin-1,
DEC-205, DC-SIGN (DC-specific intercellular adhesion molecule-3 (ICAM-3)-grabbing non-
integrin), BDCA-2 (blood dendritic cell antigen-2) a Langerin.

5.1.3 Interakce dendritickych bunék s T lymfocyty

Jednou ze zékladnich vlastnosti DC je aktivace T-bun&cné odpovédi - stimulace T-
dependentni protilatkové odpovédi, proliferace T lymfocyti a schopnost iniciovat a
polarizovat imunitni odpoved.

Adaptivni T bunécnd imunitni odpovéd’ je iniciovana v sekundéarnich lymfatickych
organech (lymfatickych uzlinach), kde dochazi ke specifickému fyzickému kontaktu zralych
dendritickych bunék s naivnimi T lymfocyty, tzv. imunologické synapsi. Proliferujici bunky
poté diferencuji v efektorové CD4+ pomocné T lymfocyty nebo CDS8+ cytotoxické T
lymfocyty.

Imunologicka synapse je velmi komplexni spojeni DC a T lymfocytu za pomoci
mnoha desitek molekul: centralné je interakce MHC komplexu s komplexem TCR, molekuly
podilejici se na vzniku nebo modulaci signalu (koreceptory, kostimulacni molekuly) nebo
zajistujici stabilitu interakce (adhezivni molekuly). Imunologicka synapse je zavisla také na
preskupeni cytoskeletu, ktery je potfebny pro vytvoteni clustru receptorti (Friedl et al. 2004).

Pro spravnou stimulaci T lymfocytil je zapotfebi 3 signalt: 1. komplex MHC-peptid-
TCR, 2. kostimula¢ni signal (molekuly skupiny B7 — jako CD86/80 a CD28/CTLA-4) a 3.
polarizacni signal (cytokiny). Vzijemnou kombinaci téchto signali (vySe exprese

membranovych proteinti, produkce specifickych cytokinli, mnozstvi antigenu, maturacni
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signaly DC) jsou dendritické buniky schopny polarizovat vyslednou imunitni reakci smérem
Thl, Th2, Th17 nebo Tregs (Steinman 2003; Ueno et al. 2007).

Th1 imunitni odpovéd’ je zavisla na produkci IL-12 dendritickymi bufikami a vede k
produkci velkého mnozstvi IFN-y T lymfocyty (Macatonia et al. 1995).

Mnohé patogeny jako schistosomy, houby nebo cholerovy toxin pouzivaji dendritické
bunky k indukci Th2 odpovédi. V soucasné dobé jsou zndmy dva faktory ptisobicich na DC a
podilejici se na polarizaci Th2. IL-10 produkovany samotnymi DC nebo pfitomny
v mikroprostiedi vede spiSe ke vzniku Th2 lymfocytl. Druhym mediitorem je thymicky
stromalni lymfopoetin (TSLP), ktery je produkovany epitelidlnimi buiikami a indukuje Th2
bunky produkujici IL-4. pDC stimulované za pomoci CD40 indukuji CD4+ lymfocyty
produkujici IL-10 (Ito et al. 2007) nebo CD8+ (Gilliet et al. 2002).

Dendritické bunky, které produkuji IL-23, stimuluji T lymfocytarni subpopulace
produkujici IL-17 (Langrish et al. 2005). Rozvoj Thl7 bun€k zéavisi také na IL-6 a
transformujicim ristovém faktoru f (TGF-B) u mysi (Bettelli et al. 2006) a na IL-1 a IL-6 u
lidi (Acosta-Rodriguez et al. 2007; Wilson et al. 2007).

Dendritické buniky hraji dileZitou roli v centralni i periferni toleranci (Steinman 2003).
Periferni tolerance je aktivné udrZzovana tzv. tolerogennimi DC (Moser 2003). Tento typ DC
indukuje diferenciaci a proliferaci T bunék s regulacni nebo supresi funkci (Battaglia et al.
2004; Sakaguchi et al. 2005). Také maturacni stav DC urcuje schopnost indukovat Tregs.
Neaktivované nezralé DC v periferii prezentuji neustdle vlastni antigeny autoreaktivni T
lymfocytiim, ale protoze chybi kostimulacni molekuly tato interakce vede k anergii, deleci
téchto antigen-specifickych T bunék (Steinman et al. 2000; Hawiger et al. 2001) nebo
k indukci antigenné specifickych FoxP3+ Tregs (Kretschmer et al. 2005).

5.2  Subpopulace DC

Dendritické buiiky pfedstavuji vyvojové riznorodou skupinu antigen prezentujicich
bun¢k. U lidi i mysi se vyskytuji DC v riznych tkanich — v epidermis i dermis kuze,
v marginalni zoné sleziny, v T-z6né i1 germinalnich centrech lymfatickych uzlin, v thymu,
v jatrech 1 v periferni krvi. Ontogeneze DC zahrnuje 2 typy vyvoje DC z hematopoetickych
progenitorovych bunék — myeloidni a lymfoidni. Myeloidni dava vznik vSem typim
myeloidnich DC (mDC) a lymfoidni drdhou vznikaji plasmacytoidni DC (pDC). Oba typy
vyvoje jsou pod pfimym vlivem Flt3-ligandem (FIt3L) jak bylo prokazano ve studiich in vitro
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tak 1 in vivo (Blom et al. 2000; Maraskovsky et al. 2000; Pulendran et al. 2000). Podani FIt3L
u lidi vede ke zvyseni po¢ti mDC i1 pDC (Pulendran et al. 2000). Obdobné vysledky prokazuji
1 pokusy na FIt3L-deficientnich mySich, u kterych byl pozorovan sniZzeny pocet DC
v perifernich i lymfoidnich orgdnech (McKenna et al. 2000).

Spole¢né ob¢ skupiny jsou charakterizované jako lineage negativni (CD3-, CD14-,
CD16-, CD19-, CD20-, CD56-) a zaroveit HLA-DR+, déle se ale navzajem lisi fenotypickymi
znaky a zaroven funkci, a to pfedevSim v regulaci B-bunécné proliferace a diferenciace T

lymfocyti do Th1, Th2, Th17 nebo Tregs.

52.1  Myeloidni DC (mDC)

Funkce a fenotypické znaky u mDC se lisi podle organu, ve kterém se nachazeji:
v kiizi, ve sliznicich, v sekundarnich lymfatickych organech a v periferni krvi.

Myeloidni DC ptedstavuji 0,5-1% cirkulujicich mononuklearnich bunék (Hammad et
al. 2006). Jsou charakterizovany pfedevsim expresi CD1l1c, dale vSak je tato podskupina
délend dle exprese dalSich pro DC charakteristickych povrchovych molekul BDCA-1
(mDC1), BDCA-3 (mDC2) (blood dendritic cell antigen-1 a 3) a CD16 (Ueno et al. 2007).
Presné fyziologicka funkce cirkulujicich mDC neni znama, ptredpoklada se, Ze slouzi jako
reservodr prekurzorovych bunék, které béhem zanétu migruji do mista zanétu a nasledné do
lymfatickych uzlin (Ueno et al. 2007). Obecné plati, Ze mDC v odpovédi na CD40 nebo
stimulaci pfes TLR produkuji velké mnozstvi IL-12 a aktivuji diferenciaci Thl lymfocyty
(Reis e Sousa et al. 1999).

Vice jsou prozkoumané subtypy mDC, které se nachdzeji v kiizi a 1i8i se svoji funkei i
expresi povrchovych molekul — C-lektind a TLR. Langerhansovy buiiky (LC) se nachazeji
v epidermis a na svém povrchu exprimuji CD1a a Langerin, TLR 1,2,3,6, mén¢ 7,10. LC jsou
schopny siln¢ aktivovat naivni CD4+ T lymfocyty a polarizovat imunitni reakci jak do Thl s
produkci IFNg T lymfocyty, tak i do Th2 se sekreci IL-4, IL-5 a IL-13 (Blanco et al. 2008).
Druhym subtypem mDC v kuzi jsou intersticidlni DC (intDC), které jsou ulozeny v dermis.
Na svém povrchu typicky exprimuji DC-SIGN, TLR 2,4,5 (Blanco et al. 2008). intDC
indukuji pfedev§im CD4+ T lymfocyty a diferenciaci naivnich B lymfocytl (Ueno et al.
2007).

V plicich bylo identifikovano nékolik subpopulaci DC: BDCA-1 (mDC1) a BDCA-3

(mDC2). Na rozdil od mDC1 v periferni krvi, BDCA-1+ buniky maji na svém povrchu rtiznou
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expresi CD14. U mDC2 nachazime 2 subpopulace s rozdilnou expresi CD14 (Demedts et al.
2005).

Imunohistochemickych barvenim bylo zji$téno, Ze CD1a+ pozitivni DC byly nalezeny
hlavné v epitelu velkych i malych dychacich cest, ale tento typ bunék nebyl nalezen

v parenchymu plic (Demedts et al. 2005).

522 Plasmacytoidni DC (pDC)

Plasmacytoidni DC typicky pfedstavuji méné nez 0,3% cirkulujicich mononuklearnich
bunék (de Heer et al. 2004). pDC na svém povrchu exprimuji receptor CD45RA, IL-3Ra
(CD123), TLR 1, 6, 7, 9 a 10 a ILT-7 (immunoglobulin—Ilike transcript) (Blanco et al.
2008). pDC v periferni krvi i v plicich jsou CD14- (Demedts et al. 2005). Z C-lektini je na
povrchu pDC exprimovan BDCA-2 (blood dendritic cell antigen-2).

U mysi pDC se vyvijeji v primarnich lymfoidnich organech (thymus, kostni dfen,
jatra), pozdé€ji v dospélosti jsou kontinudlné produkovéany v kostni dieni (O'Keeffe et al.
2002). Za fyziologickych podminek, pDC migruji pfes venuly s vysokym endotelem do
sleziny, lymfatickych uzlin a slizni¢nich lymfoidnich tkani (O'Keeffe et al. 2002). Obecné se
pDC povazuji za buiiky schopné preferencné polarizovat T-lymfocytarni odpovéd’ Th2
smérem (Rissoan et al. 1999).

pDC hraji vyznamnou roli v obrané proti virovym infekcim. Jsou hlavnim zdrojem
produkce interferont I typu (IFNo/B) po stimulaci virovymi antigeny nebo ligandy TLR7-9.
pDC miizou byt aktivované viry (Cella et al. 1997), IL-3 a CD40 ligandem (CD40L) (Grouard
et al. 1997) a mikrobidlnimi komponenty ve formé¢ CpG DNA (hypomethylované useky
DNA) (Bauer et al. 2001). Pokud jsou pDC aktivovany pomoci IL-3 a CD40L, sekretuji
zanedbatelné mnozstvi IL-12 a jsou schopny polarizovat imunitni odpovéd’ do Th2 (Rissoan
et al. 1999; Gilliet et al. 2002). U lidi rozeznavame 2 subtypy pDC na zikladé exprese CD2
molekuly. Obé& subpopulace CD2'°™ a CD"&" pDC produkuji IFNa po expozici viry a
exprimuji granzym B i TRAIL. Nicmén& CD2"&" pDC, které tvoii piiblizng 20-30% pDC
v krvi, jsou schopny vice indukovat proliferaci T lymfocytti (Matsui et al. 2009).
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5.3 Role DC v imunopatologickych stavech

Dendritické buiiky maji jedineCnou schopnost indukovat antigen-specifickou
reaktivitu nebo neodpovidavost v zéavislosti na rOznorodém mikroprosttedi, kde se
v organismu nachazi. DC ptedstavuji hlavni kli¢ v pfirozené regulaci a dysregulaci imunitni
odpovédi a v indukei toleranci vlastnich nebo cizich antigent. Zarovei toto podtrhuje jejich
roli vrozvoji riznych imunopatologickych stavii — alergiich, autoimunitdch nebo jinych
zéanétlivych stavech.

Abnormality DC v homeostaze byly popsdny u mnohych onemocnéni, véetné alergii,

autoimunitnich onemocnéni, infekcich i nadoru.

5.3.1 Role DC v alergické reakci

Z dosavadnich poznatkli vyplyva, ze u geneticky predisponovanych jedincti jsou
dendritick¢ bunky schopny po kontaktu s alergenem polarizovat imunitni odpovéd Th2
smérem. Dendritické buniky se nachdzi hlavné na rozhrani zevniho a vnitiniho prostiedi, tj. na
sliznicich a v kazi, kde se setkavaji s alergeny. V néslednych odstavcich se budou vénovat roli
DC v patogenezi dvou alergickych onemocnénich, na které jsme se zaméfili v nasich
publikacich: atopicka dermatitida a bronchiélni astma.

DC dychacich cest hraji centrdlni Ulohu v patogenezi zanétu dychacich cest a
onemocnéni dychacich cest. (Hammad et al. 2009). Plicni DC jsou vétSinou v nezralém
stadiu, schopny velmi efektivné rozeznavat a pohlcovat alergeny pomoci rozeznani PAMPs
pies PRR receptory. To vede k aktivaci DC a jejich nasledné migraci do lymfatickych uzlin,
kde se diferencuji do zralych DC (Kapsenberg 2003). Inhala¢ni alergeny nicméné nejsou
schopny plné aktivovat DC, pokud chybi signdl PAMP-PRR. Takto nezral¢ DC indukuji
prevazné Tregs. Tyto alergen-specifické Tregs inhibuji pfirozené i adaptivni imunitni reakce
po nasledné expozici alergenem a mediuji tolerogenni odpovéd’ na inhalacni alergeny
(Ostroukhova et al. 2004). Reexpozice alergenu vede k aktivaci alergen-specifickych Tregs,
které produkuji IL-10 a TGF-, které inhibuji antigen prezentujici buniky a plnou aktivaci
naivnich T lymfocytt (Ostroukhova et al. 2004).

PIn¢ aktivované DC jsou ale slabym zdrojem produkce IL-4, ktery je potiebny pro

diferenciaci Th2 lymfocyti. Mnohé studie potvrdily, Ze hlavnim zdrojem IL-4 jsou
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aktivované zirné bunky, které po expozici alergenem migruji do lymfatickych uzlin (Sokol et
al. 2009; Wynn 2009).

Role dendritickych bun€k v alergickém zanétu a klinické projevy astmatu jsou velmi
dobte nastudovany na mysim modelu experimentalniho astmatu vyvolaného inhalaci inhalace
ovalbuminu (OVA) (Wills-Karp 2000). Mysi model prokazal zvyseni po¢tu DC v dychacich
cestach po expozici alergenem (van Rijt et al. 2002; Hammad et al. 2009). Jednim z moznych
mechanismi, pro¢ k tomu dochézi, je aktivace TLR4 a syntéza metaloproteindzy (MMP) 9
(Vermaelen et al. 2003). Bylo prokdzano, ze pieneseni ovalbuminem-pulzovanych DC do
dychacich cest naivnich mysi a reexpozici OVA aerosolu vede k OVA senzibilizaci, nasledné
Th2 imunitni reakci, eozinofilnimu zanétu v dychacich cestach, hyperplasii poharkovych
bunék a bronchialni hyperreaktivité¢ (Lambrecht et al. 2000; Sung et al. 2001). Daéle studie
prokazaly, ze deplece DC u OVA-senzibilizovanych mysi zabranuje aeroalergenem
indukované bronchidlni hyperreaktivité a po jejich opétném vraceni se u mysi plné projevi
astma (Lambrecht et al. 1998; van Rijt et al. 2005).

V posledni dekade byl objeven faktor, ktery ma velmi uzky vztah k Th2-mediované
imunitni reakci 1 alergickym onemocnénim. TSLP (thymic stromal lymphopoietin) je
produkovany epitelidlnimi buiikami, fibroblasty, keratinocyty a stromalnimi buiikami a jeho
receptor je exprimovan na lidskych mDC a pDC (Soumelis et al. 2002). Exprese TSLP muze
byt indukovana rtiznymi stimuly, jako jsou TLR ligandy a prozanétlivé cytokiny (IL-1, TNF-
a, IL-4, IL-13) (Bogiatzi et al. 2007). U pacientil s astmatem byla nalezena zvySena exprese
TSLP epitelovymi buiikami, ktera koreluje se zavaznosti astmatu (Ying et al. 2005). TSLP
stimuluje dendritické bunky k produkci Th2 chemoatraktant jako TARC (CCL17) a CCL22
(Ito et al. 2005), 1 IL-8 a eotaxin-2, chemotaktickych faktorii pro granulocyty a eosinofily
(Isaksen et al. 2002). Pod vlivem TSLP DC exprimuji OX40L na svém povrchu a indukuji
diferenciaci naivnich T lymfocytd smérem Th2, které produkuji IL-4, IL-5, IL-13 a
transkripci GATA-3 (Soumelis et al. 2002; Ito et al. 2005).

Dendritické bunky, mDC 1 pDC, hraji také zéasadni roli v patogenezi atopické
dermatitidy. V akutni f4zi AD jsou atrahovany prekurzory Langerhansovych bun¢k (LC) a
zanétlivé dendritické epitelové bunky (IDEC), které vznikaji z perifernich monocytu,
z periferni krve do mista zanétu (Wollenberg et al. 1996; Novak et al. 2002; Soumelis et al.
2002; Leung et al. 2003; Ito et al. 2005). V kozZnich biopsiich akutnich lozisek bylo nalezeno
zvySené mnozstvi mDC jako LC 1 IDEC (Wollenberg et al. 1996). Oba tyto subtypy bun&k
exprimuji zvySené mnozstvi vysokoafinniho receptoru pro IgE (FceRI) (Bieber et al. 1992;

Wollenberg et al. 1996). Po vazbé komplexu IgE-alergen na FceRI a jeho naslednou
45



internalizaci LC migruji do lymfatickych uzlin, zde prezentuji alergen naivnim T lymfocytim
a iniciuji Th2 imunitni reakci. Na druhé strané bylo prokazano, Ze stimulace FceRI na
povrchu IDEC vede k produkei IL-12 a IL-18 a polarizuje imunitni reakci smérem Thl a
stimuluje produkci IFN-y. Tento mechanismus by mohl vést k pfesmyku inicialni Th2 reakci
v akutnich stadiich smérem k Th1 u chronickych fazi onemocnéni (Novak et al. 2004).

Krom¢ mDC, FceRI exprimuji 1 pDC, proto pDC mohou indukovat Th2 imunitni
odpovéd’ po styku s alergenem (Novak et al. 2004; Novak et al. 2005). U pacientii s AD bylo
nalezeno zvySené mnozstvi pDC v periferni krvi, nicméné v koznich lézich AD bylo
detekovano jen malé mnozstvi pDC (Wollenberg et al. 2002). Studie také prokazaly, ze pDC
aktivované pres komplex IgE-FceRI produkuji snizené mnozstvi IFN-a po stimulaci virovymi
antigeny, coZ by mohlo vysvétlit zvySeny sklon k virovym komplikacim (zvlasté¢ eczema

herpeticatum) u pacienti s AD (Wollenberg et al. 2002).

5.3.2 Role DC v autoimunitni reakci

Autoimunitni  onemocnéni  predstavuji  skupinu  chorob  zalozenych na
imunopatologické reakci proti vlastnim antigeniim, které se objevuji u osob s uritym
genetickym rizikem. V patogenezi autoimunitnich onemocnéni se uplatiiuji mechanismy
specifické imunity zprostfedkované T a B lymfocyty. Uloha vrozené imunity u autoimunit ale
neni uUpln¢ objasnéna, nicméné prispéni nebo dokonce ustiedni role vrozené imunity
k autoimunitam ozivuje roli infekce v rozvoji T1D (Zipris 2008; Kim et al. 2009).

Jak uz bylo popsano vyse, prezentaci antigenu a ovliviitovanim mikroprostfedi pfimym
bunéénym kontaktem nebo sekreci rizného spektra cytokintl jsou dendritické buiiky schopny
iniciovat i regulovat/polarizovat imunitni odpovéd’. NOD (non-obese diabetic mice) mysi
slouzi jako experimentalni model pro studium T1D — diabetes u nich vznika spontdnné
(Sadelain et al. 1990). Bylo prokédzano, Ze maturacni stav DC vyrazné ovliviiuje vyslednou
polarizaci imunitni odpovédi. Nezralé DC jsou klicové pro indukei periferni tolerance
(Steinman et al. 2003), na druhé stran¢ zralé DC jsou vyborné antigen-prezentujici buiiky,
schopné stimulovat 1 naivni T lymfocyty a produkovat prozanétlivé cytokiny. U NOD mysi
byly popsany DC prezentujici antigeny B-bun¢k v pankreatickych ostriiveich 1 lymfatickych
uzlinach (Calderon et al. 2008). Na druhé stran¢ nezralé¢ DC pulzované antigeny B-bunék jsou
schopny zabranit vzniku diabetu u NOD mysi, pravdépodobné indukci Tregs (Lo et al. 2006).

Mnoh¢ studie na mySich modelech 1 u lidi prokézaly roli DC i nékterych cytokinti, hlavné
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interferont 1. typu (IFNa/B), v rozvoji autoimunit. Experimentalni modely prokazaly, ze DC
jsou schopny indukovat autoimunitni reakci na vlastni antigeny (Bondanza et al. 2003;
Eriksson et al. 2003). Studie také prokazaly, Ze transfer konven¢nich DC prezentujicich
antigeny mohou iniciovat diabetogenni odpoveéd’ u mysi (Ludewig et al. 1998). Mysi modely
ukazuji, ze pDC, které produkuji velké mnozstvi IFNa, hraji hlavni roli v inicialni fazi
rozvoje T1D (Stewart et al. 1993; Li et al. 2011).

Z dtvodu obtiZzného ziskani DC ptimo z pankreatu nebo pankreatickych lymfatickych
uzlin in vivo, jsou DC u lidi studovany ,,nepitimo* v periferni krvi. Pocetni deficity mDC i
pDC byly popsany u pacientti s T1D (Peng et al. 2003; Summers et al. 2003; Vuckovic et al.
2007; Hinkmann et al. 2008; Chen et al. 2008; Allen et al. 2009; Nieminen et al. 2012). U
pacientll s TID byla nalezena také poruSend exprese CCR2 na pDC, kterd by mohla byt
asociovana s maturaci DC a jejich migraci do lymfatickych uzlin a perifernich tkanich
(Nieminen et al. 2012).

Ukazuje se, ze role DC v rozvoji autoimunitnich reakci je pravdépodobné velmi tzce
spojena s jejich unikatni funkci — prvni linii obrany proti infekcim. Za pomoci rtznych
povrchovych 1 intracelularnich receptorit (TLR, C-lektiny, a dal§i) DC rozeznavaji
mikrobidlni motivy PAMP. Na jedné stran¢ existuji studie ukazujici, Zze né€které infekce
(salmonela, schistosoma) predchazeji vzniku diabetu (Zaccone et al. 2003; Zaccone et al.
2004). Na druh¢ strané aktivaci nékterych z téchto receptorti, hlavné intracelularni TLR7 a 9,
a naslednych signaliza¢nich kaskéad dojde produkci interferonti 1. typu (IFNa/f) a potenciaci
rozvoje diabetu. Hlavnim zdrojem téchto cytokind jsou predev§im pDC (Krug et al. 2001).
Interferony mohou nasledné¢ modulovat aktivitu a maturaci DC. DC ztraceji svoje tolerogenni
vlastnosti a stavaji se z nich plné¢ maturované antigen-prezentujici bunky, které exprimuji na
svém povrchu velké mnozstvi HLA II a kostimulaé¢nich molekul. Tyto buiiky dale produkuji
[FNa, vedou k dalsi maturaci DC a dochazi k bludnému kruhu, ktery vede k potenciaci
prezentace autoantigend (Gottenberg et al. 2007).

Role IFNa v patogenezi autoimunit, v¢éetn¢ diabetu 1. typu, byla prokazana jak na
mySich modelech, tak i u lidi (Summers et al. 2003; Theofilopoulos et al. 2005). U mysi byla
popsana zvysena exprese MHC I na B-bunikach ostrivki, ale ne na buiikach exokrinni ¢asti.
Tato exprese je zavisla na interakci IFN-a a jeho receptorem na B-buiikach (Lang et al. 2005).
Stimulace receptort TLR 3,7 a 8 vede k vyrazné produkci IFN-a a expresi MHC I na [-
buiikédch a vyvolava u mysi diabetes (Lang et al. 2005). Zablokovani receptoru pro IFN-o u

mysi vede téméf k uplné prevenci vzniku diabetu (Li et al. 2011). U lidi maze 1é€ba pomoci
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IFN-a indukovat nebo vyvolat exacerbaci autoimunitnich laboratornich fenomént (pfitomnost
autoprotilatek) nebo i onemocnéni.

IFN-a hraje taky vyznamnou roli v aktivaci B lymfocytl, jejich preméné na
plasmablasty a v produkci autoprotilatek, které jsou pfitomny jiz fadu mésicii az let pred
propuknutim onemocnéni. IFN-a zvySuje expresi CD38 na B lymfocytech a faktoru BAFF
(faktor aktivujici B lymfocyty) na monocytech a DC. BAFF nasledné pfispiva k perzistenci
autoreaktivnich B lymfocyta (Litinskiy et al. 2002). Po aktivaci riznymi viry, produkuji pDC
[FN-a a IL-6, které ovliviiuji plasmablasty k pfeméné na buniky produkujici protilatky ((Jego
et al. 2003).

Vsechny tyto studie potvrzuji roli DC, hlavné pDC, a IFN-a v patogenezi T1D. Tyto
poznatky by v budoucnu mohly vyrazné pfispét k terapeutickym moznostem diabetu a

pfipadné hlavné k zabranéni vzniku toho onemocnéni.
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6 Cile prace

Teoreticka ¢ast dizertacni dokumentuje nejnoveéjsi poznatky o mechanismech
patogeneze imunopatologickych stavii — alergickych a autoimunitnich onemocnéni.
V nékolika kapitolach jsou popsany rizné molekuly, typy bunék a jejich plisobky, které se
podileji na rozvoji alergické nebo autoimunitni reakce a které nasledné vedou k poskozeni
tkani a rozvoji onemocnéni.

Spoleéné a rozdilné imunopatologické mechanismy byly jiz shrnuty v nami
publikovaném ptehledovém ¢lanku (viz. 6.1) a dale byla tato problematika feSena v ¢lancich u
konkrétnich alergickych a autoimunitnich onemocnéni. Tyto ¢lanky jsou rozdéleny do dvou
casti: Studie zamérené na poruchy imunitnich reakci u pacientii s tézkymi formami atopické

dermatitidy a Uloha dendritickych bunék u alergii a autoimunitnich onemocnén.

6.1 Studie zamérené na poruchy imunitnich reakci u pacienti s tézkymi

formami atopické dermatitidy

Atopickd dermatitida je chronické koZzni alergické onemocnéni, které je podminéno
komplexem vzajemnych interakci porusené vrozené a adaptivni imunitni reakce. Jedna se o
multifaktoridlni onemocnéni se silnou genetickou predispozici, které¢ je spouSténo zevnimu
faktory prostiedi. Porusend kozni bariéra je pfispivd k zvySené vnimavosti k infekcim a

k hyperreaktivité raznych druhti bunéénych populaci.

Asociace genu pro cytokiny a jejich receptory s atopickym pochodem u pacientii
s téZkou formou atopické dermatitidy

Cilem naSich prace bylo prozkoumat genetické pozadi pacientii s tézkou formou
atopické dermatitidy (AD) a urcit silu vlivu genti na dal§i prabéh alergického fenotypu

v prub¢hu détstvi.

Korelace volnych lehkych Fetézci s aktivitou atopické dermatitidy
Ve druhé publikaci jsme vyuzili jedine¢nou kohortu déti ziskanych v piedchozi studii
a u ni jsme se zmétili na humoralni parametry. U pacientii s atopickou dermatitidou nalézame

v séru vysoké hladiny IgE 1 specifickych IgE proti inhala¢nim a potravinovym alergeniim.

49



Zvysenad produkce IgE B lymfocyty je doprovazena nadprodukci volnych lehkych fetézct
(FLC). FLC byly donedavna spojovany piedevSim s monoklondlni nadprodukci
imunoglobulinii pfi monoklonalnich gamapatiich. V neddvné dob¢ ale byla zvySend hladina
detekovdna 1 u pacienti s autoimunitnimi = onemocnénimi  doprovazenych
s hypergamaglobulinémie IgG a pozdéji i alergickymi onemocnénimi (astma). Recentni studie
u mysi 1 lidi popsaly vliv FLC v anafylaktické reakci. V nas$i studii jsme se zaméfili na

detekovani FLC v séru pacientll s AD a na jejich korelaci s aktivitou onemocnéni.

Nové moZnosti biologické 1é¢by u atopické dermatitidy
Terapeutické moznosti u pacienti s AD jsou cileny pfedevsim na lokalni terapii kize. Pti
tézkych formach AD pfistupujeme k celkové imunosupresivni 1é€be, kterda mé limitujici
klinicky efekt, predev§im u dospélych pacientii. Jednim z moZnych novych terapeutickych
postupil se jako vhodnym jevilo podani monoklonalni protilatky proti B lymfocytim — anti-
CD20 (rituximab). Cilem nasi studie bylo zjistit klinicky efekt rituximabu a zaroven detekovat

mozné zmeny v laboratornim obraze v prabéhu 1écby.

6.2  Uloha dendritickych bunék u alergii a autoimunitnich onemocnéni

V imunopatogenezi alergickych i autoimunitnich onemocnéni jsou za hlavni efektorové
povazovany bunky hlavné subpopulace jednotlivych typt T Ilymfocytd. Pro aktivaci
specifické imunitni odpovédi jsou ale nezbytné builky vrozené imunity, hlavné dendritické
burky.

Dendritické buiiky jsou schopny nejenom aktivovat ale i polarizovat imunitni reakci a
hraji zasadni roli v patogenezi imunopatologickych stavl. DC. Inicidlni interakce mezi
antigenem a dendritickou buinikou rozhoduje o typu vyslednych efektorovych bunék (Thl,
Th2, Th17, Tregs). V nasledujicich pracich jsme se zamétovali na zastoupeni jednotlivych
subpopulaci DC a jejich funkéni zmény u pacientll s bronchidlnim astmatem a diabetem

mellitem 1.typu.

Subpopulace dendritickych bunék u pacientt s bronchidlnim astmatem
PRR receptory, jako C-lektiny nebo TLR jsou zasadni pro rozeznavani patogent, ale i
n¢kterych alergent dendritickymi bunikami. Dendritické buiiky a jejich subtypy v dychacich

cestach jsou klicové pro patogenezi alergického zanétu dychacich cest. DC ve tkéanich
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(plicich) nejlépe odrazeji jejich funkci v nejriznéjsich imunopatologickych stavech, vcetné
bronchidlniho astmatu. U mnohych alergickych onemocnéni bylo studovano hlavné
zastoupeni DC v periferni krvi. Bronchoalveolarni lavdz skytd moZnost ziskat neptimo DC
z dychacich cest a studovat jejich funkce ex vivo. Cilem prace bylo stanovit zastoupeni
jednotlivych subpopulace DC v periferni krvi a v bronchoalveolarni lavazi a stanoveni

exprese riznych C-lektinii a TLR na jejich povrchu.

Uloha dendritickych bunék v patogenezi diabetu mellitu 1. typu

V etiologii T1D jsou popisovany mnohé environmentalni faktory, mezi nejvice
studovany rizikovy faktor pro rozvoj T1D jsou povazovany infekce nejriiznéjSimi viry, hlavné
enteroviry, nebo bakteriemi. Epidemiologické i laboratorni nalezy potvrzuji tuto korelaci
infekce a T1D. TLR jsou kli¢ové komponenty pfirozeného imunitniho systému, které
rozeznavaji rizné mikrobidlni motivy. Signalizace pfes TLR receptory miize aktivovat
dendritické buiky, makrofagy a jiné antigen-prezentujici buniky. Dendritické buniky a TLR
jsou povazovany za klicové bunky a molekuly v imunopatogenezi T1D. Cilem nasi prace bylo

stanovit rozdilnou reaktivitu DC po stimulaci riznymi TLR ligandy u pacientt s T1D.

Jedinecna kazuistika jednovajecnych ¢tyicat s diabetem mellitem 1.typu

Genetické faktory patfi mezi dalsi rizikové (endogenni) faktory v etiologii TI1D.
Predevs§im polymorfismy MHC II tfidy hraji protektivni nebo rizikovou roli v rozvoji T1D.
Cilem této prace bylo stanoveni exprese riiznych imunopatognomickych genl a zastoupeni
bunéénych subpopulaci v jedineéné kazuistiky jednovaje¢nych monozygotnych étyicat, u

kterych doslo k manifestaci T1D v rozlicném case.
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7 Metodika

Ve vSech experimentech byla pouzita periferni krev a sérum, ptipadné bronchoalveolarni
lavaz (BAL) pacientl a zdravych darcti po podepsani informovaného souhlasu. V nékterych
studiich byly pouzity periferni mononuklearni buniky izolovany z periferni krve nebo BAL-u,
které byly nésledné simulovany riznymi TLR ligandy.

Vzhledem kvelké heterogenit¢ jsou prislusné metody podrobn¢ uvedeny v
odpovidajicich publikacich. Nyni uvadim pouze vycet pouzitych metod, na kterych jsem se
podilela. * jsou oznaceny ty, které jsem zavadela nebo optimalizovala:

- Stanoveni polymorfismii vybranych genii pomoci polymerdzova fetézova reakce
(PCR)

- Stanoveni exprese TLR pomoci real-time RT-PCR

- Stanoveni exprese genti pomoci mikroarray

- * Stanoveni subpopulaci dendritickych bun&€k v periferni krvi a BAL-u a také
subpopulaci T-lymfocyti pomoci mnohobarevné pritokové cytometrie

- * Cytometrickd analyza exprese povrchovych markeri DC (TLR, C-lektiny
kostimulacni molekuly CD80, 83 a 86) a intracelularnich znak regulacnich T
lymfocytl (FoxP3, Helios)

- * Kvantifikace cytokinové produkce v supernatantech a v séru pomoci metody ELISA,

multiplexové analyzy Luminex nebo intraceluldrniho znaceni
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8 Vysledky a diskuze

Vysledky této prace byly shrnuty do sedmi publikaci. V nésledujicim oddile jsou tyto
publikace uvedené ve formé, ve které byly otistény v zahrani¢nim tisku (mimo publikace €. 6,
ktera prochézi recenznim tizenim). Kazd¢ publikaci ptedchazi komentat, ktery shrnuje a

diskutuje zasadni vysledky prace a hodnoti jejich vyznam.

8.1  Prehledovy ¢lanek shrnujici spole¢cnou a rozdilnou imunopatologie

alergickych a autoimunitnich onemocnéni

Alergickd a autoimunitni onemocnéni jsou podminéna zevnimi (environmentalnimi) a
vnitinimi (genetickymi, neuroendokrinnimi) faktory a jejichz imunopatogeneze je v znacné
mife spolecnd. Oba tyto imunopatologické stavy vznikaji na podkladé nepfiméfené imunitni
reakce, ktera vede k destrukci tkani a organii nebo k poruseni jejich funkci. Tato souhrnna
prace predstavuje metaanalyzu spoleénych i1 rozdilnych vlivli na rozvoj alergickych a
autoimunitnich onemocnéni, mechanismy tkanového postizeni, klinickych projevii a

1écebnych moznosti.
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internal antigen, autoantigen. However, the borderline
between these two immunopathological conditions is not
explicit. Some experimental animal models of autoimmune
diseases as rheumatoid arthritis and experimental allergic
encephalomyelitis may be induced by the external application
of an antigen. On the contrary, in chronic allergies the gradual
development of sensitization to autoantigen might modify
the originally allergic disease and add an autoimmune
component.

Both allergies and autoimmune diseases can be classified
as terms of hypersensitivity, or more recently as immuno-
pathological conditions. These are defined as pathological
processes in which, in their onset, an excessive immunologi-
cal reaction occurs to the external or internal antigens and
results in damage to tissues or organs or in their impaired
function.

Allergic and autoimmune diseases are the result of a
combination of congenital, genetic causes and acquired,
external triggering factors, which are common to a certain
extent to both entities — infection, medications, chemicals,
food, UV radiation, etc. The basic difference is that the
elimination of an allergen usually leads to the disappearance
of clinical symptoms. Due to its nature, an autoantigen cannot
be eliminated and therefore autoimmune diseases usually
have a progressive or chronic character. Even an allergic
inflammation may turn into chronicity, since it is maintained
or induced by various impulses without marked dependence
on the original allergen, which triggered the initial response
(chronic bronchial asthma, chronic atopic dermatitis, and
chronic urticaria).

A simplified Th1/Th2 hypothesis represented a model of
pathophysiology of certain diseases. With regard to the
reciprocal interaction and antagonism of Th1l and Th2
immune reaction, it appears that in patients with Th2
immune reaction mediated disease there is a lesser Thl
mediated diseases. Some studies confirm this hypothesis and
show a decreased incidence of atopic diseases in patients with
autoimmune diseases [1,2]. Conversely, other studies have
found a reverse dependence: Edwards et al. [3] identified in
their study parallel manifestations of allergic and autoim-
mune diseases. In children with allergic diseases, a higher
prevalence of autoantibody positivity against thyroid perox-
idase [4] and a higher level of anticardiolipin antibodies [5]
was observed. However, studies carried out in England [6] and
Turkey [7] did not prove any relation between the incidence
of allergic and autoimmune diseases.

Allergy and autoimmunity have many parallels and yet, at
the same time, they have many differences. They can be
considered, in philosophic conception, to be the yin and yang
of immunopathology: “it is characteristic of yin and yang that
they each contain in themselves a seed of their counterpart
and therefore are inseparably connected. The unity of their
own antagonistic forces results in continuous changes and
movements of ch'i, which are the principles in the process of
creation, and extinction of all things and phenomena. This
process has a cyclic character, as the yin, after it reaches its
extreme, is changed into the yang and vice versa” [8].

In this review, we try to summarize the similarities and
differences of factors influencing the pathogenesis of auto-
immune and allergic disease and to introduce some diag-
nostic problems between these two immunopathologies

arising from their resemblances and the therapeutic possibi-
lities in the practice of clinical immunologist.

2. Factors influencing the development of allergic and
autoimmune diseases

The onset and course of allergic and autoimmune diseases
is always conditioned by a combination of internal (genetic)
and external (environmental) factors. Although the mechan-
isms leading to the individual pathological state are different,
the latest findings suggest a possible common pathogenetic
connection.

2.1. Internal factors

Amongst the principal factors that influence the outbreak
and progress of immunopathological diseases is the linkage to
HLA genes, cytokine encoding genes and hormonal factors. In
this review we are focusing mainly on genetics factors
affecting autoimmunity and allergy.

It is disputable whether a certain genetic background
simultaneously predisposes at once to autoimmune and
allergic disease or whether the presence of one immuno-
pathology eliminates the other. Several studies have been
devoted to this problem.

2.1.1. Genetic influences

The role of genetic factors in allergic and autoimmune
diseases is indicated by a relatively high concordance of the
occurrence of the disease in monozygotic twins, which
fluctuates in various nosologic units between 25 and 80%.
The risk of a child having AD is 50% if one parent has an atopic
disease (AD, asthma or allergic rhinitis) and 75% if both
parents are affected [9]. Both immunopathological conditions
are considered to be a diseases with polygenic heredity. In
their onset, more genes participate and the resulting
phenotype of the disease is the result of a combination of
various genes and their polymorphisms.

Studies of the human genome have revealed a large
number of genes in all the human chromosomes connected
with the origin of various diseases [10]. Certain genes are
characteristic only of certain diseases (e.g. HLA B27 in
ankylosing spondylitis, ADAM 33 in asthma [11]) and, on
the other hand, some loci are common in various clinical
diseases (3q21 is associated with atopic dermatitis and
psoriasis) [12].

2.1.1.1. HLA system. The specific immune response is initiated
by the presentation of antigens, either the body's own or
foreign, bound to HLA molecules to T lymphocytes. The HLA
genes, located on the short arm of chromosome 6, represent
the most polymorphous section of the human genome.
More than one hundred diseases associated with HLA class
I and II genes have been described in many studies. The
frequency of individual polymorphisms in autoimmune and
allergic diseases has been studied intensively during the past
few decades. Some HLA-associated diseases are connected
with only one allele, for example HLA B27 and ankylosing
spondylitis, while others are associated with polymorphisms
of the alleles of more genes of HLA class I and II (type 1
diabetes mellitus — T1D and multiple sclerosis) [10]. Results
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from many studies show that some alleles represent a risk of
an onset of the immunopathological response and also alleles
that are protective [13].

The HLA haplotype, which is most often connected with
autoimmune diseases in the Caucasian population, is the 8.1
ancestral haplotype which is characterized by HLA-A*01,
-B*08, -DRB1*03, -DQB1*02 and -DQA1*05 alleles. An
association with this haplotype can be found in more than
thirty autoimmune diseases [14,15]. The allele HLA-DRB1*03
represents a risk factor for T1D, coeliac disease, Addison's
disease, Sjogren's syndrome, myasthenia gravis. Moreover,
the haplotype HLA-DRB1*0301-HLA-DQB1*0201 is asso-
ciated not only with a clinical manifestation of the disease
but also with the severity of the histopathological picture and
the autoantibody positivity [16]. Studies focusing on the
association between HLA and allergic diseases have revealed
that the individual, aforementioned alleles that may induce
autoimmune disorders can represent a risk also in various
allergic responses. The allele HLA-DRB1*03 is also described
in association with asthma [17] or latex-fruit allergy [18].

On the other hand it is also documented that the same
allele can be risk for one disease and at the same time pro-
tective for the other. HLA DRB1*07, for example, is particularly
associated with allergic rhinitis [19], asthma [20] and atopic
eczema [21]. Various allergic responses are linked to the same
allele: HLA DRB1*07 plays an important role in the induction
of mite allergy and also represents a risk in the allergic
reaction to wasp venom. This allele is further associated with
increased total serum levels of IgE [22]. On the contrary, it is
protective for Graves-Basedow's disease and ITP [23,24].

Numerous studies therefore conclude that in various
immunopathological conditions it is possible to observe an
association with the same HLA haplotype or with the same
alleles (mainly, HLA class II), which suggests that only the
predisposition to the disease is hereditary and its clinical
manifestations are dependent on other conditions.

2.1.1.2. Genes encoding cytokines and their receptors. Cytokines
play a key role in the regulation of an immune reaction — both
physiological and pathological. Genes for cytokines and their
receptors are dispersed in the whole genome. The functional
polymorphism of genes for cytokines may lead to the
defective or excessive production of a certain cytokine,
which results in disorders in the regulation of Th1/Th2
balance. Certain studies have been concerned with associa-
tions between cytokine gene polymorphisms and Th1 or Th2
mediated diseases [13]. It is well known that Th1/Th2
paradigm is not responsible for pathogenesis of all auto-
immune and allergic disorders. T regulatory lymphocytes
(Treg) and mainly Th17 cells, recently described T lymphocyte
subpopulation, are involved in the induction of autoimmune
and allergic diseases. In this review, we are focusing on the
Th1 and Th2-mediated diseases.

IL-12 is considered to be an important cytokine in the
induction of Th1 type immune reaction. A different frequency
of its single nucleotide polymorphism (SNP) -1188A/C was
described in psoriasis (Th1 diseases) and atopic dermatitis
(Th2 diseases) in comparison to control. This suggests that
IL12B SNP is associated with susceptibility to AD and PsV,
presumably by affecting the Th1/Th2 balance [25]. On the
contrary, different frequency of the polymorphism of IL-13,

the cytokine characteristic for allergic reaction, was observed
in relation to bronchial asthma in comparison with children
with juvenile idiopathic arthritis (JIA) [26]. Results from a
wide body of studies suggest that the same genetic variant of
a gene may protect against some diseases but could be
simultaneously predisposed to others.

Polymorphisms of cytokine genes and their receptors seem
to be crucial genetic factors for the development of immuno-
pathological reactions and are associated with a predisposi-
tion to incidences of allergic and autoimmune diseases.

2.2. External factors

Allergic manifestations are markedly dependent on the
induction of an immunopathological reaction triggered by a
certain allergen. After its elimination, clinical symptoms
usually disappear. Since a number of allergens are ubiquitous
and cannot be eliminated from the environment of a
hypersensitive individual, several atopic disorders are mani-
fested as the chronic in their nature. Moreover, persons with a
genetic predisposition to atopy gradually develop polyvalent
allergies. Many other external factors, however, contribute to
sensitization towards certain allergens, namely infectious
diseases and damage to mucous membranes with toxic agents.

The infection can play a role in the induction of an
autoimmune disease and allergy in two different ways: both
as a trigger and as a protective factor. With respect to
allergies, many epidemiological and experimental studies
support the so-called hygienic theory that partly explains the
rise of allergic diseases by the lack of common infections in
early childhood. Infections of various types of bacteria (BCG,
Lactobacillus spec.), viruses (hepatitis A virus) as well as
parasites (Schistosoma mansoni) may prevent the develop-
ment of allergies [27], because microorganisms might shift a
Th2 immune reaction into a Th1-mediated, or stimulate the
IL-10 production (immunosuppressive cytokine produced by
Th2 or Treg lymphocytes). On the other hand, in allergic
patients, an infection or induced inflammation may lead to
allergic manifestation or deterioration in symptoms that
already exist (in particular respiratory viruses can impair
asthmatic manifestations, whereas staphylococci infections
can impair the manifestations of atopic eczema). This often
results in a vicious circle of infectious-allergic inflammation,
usually of a chronic nature.

As a triggering mechanism in autoimmune diseases,
infections are considered to be the one of the most important
external factors. However, no infectious agent has so far been
directly linked to a particular autoimmune disease. In
pathogenesis of T1D, the influence of an infection by the
Coxsackie virus has been researched, but no direct evidence
has yet been found — the same holds for a viral etiology of
sclerosis multiplex (associated with EBV, CMV and other
infections). Infections may contribute to the induction of an
autoimmune disease by means of various mechanisms, which
may be combined. However, the main role is played by the
molecular mechanisms of inflammation-induced damage to
tissues (exposure to latent determinants, inflammatory
cytokine induced HLA ectopic expression, aberrant presenta-
tion of intracellular peptides, expression of costimulatory
molecules, activation of anergic autoreactive T-lymphocytes,
and also an activation of autoreactive lymphocytes with
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bacterial or viral superantigens, microbial mimicry). Clinical
manifestations of the disease may occur even a long time after
the infectious disease. Similarly, as in allergies, the hygienic
hypothesis can also be applied to a certain extent to
autoimmunity: infections can also protect against the devel-
opment of an autoimmune inflammation. Some studies
indicate that an infection in the earliest years of life reduces
the risk of the occurrence of T1D, non-specific inflammatory
bowel diseases and sclerosis multiplex [27]. In an experi-
mental model of autoimmune encephalomyelitis, induced by
an immunization with myelin antigen, the incidence and
severity decreases after a previous infection caused by
bacteria or parasites [27].

Medicaments, chemicals (including foodstuffs) and UV
radiation may participate in an incidence of autoimmune
disease probably due to the modification of autoantigens and
to damage to regulation mechanisms. An autoimmune
disease may develop even during the treatment of an allergy,
and a case has been described recording the development of
Sjogren's syndrome after allergen-specific immunotherapy
[28]. The listed factors may also be direct causes of allergic
diseases (medicament, food allergy, contact allergy to
chemicals, solar urticaria...); the disruption of protective
barriers facilitates the entrance of allergens into the organism
and triggers allergic reaction.

Numerous external factors are considered to be common to
allergy and autoimmunity. To the intent of “yin-yang”
philosophy, infections, drugs and the others represent “forces”
which direct the immune response to hyperresponsive reaction
to an external antigen or to impaired reaction to self-antigen.

3. Common mechanisms of tissue damage in autoimmune
and allergic diseases

3.1. Type I of immunopathological reaction

The basis of the majority of allergic diseases is immuno-
pathological reaction type I according to Coombs and Gel. This
reaction is also defined as an early hypersensitivity reaction,
because it occurs very soon after the contact with an allergen.
The first contact with an antigen (allergen) results in the
sensitization of the organism: it stimulates the differentiation
of the Th2 lymphocytes and the proliferation of B lympho-
cytes which, under the influence of cytokines, produce IgE
antibodies. These antibodies consequently bind to high-
affinity IgE receptors on the surface of mast cells and
basophils. Repeated contact with an allergen may lead to
IgE bridging and consequently to the aggregation of receptors
on the surface of basophiles and mast cells and the immediate
release of their mediators; in the first phase it is mainly
histamine and heparin, and, consequently, in the second stage
metabolites of arachidonic acid — leukotrienes, prostaglan-
dins and thromboxanes are produced. This type of immune
response to an autoantigen as the cause of tissue damage has
not yet been described in autoimmune diseases, although IgE
elevated levels may appear in a number of autoimmune
diseases (typically in Churg-Strauss vasculitis and other
vasculitides, and often in dermatomyositides). Nevertheless,
some studies, recently appeared, describe the incidence of IgE
antibodies against human antigens in both allergic and
autoimmune diseases. In a certain percentage of patients

with atopic dermatitis there have been identified several
autoantigens, against which IgE antibodies were formed:
Hom s 1-5, DFS 70 MnSOD, isoform V B-tubulin. These
antigens are expressed in various cells (basophils, mast cells,
T-lymphocytes) and in various tissues (the brain, bones, small
intestine, liver, lungs, muscles, skin, uterus) [29].

Furthermore it has been found out that the level of IgE
antibodies corresponds with the severity of the disease. In
atopic dermatitis, during the exacerbation of cutaneous
manifestations in response to external allergens, IgE auto-
antibodies increase rapidly [29]. Manganese-superoxide dis-
mutase (MnSOD) is an enzyme protecting mitochondrial DNA
against oxidation damage and can be found both in healthy
skin and in inflammatory lesions in atopic dermatitis, psoriasis
or contact dermatitis. UV radiation, mechanical damage, acute
or chronic inflammations increase its expression mainly in
atopic dermatitis. Simultaneously, IgE antibodies against
MnSOD exist in humans and their level correlates with the
activity of the disease [30]. The experiments also confirmed
that the administration of a xenogenous antigen similar to a
self-antigen (aNAC) induces an allergic immune response
[31]. Therefore many mechanisms of IgE autoimmunity may
interfere with the pathogenesis of an allergic disease. Chronic
allergic disease thus may become “autoimmune” [32].

Some authors have recently described the incidence of IgE
antibodies against autoantigens, against which are mostly
produced IgG antibodies in various autoimmune conditions.
In systemic lupus erythematosus, there have been found
elevated levels of IgE antibodies against nucleic antigens
without specific clinical symptoms and without specific IgE
against common allergens [33]. IgE antibodies against thyroid
peroxidase and thyreoglobulin were detected in patients with
Hashimoto's disease and chronic urticaria [34] and patients
with bullous pemphigoid produce IgE antibodies against
hemidesmosomal protein BP180 [35].

Although an eosinophil-induced inflammation is typical
for the pathogenesis of allergic disease, an experimental ani-
mal model of induced autoimmune eosinophilic inflammation
and a coincidence of eosinophilic tissue inflammation were
described also in patients with autoimmune diseases [36].

3.2. Type II of immunopathological reaction

Type Il of immunopathological reaction is mediated by IgG
and IgM antibodies that are able to activate a complement
which leads to a lysis of the cell or induce an ADCC type
reaction (antibody dependent cellular cytotoxicity). Among
the diseases caused by this type of reaction, there are drug
allergies and many autoimmune diseases (autoimmune
cytopenia, Goodpasture's syndrome) and also autoimmune
disorders, where the production of antibodies does not lead to
tissue damage but through its activity mediates an activation
function in Graves-Basedow's disease or an inhibition, as it is
in myasthenia gravis.

In the serum of atopic individuals with asthma there have
also been recorded IgG antibodies against B-adrenergic (3;)
receptors and against bronchial epithelium [37]. These
antibodies play an important pathogenetic role in the
development of asthma and they also influence the response
to the administration of 3-mimetics in allergic bronchial
asthma.
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Table 1
Differential diagnosis of clinical manifestations that can be common for both
allergic and autoimmune diseases

Symptoms Allergy Autoimmunity

Cutaneous Urticaria: Food and drug Urticarial vasculitides:
acute/chronic allergies, pollen SLE, Sjogren's
allergy syndrome
(immunopathological (immunopathological
reaction type I) reaction type III)
Angioedemas Drugs food, insects ... Vasculitides, SLE,

autoimmune
thyreoiditis

Eczema Contact, less often SLE, dermatomyositis,

atopic (acral form) vasculitides

Pruritus AD, urticaria, PBC (cholestasis, bile

mucosal oedema acids)

Purpura Drug allergies Autoimmune
thrombocytopenia,
vasculitides,
cryoglobulinemia

Swollen Contact allergy, Dermatomyositis,

eyelids Pollinosis autoimmune

thyreoiditis

Mucosal Conjunctivitis Pollinosis, animal fur Sjogren’s syndrome
allergy

Aphtae Food allergy Systemic
autoimmunities (SLE,
vasculitides...)

Rhinitis, Inhalant allergy Vasculitides (Wegener's

sinusitis granulomatosis)

Cough, Allergic bronchial Pulmonary vasculitides,

dyspnea asthma CFA, pulmonary fibrosis
in systemic
autoimmune diseases

Nausea, Food allergy Coeliac disease, IBD

stomach-

ache,

diarrhea

AD — atopic dermatitis, CFA — cryptogenic fibrosing alveolitis, IBD —
inflammatory bowel disease, PBC — primary biliary cirrhosis, SLE — systemic
lupus erythematosus.

3.3. Type III of immunopathological reaction

Under certain circumstances, immunocomplexes formed
by an antibody (IgG nebo IgA) and an antigen (exo- or auto-)
may be the basis for the 3rd type of immunopathological
reaction. These immunocomplexes are not eliminated by
phagocytes, but are stored in tissue, mainly in the walls of
arteries, glomeruli and articular synovia. Imnmunocomplexes
bind to the Fc receptors of phagocytes or activate a
complement triggering a cascade of damaging reactions in
which neutrophils and mast cells play an auxiliary role. This
results in an inflammation, which is characteristic for
systemic lupus erythematosus, rheumatoid arthritides, glo-
merulonephritides, polyarteritis nodosa, serum-induced dis-
ease or allergic alveolitis.

3.4. Type IV of immunopathological reaction

The delayed hypersensitivity is the 4th type of tissue
damage, which develops within 48 h following an antigenic
stimulus. Immunopathological reaction is caused by an
inflammatory reaction that is dependent on Th1 lymphocytes
and cells of the monocytic — macrophage system. A frequent

sign is the formation of granulomas, which are typical in
sarcoidosis and mycobacterial infections. Belonging amongst
diseases mediated by this type of immune reaction are:
allergic contact dermatitis, and from autoimmunities it is
sclerosis multiplex and type I diabetes mellitus.

4. Differential diagnostics from the viewpoint of clinical
manifestations of allergic and autoimmune diseases

Autoimmunity and allergies represent two well establish
clinical groups of immunology with their characteristic
clinical symptoms. For all of that, as it was described in
previous sections, besides etiopathogenesis, these two
immunopathologies also have similar clinical manifestations,
which may cause problems during diagnosis. Examples of
some of these manifestations are listed in Table 1 [38].

Certain clinical symptoms may be considered allergic
even though they may be connected to an autoimmune
disease or vice versa. However, it is possible that both
immunopathologies may occur simultaneously in one
patient. A coincidence of some allergic and autoimmune
diseases is given in Table 2.

5. Common therapeutic procedures in allergies and
autoimmune diseases

A parallel can also be found in the therapeutic field of
autoimmune and allergic diseases. In allergic diseases, a
golden standard is the elimination of an allergen from the
environment where the patient lives. This is not possible in
autoimmune diseases, since the antigen is endogenous
(body's own). Celiac disease is an exception, because the
gluten-free diet prevents the development and progression of
the disease.

Besides classical medication used in therapy of both
pathologies, such as corticoids and other immunosuppressive
including new biological therapy such as monoclonal anti-
bodies, there is an analogy in allergen immunotherapy and
immunotherapy by means of an autoantigen. In the first case,

Table 2

Coincidence of allergic and autoimmune diseases

Autoimmune Allergic Coincidence Reference

diseases manifestations

Rheumatoid Hayfever dust Inverse association [2]
arthritis allergy

Rheumatoid ~ Asthma No significant difference [7]

arthritis hayfever
AD
Sclerosis IgE level Inverse association Elevated IgE [40]
multiplex  against mites levels lead to a higher frequency
of allergic disorders but
decrease the severity of sclerosis

multiplex
Sclerosis Asthma Positive association [3]
multiplex
Type | Asthma Inverse association [1]
diabetes hayfever

mellitus AD Decrease allergy prevalence
(asthma, hay fever, eczema) in

patients with T1D

AD — atopic dermatitis, T1D — type I of diabetes mellitus.
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the therapy has been empirically administered to patients for
decades, but only recently a scientific foundation for this
procedure has been established. In the second case, the
procedure (autoantigen immunotherapy) had been verified
first in laboratory animals, on the basis of a scientific
hypothesis, and it was later applied to human medicine. In
neither case the treatment has a 100% success rate and
therefore there are many questions, both fundamental and
methodological, yet to be answered. Immunotherapy by
means of an autoantigen starts from experimental models
in the field of oral tolerance. Oral application of an autoanti-
gen leads to antigen-specific or so called by-stander inhibition
of an autoimmune inflammation by a mechanism of deviation
of immune reaction from damaging Th1 or Th17 reaction to
protective Th2 or Th3 response [39]. The knowledge about the
inflammation inhibition with a by-stander effect made it
possible to use this therapeutic procedure in diseases where
the particular antigen is not fully known. Nevertheless, the
application of this therapeutic procedure in human medicine
was, after the initial enthusiasm, disappointing. To date, none
of the studies that have been carried out have shown
substantial improvement in patients with autoimmune
diseases (rheumatoid arthritis, uveitis, multiple sclerosis
and type I diabetes mellitus) following an orally administered
autoantigen. Further studies in other autoimmune diseases
have been undertaken, as there is a great number of variables:
dose of antigen, frequency of its application, timing of the
therapy, combination with other procedures, etc. Negative
results therefore do not necessarily mean the failure of the
principle, but rather a methodological embarrassment, which
could be elucidated by other studies.

In conclusion, the basic treatment strategies of allergic and
autoimmune diseases may be different, but the treatment
facilities can interweave. Avoidance of allergen, if it is
possible, and allergen immunotherapy are the main therapies
of allergy accompanying with symptomatic therapy, immu-
nosuppressive drugs are used in the treatment of mild and
severe forms of allergic diseases. The corticoids and other
immunosuppressive drugs are the first choice in the treat-
ment of autoimmune disease. As it was discussed above, the
“autoantigen immunotherapy” could be another possible
therapy strategy of autoimmunity.

6. Conclusion

It results from the given survey that autoimmunity and
allergy are diseases in whose origin the factors of polygenic
heredity including a whole number of common gene loci or
defined alleles and also many similar environmental factors
participate. In clinical practice, it is necessary to take into
account the pervasion of clinical symptoms of the disease
where one imitates the other, or both immunopathologies
may occur simultaneously in one patient. Therefore, auto-
immunity and allergy may be considered to be a “yin and
yang” of immunopathology, in which each of them has its
own face; they are their own reciprocal contrasts, but each
contains the seed of the other and may switch one into the
other.

Supported by the Czech Ministry of Health (VZ
00000064203), and the Czech Ministry of Education, Youth
and Sports (VZ MSM 0021620812).

Take-home messages

* Allergy is defined as an exaggerated immune response to an
external allergen, while autoimmune diseases to an internal
antigen, autoantigen: however, autoimmune diseases may
be induced by the external application of an antigen, while
in chronic allergies the gradual development of sensitization
to autoantigens might modify the originally allergic disease.
The multiple defects in immune regulation are hallmarks
of both pathologies: similar genes and external triggering
factors contribute to the manifestation of allergy and
autoimmunity.
Similar clinical manifestations of both immunopathologies
could result in diagnostic problems: allergy may mimic
autoimmune disease and vice versa.
* Both allergy and autoimmunity may occur in one patient.
» Similar therapeutic approaches are used in the treatment of
both pathologies including biological therapy.
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Evaluation of the efficacy and safety of pamapimod, a p38 MAP kinase inhibitor, in a double-blind, methotrexate-controlled

study of patients with active rheumatoid arthritis

New therapies are under development to improve the efficacy of the treatment of rheumatoid arthritis. Monotheparies should
promise to be good enough as traditional ones in improvement of disease course and symptoms. In a recent study, Cohen SB et al,
(Arthritis and rheumatism 2009;60;335-344) intended to compare the efficacy and safety of pamapimod (a selective inhibitor of
the alpha-isoform of p38 MAP kinase) as a monotherapy in comparison with methotrexate (MTX) treatment in adult patients with
active rheumatoid arthritis (RA). Patients in a randomly assigned to 1 of 4 treatment groups and received 12 weeks of double-blind
treatment. One group received MTX (7.5 mg/week with planned escalation to 20 mg/week), and 3 groups received pamapimod
(50, 150, or 300 mg) once daily. The primary efficacy end point was the number of patients meeting the American College of
Rheumatology 20% improvement criteria (achieving an ACR20 response) at 12 weeks. Secondary end points included ACR50
and ACR70 responses, change from baseline in the Disease Activity Score in 28 joints (DAS28), categorical analyses of DAS28/
European League Against Rheumatism response, and change from baseline in each parameter of the ACR core set of measures.
Safety monitoring included recording of adverse events (AEs), laboratory testing, immunology assessments, administration of
electrocardiograms, and assessment of vital signs. As a result, patients assigned to receive MTX and pamapimod had similar
demographics and baseline characteristics. At week 12, fewer patients taking pamapimod had an ACR20 response (23%, 18%,
and 31% in the 50-, 150-, and 300-mg groups, respectively) compared with patients taking MTX (45%). Secondary efficacy end
points showed a similar pattern. AEs were typically characterized as mild and included infections, skin disorders, and
dizziness. Pamapimod was generally well tolerated, but the 300-mg dose appeared to be more toxic than either the 2 lower
doses or MTX. The researchers concluded that pamapimod was not as effective as MTX in the treatment of active RA.

Regulatory T cells induced by GM-CSF suppress ongoing experimental myasthenia gravis

It was previously observed that treatment utilizing granulocyte-macrophage colony-stimulating factor (GM-CSF) had profound
effects on the induction of experimental autoimmune myasthenia gravis (EAMG). In this study, Sheng JR. et al (Clin Immunol
2008;128:172-80) show that EAMG induced by repeated immunizations with acetylcholine receptor (AChR) protein in C57BI6 mice
is effectively suppressed by GM-CSF treatment administered at a stage of chronic, well-established disease. In addition, this
amelioration of clinical disease is accompanied by down-modulation of both autoreactive T cell, and pathogenic autoantibody
responses, a mobilization of DCs with a tolerogenic phenotype, and an expansion of regulatory T cells that potently suppress AChR-
stimulated T cell proliferation in vitro. These observations suggest that the mobilization of antigen-specific Tregs in vivo using
pharmacologic agents, like GM-CSF, can modulate ongoing anti-AChR immune responses capable of suppressing antibody-mediated
autoimmunity.



8.2 Asociace polymorfismi gentu pro cytokiny s klinickymi a
laboratornimu zménami u pacientu s tézkou formou atopické

dermatitidy v prubéhu détstvi

Astma bronchiale, alergickd rhinitida 1 atopickd dermatitida jsou multifaktoridlni
onemocnéni, u kterych genetické faktory piredstavuji jeden s rizikovych faktort. Funkéni
polymorfismy genti pro cytokiny vedou k nadprodukci nebo naopak nedostate¢né produkci
cytokint a tato dysbalance vede ke zméné Th polarizace. Mnohé¢ studie, véetné genome-wide
studii potvrdily asociaci nejriznéjSich genti s alergickymi onemocnénimi (cytokiny,
ADAM33, filagrin). Bylo popsdno silné genetické spojeni mezi cytokinovym clustrem na
chromosomu 5q34 a atopickou dermatitidou a astmatem. PtredevSim polymorfismy v genech
pro cytokiny IL-4, receptor IL-4 (IL-4Ra), IL-5 a IL-13 jsou asociovany s rozvojem i tizi
astmatu, inhala¢ni alergie, atopické dermatitidy, ¢i zvySenym IgE (viz. Kapitola 2.7).

Klinické projevy atopické dermatitidy se béhem détstvi typicky méni. Ekzém se
projevi nejcastéji v kojeneckém veku, Casto i tézkou generalizovanou formou. Béhem détstvi
mize dojit k postupnému lokalizovani do zahybu (flexularni forma) az vymizeni ekzému a
objeveni se symptomi inhala¢ni alergie — alergické rhinitidy a astma bronchiale. Ke zméné
klinického fenotypu dochéazi nejcastéji kolem tietiho roku véku. Atopickd dermatitida je
zaroven velmi Casto asociovana s potravinovou alergii, spektrum potravinovych alergenti se
behem détstvi vyviji, mize dojit k jejimu uplnému vymizeni nebo zméné spektra alergend.

Tato studie byla koncipovana jako prospektivni, protoze neexistuje mnoho studii, které
by se vénovaly asociaci genetick¢ého pozadi s atopickym pochodem v pribéhu détstvi.
Sledovani trvalo prvni 4 roky Zivota naSich pacientti. U déti, u kterych jako prvnim projevem
alergie byla atopicka dermatitida ve velmi tézké formée, jsme nasledné¢ sledovali zmény
klinick¢ého stavu, vyvoj samotné AD a rozvoj dalSich alergickych onemocnéni jako
bronchidlni astma nebo alergické ryma.

Ve spolupraci s dermatology jsme vytvofili soubor déti, které byly do studie zatfazeny
thned po diagnostikovani tézké formy atopické dermatitidy a bylo u nich stanoveno 21
polymorfismt gent pro 13 cytokind a jejich receptori. V pritbé¢hu prvnich let Zivota jsme u
téchto déti sledovali zmény klinického stavu a laboratorniho obrazu — hladiny
imunoglobulinti, hlavn¢ IgE, specifické IgE proti nejcastéjSim alergentim: inhalacnich
(roztoCe, pyly trav a stromu, plisn¢€) a potravinovych (vajecny bilek a bilkovinu kravského
mléka). V tomto projektu jsme studovali asociaci mezi genotypy, fenotypy a haplotypy téchto
polymorfismt a zménami v klinické manifestaci AD a zménami atopického pochodu.
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V nasi préci jsme zjistili signifikantni asociaci mezi genotypy 7 polymorfisma IL-4 -

1098G/T, -590C/T, IL-6 -174C/G, nt565A/G a IL-10 -1082A/G, -819C/T, a -592A/C a
atopickou dermatitidou. Signifikantni asociaci jsme nalezli taktéZ mezi haplotypy TNF-a AA
alL-4 GC a AD.
Potvrdili jsme trend klinického zlepSeni projevit AD béhem détstvi (pokles SCORAD skore).
Daéle jsme zjistili, Ze statisticky vyznamnou asociaci mezi polymorfismy IL-4R (+1902 A/G)
a pozitivitou specifickych IgE proti pylim stroma v sérech pacientli. Pozitivni trend byl
nalezen i mezi polymorfismy IL-10 -819C/T a -590A/C a rozvojem alergické rhinitidy
v détstvi.

V souladu s jinymi studiemi 1 tato prace prokazala asociaci mezi polymorfismy genti
pro cytokiny (IL-4, IL-6 a IL-10) a atopickou dermatitidou, zejména jeji t€zkou formou. Nase
vysledky naznacuji, Ze polymorfismy pro IL-4R a IL-10 by mohly byt pouzity v predikci

vyvoje atopického pochodu u déti s tézkou formou AD.
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M Abstract

Background and Objective: The course of atopic dermatitis (AD) in childhood is characterized by typical changes in phenotype, including a
shift from skin involvement to respiratory allergy usually around the third year of age. We thus designed a prospective study to monitor
the outcome of severe AD and to investigate the association between cytokine gene polymorphisms and clinical manifestations.
Methods: Clinical and laboratory follow-up of 94 patients with severe AD and 103 healthy controls was performed using routine methodology.
Allele, genotype, and haplotype frequencies of single nucleotide polymorphisms of 13 selected cytokine/receptor genes were analyzed
using PCR with sequence-specific primers.

Results: In our study, genotypes of 7 polymorphisms—IL-4 -1098G/T and -590C/T, IL-6 -174C/G and nt565A/G, and IL-10 -1082A/G,
-819C/T, and -592A/C were significantly associated with atopic AD (P<.05). A significant association was also found for TNF-o AA and
IL-4 GC haplotypes and AD.

We confirm the progressive clinical improvement of AD together with a decrease in the severity index SCORAD (SCORing atopic dermatitis)
during childhood (P<.05). We found significant differences between IL-4Raw +1902 A/G and positivity of tree pollen—specific IgE (P<.05)
in the AD group. Moreover, a weak association was also found between IL-10 -819C/T and IL-10 -590A/C and the appearance of allergic
rhinitis (P<0.1).

Conclusions: We confirmed a clinical shift in allergic phenotype in the first 3 years of life, and showed an association between IL-4, IL-6,
and IL-10 polymorphisms and AD. Our data indicate that IL-4ct and IL-10 polymorphisms may be considered predictive factors of respiratory
allergy in children with AD.

Key words: Allergic rhinitis. Allergy. Atopic dermatitis. Single nucleotide polymorphism. Cytokines.

© 2012 Esmon Publicidad J Investig Allergol Clin Immunol 2012; Vol. 22(2): 92-101




93

J Kayserova, et al

M Resumen

Antecedentes y objetivo. La evolucion de la dermatitis atopica (DA) en la infancia se caracteriza por alteraciones tipicas en el fenotipo, entre
ellas el paso de afectacion cutanea a alergia respiratoria, que se produce habitualmente alrededor de los tres afios de edad. Por tanto, se
disefi¢ un estudio prospectivo para evaluar el desenlace de la DA grave e investigar la asociacidn entre los polimorfismos genéticos de
las citocinas y las manifestaciones clinicas.

Métodos: Se realiz un seguimiento clinico y de laboratorio de 94 pacientes con DA grave y 103 controles, utilizando los métodos habituales.
Se analizaron las frecuencias alélicas, genotipicas y haplotipicas de polimorfismos de un solo nucleétido de 13 genes de receptores/citocinas
seleccionados, mediante PCR con cebadores de secuencia especifica.

Resultados: En el estudio, los genotipos de 7 polimorfismos (-1098G/Ty -590C/T en IL-4, -174C/G y nt565A/G en IL-6 y -1082A/G, -819C/T,
y -592A/C en IL-10) mostraron una asociacion significativa con la DA atépica (p<0,05). También se encontrd una asociacién significativa
entre los haplotipos AA en TNF-a.y GC en IL 4y la DA.

Se confirma una mejoria clinica progresiva de la DA junto con una disminucion del indice de gravedad SCORAD (SCORing atopic dermatitis)
en la infancia (p<0,05). Se encontraron diferencias significativas entre +1902 G/A en IL-4Ra. y la positividad de IgE especifica para el
polen de arboles (p< 0,05) en el grupo con DA. Ademas, se halld una asociacion débil entre -819C/T en IL-10 y -590A/C en IL-10 y la
aparicion de rinitis alérgica (p< 0,1).

Conclusiones: Se confirmé un cambio clinico en el fenotipo alérgico durante los tres primeros afios de vida, y se encontré una asociacién
entre los polimorfismos en /-4, Il-6 e IL-10'y la DA. Los datos indican que los polimorfismos en IL-4Ra. e IL-10 pueden considerarse factores

predictivos de alergia respiratoria en nifios con DA.

Palabras clave: Rinitis alérgica. Alergia. Dermatitis atopica. Polimorfismo de un solo nucledtido. Citocinas.

Introduction

The prevalence of allergic disease in Western countries has
increased steadily in recent decades. In developed countries,
the prevalence of asthma and atopic dermatitis (AD) is 10%
and 15%, respectively, and is substantially higher among
children [1]. Genetic predisposition has been proven to play
a substantial role in the etiopathogenesis of AD [2]. The risk
of a child having AD is 50% if 1 parent has an atopic disease
(AD, asthma, or allergic rhinitis [AR)] and 75% if both
parents do [2, 3]. Several genome screens for AD have been
reported in the literature and have determined genome-wide
significant linkage on chromosomes 1q, 3q, 3p, and 17p. A
substantial number of candidate gene studies have revealed that
multiple genes are involved in allergic inflammation (reviewed
in [4,5]). Multiple single nucleotide polymorphisms (SNPs)
in candidate genes and chromosomal regions that consistently
show association with AD, asthma, and the severity of these
diseases have been identified [1,5,6].

The immunopathogenesis of AD is a very complex process
that involves an array of molecules, but it is evident that
cytokines play a key role in the development of the clinical
presentation of AD. AD is characterized by an overexpression
of type 2 helper (Ty2) cytokines, such as interleukin (IL) 4,
IL-5, IL-13, and the immunoregulatory cytokine IL-10, which
have been observed in a significant proportion of acute AD skin
lesions compared with the skin of healthy individuals [2,7]. Several
studies have reported a population-dependent association
between cytokine gene polymorphisms that affect cytokine
production and chronic inflammatory disease; the association
between gene polymorphisms in certain cytokines and allergic
diseases in particular has been well documented [6,8-11].
Functional polymorphisms in cytokine-encoding genes may
lead to defective or excessive cytokine production, resulting in
disorders in Ty polarization. A strong genetic link to bronchial
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asthma and AD was described for the cytokine cluster on
chromosome 5q34, including IL-4, IL-13, granulocyte-
macrophage colony stimulating factor, and IL-9 [1]. Certain
polymorphisms in the genes encoding IL-4, IL-4 receptor
alpha chain (IL-4Ra), IL-5, and IL-13 are associated with the
development of asthma, inhalation allergies, and AD, and with
elevated serum immunoglobulin (Ig) E levels [12-16]. This
association has not been observed in all populations, and some
population studies have not detected any association between
AD, asthma, and cytokine polymorphisms [2]. The exact role
of cytokines and cytokine polymorphic variants in the course
and long-term outcome of AD therefore remains unclear, with
many possible effects described in the studies cited above.
AD is predominantly a disease of childhood. The first
clinical symptoms usually appear early. Sometimes, and
particularly in severe forms, AD lesions may already be
present during the neonatal period. The typical feature of AD
is its diversified course during childhood. The turning point is
usually around the third year of age, when clinical expression
of the disease can change. First, the infantile stage can change
to the childhood stage, with involvement of flexor surfaces,
or symptoms can become less severe and even completely
disappear. Second, the children can develop respiratory
allergies, such as bronchial asthma and AR. Furthermore, AD is
often associated with food allergies, which can subside during
childhood or persist and increase in variety and intensity.
We designed a prospective study with the goal of
correlating the genetic pattern of the inherited cytokine set with
the outcome of initially severe AD in very young infants. The
association between a particular cytokine/cytokine receptor
gene polymorphism and clinical status was analyzed after
the third year of life. First, we investigated the polymorphic
frequencies of selected cytokine/cytokine receptor genes in
patients with AD and healthy controls. Second, we focused on
a set of polymorphic variants of the alpha chain of the receptor
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for the /L-4 and IL-10 genes and examined the association
between these changes and clinical status and laboratory
markers of AD during infancy and childhood.

Patients and Methods

Patients, Controls, and Study Design

Ninety-four pediatric patients (32 girls and 62 boys) from
the Czech population with severe forms of AD were evaluated
at the departments of dermatology and immunology at Charles
University, 2™ Medical School, and University Hospital
Motol, in Prague in the Czech Republic. The mean age of
the patients at the time of diagnosis was 3.12 months (range,
0.5-27 months). There was a higher prevalence of boys (66%).

The diagnosis of AD, AR/asthma bronchiale, and food
allergy was based on the SCORAD (SCORing atopic
dermatitis) index (50-80), on clinical manifestations, and
on levels of specific IgE and positive skin prick tests,
respectively. The frequency of follow-up was dependent on
clinical status, with 1 obligatory control during the first 3
years of life. Changes in the course of AD and food allergy,
and the appearance of asthma or AR have been reported during
childhood. In addition to the clinical manifestations of AD
and respiratory allergy, we also evaluated total IgE serum
levels, and serum levels of specific IgE against food allergens
(particularly cow milk protein and egg white) and respiratory
allergens, grass pollen, and tree pollen according to genotype.
These immunologic parameters were investigated during the
follow-up visits. We compared clinical status and laboratory
markers at the time of diagnosis (3-6 months of age) and in
the third year of life. Seventy-four patients (26 girls and 48
boys) older than 3 years of age were available for statistical
analysis in prospective settings.

The control group for the genetic study consisted of
103 unrelated healthy blood donors who were recruited
for an anthropological study at the Institute of Clinical and
Experimental Medicine (IKEM) in Prague. Males and females
were represented equally. The absence of allergy was a major
criterion for inclusion in the control group; the controls were
further matched for ethnicity (Caucasian population).

Informed consent was obtained prior to inclusion in the
study from the patients’ parents/guardians and from healthy
donors.

Detection of Cytokine SNPs

The SNPs of genes encoding 13 selected cytokines and
cytokine receptors were detected using polymerase chain
reaction with sequence-specific primers (PCR-SSP) designed
for the 13th IHWC (Cytokine Typing Tray Kit, Collaborative
Transplant Study at the University Heidelberg, Heidelberg,
Germany). Each PCR mix also contained an internal positive
control primer pair for the f-globin gene or for C-reactive
protein (CRP) at a concentration 5 times lower than that
of the specific primers. Genomic DNA was isolated from
the peripheral blood cells of the patients using a DNA kit
(Quiagen), and PCR reactions were performed in a 96-well
plate (volume of 10 uL) containing genomic DNA, Taq
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DNA polymerase (Promega), 200nM dNTP (Promega, UK),
1.5 mM MgCI2 (Invitrogen), and primers (Cytokine Typing
Tray Kit). PCR fragments were separated by 2% agarose gel
electrophoresis and visualized by ethidium bromide staining.

We analyzed the following SNPs: IL-1a -889C/T
(rs1800587); IL-14 -511C/T (rs16944) and +3962C/T
(rs1143634); IL-1R pstl 1970C/T (rs2234650) and IL-1Ra
mspal 11100C/T (rs315952); IL-2 -330G/T (rs2069762)
and +166G/T (rs2069763); IL-4 -1098T/G (rs2243248),
-590C/T (rs2243250), and -33C/T (rs2070874); IL-4Ra
+1902G/A (rs1801275); IL-6 -174G/C (rs1800795) and
nt565A/G (rs1800797); IL-10 -1082A/G (rs1800896), -819C/T
(rs1800871), and -592A/C (rs1800872); IL-12 -1188A/C
(rs3212227); TGF-1 codon 10 C/T (rs1982073) and codon 25
G/C (rs1800471); TNF-a. -308G/A (rs1800629) and -238G/A
(rs361525); and INF-y UTR 5644 A/T (rs2430561).

Allele, genotype, and haplotype frequencies of the above
polymorphisms were also determined.

Analysis of Total Serum IgE Levels and Allergen-
Specific IgE Levels

Total serum IgE and specific IgE antibodies levels against
cow milk protein, egg white, grass pollen, and tree allergens
of the patients were analyzed using the Immulite system (DPC
Biermann, Germany). We chose to investigate grass and trees
pollen as these are the most prevalent inhalant allergens in
our region.

Statistical Analyses

All statistical analysis were performed using MS Excel
and R software [17]. Statistical significance was set at P<.05.
Where necessary, P values were adjusted using the Benjamini
and Hochberg (BH) multiple correction method [18].

Statistical Analysis of Clinical Changes

The age groups (equidistant intervals, in years) were
defined as follows: group 1, 0.50-1.49 years, group 2, 1.50-
2.49 years, group 3, 2.50-3.49 years, group 4, 3.50-4.49 years,
and group 5, 4.50-5.49 years. To test mean differences in the
SCORAD index between 1) the reference age group (group
1) and the other age groups, and 2) stochastically ordered age
groups (group 1 vs 2, group 2 vs 3, group 3 vs 4, and group
4 vs 5), the Mann-Whitney test for independent samples was
applied.

Frequency of Cytokine Gene Polymorphisms in
Patients With AD and in Healthy Donors

Allele, genotype, and haplotype frequencies of SNPs were
calculated using the gene-counting method. The distributions
of these frequencies in patients and healthy donors were
compared using the ? test. To compare the observed and
expected genotype frequencies among controls, deviation from
Hardy-Weinberg equilibrium (HWE) was analyzed using the >
test. The associations between genotypes and haplotypes and
the risk of AD were estimated by computing odds ratio (ORs)
and 95% Cls from 3 X 2 or 4 X 2 contingency tables estimated
using generalized linear models (GLM, binomial family, logit
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link) separately for particular polymorphisms (for details, see
Results), with haplotypes or genotypes as rows, and patients
and controls as columns. P values were also adjusted using
the BH multiple correction method.

Association Between IL-4Ra. and IL-10 Gene
Polymorphisms and Changes in Clinical Status in AD
Patients

We used the % test of homogeneity (equality) for the rows
in the 3X 3 contingency tables for AD, AR, asthma, food
allergy, total IgE, and specific IgE against egg white, cow milk,
and tree and grass pollens [19] (Table not shown). The rows
were represented by type of change, specifically: 1) negative
to positive values; 2) no change; and 3) positive to negative
values. The columns were represented by genotype, specifically
the /L-4Ra. polymorphism +1902 (AA, GA, and GG) and the
IL-10 polymorphisms -1082 (AA, GA, and GG), -819 (CC,
CT and TT), and -592 (AA, CA, and CC) (Table not shown).
The choice of SNPs was directly related to significant genotype
and haplotype results from the previous section (for details, see
Results). Changes in clinical status and laboratory markers were
compared by time of diagnosis (3-6 months of age and third
year of life). The null hypothesis was defined as the probability
distributions of +1902 (AA, GA, GG) for all types of change
are equal, and the alternative hypothesis was that at least 2
probability distributions of +1902 (AA, GA, GG) would not be
equal (and likewise for other polymorphisms in /L-10). GLM
could not be used because of the numerous low frequencies.

Results

Differences Between Allele, Genotype, and
Haplotype Frequencies of Cytokine Gene
Polymorphisms in Patients With AD and in Healthy
Controls

We investigated SNPs in 13 selected cytokines associated
with immune reactions in AD patients and unrelated healthy
controls. First, deviation from HWE was tested for the control
group (data not shown). Most of the SNPs passed the HWE
test. We observed a deviation for IL-1o -889 and IL-10 -1082
(P=.0015). The healthy controls—all blood donors — were not
selected randomly and were free of immunologic disorders
such as asthma, AR, and AD. We therefore propose that this
exceptional deviation from HWE could have occurred by
chance. There was insufficient justification for excluding
these SNPs from the association study and we were able to
use this group as a control group for children with severe AD.
Comparable results have been found in studies comparing the
distribution of cytokine gene SNPs in the Czech population
[20] and for IL-1c -889 in the Macedonian population, where
few SNPs (IL-1o -889, IL-18 -511, IL-18 +3962, and IFNy
UTR5644) were not in HWE [21].

The frequencies of genotypes, alleles, and haplotypes were
analyzed and compared between patients and controls.

Allele Frequencies

There were no statistically significant differences between
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patients and controls in terms of the allele frequencies of the
SNPs investigated (data not shown).

Genotype Frequencies

We found statistically significant differences between
the patients and controls for the genotype frequencies of
IL-4, IL-4Ra., IL-6, and IL-10. The results of the genotype
analysis of these SNPs are shown for the 2 groups in Table 1.
The genotype frequencies of the other cytokines are not shown.

The most frequent genotypes in the patient group compared
to the control group were IL-4 TT at position -1098 (88.6%
in patients vs 74.5% in controls, OR=2.67, P=.008) and IL-4
CT at position -590 (34.16% in patients vs 19.6% in controls;
OR=2.12, P=.013) and IL-6 GG at position -174 (46.2% in
patients vs 29.1% in controls, OR=2.09, P=.007) and IL-6 GG
at position -nt565 (47.3% in patients vs 32.0% in controls,
OR=2.67, P=.015). These polymorphisms were associated
with an increased risk of severe AD.

In contrast, we detected significantly lower frequencies of
the genotypes IL-4 GT at position -1098 (11.4% in patients
vs 25.5% in controls, OR=0.37, P=.008); IL-4 CC at position
-590 (61.2% in patients vs 75.49% in controls, OR=0.52,
P=.019); IL-6 CG at position -174 (35.5% in patients vs 51.5%
in controls, OR=0.52, P=.013); and IL-6 AG at position -nt565
(34.4% in patients vs 52.4% in controls, OR=0.48, P=.006) in
patients compared to healthy controls and these were associated
with a reduced risk of severe AD.

The genotype IL-10 AG at position -1082 was negatively
associated with severe AD (OR=0.42, P=.002). Interestingly,
IL-10 AA at position -1082 was significantly associated with
an increased risk of severe AD (OR=2.02, P=.019).

The heterozygous CT genotype of IL-10 at position -819
was also found to be negatively associated with severe AD
(OR=0.44, P=.003), while the homozygous CC genotype of
IL-10 at position -819 was significantly associated with an
increased risk of severe AD (OR=1.88, P=.017).

The frequencies of the AA, AC, and CC genotypes of
IL-10 at position -590 were 8%, 25%, and 55% in patients and
5%, 48%, and 49% in controls, respectively. The heterozygous
genotype IL-10 AG at position -590 was significantly
associated with a reduced risk of AD (OR=0.45, P=.005). On
the other hand, the genotype IL-10 CC at position -590 was
significantly associated with an increased risk of severe AD
(OR=1.8, P=.023).

Haplotype Frequencies

For the investigation of functional SNPs, we also
determined haplotype frequencies of IL-2 (-330, +166), IL-4
(-1098, -590, and -33), IL-6 (-174 and nt565, IL-10 (-1082,
-819, and -592, TGF-f31 (codon 10 and 25), and TNF-o. (-308
and -238) in patients and controls. The relative frequencies
are shown in Table 2. Each patient and healthy donor had 2
haplotypes.

Significant differences in haplotype frequencies were
detected only for /L-4 and TNF-a. The haplotype IL-4 GC was
higher in controls (12.8%) than in patients (5.62%) (OR=0.41,
P=.01). At the same time, the haplotype TNF- AA was lower
in patients (0%) than in controls (3.47%) (P=.01). However, 3
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Table 1. Genotype Frequencies of Selected Cytokine Gene Polymorphisms in Patients With Atopic Dermatitis (AD) and Healthy Controls
AD Controls
Gene Loci Genotype No. % No. % OR (95%, CI) P Value®
IL-4 -1098 G/G 0 - 0 - - NS
G/T 10 11.36 26 25.49 0.37 (0.17-0.83) .008¢
T/T 78 88.64 76 74.51 2.67 (1.21-5.91) .008¢
-590 C/C 54 61.36 77 75.49 0.52 (0.28-0.96) .019¢
C/T 30 34.09 20 19.61 2.12 (1.10-4.10) 013
T/T 4 4.55 5 4.90 0.92 (0.24-3.55) NS
IL-4Ro. +1902 A/A 52 59.09 55 53.92 1.23 (0.69-2.20) NS
A/G 32 36.36 43 42.16 0.78 (0.44-1.41) NS
G/G 4 4.55 4 3.92 1.17 (0.28-4.81) NS
IL-6 -174 C/C 17 18.28 20 19.42 0.93 (0.45-1.90) NS
C/G 33 35.48 53 51.46 0.52 (0.29-0.92) 013
G/G 43 46.24 30 29.13 2.09 (1.16-3.77) .007¢
nt565 A/A 17 18.28 16 15.53 1.22 (0.58-2.57) NS
A/G 32 34.41 54 52.43 0.48 (0.27-0.85) .006¢
G/G 44 47.31 33 32.04 1.19 (0.64-2.22) 015¢
IL-10 -1082 A/A 29 32.95 20 19.61 2.02 (1.04-3.90) .019¢
A/G 43 48.86 71 69.61 0.42 (0.23-0.76) .002¢
G/G 16 18.18 11 10.78 1.84 (0.80-4.21) NS
-819 C/C 55 62.50 48 47.06 1.88 (1.05-3.35) .017¢
C/T 26 29.55 50 49.02 0.44 (0.24-0.80) .003¢
T/T 7 7.95 4 3.92 2.12 (0.60-7.49) NS
-592 A/A 8 9.09 5 4.90 1.94 (0.61-6.16) NS
A/C 25 28.41 48 47.06 0.45 (0.24-0.82) .005¢
C/C 55 62.50 49 48.04 1.80 (1.01-3.22) .023¢

Abbreviations: NS, nonsignificant; OR, odds ratio.
20R AD-to-controls with 95% Cl.
bStatistical significance, P<.05.

“Corrected for multiple testing according to Benjamini and Hochberg method [18].

IL-10 haplotypes (GCC, ACC, and ATA) were detected in both
groups, but no differences in frequencies of /L-10 haplotype
distribution were detected between the groups. There were
also no significant between-group differences for the other
haplotype frequencies of the cytokine gene polymorphisms
analyzed.

Clinical Outcome of AD Patients

Our study was designed as a prospective study with early
enrolment of AD patients and a turning point at 3 years of age
established as a critical period for the potential diversification
of clinical outcome. As expected, the severity of AD in our
series decreased significantly during childhood. The SCORAD
index in the second, third, fourth, and fifth year of life were
significantly decreased compared to those in the first year
(P=.011, P<.001, P=.003, P<.001, respectively, Figure). At the
turning point of 3 years, skin involvement was less noticeable
but still prevalent in 71 patients (95.5%; SCORAD, 10-55).
AD had disappeared completely in just 3 patients. During the
study period, increased levels (>0.35 kU/L) of specific IgE
against inhaled allergens (grass pollen and/or tree pollen)
were detected in 50 children (grass pollen only, 17 patients;
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tree pollen only, 23 patients; and grass and tree pollen, 10
patients). Fourteen patients developed respiratory allergy,
namely hay fever (n=7) and bronchial asthma (n=7); 2 children
developed both asthma and AR. The cumulative results are
shown in Table 3.

Association Between Polymorphisms in the
Receptor Alpha Chain of IL-4 and IL-10 and the
Onset of Respiratory Allergy in Children With AD
During Childhood

IL-10 and IL-4Ro. polymorphisms have been previously
highlighted as associated with an asthma phenotype and
elevated IgE levels [9]. We therefore focused on polymorphic
variants of these cytokine genes. We further characterized the
association between selected polymorphisms and the course
of allergic disease.

We analyzed the relationship between the polymorphisms
in IL-4Ro. (at 1 position) and /L-10 (at all 3 tested positions)
and the process of allergy manifestation, focusing on the onset
of AD and, in particular, the appearance of asthma and/or AR,
and changes in total IgE and allergen-specific IgE levels. The
results are shown in Table 4.

On investigating the polymorphism in /L-4Ro. at position

J Investig Allergol Clin Immunol 2012; Vol. 22(2): 92-101
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Table 2. Haplotype Frequencies of Selected Cytokine Gene Polymorphisms in Patients With Atopic Dermatitis (AD) and Healthy Controls

AD Controls
Gene Haplotype No. % No. % OR (95% CI) P Value®

TGF-B1 CcC 8 4.49 16 7.77 0.56 (0.23-1.34) NS
CG 63 35.39 61 29.61 1.30 (0.85-1.99) NS
TG 107 60.11 129 62.62 0.90 (0.60-1.36) NS

TNF-a. AA 0 - 7 3.47 - 011°
AG 26 14.13 27 13.37 1.07 (0.60-1.91) NS
GA 9 4.89 10 4.95 0.99 (0.39-2.49) NS
GG 149 80.98 158 78.22 1.19 (0.72-1.95) NS
IL-2 GG 65 38.24 67 33.17 1.25(0.82-1.91) NS
GT 1 0.59 1 0.50 1.19 (0.07-19.16) NS
TG 62 36.47 72 35.64 1.04 (0.68-1.59) NS
TT 42 24.71 62 30.69 0.74 (0.47-1.17) NS

IL-4 GC 10 5.62 26 12.75 0.41 (0.19-0.87) 011°
TC 129 72.47 148 72.55 1.00 (0.64-1.56) NS
TT 39 2191 30 14.71 1.63 (0.96-2.75) NS
IL-6 CA 66 35.48 85 41.26 0.78 (0.52-1.18) NS
CG 1 0.54 8 3.88 0.13 (0.02-1.08) NS
GA 0 - 1 0.49 - NS
GG 119 63.98 112 54.37 1.49 (0.99-2.24) NS
IL-10 ACC 65 34.57 65 31.55 1.15(0.75-1.75) NS
ATA 43 22.87 54 26.21 0.84 (0.53-1.32) NS
GCC 80 42.55 87 42.23 1.01 (0.68-1.51) NS

Abbreviations: NS, nonsignificant; OR, odds ratio.
aStatistical significance, P<.05.
®Corrected for multiple testing according to Benjamini and Hochberg method [18].
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Figure. Association between patient age and SCORAD index. Box plots of SCORAD index for particular age groups (in years)—1:0.50-1.49, 2: 1.50-2.49,
3:2.50-3.49, 4:3.50-4.49, and 5: 4.50-5.49. Full circles: arithmetic averages; bold solid lines: medians; P values of <.05 from Mann-Whitney test for
independent samples were considered to be significant (*<.05, **<.01, ***<.001). SCORAD indicates SCORing atopic dermatitis.
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+1902, we found a significant association (P<.05) between the
genotypes of IL-4Ro. and an increased level of tree pollen—
specific IgE at the clinical turning point (third-fourth year of
life). The AA and AG genotypes were more frequent (50% of
all AA genotypes and 47.4% of all AG genotypes) in patients
with increased levels of specific IgE than in patients lacking
the corresponding specific IgEs (0% for both genotypes). In
addition, the GG genotype was characteristic in the patient
group (33.3% of all GG genotypes), with a shift from an
initially positive specific tree pollen IgE level to a negative
value. This particular genotype was not found (0%) in patients
who were consistently negative for specific tree pollen IgE
or who possessed highly positive specific IgEs at the turning
point.

Moreover, the tendency towards the association of /L-10
SNPs with allergic rhinitis (AR) was found for positions -819C/T
and -592C/A (P=.085 and P=.083, respectively). In the group
of patients who developed AR, the AA genotype at position

Table 3. Changes in Clinical Status and in Immunoglobulin (Ig) E Levels
in Patients (n=74) During Childhood

Enrolment in  Withdrawal From

Study Study at
No. (%) 3 Years of Age
No. (%)
Atopic dermatitis 74 (100) 71 (95.8)*
Asthma bronchiale 2(2.7) 9 (12.5)°
Allergic rhinitis 1(1.35) 9 (12.5)°
Specific IgE against
grass pollen 3(4.05) 27 (36.49)

Specific IgE against tree pollen 6 (8.1) 33 (44.59)°

sAtopic dermatitis disappeared in 3 patients.

®Two children had both asthma and rhinitis at 3 years of age

One patient had positive specific IgE only during infancy (negative at
3 years of age).

Table 4. Association Between IL-4Raw and IL-10 Receptor Gene Polymorphisms and Alteration of Clinical Status of

Patients With Atopic Dermatitis

. IL-10 IL-4Ra.
Permution P Value® :
-1082A/G -819C7T -592A/C +1902A/G

Atopic dermatitis 0.771 0.610 0.614 0.644
Asthma bronchiale 0.880 0.467 0.471 0.334
Allergic rhinitis 0.241 0.085b 0.083b 0.536
Serum level of total IgE 0.970 0.661 0.646 0.289
Serum level of specific IgE
against white egg 0.300 0.939 0.937 0.157
Serum level of specific IgE
against cow milk 0.694 0.875 0.857 0.516
Serum level of specific IgE
against grass pollen 0.506 0.661 0.644 0.664
Serum level of specific IgE
against tree pollen 0.821 0.128 0.129 0.036¢

Abbreviation: Ig, immunoglobulin.
sStatistical significance was set at P<.05.

®P<0.1 (Corrected for multiple testing according to Benjamini and Hochberg method) [18].

P<.05.

-590 was more frequent than the AC and CC genotypes (60%
of all AA genotypes, 4.5% of all AC genotypes, and 10% of all
CC genotypes, respectively). On the other hand, in the group
of patients without AR, the frequency of the AA genotype was
decreased in comparison with that of the AC and CC genotypes
(40% of all AA genotypes, 95.5% of all AC genotypes, and
87.5% of all CC genotypes, respectively). We obtained similar
results for polymorphisms at the -819 position: the TT genotype
was increased in comparison with the CC and CT genotypes
(60% of all TT genotypes, 10% of all CC genotypes, and 4.5% of
all CT genotypes, respectively) in the group of children with AR,
while the frequencies of the CC and CT genotypes were higher
than that of the TT genotype in the group of patients without
AR (87.5% of all CC genotypes, 95.5% of all CT genotypes,
and 40% of all TT genotypes, respectively) (data not shown).
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No significant differences were detected for any of the other
parameters or for any other positions of /L-10 polymorphisms.

Discussion

AD is a complex multifactorial disease with a strong
genetic predisposition. Several studies have demonstrated a
genetic linkage to AD in different populations worldwide [2].

In our association study, we focused on an array of
cytokines and receptors thought to play an important role
in the regulation of immune response and particularly in the
pathogenesis of AD [2,6] and compared the distribution of
alleles, genotypes, and haplotypes between AD patients and
controls. We described the genotypes of 7 polymorphisms
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of IL-4, IL-6, and IL-10 significantly associated with AD
(Table 1). A significant association was also found for TNF-o.
AA and IL-4 GC haplotypes and AD (Table 2). Functional
polymorphisms of cytokine genes and their receptor genes
are among the most investigated inherited factors that might
influence the occurrence and course of AD, but the results
are contradictory [6]. The importance of cytokine genes in
susceptibility to AD has also been highlighted by previously
published genetic association studies [6,22]. These studies
described the chromosomal regions that have a major
importance in susceptibility to AD, including regions that
contain the genes for several cytokines located on chromosome
5q31-33, such as IL-3, IL-4, IL-5, and IL-13. Associations
between polymorphisms in /L-4, IL-6, and IL-13 and extrinsic
AD [23, 24], asthma [25], AR [13], and elevated levels of IgE [13]
have been described. Nonetheless, a German study carried out by
Reich et al [2] and an American study by Hoffjan etal [8], did not
prove any association between cytokine gene polymorphisms
and AD. More specifically, studies of /L-10 polymorphisms
have failed to find an association with AD in Caucasian
populations [4,6]. This discrepancy may be due to the group
of patients analyzed—very young infants with severe AD —or
to population dependence.

In our prospective study, we followed the natural course of
AD and the changes in its phenotype in the first 3 years of life. We
confirmed the previously reported shift toward respiratory allergy
in early infancy [26]. Asthma bronchiale and/or AR appeared in
more than 20% of patients, and positivity for specific IgE against
grass pollen and tree pollen was detected in 36.5% and 44.6%
of the patients, respectively. AD disappeared completely in just
3 patients. We also wanted to identify the genetic background
represented by a set of cytokine genes, particularly /L-4Ro. and
IL-10, which might potentially influence the above-described
outcome of an early stage of severe AD. Besides the influence on
general atopic status, the genetic background including cytokine
gene polymorphisms might also influence an “atopic march”, ie,
dynamic changes in atopic status that occur in a child’s first years
of life. Such an association has not yet been studied.

The main goal of our prospective study was therefore to
investigate the influence of a genetic inherited background on
the outcome of initially severe AD. However, the expected
influence of an inherited set of cytokine genes showed a
relatively mild effect on final outcome. We found an association
between IL-4Ra +1902 A/G and the appearance of tree pollen-
specific IgE during the first 3 years of life.

It is well known that IL-4 plays an important role in
the regulation of IgE production. The IL-4Ra chain is a
common component of both IL-4 and IL-13 receptors and
is indispensable for the binding and signal transduction of
IL-4 [27]. SNPs in this cytokine receptor have many functional
consequences. An association between /L-4Ro. polymorphisms
and atopy, particularly asthma, has been described as one of
the few proven strong associations between cytokine gene
polymorphisms and asthma [25,28] or allergic rhinitis [29,30].
Several studies have detected an association between IL-4Ro.
and sensitization to pollen allergens [30], total serum IgE [31,32],
and the expression of CD23 [15]. We could not confirm an
association between this cytokine receptor gene polymorphism
and AD in our case-control study or the clinical manifestation

J Investig Allergol Clin Immunol 2012; Vol. 22(2): 92-101

of inhalant allergy in our cohort of patients with AD.
Nonetheless, we did observe an association between IL-
4Ro. and an increased level of specific IgE against common
inhalant allergens.

While the association between /L-4 and IL-4Ro. and AD
has already been studied [15,23,30], this is the first time that
a positive association with the outcome of atopic march in
children has been proven in a prospective study [6].

Furthermore, we identified a trend towards an association
between IL-10 polymorphisms and severe AD in patients who
subsequently developed AR (Table 4). No other associations
were observed. IL-10, as a cytokine with various roles in
immunoregulatory processes, has attracted much attention
in other studies evaluating allergic disorders [10]. Although
polymorphisms in the /L-10 gene have been shown to alter
both IL-10 mRNA and protein expression, their relevance to
the onset of AD or AR and asthma remains unclear [33,34].
IL-10 SNPs at -1082, -819, and -592 are strongly linked to
ethnicity [35]. Only 3 haplotypes of the promoter region have
been described in the Caucasian population (GCC, ACC,
and ATA) [36], coinciding with our findings. Several studies
have reported an association between IL-10 polymorphisms
and atopy and/or allergic diseases. Associations between
the ATA haplotype, the low IL-10-producing haplotype, and
increased eosinophil counts in patients with asthma have been
demonstrated [37]. Some studies have reported an association
between the ATA haplotype and severity of asthma [9,38].
An association between allelic frequencies in IL-10 SNPs
at -1082, -819, and -592 and total serum IgE levels among
AD patients [11, 39] and asthma [34] has been reported.
Moreover, statistical significance has been found between
IL-10 -592C>A and eosinophil cell count in asthma patients
[40]. Here, we add a trend towards the development of AR
in children with severe AD bearing -819C/T and -592A/C
polymorphisms in the IL-10 promoter region. Our results do
not reach high statistical significance but they do support an
important regulatory role of /L-70 in allergic disorders.

In conclusion, analysis of the polymorphisms of cytokines
and their receptor genes revealed a strong association between
IL-4, IL-6, and IL-10 and atopic dermatitis. An association
between IL-4 and TNFa. haplotypes was also found.

Moreover, we have reported, for the first time, that /L-4Ro.
+1902 polymorphisms and /L-10-819 and -592 polymorphisms
are associated with an increased level of tree pollen-specific
IgE and a slightly increased risk of AR in children with severe
AD. IL-4Ro. and IL- 10 polymorphisms thus represent candidate
markers for the prediction of potential onset of inhalant allergy
in pediatric patients with AD. Further observations of our
cohort would enable a more precise mapping of the associations
between genetic background and clinical outcome of severe
atopy in early childhood.
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8.3  Pozitivni korelace hladiny lehkych retézci imunoglobulinu s tizi

atopické dermatitidy

Jak uz bylo popsano v kapitole 1.1.3.1, mnohé studie prokazaly roli volnych lehkych fetézct
(FLC) vregulaci zanétlivé reakce u mnohych imunopatologickych stavl. Jejich zvySena
hladina byla popsdna v n€kolika imunopatologickych stavech (autoimunitni onemocnéni i
astma) a korelovala s aktivitou téchto onemocnéni.

Vna$i praci jsme navazali na piedchozi studii déti stézkou formou atopické
dermatitidy, u kterych jsme stanovili hladinu volnych kappa a lambda fetézcl v séru a
vysledky jsme korelovali s aktudlnim klinickym stavem a hladinou IgE.

Oba typy volnych lehkych fetézch kappa i lambda i jejich pomér kappalambda byly

vyrazné zvyseny u pacientli s AD.
Skupinu pacientti jsme déle rozdélili do 4 typa dle tize projevi AD: klidové stadium bez
projevi, lehkd forma AD, stiedné tézka forma AD a generalizovana tézk4d forma AD. U
skupiny pacientil s velmi zadvaznymi projevy byla nalezena zvySena hladina kappa, lambda i
poméru kappalambda pii porovnani se skupinou pacientd bez projevi i zdravymi kontrolami.
Korelace hladin FLC s celkovym IgE v séru ale prokézana nebyla.

Tato studie ukézala, Ze zvySeni hladiny FLC je pfimo umérné aktivit¢ onemocnéni.
Tato zvySeni by mohla souviset s aktivaci B lymfocyti a FLC by mohly ptedstavovat dalsi

diagnosticky laboratorni marker aktivity onemocnéni nezavisly na celkovém IgE.
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Introduction

Abstract

An increase in immunoglobulin free light chains (FLC) was recently described
in several pathological conditions, including asthma. FLC pathology is classi-
cally associated with monoclonal gammopathies. Its association with allergic
disorders is surprising and unexplained. We therefore tested a cohort of chil-
dren with severe atopic dermatitis (SCORAD 50-80) to determine the serum
levels of free kappa and lambda chains, and correlated the results with clinical
status and relevant laboratory markers. Seventy-three patients with severe forms
of AD, all children from 3 months to 3 years of age and ninety healthy age-
matched controls were included in the study. Light chains in sera were tested
using the Freelite assay (Binding Site, Birmingham, UK). There were highly
significant differences in both kappa (mean: 7.05 and 3.22 mg/1) and lambda
(mean: 10.99 and 9.8 mg/1) serum levels between patients and controls, respec-
tively (P < 0.0001). The kappa/lambda ratio in patients with allergy (mean:
0.64) was significantly higher than in controls (0.33) (P < 0.0001). We further
observed significantly increased levels of FLC and their ratio in the group of
patients with severe forms of AD in comparison to the group of patients with a
resting stage of the disease or healthy controls (P < 0.05 and P < 0.0001,
respectively). On the other hand, we could not confirm any association of FLC
levels with age or total IgE levels. In conclusion, an increase in FLC reflects dis-
ease activity in children with severe atopic dermatitis. FLC might thus repre-
sent an additional diagnostic marker independent of total IgE levels.

Immunoglobulin molecules are composed of heavy
and light chains that form whole intact immunoglobulin

Atopic dermatitis (AD) is a complex disorder, which is
determined in part genetically. Its pathogenesis is medi-
ated by abnormal immune reactions. Detailed mecha-
nisms and interactions are not yet known. AD has
multiple forms of clinical presentation that differ in the
time of appearance and in the severity and character of
the disease. Factors that underlie such diversity are also
unknown.

There is no typical laboratory marker of the disease.
In only about 60% of cases are increased levels of IgE
and/or specific IgE, mostly to egg white and milk, found
in the early stages of the disease [1]. Despite the lack of
a marker, the involvement of the immune system in the
pathogenesis of the disease is evident. The role of B cells
and immunoglobulins is widely accepted, but also insuf-
ficiently specified.

312

molecules in activated plasma cells secreting antibodies.
The genes for immunoglobulins are located on chromo-
some 14q32 for the heavy chain, 2p12 for the kappa and
22qll for the lambda light chains. Heavy and light
chain proteins are assembled in the endoplasmatic reticu-
lum, following the complex and highly orchestrated pro-
of B-cell
synthesis. During these processes, light chains are always

cess development and immunoglobulin
produced in slight excess over heavy chains [2, 3]. This
excess of light chains is partly degraded intracellularly
and partly secreted; however, the details of this process
are only marginally described in the literature [4]. Little
is known about light chain secretion under normal
circumstances, although there is a substantial knowledge
of monoclonal light chain overproduction in patholo-

gical states of diseases such as monoclonal gammopathy,
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multiple myeloma and Waldenstrom macroglobulinemia
[4, 5]. In these cases, a significant excess of immunoglob-
ulins is the outcome of clonal production by pathological
clones of plasma cells. Under these circumstances, free
light (FLC) are detected
Recently, the detection of such secreted light chains was

chains in large amounts.
enabled with the launch of Freelite, an assay targeting a
specific site of the light chain that is normally hidden
inside the intact molecule of immunoglobulin [6]. With
the ongoing application of this assay, it became apparent
that not only monoclonal gammopathies, but also other
conditions, tend to secrete increased amounts of FLC,
albeit in much lower quantities.

Inspired by recent reports describing the increase of
FLC in some autoimmune and allergic diseases [7-10],
and a newly described mechanism for allergic diseases
based on mast cell sensitization by Ig FLC [11], we
decided to investigate FLC levels in a cohort of children
with AD.

Patients and methods

Patients. 'The study was designed to be retrospective and
picked up the thread of our previous prospective study
with children with severe forms of AD. We initially con-
centrated on children with the most severe forms of dis-
ease, characterized by an early and severe involvement of
skin with typical lesions covering large body areas. Chil-
dren between 3 and 6 months of age were included in
the study. The initial SCORAD score was above 50 in all
children, and in many cases, it reached maximal values.
Such inclusion criteria helped to homogenize the target
population and narrow the normally extremely wide
diversity of disease forms. Children were prospectively
followed in our department for a period of several years
(to 3 years of age). Ninety frozen serum samples were
collected from 73 patients at different ages and in differ-
ent stages of disease activity and ninety frozen samples of
90 healthy age-matched controls were included in the
study. In the group of patients, single serum analysis was
performed in 57 patients; in 15 patients two and in one
patient three consecutive serum samples in different time
points were analysed. Serum samples of healthy controls
were collected from children who underwent minor sur-
geries in our hospital.

First, we analysed the differences in serum levels of
FLC between patients and controls; we also correlated the
concentration of IgE in patients’ serum with the levels of
FLC. Second, we correlated the concentration of FLC and
their ratio with the severity of AD at the time of blood
collection.

For the association study of FLC with clinical status,
any changes in the progress of AD during childhood were
documented in all patients; nevertheless, the clinical sta-
tus (based on the SCORAD index) at the exact time

© 2010 The Authors
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point of blood collection was available in only 57
patients. These patients were divided into four groups
according to their clinical status (SCORAD index) [12]:
group 1 — patients without clinical manifestation of AD,
i.e. resting stage of AD (» = 9 patients); group 2 —
patients with mild eczema (» = 13 patients); group 3 —
patients with moderate eczema (z = 25 patients) and
group 4 — patients with severe eczema (z = 10 patients).
Informed consent, obtained according to the ethical stan-
dards of the Ethical Committee of University Hospital
Motol, was obtained from all patients prior to admittance
to the study.
Methods.
samples from patients and controls for levels of FLC, kappa

Retrospectively, we investigated frozen serum

(1) and lambda (), using the Freelite assay (Binding Site,
UK). Sera from both groups were collected within the same
time period and were stored for comparable length of time.
Levels of total IgE were measured using the Immulite sys-
tem (Siemens Healthcare Diagnostics Inc., Flanders, NJ,
USA). Total serum IgG levels were analysed with the Im-
mage system (Beckman Coulter, CA, USA).

Clonality of FLC was tested in patient samples with
the highest FLC levels (two patients, K: 8.82—
8.57 mg/ml, Z: 10.5-14.6 mg/ml). The immunofixation
electrophoresis Minifix =~ Kit (Binding Site, Birmingham,
UK) was used for analysis.

The Mann—Whitney 7-test was used
to determine differences between the groups of patients
and controls and to analyse differences between the four

Statistic analysis.

groups of patients divided by disease severity. Linear
regression analysis was used to determine significant dif-
ferences between serum IgE levels and levels of FLC in
the group of patients. Results of statistical analyses were
considered statistically significant at P < 0.05.

Results

First, we analysed the serum levels of immunoglobulin
FLC in 90 serum samples from 73 children with atopic
dermatitis and 90 age-matched healthy donors. Despite
the fact that all serum concentrations of kappa and
lambda were in the normal range for the Freelite assay in
both groups, we found highly significant differences
between these two cohorts.

Comparing patients and controls, we found signifi-
cantly higher levels of free K chains (mean = SD: patients
7.05 + 4.63 mg/l and controls 3.22 + 2.82 mg/1), as
well as of A chains (patients 10.99 + 1.79 mg/1 and con-
trols 9.82 + 2.18 mg/1) (P < 0.0001 for both). The ratio
of K/A was also significantly different between patients
and controls (mean 0.64 = 0.35 and 0.33 = 0.23, respec-
tively; P < 0.0001), Fig. 1A-C.

The two patient samples with the highest levels of FLC
were tested for clonality. However, no monoclonal compo-
nent was detected in either K or A chains (data not shown).

Journal compilation © 2010 Blackwell Publishing Ltd. Scandinavian Journal of Immunology 71, 312-316
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Figure 1 Comparison of levels of free light chains (FLCs), kappa (A)
and lambda (B) and their ratio (C) between allergic patients (z = 73,
number of serums = 90) and healthy controls (z = 90, number of ser-
ums = 90), P < 0.0001 (***), bars represent median.

Second, we compared levels of FLC with clinical man-
ifestations of AD at the time point of blood collection.
The levels of free k chains, A chains and their ratio was
decreased in the group of healthy controls compared to
the mild form (P < 0.0001, P < 0.05, P < 0.0001,
respectively), moderate form (P < 0.0001 for all three
parameters) and severe form of AD (P < 0.0001,
P < 0.01, P < 0.0001, respectively; Fig. 2A-C). We also
found low serum levels of free x chains in the group of
patients without any recent manifestation of AD (resting

J. Kayserova et al.

stage) compared to the groups of patients with moderate
eczema (P < 0.05) and severe AD (P < 0.05), Fig. 2A.
Similar differences were observed for A chains (Fig. 2B)
and the K/ ratio (Fig. 2C) between the group of
patients without any acute manifestation of AD (group
1) and patients with severe eczema (P < 0.05 for both
parameters).

We also compared the concentrations of total IgE and
IgG with disease severity. The laboratory parameters are
shown in Table 1. The mean values of total serum IgE
were higher in the groups of patients with active forms
of AD, particularly in the group of patients with the
generalized form (severe eczema) (1299.85 UL/1) and in
patients with moderate eczema (318.93 UL/1), but the
difference between these groups was not statistically
significant.

No correlation between the serum levels of FLC
(Fig. 3) and their ratio (data not shown) and total serum
IgE and IgG levels was found in the patient group.

Discussion

In our study, we clearly showed that there were increased
levels of both the kappa and lambda chains of immuno-
globulins, as well as their ratio, in a cohort of children
with severe forms of atopic dermatitis. The differences in
the FLC levels between AD subjects and controls without
AD reached very high levels of statistical significances
even if the absolute levels of FLC are only slightly above
normal population values (Fig. 1A—C) [5]. These results
correspond to previous reports documenting similar find-
ings in systemic autoimmune diseases such as Sjogren’s
syndrome, systemic lupus erythematosus and rheumatoid
arthritis and allergic diseases [8—10, 13]. To our knowl-
edge, this is the first report concerning atopic dermatitis.
Our cohort of AD children was very homogenous with
regard to the severity of clinical presentation and early
manifestation of the disease. The observed phenomenon is
clearly demonstrated; however, its explanation and its
significance are not yet clear. The detected FLC were not
monoclonal. The FLC increase did not correlate with
serum concentrations of immunoglobulins, either IgG or
IgE. It is also not known whether FLC bear allergen
specificity. Out of several reports on this subject available
so far, two reports have touched upon that question with
opposite results. In an animal model, FLC were capable
of transferring allergic disease [14]; while in a human
study, the antigenic specificity of FLC was not proven
[15]. In our study, we showed a significant correlation of
FLC concentration with disease severity (Fig. 2A—C). Our
findings implicate a direct association of the observed
phenomenon with pathogenesis of the disease. It is, how-
ever, impossible to distinguish whether or not this is
only a secondary epiphenomenon or whether increased
light chain production is in direct association with the

© 2010 The Authors
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pathogenic steps leading to the clinical presentation of
AD. A recent report supports the second option, present-
ing mast cells as crucial targets in FLC-mediated hyper-
sensitivity responses. In these reactions, surface bound
FLC mediate the mast cell activation and subsequent
degranulation. Released mast cell mediators then initi-
ated and regulated inflammatory responses, which are
important in the pathogenesis of severe forms of AD [11,
16-20].

Another interesting question touches on the basic
principles of antibody production. This complex process
is highly orchestrated in B cells. Light chains are not
secreted until the late stages of B-cell development,
being substituted in pro and pre B cells stages by surro-
gate light chains. The excess of light chain production
and the role of its secreted form are not fully elucidated.
A recent report presents a review of the literature and
suggests several immunomodulatory functions for light

Table 1 Levels of total serum IgE and IgG in relation to the severity 25 -
of the disease and mean of age of patients in each group. m Kappa
20 - A Lambda
IgE (UL/]) 1gG (g/1) Age (months) - ]
n Mean = SD Mean + SD Mean = SD E 15 4 A .. A ~ A A
= L)
Group 1 9 266.28 + 468.94 8.41 + 3.15 52.11 = 284 g’ 10 A & ] *
Group2 13 4753 +298 737 257 2675 = 146 . L2
Group 3 25 318.93 = 932.6 6.71 = 2.52 31 = 16.7 u
Group 4 10 1293.85 + 19964  6.24 + 2.83 26 + 17.55 51 ", "
! 2 |

Group 1 — patients without clinical manifestation of AD — resting stage Y T T T
(SCORAD index <5). 0.01 0.1 1 10 100 1000 10,000
Group 2 — patients with mild form of AD (SCORAD index 5-25). IgE Ul

Group 3 — patients with moderate form of AD (SCORAD index 25—
50).
Group 4 — patients with severe form of AD (SCORAD index >50).

© 2010 The Authors

Figure 3 Correlation between concentration of total IgE and FLCs
kappa and lambda in the group of patients.
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chains, from enzymatic activity to binding of an array of
molecules and a role in cellular interactions [19]. As
higher levels of polyclonal FLC are observed in active
forms of autoimmune/allergic disease (our study and oth-
ers [8, 16, 19, 21]), the involvement of FLC as the patho-
genic mechanism of these diseases might be implied. On
the other hand, it is possible that the observed phenom-
ena only reflect a state of general activation of B cells;
however, this possibility is unlikely because high levels
of FLC are not associated with similarly increased levels
of immunoglobulins. In any case, the assessment of FLC
may contribute to the elucidation of activity of the dis-
ease in clinical settings. The test is easily accessible and
is fast. Its clinical value, after setting reference values,
would be beneficial for stratification of disease activity in
patients suffering from AD.

Conclusion

We observed increased levels of free immunoglobulin light
chains, both kappa and lambda, and their ratio in children
with severe forms of atopic dermatitis. Moreover, increases
in FLC reflect disease activity. While several questions
concerning the pathogenic steps behind this observation
are still unanswered, the test might reflect the state of
B-cell activation and might contribute to a mosaic of possi-
bilities for investigation into the disease. FLC might thus
represent an additional diagnostic marker independent of
total IgE levels. It is certain that further studies are needed
to confirm this initial observation.

In conclusion, this first study observes increased FLC
in the serum of patients with atopic dermatitis. The level
of FLC correlates with disease activity, unlike total IgE
serum levels.
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8.4  Rituximab jako mozna nova biologicka lIécba atopické dermatitidy

Jak uz bylo vyse feCeno, atopicka dermatitida je onemocnéni spise détského veéku.
Tize onemocnéni osciluje mezi velmi lehkymi lokalizovanymi projevy az po tézkou
generalizovanou formu. Lécba AD zavisi na tiZzi onemocnéni a je predevSim lokalni —
prostfedky. Pii tézkych zavaznych formach, u kterych selze lokdlni terapie, pristupujeme
k celkové imunosupresivni 1é€be — azathioprinem nebo cyklosporinem A. Zde zasahujeme jiz
na urovni adaptivni imunity do T bunécné odpovédi.

Lécba rituximabem je jiz soucasti léCebnych postupli mnoha autoimunitnich
onemocnéni (SLE, vaskulitidy) a vede ke zlepSeni klinického stavu i k postupnému sestupu
autoprotilatek v séru. Nicméné vyuziti toho preparatu v 1€cbé alergickych onemocnéni je
velmi omezené a zatim je pouze ve fazi nckolika malo klinickych studii. V patogenezi
atopické dermatitidy na podkladé imunopatologické reakce 1. typu (ptivodné extrinsicky typ
AD) hraje zéasadni roli pfecitlivélost na jednotlivé alergeny a tvorba specifickych IgE. U
vétSiny pacientd s atopickou dermatitidou, predev§im u tézké formy, detekujeme v séru
vysoké hladiny IgE s multiproteinovou senzibilizaci proti inhala¢nim a potravinovym
alergenim. V paralele s autoimunitnimi obecnénimi se tudiZz 1écba anti-CD20 protilatkou
jevila jako velmi slibnd. I pfes urCity docasny terapeuticky efekt doprovazeny poklesem
SCORAD indexu jsme u pacienti nepozorovali dlouhotrvajici 1é¢ebny efekt. Dokonce jsme u
jednoho pacienta pozorovali mirnou nezadouci pifihodu. U jednoho pacienta jsme nicméné
s odstupem casu dosahli

Laboratorni zmény se projevovaly vymizenim B lymfocyti, ale beze zmény celkovych
hladin imunoglobulind, véetné celkové IgE nebo specifickych IgE. Nase studie prokazala
pouze piechodny klinicky efekt rituximabu u pacientli s velmi zadvaznou formou atopické
dermatitidy, biologicka 1écba s anti-CD20 se jevi spiSe vhodné&jsi pro 1écbu mirngjsi formy

AD, jak prokézala Svycarska studie (Simon 2008).
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1. QOL. Our baseline QOL assumptions were based on data
published by Niebauer et al? as referenced by Revicki
et al.' It is important to note that a percentage improvement
in QOL, when assessed by using a health status measure
such as the Asthma Quality of Life Questionnaire
(AQLQ) used by Niebauer et al,®> does not translate into
the same percentage of improvement in QOL assessed by
using a preference-based “utility” measure (eg, assessed
through standard gamble or time tradeoff techniques) and
the QOL measure necessary for a cost-effectiveness analy-
sis. Thus we used a report by Rutten-van Molken et al®
showing that an improvement of 0.9% based on a standard
gamble method corresponded with an 8.8% improvement in
AQLQ score. Therefore to accurately incorporate the data
published by Niebauer et al,” we assumed that the additional
improvement in QOL by omalizumab beyond any improve-
ment that is accounted for based on FEV,; was 0.9%.

A great advantage of a model-based approach is that we
can subject these assumptions to sensitivity analysis. Even
when we assumed a 1:1 correlation between the AQLQ
score and time tradeoff preference measures (a 7.2% im-
provement in QOL), we obtained a cost-effectiveness ratio
of omalizumab in excess of $200,000 per quality-adjusted
life year, a result that is rarely considered acceptable value
for money.

2. Model structure. Another advantage of the Asthma Policy
Model is that it can evaluate the effect of asthma treat-
ments under alternative natural history scenarios. The
model can and was adjusted to study varying asthma sever-
ities and not only mild-to-moderate persistent asthma, as
suggested by Revicki et al.!

3. Validity of FEV;. Prior work by our group establishes the
validity of FEV, percent predicted, both as a main out-
come and as a predictor of other important outcome mea-
sures.*® Still, recognizing that FEV, percent predicted
might not fully predict prognosis, we included additional
independent effects of omalizumab on symptoms, acute
exacerbations, costs, and QOL.

4. Interpretation of prior work. Brown et al'® state that the
exacerbation rates and utility values used in their cost-
effectiveness model were for “omalizumab-treated re-
sponders and patients receiving standard therapy in the
ETOPA study.” This suggests that their analysis was con-
ducted on omalizumab responders. In an unblinded clinical
setting in which few medication alternatives are available
for patients with severe persistent asthma uncontrolled
with high-dose inhaled corticosteroid or combination ther-
apy, a small perceived clinical benefit despite the lack of
clear objective measures of improvement might make the
likelihood of discontinuation low. There are no tests to
identify who will respond to omalizumab therapy. At a
minimum, clinicians would treat patients with omalizumab
for several months before determining response or nonre-
sponse, and this cost could produce less favorable cost-
effectiveness results.
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Anti-CD20 (rituximab) treatment for atopic
eczema

To the Editor:

We read with interest the study by Simon et al' published in the
latest issue of the Journal of Allergy and Clinical Immunology re-
porting, for the first time, the use of anti-CD20 treatment in the
management of atopic eczema.

Making similar assumptions and inspired by a series of articles
demonstrating the effect of anti-CD20 treatment in autoimmune
diseases,”™ we initiated rituximab treatment in 2 patients with se-
vere atopic dermatitis. We were particularly impressed by the effect
of rituximab on the level of IgE in a trial of anti-CD20 treatment in
systemic lupus erythematosus.” As Simon et al, we assumed that
anti-CD20 treatment might target complex immunopathologic re-
action, resulting in chronic atopic eczema. B cells in this case are
a logical therapeutic target, not only as antibody-producing cells
but also as antigen-presenting cells for relevant alllergens.G’7

In the beginning of 2007, we recruited 2 patients with severe
form of atopic dermatitis. Both patients were followed for years
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TABLE I. Patients’ characteristics and laboratory data
Patient 1 Patient 2
Before therapy After therapy Before therapy After therapy
Time (wk) 0 2 6 10 22 0 2 6 10 22
SCORAD score 99 89 58 63 55 74
Extent 98 81 70 41 41 24
Intensity 17 15 10 11 11 14
Subjective symptoms 20 20 9 16 8 20
WBC (X10°/L) 12.9 22.5 11.2 14.4 12.9 4.1 6.9 6.4 10.1 6.5
Eosinophils (X 10°/L) 1.61 1.08 1.13 1.28 0.83 0.46 0.64 0.54 0.10 0.67
Total serum IgE level (IU/mL) 30,956 33,642 40,900 52,371 21,523 11,718 11,679 13,132 12,211 7,731
CD4" T2 lymphocytes (cells/wL) 19.07 18.49 2.6 10.7 3.86 2.28 6.76 0.44
Plasma cells (cells/nL) 5.17 6.83 2.78 4.40 5.00 0.15 0.04 0.02

CD* T2 lymphocytes are immunophenotyped as CD3"CD4"CRTH2" cells and plasmatic cells as CD19*CD20~CD38"CD27" cells.

and were unsuccessfully treated with all available therapeutic
options. At the time of inclusion to the study, their treatment was
limited to the local care and antihistaminic agents. They had
normal blood counts with the exception of increased eosinophils
and typical laboratory markers associated with atopic eczema
(Table I, time 0). Rituximab was administered twice in a 2-week
interval at the recommended dose of 500 mg intravenously. One
patient experienced an immediate reaction after injection, with
temporary malaise and chills of short duration. There were no
other adverse effects observed.

Clinical and laboratory data are shown in Table 1. Despite tem-
porary improvement demonstrated by the decrease of SCORAD
scores (Table I), we did not observe significant improvement, as
demonstrated in the study by Simon et al." Furthermore, partial im-
provement only lasted until the tenth week after the initiation of the
study, and subsequent deterioration of the clinical status led to the
introduction of immunosuppressive regimens in both patients.

Concerning laboratory data, improved clinical status was
reflected by lower eosinophil counts (Table I) that again increased
in the 22nd week of the study. As expected, circulating B cells
were not detectable after administration of rituximab. We de-
tected a significant decrease of absolute plasma cell numbers
(CD19*CD20~CD38*CD27") in one of the patients. We could
not confirm significant changes in CD8" T lymphocytes, as de-
scribed by Simon et al,' but we detected a significant decrease
of CD4 " Ty2 lymphocytes in both patients (from 19 to 11 cells/pL
and from 4 to 0.5 cells/pL, respectively; Table I). IgE levels were
always in the high range, and we did not observe any changes in
specific IgE levels. We also measured the numbers of myeloid
and plasmacytoid dendritic cells in peripheral blood, without any
significant changes during the observation period (data not shown).

In conclusion, in 2 patients with severe atopic eczema, we
could not confirm substantial long-term improvement, as dem-
onstrated in the study by Simon et al.' The most probable expla-
nation for this discrepancy is the severity of the disease in our
patients, who presented with the most challenging and most se-
vere form of atopic dermatitis, as documented by SCORAD score
and by the resistance to standard treatment modalities. A lower
dose of rituximab, which was sufficient for elimination of circu-
lating B cells but not sufficient for clinical effect, also remains
one of the possible causes of different clinical outcome.

We thank our patients, Ales Janda, MD, for B-cell analysis, and Roche s.r.0.,
Czech Republic, for providing rituximab.
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Reply

To the Editor:

We appreciate the comments of Sedivi et al' regarding our in-
vestigator-driven study on anti-CD20 (rituximab) treatment for
atopic eczema (AE).2 The authors confirm our observation that
rituximab has a positive clinical effect in patients with severe
AE. However, in the 2 patients they have treated with rituximab,
the clinical condition appeared to improve less compared with
that seen in our patients, and the positive effect was time limited.
We agree with Sediva et al' that the most likely reasons for the
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8.5 Zvysené  zastoupeni  BDCA-3+ dendritickych bunék v

bronchoaleveolarni lavazi u pacientu s bronchialnim astmatem

Dendritické bunky v dychacich cestach hraji dulezitou roli v patogenezi astmatu. Na
slizni¢nich povrsich se setkdvaji se zevnimi antigeny, alergeny a nasledné iniciuji imunitni
odpovéd’. Studium DC piimo v plicni tkéni nebo ve sliznici dychacich cest u lidi je pomérné
nedostupné. Nicméné¢ DC ziskané pomoci bronchoalveolarni lavaze mohou poskytnout
pomérné dostupny zdroj DC z dychacich cest.

V na$i studii jsme zaméfili na stanoveni subtypi DC v BAL-u a periferni krvi u
pacientl s astmatem bronchiale a u zdravych kontrol. Déale jsme se zamé¢fili 1 na expresi C-typ
lektinti a TLR na povrchu DC.

Pomoci mnohobarevné cytometrie jsme zavedli metodiku pro detekci jednotlivych
subtyptt DC v periferni krvi a BAL V periferni krvi i BAL-u jsme detekovali 4 subpopulace
mDC (CD16+ nebo CD16- a BDCA-1+ nebo BDCA-3+) a subpopulaci pDC.

U obou sledovanych skupin jsme nalezli stejné rozlozeni subpopulace v periferni krvi:
nejvice zastoupenou subpopulace byly CD16+BDCA-1+, nasledovaly CD16+BDCA-3+ a
CD16-BDCA-3+ (mDC2), nejmén¢ pocetnou populaci byly CD16-BDCA-1+ (mDC1).
Distribuce mDC se ale vyrazné liSila v BAL-u. U zdravych kontrol bylo rozloZeni podobné
jako v periferni krvi, ale u pacientll s astmatem dominovaly subpopulace CD16-BDCA-3+
(mDC2) a CD16+BDCA-3+. Zaroven i exprese BDCA-3 na DC v BAL-u byla u astmatika
signifikantné vyssi nez v periferni krvi.

Mnohé studie prokazuji, Ze dendritické bunky jsou schopné rozeznéivat alergeny
pomoci povrchovych receptorti typu C-lektinti. Proto jsme sledovali i expresi vybranych C-
lektin na povrchu DC v BAL-u i periferni krvi: DC-SIGN, DEC205 a manozovy receptor —
MR. U pacientii s astmatem jsme nalezli signifikantné vys$i zastoupeni MR+ na mDC 1
expresi receptoru MR na povrchu DC.

V nasi praci jsme prokazali vyrazné zastoupeni BDCA-3+ DC v BAL-u u pacientl
s astmatem. Nekteré studie pfed nadmi jiz ukazaly zvysené zastoupeni mDC v periferni krvi
atopikii. V BAL-u to prozatim studovano nebylo. Funk¢éné se lidské mDC2 podobaji mySim
CD8o+ dendritickym bunikam, které jsou schopny polarizovat imunitni odpovéd” Th2 smérem.
Nase vysledky exprese MR jsou také v souladu s predchozimi studiemi, které prokazaly
dilezitost C-lektinti (hlavné MR a DC-SIG) v rozezndvani alergeni a indukci Th2- imunitni

odpovedi.
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Abstract

Dendritic cells (DCs) are specific antigen-presenting cells that play critical
roles in the initiation and polarization of immune responses. DCs residing in
the lungs might be detected in the bronchoalveolar lavage fluid (BALF). We
analysed DC compartment in the peripheral blood and BALF of patients with
allergy and in controls. Plasmacytoid and four distinct subsets of myeloid DCs
[characterized by the expression of blood dendritic cell antigen (BDCA)-1"
and -3" and CD16 positivity or negativity] were detected in both tested com-
partments. We further evaluated the expression of C-type lectins [mannose
receptor (MR), dendritic cell-specific intercellular adhesion molecule-3-grab-
bing non-integrin (DC-SIGN) and dendritic and epithelial cells (DEC)-205]
relevant to the pathogenesis of asthma. Interestingly, we found a selective
increase in the frequency of myeloid DC-expressing BDCA-3 and MR particu-
larly in BALF from allergic patients. Specific and highly statistically signifi-
cant increase in BDCA-3" and/or MR™ DCs brings a novel characteristic to
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Introduction

Dendritic cells (DCs) are bone marrow-derived specific
antigen-presenting cells that have critical role in the
initiation and polarization of effector immune responses
[1-3]. DCs reside specifically in the mucosal compart-
ments at the interface between the environment and the
they
sample antigens [4]. Depending on the nature of the anti-

organism, compartments where constitutively
genic content, DCs orchestrate the immune response,
maintaining tolerance to self and harmless antigens and
eliciting adequate immune response against pathogen
and/or danger signals. Initiation of an adaptive immune
response represents the hallmark of DC function. To fulfil
their destiny, DCs constantly migrate between body com-
partments, particularly between mucosal surfaces and
regional lymph nodes [5]. DCs are, therefore, detectable
both in peripheral blood, representing the systemic
response of organism, and in the bronchoalveolar lavage
fluid (BALF), representing a mucosal surface sample. In

both of these compartments, DCs form a small, but

© 2011 The Authors.
Scandinavian Journal of Immunology © 2011 Blackwell Publishing Ltd.

BAL analysis in allergic patients.

well-defined  population, representing approximately
0.5% of leucocytes (CD45") [6]. The lung is the largest
epithelial surface in the body and is exposed to an enor-
mous challenge of microbes and other environmental
antigens [7]. Owing to the obvious importance of lung
DCs, there have been several attempts to characterize DC
subsets in the lungs [7-10]. Recent work by Ten Berge
[9] improved the methodology for working with the
BALF DCs isolated from patients’ samples. There are,
however, still only a few reports on lung DCs, particu-
larly from human studies [11]. There is also not a con-
sensus on the subsets of DCs that reside in the lungs [9,
12, 13], especially in pathology.

Therefore, we initiated the study on lung DCs in
respiratory allergy. We present the development of a fea-
sible flow cytometry-based method for the parallel inves-
tigation of DC subsets in the peripheral blood and BALF
of asthma patients. In the peripheral blood as well as in
the BALF, plasmacytoid DCs (pDCs) and myeloid DCs
(CD16™ mDCs) do not account for the total DC popula-
tion. Another subpopulation of CD16"™ mDCs was
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Table 1 Characteristics of patients and control group.

Total Children Adults

Number () number Male/female Male/female
Blood

Asthma/allergic rhinitis 11 1/1 2/7

Healthy donors 10 0/1 3/6
Bronchoalveolar lavage (BAL)

Asthma 7 3/4 0

Controls 4 1/3 0

Dendritic cell subsets were investigated in peripheral blood in allergic
patients with bronchial asthma or allergic rhinitis (z = 11) and healthy
controls (7 = 10). BAL was acquired from seven asthmatic children.
Because of the limited diagnostic reasons for bronchoscopy in childhood,
we chose four controls for BAL analysis with non-atopic diagnosis.

already described in peripheral blood [8, 14, 15]. In addi-
tion to measuring the individual subsets of DCs, we also
analysed the expression of lectins dendritic cell-specific
intercellular adhesion molecule-3-grabbing non-integrin
(DC-SIGN), dendritic and epithelial cells (DEC)-205 and
mannose receptor (MR). These molecules with pattern
recognition receptor (PRR) function have crucial roles in
respiratory tract diseases [10, 13, 10].

Patients and methods

Patients. We analysed DC subsets in peripheral blood
and BALF in allergic patients and healthy controls, and
characteristics of the groups are shown in Table 1.
Peripheral blood samples: Peripheral venous blood was
collected from 11 patients with asthma and/or allergic
rhinitis (pollinosis) and 10 healthy donors into EDTA
tubes. Total serum IgE and specific IgE antibodies
(against inhaled allergens — birch, grass and tree pollen)
were elevated in all allergic patients (Table 2). All
healthy controls had a total serum IgE in normal range
and did not have any allergic history.
fluid BALF was
obtained during fibre-optic bronchoscopy from seven

Bronchoalveolar lavage samples:
patients with asthma. Four children with non-allergic
diseases (interstitial lung fibrosis, Kartagener’s syndrome,
lung wvasculitis and atelectasis of right middle lobe)
served as a control group.

Informed consent was obtained from all patients and

controls prior to blood collection and bronchoscopy.

J. Kayserova et al.

Bronchoalveolar lavage fluid. BALF was performed using
a flexible fibre-optic bronchoscope (Olympus, Hamburg,
Germany) placed in the right middle lobe. BAL fluid was
collected in siliconized tubes to prevent cell adherence
and was kept at 4 °C. BAL fluid was filtered through
sterile gauze and centrifuged for 5 min at 266 g at 4 °C.
The supernatant was removed, and the cells were subse-
quently resuspended in 300 ul phosphate-buffered saline
(PBS) supplemented with 1% foetal bovine serum at
4 °C and stained with monoclonal antibodies.

Staining of dendritic cells. One hundred microlitres of
whole peripheral blood and 100 ul of BALF cell suspen-
sion were stained with monoclonal antibodies for 30 min
at 4 °C. Subsequently, red blood cells were lysed, cells
washed in 3 ml PBS with 2 mmol EDTA, and analysed.
We set up an eight-colour flow cytometry panel for
simultaneous detection of all DC subsets in one sample
tube [17]. We used following monoclonal antibodies:
CD3-FITC, CD19-FITC, CD20-FITC, CD56-FITC, CD14-
Dyomics590, CD16-Alexa700 (all from Exbio, Prague,
Czech Republic), CD45-Pacific Blue (Dako, Glostrup,
Denmark), human leucocyte antigen (HLA)-DR-PerCP
[Becton Dickinson (BD), Heidelberg, Germany], CD123-
PECy7 (eBioscience, San Diego, CA, USA), CD11c-APC
(Invitrogen, Paisley, UK), blood dendritic cell antigen
(BDCA)-1-PE  (Miltenyi Biotec, Bergisch Gladbach,
Germany), BDCA-3-PE (Miltenyi Biotec), BDCA-1-APC
(Miltenyi Biotec), BDCA-3-APC (Miltenyi Biotec), MR-
PE (BD), DC-SIGN-PE (R&D Systems, Minneapolis,
MN, USA) and DEC-205-PE (BD). All antibodies were
titrated to determine the optimal concentrations. A line-
age cocktail (CD3, CD19, CD20 and CD56) was used to
exclude other leucocytes subpopulations (T and B lym-
phocytes, NK cells). Antibody-capture beads (BD) were
used for single-colour compensation controls for each
reagent used in this study. Gating controls were deter-
mined using fluorescence minus one (FMO) controls for
CD14, CD16 and lectins.

At least 300 000 events were acquired on FACSAria™
(BD) and subsequently analysed using FLOWJO software
(Treestar, Ashland, OR, USA). All samples were pro-
cessed and analysed immediately after blood sampling.

Statistics. The Mann—Whitney test was used for statis-
tical analysis, and P < 0.05 was considered to be signifi-
cant. Data are expressed as median with range.

Table 2 Laboratory markers in allergic patients and healthy controls measured in peripheral blood and bronchoalveolar fluid.

Peripheral blood

Bronchoalveolar lavage

IgE total C-reactive protein Macrophages Lymphocytes Neutrophils Eosinophils

Range (Ul/ml) Range(mg/1) Range (%) Range (%) Range (%) Range (%)
Allergic patients 30.6-491 <8.0 14.4-97.6 0.4-58 0.2-84.4 0.4-0.8
Controls 0-10.1 <8.0 19.4-73.6 4.4-80 0.3-17.2 0

Scandinavian Journal of Immunology, 2012, 75, 305-313
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Results

Identification of DC subsets in the peripheral blood and BALF
by eight-colour flow cytometry

The plasmacytoid DCs (pDCs) were characterized as
CD457, lineage-negative (CD3™, CD19~, CD20~, CD56"),
CD14™, CD167, HLA-DR" and CD123°CD11c¢ . mDCs
were characterized as CD45", lineage-negative (CD37,
CD197, CD207, CD567), CD14~, HLA-DR" and CD11c"
CD123". These cells were then divided into CD16" and
CD16™ subgroups. In both subgroups, the expression of
lectins (BDCA-1, BDCA-3, MR, DC-SIGN and DEC-
205) was analysed.

First, we identified ‘classical’ myeloid DCs (CD16~
mDC) and pDCs in the peripheral blood and in the
bronchoalveolar lavage using flow cytometry. Gating
strategy is shown on a representative flow cytometry
analysis [18, 19] (Fig. 1). Allergic patients had signifi-
cantly lower frequency of pDCs in the BALF when
compared to the blood. On the other hand, we found
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a significant increase in CD16~ mDCs in the BALF of
allergic patients compared to the blood (P < 0.05)
(Fig. 2A, B).

We detected CD16" mDCs in samples from both PB
and BALF in patients and controls (Fig. 1). We did not
find any significant differences in CD16™ mDCs between
patients and controls, or between blood and BALF, but
the relative number of CD16" mDCs seemed to be
decreased in the BALF compared to the peripheral blood
in both groups (Fig. 2C). CD16" mDCs are more fre-
quent than CD16~ mDCs in the peripheral blood from
patients and controls.

Differential expression of BDCA-1 and BDCA-3 in allergic
patients in BALF

Myeloid DCs can be further subclassified according to
the expression of BDCA-1 and BDCA-3. In humans,
CD16 BDCA-1" cells are termed mDC1 and CD16~
BDCA-3" represents mDC2 [4, 20]. We analysed the
expression of BDCA molecules on both CD16~ and
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Figure 1 Flow cytometry analysis of dendritic cell (DC) population from whole blood and bronchoalveolar lavage. First, white blood cells were gated
based on side scatter (SSC) and CD45 expression, and this was followed by exclusion of T and B lymphocytes, NK cells and granulocytes (CD3,
CD19, CD20, CD56 negative) and the inclusion of human leucocyte antigen-DR" cells. In case of peripheral blood, lympho-monocytes were gated
based on forward scatter and SSC. In case of bronchoalveolar lavage fluid (BALF) samples, the alveolar macrophages (AM) and CD14" monocytes were
excluded. Plasmacytoid DCs (pDCs) and myeloid DCs (mDCs) were distinguished based on the expression of CD123 and CD11c, respectively. Subse-
quently, gating of mDCs (CD11" cells) was based on the expression of CD16. mDCs were divided into ‘classical’ mDC (CD16") and CD16" mDCs.
Both groups were investigated for the expression of C-type lectins [blood dendritic cell antigen (BDCA)-1, BDCA-3} using histograms. Grey histo-

grams indicate the unstained controls, and white histograms indicate the expression of BDCA-1 or BDCA-3. The results presented here are from one

allergic patient and are representative of 20 blood and 10 BALF samples.
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mDCs can thus be identified: CD16 BDCA-1" (mDC1),
CD16 BDCA-3" (mDC2), CD16"BDCA-1" and CDI16"
BDCA-3". All of the DC subsets in patients and controls
were present in the blood and BALF. There were no
significant differences in the distribution of DC subsets
between allergic patients and controls in the peripheral
blood. The most prevalent population of DCs in the
blood in both groups was CD16 BDCA-1" followed by
both BDCA-3" subsets (CD16"BDCA-3" and CDI16~
BDCA-3") and finally the CD16"BDCA-1" (Fig. 3A).
The distribution of myeloid DC subsets in the BALF
from healthy controls resembled their frequency in the
peripheral blood, with CD16 BDCA-1" DCs being the
most frequent subset (Fig. 3B). However, there was a
striking difference in the proportion of BDCA-3-express-
ing mDCs in the BALF from allergic patients. While
CD16 BDCA-3" DCs only represented 0.035 + 0.024%
(mean = SD) of CD45" cells in the peripheral blood,
they accounted for 0.271 = 0.076% of CD45" leucocytes
in the BALF (P < 0.001) and represented the most domi-
nant DC population together with CD16 BDCA-1".
Similarly, the frequency of CD16"BDCA-3" DCs was
four times higher in allergic patients 0.06 = 0.052% to
0.244 + 0.23% (P = 0.07) (Fig. 4A). Moreover, the
expression of BDCA-3" on DCs in the BALF of allergic
patients was significantly higher than on BDCA-3" DCs
in the peripheral blood (P < 0.05) (Fig. 4B).

Figure 2 Dendritic cell (DC) subsets in the
peripheral blood and bronchoalveolar lavage
fluid (BALF). DCs form a small, but well-
defined population, representing
mately 0.5% of total leucocytes (CD45") in
both the peripheral blood and BALF. The
frequency of plasmacytoid DCs (pDCs) (A),
‘classical myeloid DCs (mDCs)’ CD16 mDCs
(B) and CD16'mDCs (C) was investigated.
Significant differences between blood and
BALF are indicated by horizontal bars:
*P < 0.05.

approxi-

In the BALF from asthma patients, BDCA-3" DCs,
both CD16" and CD16, formed strikingly dominant
population significantly increased in comparison with
controls.

Different expression of lectins on the surface of DCs in
peripheral blood and BALF

In addition to the DC-specific lectins BDCA-1 and
BDCA-3, we also analysed the expression of other lectin
molecules implicated in the binding of an allergen to
DCs. DC-SIGN, DEC-205 and MR were all found on
the CD16" and CD16~ DC subsets in the blood and
mainly in the BALF (Fig. 5A). Similar to BDCA-3, there
was a dramatic increase in MR™ CD16" and CD16~
mDCs in the BALF compared to the peripheral blood in
both groups (P < 0.01 and P < 0.01, respectively). More-
over, the MR expression on CD16" mDC was significantly
increased in the BALF of allergic patients compared to
healthy controls (P < 0.05) (Fig. 5B). Similar results
were found for DC-SIGN and DEC 205 (Fig. 5A).

Discussion

Dendritic cells play the central role in the development
of immune reaction. Their unique capacity to translate
the activation of the innate immune system to the
adaptive immune response puts DCs in a crucial position
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sist of several subsets with specific functions as recently
reviewed [12, 21]. There is, however, still no consensus
on the lung DC spectrum. The situation is particularly
difficult in inflammatory conditions in which the cellu-
larity of the lung tissue and surfaces undergoes striking
changes. Here, we present a feasible flow cytometry-based
method for DC identification in the BALF.

There is a general consensus that two major subsets of
DCs, myeloid (mDCs) and plasmacytoid DCs (pDCs),
reside in the lungs (for detailed review see Ref. [7]).
While pDCs represent a well-characterized subset, mDCs
consist of a heterogenous population. BDCA-1 and
BDCA-3 are considered as specific markers of mDC sub-
sets and were found in samples from both the peripheral
blood and lungs [4, 8]. We developed an eight-colour
flow cytometry method to distinguish pDCs and mDCs,
defined as lineage-negative, CD45", HLA-DR", CD11c",
CD16~ and BDCA1" or BDCA3". However, applying
these criteria did not cover the total DC lung population
(Fig. 1). Another subpopulation of mDCs, CD16-posi-
tive, is clearly present in samples from both the periph-
eral blood and BALF. In agreement with Piccioli et al.
[22], we analysed pDCs and all four subpopulations of
mDCs, based on BDCA-1 or BDCA-3 expression and
CD16 positivity. All investigated DC populations were
present both in the peripheral blood and in the BALF.

Concerning pDCs, we observed their lower numbers
with

in allergic Such finding is consistent

described role of pDCs in the maintenance of tolerance to

lungs.

antigens in lungs [23]. The population of mDCs showed
more pronounced differences between allergic and control
subjects. BDCA-1- and BDCA-3-expressing mDCs domi-
nate the DC subpopulations in allergic patients (Fig. 4).
Both CD16™ and CD16~ BDCA-3" mDCs are strikingly
increased in the BALF of patients with allergy. The pres-
ence of BDCA-3" cells has been previously demonstrated
in lung tissue [4], but the predominance of this subset in
the BALF of allergic patients was not yet shown and is
of particular interest.

The BDCA-3 molecule is identical to thrombomodu-
study, thrombomodulin (BDCA-3,
CD141) was identified by allergen-induced gene expres-

lin. In a recent

sion microarray performed on DCs as a gene that was dif-
ferentially induced in allergen-stimulated DCs from
atopic individuals [24]. Furthermore, sorted BDCA-3"
DCs induced a Th2-polarized response, suggesting that
BDCA-3" expression on DCs may have a significant role

BDCA-3-Positive Dendritic Cells Increase in Allergy 311

in allergic diseases. BDCA-3" DCs, in some reports also
referred to as mDC2s, were showed to be more prevalent
in the peripheral blood in atopic individuals (Fig. 2B)
[24, 25]. The presence of this population in the BALF
has not yet been tested. In this context, our results sup-
port the importance of BDCA-3" DC subset in the
immune reactions in asthmatic lungs.

Human BDCA-3" DCs have also been suggested to be
homologous to mouse CD8a" DCs [26]. In mouse mod-
els, CD8a" T cells are involved in allergic airway inflam-
mation and induce the production of Th2 cytokines such
as IL-4, IL-5 and IL-13 [27]. These reports further indi-
cate the potential significance of BDCA-3" DC subset in
the BALF of asthmatic patients.

In addition to DC-specific BDCA-1 and
BDCA-3, we also analysed other lectin molecules on
blood and lung DCs. Immature DCs express a plethora of

lectins

specialized cell receptors for patterns associated with for-
eign antigens, such as the C-type lectin carbohydrate
receptors (DC-SIGN, macrophage MR and DEC-205)
[21, 28-30]. Their role in allergen uptake in DCs has
already been described [31-33] and very recently con-
firmed for a larger set of allergens [34].

We describe here a significant increase in the expres-
sion of both MR and DC-SIGN in classical, CD16"~
mDCs in BALF of allergic patients, confirming thus the
importance of DCs in antigen/allergen processing on a
border with external environment. Lung DCs are in an
immature state iz it and express the MR [28]. The MR
expression on DCs is crucial for the Th2 polarization of
an immune response [34], and DC-SIGN expression on
DC surface is also important in DCs—T cells interaction
[29]. These previous studies clearly demonstrate the
importance of the expression of lectins on DCs in allergy;
however, its presence and/or significance on DCs in the
BALF of allergic patients have not yet been profoundly
investigated. Our findings thus complement recently
published data. Concerning other lectins, DEC-205, with
repeatedly described role in antigen uptake [35], was also
increased in blood CD16" mDCs and BALF CD16~
mDCs from allergic patients. Such finding might suggest
a systemic nature of allergic response, with distinct roles
for different subsets of DCs in different compartments.

In summary, we present a flow cytometry-based
approach for the detection of DC subsets in the BALF.
There was a striking difference in the proportion of
BDCA-3-expressing mDCs in the BALF of allergic

Figure 5 Surface expression of C-type lectins on CD16" myeloid DCs (mDCs) and CD16~ mDCs in the peripheral blood and bronchoalveolar lavage

fluid (BALF). Here, we show a detailed analysis of C-type lectin receptor expression on dendritic cell (DC) subsets in the peripheral blood and BALF

using histograms (A). The grey histograms indicate unstained controls, and the white histograms indicate the expression of dendritic cell-specific

intercellular adhesion molecule-3-grabbing non-integrin (DC-SIGN), dendritic and epithelial cells (DEC)-205 and mannose receptor (MR). The fre-
quency of MR-positive mDCs (CD16" mDCs and CD16~ mDCs) and the expression of MR on mDCs (B) were investigated in the peripheral blood
and BALF. Significant differences between the blood and BALF or between groups are indicated by horizontal bars: *P < 0.05, **P < 0.01,
##%kP < (0.001. The results presented here are from one allergic patient and are representative of 20 blood and 10 BALF samples.
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patients. The proportion of CD16 " BDCA-3" DCs in the
BALF of allergic patients was tenfold higher than in the
peripheral blood. Similarly, the frequency of CD16"
BDCA-3" DCs was four times higher in patients
(Fig. 4A). Similar to the BDCA-3 molecule, there was a
dramatic increase in MR™ CD16" and CD16 mDCs in
the BALF of allergic patients compared to the peripheral
blood and the expression of MR on 16 mDCs in the
BALF was significantly increased compared to the healthy
controls (Fig. 5B). Similar results were found for other
two C-type lectins. Specific increase in BDCA-3" and/or
MR" DCs in allergic children, particularly in the BALF,
brings new insight into the pathogenesis of bronchial
asthma and together with the recently published data
supports the role of these molecules in the allergen
uptake and Th2 polarization. The importance of increased
BDCA-3 and MR expression on lung mDCs for the path-
ogenesis asthma

of allergic reaction and bronchial

requires further studies.

Acknowledgment

This work was supported by the project MZOFNM2005
from the Czech Ministry of Health and by the project
MSM00216208120f the Czech Ministry of Education,
Youth and Sports.

References

1 Steinman RM, Banchereau J. Taking dendritic cells into medicine.
Nature 2007;449:419-26.

2 Steinman RM, Hemmi H. Dendritic cells: translating innate to
adaptive immunity. Curr Top Microbiol Immunol 2006;311:17—
58.

3 Bratke K, Klein C, Kuepper M, Lommatzsch M, Virchow JC. Dif-
ferential development of plasmacytoid dendritic cells in Thl- and
Th2-like cytokine milieus. Allergy 2011;66:386-95.

4 Demedts IK, Brusselle GG, Vermaelen KY, Pauwels RA. Identifica-
tion and characterization of human pulmonary dendritic cells. Am J
Respir Cell Mol Biol 2005;32:177-84.

5 Cook DN, Bottomly K. Innate immune control of pulmonary den-
dritic cell trafficking. Proc Am Thorac Soc 2007;4:234-9.

6 van Haarst JM, de Wit HJ, Drexhage HA, Hoogsteden HC. Distri-
bution and immunophenotype of mononuclear phagocytes and den-
dritic cells in the human lung. Am J Respir Cell Mol Biol
1994;10:487-92.

7 Masten BJ, Olson GK, Tarleton CA et al. Characterization of mye-
loid and plasmacytoid dendritic cells in human lung. J Immunol
2006;177:7784-93.

8 Autissier P, Soulas C, Burdo TH, Williams KC. Evaluation of a
12-color flow cytometry panel to study lymphocyte, monocyte, and
dendritic cell subsets in humans. Cytometry A 2010;77:410-9.

9 Ten Berge B, Muskens F, Kleinjan A er a/. A novel method for
isolating dendritic cells from human bronchoalveolar lavage fluid.
J Immunol Methods 2009;351:13-23.

10 von Garnier C, Nicod LP. Immunology taught by lung dendritic
cells. Swiss Med Wkly 2009;139:186-92.

11 Tsoumakidou M, Tzanakis N, Papadaki HA, Koutala H, Siafakas
NM. Isolation of myeloid and plasmacytoid dendritic cells from

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

human bronchoalveolar lavage fluid. Immunol Cell Biol 2006,
84:267-73.

GeurtsvanKessel CH, Lambrecht BN. Division of labor between
dendritic cell subsets of the lung. Mucosal Immunol 2008;1:442—
50.

Hattori T, Konno S, Hizawa N et #/. Genetic variants in the man-
nose receptor gene (MRC1) are associated with asthma in two inde-
pendent populations. Immunogenetics 2009;61:731-8.

Kassianos AJ, Jongbloed SL, Hart DN, Radford KJ. Isolation of
human blood DC subtypes. Methods Mol Biol 2010;595:45-54.
MacDonald KP, Munster DJ, Clark GJ, Dzionek A, Schmitz J,
Hart DN. Characterization of human blood dendritic cell subsets.
Blood 2002;100:4512-20.

Inoue K, Takano H, Koike E et «/. Candida soluble cell wall beta-
glucan facilitates ovalbumin-induced allergic airway inflammation
in mice: possible role of antigen-presenting cells. Respir Res
2009;10:68.

Horvath R, Budinsky V, Kayserova J e a/. Kinetics of dendritic
cells reconstitution and costimulatory molecules expression after
myeloablative allogeneic haematopoetic stem cell transplantation:
implications for the development of acute graft-versus host disease.
Clin Immunol 2009;131:60-9.

Rozkova D, Horvath R, Bartunkova J, Spisek R. Glucocorticoids
severely impair differentiation and antigen presenting function of
dendritic cells despite upregulation of Toll-like receptors. Clin
Immunol 2006;120:260-71.

Sochorova K, Horvath R, Rozkova D e /. Impaired Toll-like
receptor 8-mediated IL-6 and TNF-alpha production in antigen-pre-
senting cells from patients with X-linked agammaglobulinemia.
Blood 2007;109:2553—6.

Dzionek A, Fuchs A, Schmidt P e «/. BDCA-2, BDCA-3, and
BDCA-4: three markers for distinct subsets of dendritic cells in
human peripheral blood. J Immunol 2000;165:6037-46.

Heath WR, Carbone FR. Dendritic cell subsets in primary and sec-
ondary T cell body surfaces. Naz Immunol
2009;10:1237-44.

Piccioli D, Tavarini S, Borgogni E ez a/. Functional specialization of

responses  at

human circulating CD16 and CDlc¢ myeloid dendritic-cell subsets.
Blood 2007;109:5371-9.

de Heer HJ, Hammad H, Soullie T er /. Essential role of lung
plasmacytoid dendritic cells in preventing asthmatic reactions to
harmless inhaled antigen. J Exp Med 2004;200:89-98.

Yerkovich ST, Roponen M, Smith ME e a/. Allergen-enhanced
thrombomodulin (blood dendritic cell antigen 3, CD141) expression
on dendritic cells is associated with a TH2-skewed
response. J Allergy Clin Immunol 2009;123:209—16.€4.
Spears M, McSharry C, Donnelly I e a/. Peripheral blood dendritic
cell subtypes are significantly elevated in subjects with asthma. Clin
Exp Allergy 2011;41:665-72.

Robbins SH, Walzer T, Dembele D ¢z «/. Novel insights into the
relationships between dendritic cell subsets in human and mouse
Biol

immune

revealed by genome-wide expression profiling. Genome
2008;9:R17.

Agrawal DK, Shao Z. Pathogenesis of allergic airway inflammation.
Curr Allergy Asthma Rep 2010;10:39-48.

Cochand L, Isler P, Songeon F, Nicod LP. Human lung dendritic
cells have an immature phenotype with efficient mannose receptors.
Am ] Respir Cell Mol Biol 1999;21:547-54.

Geijtenbeek TB, Torensma R, van Vliet SJ et «/. Identification of
DC-SIGN, a novel dendritic cell-specific ICAM-3 receptor that sup-
ports primary immune responses. Ce// 2000;100:575-85.

Mahnke K, Guo M, Lee S e al. The dendritic cell receptor for
endocytosis, DEC-205, can recycle and enhance antigen presentation
via major histocompatibility complex class II-positive lysosomal
compartments. J Cell Biol 2000;151:673-84.

Scandinavian Journal of Immunology, 2012, 75, 305-313



J. Kayserova et al.

31

32

33

Deslee G, Charbonnier AS, Hammad H et «/. Involvement of the
mannose receptor in the uptake of Der p 1, a major mite allergen, by
human dendritic cells. J Allergy Clin Immunol 2002;110:763-70.
Emara M, Royer PJ, Abbas Z e al. Recognition of the major cat
allergen Fel d 1 through the cysteine-rich domain of the mannose
receptor determines its allergenicity. J Bio/ Chem 2011;286:13033—
40.

Huang HJ, Lin YL, Liu CF, Kao HF, Wang JY. Mite allergen
decreases DC-SIGN expression and modulates human dendritic cell

© 2011 The Authors.
Scandinavian Journal of Immunology © 2011 Blackwell Publishing Ltd.

34

35

BDCA-3-Positive Dendritic Cells Increase in Allergy 313

differentiation and function in allergic asthma. Mucosal Immunol
2011;4:519-27.

Royer PJ, Emara M, Yang C ¢ «/. The mannose receptor mediates
the uptake of diverse native allergens by dendritic cells and deter-
mines allergen-induced T cell polarization through modulation of
IDO activity. J Immunol 2010;185:1522-31.

Birkholz K, Schwenkert M, Kellner C ez /. Targeting of DEC-205
on human dendritic cells results in efficient MHC class II-restricted
antigen presentation. Blood 2010;116:2277-85.



8.6  Pocetni a funkcni poruchy subpopulaci dendritickych bunék u

pacientu s diabetem mellitem 1. typu a jejich pfibuznymi

Jak bylo uvedeno v kapitole 3, hlavni patogenetickou roli u diabetu jsou T lymfocyty,
které vedou k destrukei B-bun€k pankreatickych ostriivkl a k nasledné poruse tvorby insulinu.
Jak ale popisuje kapitola 4.3.2, mnohé studie poslednich let dokladaji diilezitou roli i vrozené
imunity, hlavné dendritickych bun¢k v patogenezi diabetu. Dendritické buniky stoji na pomezi
mezi vrozenou a specifickou imunitou, jsou schopné rozeznat antigeny a polarizovat imunitni
odpovéd’ smérem k toleranci nebo autoimunitni reakci.

Na rozvoji diabetu mellitu 1. typu se podileji jak genetické vlivy, tak vlivy prostiedi,
predevsim je zminovana role infekci. V této praci jsme studovali zastoupeni subpopulace DC
v periferni krvi a sledovali jsme reaktivitu DC na rtzné ligandy TLR. Periferni
mononukledrni buiiky jsme stimulovali riiznymi ligandy TLR, jako modelu plisobeni infekce
na DC a méfili jsme produkcei cytokint produkovanych dendritickymi buiikami.

Do studie jsme zafadili pacienty s Cerstvé manifestovanym diabetem a jejich prvostupiiové
ptibuzné. Skupinu prvostupiiovych piibuznych jsme dale stratifikovali do 2 skupin na zéklad¢
pozitivity nebo negativity diabetogennich autoprotilatek v séru (anti-GADG65 a anti-1A2).

V periferni krvi pacientl i1 pfibuznych je signifikantné nizsi pocet obou subpopulaci
DC — mDC i pDC v porovnani se zdravymi kontrolami. mDC v podskuping pifibuznych
s pozitivnimi autoprotilatkami byly signifikantné nizs§i nez u zdravych kontrol, obdobny trend
jsme pozorovali i v porovnani s pfibuznymi bez autoprotilatek.

Vyrazné rozdily jsme nalezli u stimulovanych perifernich mononukledrnich buné&k
(PBMC) ligandem TLR-9 u ptibuznych, ktefi produkovali vyrazné mnozstvi IFN-a. Tykalo se
to predevsim piibuznych v riziku rozvoje T1D — pfibuzni s pozitivnimi autoprotilatkami i
piibuznych bez autoprotilatek ale s vysoce rizikovym genotypem.

Nase studie prokéazala pocetni i funkéni zmény v subpopulacich DC v periferni krvi,
ptedevsim pDC, u pacientd s T1D a jejich prediabetickych pfibuznych. Nase data podporuji
teorii o patogenezi T1D, ze infekce, rizikovy faktor TI1D, je schopna u geneticky
predisponovanych jedincti vyvolat imunitni reakci, aktivaci pDC a produkci IFNa, ktery by

nasledné mohl pfispivat k destrukci B-bunck a vzniku T1D.

93



Numerical and functional alterations in dendritic cells subpopulations in

patients with type 1 diabetes and their relatives

Jana Kayserova!, Katerina Stechova’, Dudkova Eva', Zdenek Sumnik?® Stanislava
Kolouskova?, Hana Hromadkova', Radek Spisek’*, Anna Sediva’

'Department of Immunology, Charles University, 2" Medical School, University Hospital
Motol, Prague, Czech Republic

2 Department of Pediatrics, Charles University, 2" Medical School, University Hospital
Motol, Prague, Czech Republic

3Sotio a.s., Prague, Czech Republic

Abstract:

Introduction: Dendritic cells (DCs) play an important role in the induction and maintenance
of immunological tolerance and participate in the pathogenesis of autoimmune diseases
including type 1 diabetes (T1D). In our study we aimed at investigation of dendritic cells
subpopulations and their response to TLR stimulation in T1D patients and their relatives in
risk of T1D development.

Patients and methods: We have analyzed frequency of both myeloid (mDCs) and
plasmacytoid DCs (pDCs) in peripheral blood of 97 T1D patients (69 T1D onset, 28 long
term compensated T1D), 67 their first degree relatives classified according to the positivity of
autoantibodies and genetic risk, and 64 healthy controls.

Results: A significantly lower number of mDCs as well as of pDCs was found in the groups
of patients with T1D (10%L, mean+SD: T1D onset - mDC 9.88+8.4 and pDC 5.54+4.6; T1D
long-term - mDC 4.19+3.3 and pDC 6.1+4.5) and first degree relatives (mDC 14.0+7.4; pDC
9.8+5.8) compared to healthy controls (mDC 18.7+9.7; pDC 14.449.4), (p<0.001 and p<0.01,
respectively).

We have further tested the production of IFN-alpha upon appropriate TLR ligands targeting
TLR 3,4,7, 8 and 9 on pDCs. Only stimulation with CpG 2216 induced IFN-alpha production
that was higher in relatives in risk of T1D development before the onset of a disease in
comparison with controls (pg/mL, meantSD: 821.7+1589.0; 410.2+579.8, respectively;
p<0.01). The level of prodution of IFN-alpha raised gradually with increasing severity of

predictive risk of T1D development.



Conclusion: Our data demonstrate disturbances in DCs numbers and function most expressed
during pre-diabetic stage and during an onset of a T1D. Increasing IFN-alpha production by
pDCs upon TLR9 stimulation reflects the severity of risk of disease development among

relatives of patients with T1D.



Introduction

Type 1 diabetes (T1D) is a T-cell-mediated autoimmune disease that involves slow and
progressive pancreatic islet beta-cell destruction and loss of insulin secretion. Both genetic
background and environment have a major influence on the immune mechanisms involved in
the pathogenesis of the disease [1-3].

Over the last 2 decades, studies addressing the pathogenesis of type 1 diabetes have focused
primarily on the role of adaptive immunity [3, 4], demonstrating the direct role for T
lymphocytes in the destruction of pancreatic islet cells and for B lymphocytes in autoantibody
production and defective B cell tolerance [5, 6]. Recent studies, however, suggested an
important role for the innate immune system in the development of T1D [3, 7]. Particularly
dendritic cells (DCs), standing at the interface between innate and adaptive immunity, seem to
play an important role in T1D development [8, 9]. The DCs, by presenting the antigen and by
influencing microenvironment through a local contact and secretion of an array of cytokines,
determine the direction of immune responses [8]. Such the capability of DCs to regulate
immune environment is particularly important in autoimmune diseases as T1D.

DCs presenting beta-cells antigens were observed in pancreatic islets and lymph nodes of
animal models [10]. Transfer of conventional DCs presenting antigens was shown to initiate
diabetogenic response in mice [11]. Similar effect was also described for plasmacytoid DCs
(pDCs). Plasmacytoid DCs are very potent producers of type | interferons and have been
also shown to promote the development of autoimmune diabetes in mice [12]. Viral
infections have been for a long time considered to contribute to the pathogenesis of type |
diabetes. In this regard pDCs represent a particularly relevant population as they express
TLRs 7-9, receptors involved in the recognition of viral infections. It is, however, noteworthy
that both types of DCs had also protective role under certain circumstances [13, 14]. The
accumulation of knowledge on crucial role of DCs in the development of diabetes in animal
models promoted similar studies in humans [15]. Due to the apparent difficulties with
obtaining pancreatic DCs or DCs from pancreatic lymph nodes in humans, these studies
mostly focused on peripheral blood DCs. There is, however, considerable discrepancy
regarding the status of DCs observed in human cohorts [16-21].

In this study, we investigated the frequency and functional characteristics of DCs subsets in
well-defined cohorts of diabetic patients and their relatives at high risk of T1D development.
Based on published data and preliminary results we particularly concentrated on a population

of pDCs and their cytokine production upon TLR stimulation [9, 22]. Patients and their first



degree relatives have been followed for long time under the preventive program run at the
Department of Pediatrics. This study thus provides an insight into the characteristics of the
DCs compartment at various stages of the T1D pathogenesis, including autoantibody positive

individuals at high risk of T1D, newly diagnosed patients and stabilized patients on insulin
replacement therapy.



Patients and methods

Patients and controls

DCs subsets were analyzed in peripheral blood of ninety-seven patients with T1D (69 patients
with T1D onset and 28 patients with long-term compensated T1D), in 67 their first-degree
relatives and 64 healthy controls. Serum titers of diabetic autoantibodies anti-GAD65 and
anti-1A2 were analyzed in relatives (siblings of our patients). We found 21 relatives with
positive autoantibodies and 35 without any autoantibody (in 11 relatives the investigation of
autoantibodies was not available). Genetic risk of association of HLA class Il and T1D was
also analyzed in this group. Twelve relatives were HLA typed using allele-specific primers
[23]. Characteristics of the groups are shown in Tab. 1A. The informed consent was obtained
prior to the entrance into the study from all patient guardians and healthy donors.

Peripheral venous blood was collected from all donors into EDTA tubes. Determination of
DC subsets (pDC and mDC), as well as staining protocol were described previously [24]. We
used following monoclonal antibodies: CD3-FITC, CD19-FITC, CD20-FITC, CD56-FITC,
CD14-Dyomics590, CD16-Alexa700 (all from Exbio, Prague, Czech Rep.), CD45-Pacific
Blue (Dako, Glostrup, Denmark), HLA-DR-PC7 (Becton Dickinson (BD), Heidelberg,
Germany), CD123-PE (eBioscience, San Diego, CA), CD11c-APC (Invitrogen, Paisley, UK).
All antibodies were titrated to determine the optimal concentrations.

At least 200.000 events were acquired on FACSAriaTM (Becton Dickinson, Heidelberg,
Germany) and subsequently analysed using FlowJo software (Treestar, Ashland, OR, USA).

All samples were processed and analyzed immediately after blood sampling.

Media and cell cultures

Complete culture medium (CM), consisted of RPMI 1640 supplemented with 0,5% human
AB serum, 2mM L-glutamine and 1% penicillin/streptomycin (all from Gibco, Life
Technologies™, Carlsbad, CA, USA) was used for the culture of peripheral blood

mononuclear cells (PBMC). Cells were cultured at 37°C in a 5% CO2 atmosphere.



Stimulation of PBMC with TLR ligands

Peripheral blood mononuclear cells (PBMC) were isolated by standard Ficoll-Paque
(Amersham, Upsalla, Sweden) gradient centrifugation. 2x10° PBMC were suspended in
200uL of CM and stimulated with purified TLR ligands: poly (I:C)(Sigma): 50 pug /ml, LPS
(Sigma): 1 pg /ml, loxoribine (Invivogen): 500uM, ssPolyU complexed with Lyovec
(Invivogen): 10 pg /ml, CpG ODN2006 and CpG ODN2216 (Invivogen): 5 pg/ml.

After the 24-hours incubation at 37°C, the supernatants were harvested and production of
IFN-alpha was determined using multiplex Luminex cytokine fluorescent bead-based
immunoassays (Millipore, Bedford, MA). Assays were run according to the manufacturers’
protocol. Data were collected using the Luminex-100 system (Luminex, Austin, TX). A five-
parameter regression formula was used to calculate the sample concentrations from the
standard curves.

Within PBMC, CpG ODN-induced IFN-alpha is produced exclusively by pDCs [25]. As we
stimulated PMBC and not pDCs alone, the concentration of IFN alpha measured by luminex
assay was recalculated regarding the concentration of pDCs in peripheral blood. Final
concentrations were determined for all experiments as IFN-alpha concentration produced by
10 pDCs.

The figures and statistical analysis were generated using Graph Pad Prism (Graph Pad

Software, San Diego, CA) software programs.

Statistics
In all experiments nonparametric Mann-Whitney test was used for statistical analysis

between patients groups and healthy controls and p<0.05 was considered to be significant.



Results

Decreased DCs subpopulations in T1D patients and relatives

We were systematically investigating mDCs and pDCs numbers in well-defined cohorts of
T1D patients and their relatives. DCs numbers, both mDCs and pDCs, were highly
significantly lower in both T1D patients and also relatives compared to healthy controls
(p<0.001, reps. p<0.01) (Fig.1, Tab.1).

Relatives of T1D patients are in higher risk to develop the disease. We have observed that
relatives with positive islet specific autoantibodies tend to lower DCs numbers than these

without autoantibody positivity (Fig.2, Tab.1).

Increased production of IFN-alpha upon TLR9 stimulation of PBMC

Stimulation of PBMC with TLR 3, 4, 7 and 8 ligands (poly I:C, LPS, loxoribin and ssRNA,
respectively) and also TLR9 ligand CpG 2006 provoked only negligible IFN-alpha production
Only TLR9 stimulation with CpG 2216 induced considerable amount of IFN-alpha (Fig. 3).

Similar TLR9 expression in DCs of TD1 patients and healthy controls

We have further focused on pDCs as cells with major importance in anti-viral response and
crucial producers of IFN-alpha. Plasmacytoid DCs express a set of characteristic TLR
receptors. We have demonstrated previously that pDCs dominantly expressed TLR molecule
is TLR9 and we did not found any differences in expression between patients and healthy

controls (data not shown).

Increased production of IFN-alpha upon CpG2216 stimulation in first degree relatives in
T1D risk

Stimulation of PBMC with TLR9 ligand CpG 2216 led to the production of IFN-alpha
(Fig.3). Despite significantly lower numbers of pDCs, relatives produced an increased amount
of IFN-alpha after the stimulation with TLR9 ligand compared to healthy donors (p<0.01)
(Fig.4, Tab.1). We did not find differences in IFN-alpha production between relatives with or
without autoantibodies, but both groups produced increased level of IFN-alpha compared to
healthy controls (p<0.05 and p<0.01; respectively) (Fig.5, Tab.1). Relatives with negative
autoantibodies were further divided in subgroups according to genetic risks. The level of IFN-

alpha production reflected increasing risk of T1D development, with lowest IFN-alpha



production associated with low genetic risk and increased levels with increasing probability of
T1D onset (Fig.5).



Discussion

The importance of DCs in a pathogenesis of diabetes is now well-proven in animal studies [2,
26, 27]. Strong evidence for specifically pDCs in an initiation of autoimmune diabetes in
NOD mice was credibly demonstrated in a recently published study [1]. However, much less
evidence on a role of DCs in T1D is available in humans. So far only several studies
addressed the role of DCs in humans, with conflicting, even contradictory results [15-21].
Here we add further data and confirm alteration of blood dendritic cells subsets not only in
T1D patients, but also in their first degree relatives in high risk for development of T1D. We
have found reduced numbers of both mDCs and pDCs in T1D patients (Fig.1) which is in
accordance with observations published by majority of so far available studies [17-19, 21].
Different results in earlier studies [16, 20] might be due to differences in cohorts of patients,
their age, disease duration and different methodology.

First degree relatives of T1D patients, followed in the preventive program before T1D onset,
represent pre-diabetic state, a time window when immune destruction of beta cells is ongoing.
This cohort presents with the similar, even if less pronounced, disturbances in DCs subsets as
T1D patients (Fig.1 and 2).

Previous animal studies, and particularly recent publication by Diana [1, 28-30] show an
importance of IFN-alpha produced by pDCs in an initiation of autoimmune diabetes.
Furthermore, interferon alpha therapy in humans is in some cases associated with T1D
development [31]. We were, therefore, looking at IFN-alpha production by pDCs stimulated
by TLR ligands. Out of a set of pDCs expressed TLR 7, 8 and 9 ligands used in our study
only TLR9 ligand CpG 2216 induced a significant IFN-alpha production (Fig.3). IFN-alpha
production is comparable between T1D patients and controls. We have, however, observed
differences in IFN-alpha production among relatives with genetic risk, with a general trend to
secrete higher amount of IFN alpha with increasing risk of development of T1D (Fig. 4 and
5). This observation is particularly striking in autoantibody negative relatives. Division of
these into subgroups according to their genetic risk of a disease demonstrates a gradual
increase of IFN-alpha production with increasing grading of probability of T1D development.
The exact role of IFN-alpha in an initiation and maintenance of T1D is not known in humans,
however, recent publication [1] elucidates a complex of early events leading to autoimmune
diabetes in NOD mice and documents an importance of pDCs and IFN-alpha in a
pathogenesis of a disease. These events are represented by a crosstalk between B-1a cells,

neutrophils and pDCs activated by immune complexes formed by self DNA, anti DNA 1gG



and neutrophil derived cathelicidin-related antimicrobial peptide. Such complexes activate
pDCs through TLR9 pathway and lead to IFN-alpha production with further detrimental
effect on pancreatic beta cells. Similar studies were never performed in humans due to
obvious obstacles to obtain pancreatic tissues. Our results, however, partly mirror these
pathogenic steps leading to diabetes in NOD mice. Early decrease of pDCs numbers in pre-
diabetic stage and at an onset of a disease might reflect their influx to pancreas. Activation of
pDCs through TLR9 stimulation and increased secretion of IFN-alpha also show similarities
to events described in a mouse model.

In summary, here we show that the patients in a time of onset of T1D and their first degree
relatives with high risk of T1D development have significantly lower numbers of pDCs in
their peripheral blood. We also show alterations in IFN-alpha secretion upon TLR9
stimulation specifically with CpG 2216 in relatives in genetic risk of T1D development.
Finally we point at a similarity with recently published findings that demostrates an
importance of TLR9 activated pDCs and IFN-alpha production in early events leading to
diabetes development in NOD mice [1].

Our data demonstrate disturbances in DCs numbers and function most expressed during pre-
diabetic stage and during an onset of a disease. These findings add a piece of knowledge to
accumulating evidence that particularly pDCs keep pivotal position in an orchestration of
T1D development. Further concentration of investigation of T1D before and during its onset

is of crucial importance.
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Table 1. Patients’ characteristics

n | M| F Age mDC pDC IFN-alpha
Mean+SD x10e6/L x10e6/L pg/ml per 10pDC
Mean+SD Mean+SD Mean+SD
T1D patients 97 | 48 | 47
T1D onset 69 | 36 | 33 10.2+4.7 9.88+8.4 | 5.54+4.6 452.7+728.8
long-term T1D 28 | 12 | 16 13.7+£7.9 4.19+3.3 6.1+4.5 394.4+559.0
First-degree relatives 67 | 22 | 45 13.9+7.9 14.0+7.4 9.8+5.8 821.7+1589.0
+ autoantibodies 21 13.2+10.1 | 10.6+7.6 643.4+712.3
- autoantibodies 35 15.2+6.5 0.6+5.3 1084.4+2080.8

Healthy controls 64 | 43 | 21 | 14.9+11.0 18.7£9.7 | 14.4+9.4 410.2+£579.8




T1D figures

Fig. 1 Myeloid and plasmacytoid DCs in T1D patients and their relatives
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Fig. 1

Numbers of mDCs and pDCs (median) were investigated in well defined cohorts of T1D

patients, their relatives and in healthy controls. DCs numbers were highly significantly lower
in all cohorts in comparison with controls. The statistical significance was determined as ***
p <0.001, ** p<0.01, * p<0.05.
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Fig. 2 Myeloid and plasmacytoid DCs in relatives
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Fig. 2

Relatives with positive islet specific autoantibodies tend to lower mDCs numbers (median)
than these without autoantibody positivity. ** p < 0.01, * p < 0.05.



Fig.3 IFN-alpha production upon TLR ligands stimulation
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Fig.4 IFN-alpha production upon CpG2216 stimulation
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Fig.4 IFN-alpha production (mean+SEM) by pDCs of T1D patients and their relatives
**p <0.01.
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Fig.5 Comparison of IFN-alpha production by pDCs between autoantibody positive and
negative relatives.
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Fig.5 IFN-alpha production (mean+SEM) by pDCs of relatives with positive (n=21) and
negative autoantibodies (n=35). ** p < 0.01, * p < 0.05.
Production of IFN-alpha (median) by pDCs of relatives with negatives autoantibodies with

HLA class Il associated with T1D risk in Czech population: high risk 1-2 (n=6), borderline 3
(n=2) and low risk group 4-5 (n=4). * p < 0.05.



8.7  Kazuistika T1D u jednovajecnych ctyréat

T1D vznika u geneticky predisponovanych jedinci. Mnohé studie zabyvajici se
vlivem genetického pozadi na rozvoj autoimunit.

V této praci jsme prezentovali jedine¢nou kazuistiku monozygotickych ¢tyicat, kdy u
dvou znich vznikl diabetes ve stejném cCase, jedno Ctyic¢e bylo vtom obdobi ve stadiu
prediabetu. VSechny 4 déti mély pozitivni autoprotilatky v séru (anti-GAD65 a anti-IA2) a
zarovenn vSechny déti byly sérologicky pozitivni pro enterovirovou infekci s EV68-71
sérotypem. Zaroven jsme vySetfovali 1 oba rodice a star$i sestru ctyicat. U vSech subjekti
jsme se analyzovali rozdily mezi diabetickymi a nediabetickymi détmi na mRNA trovni jako
genovy expresi profil pomoci microarray a taktéz na bunééné urovni (pocet DC v periferni
krvi, reaktivita na TLR ligandy a diabetogenni peptidy).

Mezi diabetickymi a nediabetickymi détmi jsme nalezli rozdilnou genovou expresi
v signaliza¢nich drahach pro interferonovou antivirovou reakci, signalizaci v TLR3 a TLR4,
signalizace IFN o/f a v antigenni prezentaci MHC L.

U vsech Ctyicat i u jejich rodi¢t jsme nalezli snizeny pocet pDC a mDC v porovnani se
zdravymi kontrolami. Star$i sestra poctem pDC odpovidala spiSe zdravé populaci. Po
stimulaci diabetogennimi peptidy produkovaly PBMC zvySené mnozstvi TGF-B a nizkou
hladinu IL-10. Opacné vysledky byly detekovany u zdravych ¢lent rodiny, véetné ditéte
s prediabetem. PMBC diabetickych déti produkovaly vyssi mnozstvi IFN-o ve srovnani se
zdravymi Cleny.

Tato jedine¢nd kazuistika dokumentuje vznik T1D v rozdilném case u geneticky stejné

predisponovanych jedinct a podporuje zasadni roli infekce na rozvoj tohoto onemocnéni.
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Case report: type 1 diabetes in monozygotic
quadruplets

Katerina Stechova*'l, Zbynek Halbhuber?, Miluse Hubackoval, Jana Kayserova3, Lenka Petruzelkoval,
Jana Vcelakoval, Stanislava Kolouskoval, Tereza Ulmannova!, Maria Faresj64’5, Ales Neuwirth®, Radek Spisek3,
Anna Sediva®, Dominik Filipp®’ and Zdenek Sumnik!’

Type 1 diabetes (T1D) is an autoimmune disease characterized by the lack of insulin due to an autoimmune destruction of
pancreatic beta cells. Here, we report a unique case of a family with naturally conceived quadruplets in which T1D was
diagnosed in two quadruplets simultaneously. At the same time, the third quadruplet was diagnosed with the pre-diabetic stage.
Remarkably, all four quadruplets were positive for anti-islet cell antibodies, GAD65 and IA-A2. Monozygotic status of the
quadruplets was confirmed by testing 14 different short tandem repeat polymorphisms. Serological examination confirmed that
all quadruplets and their father suffered from a recent enteroviral infection of EV68-71 serotype. To assess the nature of the
molecular pathological processes contributing to the development of diabetes, immunocompetent cells isolated from all family
members were characterized by gene expression arrays, immune-cell enumerations and cytokine-production assays. The
microarray data provided evidence that viral infection, and IL-27 and IL-9 cytokine signalling contributed to the onset of T1D in
two of the quadruplets. The propensity of stimulated immunocompetent cells from non-diabetic members of the family to
secrete high level of IFN-a further corroborates this conclusion. The number of T regulatory cells as well as plasmacytoid and/or
myeloid dendritic cells was found diminished in all family members. Thus, this unique family is a prime example for the support
of the so-called ‘fertile-field’ hypothesis proposing that genetic predisposition to anti-islet autoimmunity is ‘fertilized’ and
precipitated by a viral infection leading to a fully blown T1D.
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INTRODUCTION
Type 1 diabetes (T1D) is an autoimmune disease, the complexity of
which is underlined by undesirable interactions between genes and
environmental factors in genetically predisposed individuals.!
Although T cells are central to the mechanism of beta-cell destruc-
tions,>™ a critical involvement of other cellular and humoral compo-
nents of adaptive and innate immune system have also been
demonstrated."*® Among environmental factors, infectious agents
such as viruses primarily sensed by innate immune mechanisms are
considered very potent triggers of T1D.>'2 Notably, and in this
context, several recently published findings suggest a strong link
between T1D and enteroviral infections.!*-1>

To prevent the clinical onset of T1D, immuno-intervention
should be undertaken in the clinically silent pre-diabetic phase.
However, it is difficult to identify suitable candidates for such
interventions.!® The pre-diabetic phase is usually marked by the
presence of autoantibodies to beta-cell antigens,'”!® but the presence
of these antibodies alone is not sufficient to induce destruction of
beta cells.?

Here, we report a case of a family with monozygotic quadruplets
where after an apparent enteroviral infection, two sisters were diag-
nosed with T1D while a third quadruplet was at pre-diabetic stage. To
gain an insight into the molecular mechanism involved in the
pathogenesis of this disease, all family members were studied for the
presence of islet cell antibodies, gene expression profile of immune
regulatory pathways, cellularity of T regulatory cells (Tregs) and
dendritic cells (DCs), and cytokine responses.

MATERIALS AND METHODS

Family history

The quadruplets were born into a family with an older sibling after a
physiological conception. Their development followed a typical path. At the
age of 5, two of these quadruplets were simultaneously diagnosed with T1D,
while a third quadruplet was in a pre-diabetic phase. Interestingly, one month
before the clinical manifestation, the two diabetic girls suffered from an
apparent mild infection with respiratory symptoms. Laboratory tests showed
that all quadruplets and their father suffered from an enteroviral infection. All
family members were subjected to the glucose tolerance test one week after the
diagnosis. Upon obtaining a parental informed consent, blood samples of all
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family members were collected and analysed. A family tree and clinical data are
provided in Figure 1.

HLA typing, confirmation of monozygosity and viral studies

All family members were HLA typed using allele-specific primers.!® Serum
samples from both the parents and the quadruplets were examined for signs of
viral infections by ELISA, complement fixation and non-direct immunofluor-
escence. We focused on enteroviruses and coxsackie viruses as they are
suspected to have a role in T1D development.!*'> Monozygotic status of the
quadruplets was confirmed by testing 14 different short tandem repeat
polymorphisms using Aneufast multiplex QF-PCR kit (molGENTIX, S.L.,
Barcelona, Spain), recommended by CODIS (Combined DNA Index System).?

Immune cell isolation

Peripheral-blood mononuclear cells (PBMCs) were isolated from heparinized
venous blood by Ficoll-Paque density gradient centrifugation and cultured as
described elsewhere.?! After 72h, cells were washed and subjected to RNA
extraction and supernatants were frozen at —80°C until used for cytokine
analysis.

Gene expression profiling

RNA isolated from PBMCs was amplified and hybridized to a high-density
gene array chip (NimbleGen, Roche-NimbleGen Inc., Madison, WI, USA)
where 47633 human genome targets are presented with 8 probes per target.
Chips were imaged (InnoScan 700 scanner, Innopsys, Carbonne, France), raw
data were analysed using NimbleScan 2.4 software (Roche-NimbleGen Inc.)
and used for further statistical analysis.

Statistical and gene array analysis

The goal of this analysis was to identify differences in the activity of the
immune signalling pathways between the diabetic quadruplets and their non-
diabetic siblings. The gene array statistical analysis was performed using the
network linking (GeneSpring GX10, Agilent Technologies, Inc., Santa Clara,
CA, USA) and the pathway analysis softwares (MetaCore, GeneGo, Inc.,
St Joseph, MO, USA). Using unpaired t-tests, only the differences in gene
expression with P-values <0.05 were considered as statistically significant.
The numbers used to generate the heat map represent normalized intensity
values calculated as a log, ratio of gene expression to the chip median
expression value.

M F

DQA1 01/01 DQA1 01/02

DQB1 0501 /0603 DQB1 02/ 0501

L ee:

DQA1 o01/01 DQA1 01/01

DQB1 0501 /0603 DQB1 0501/ 0501

Figure 1 The family tree with indicated HLA DQ types. The quadruplets
(A-D) are genetically monozygotic and DQ homozygous. The quadruplets
A and B had simultaneous presentation of T1D just 1 month after an
apparent enteroviral infection. The quadruplet C is in the pre-diabetic phase.
The quadruplet D and an older sister (S) are diabetes free. All four
quadruplets (A-D) produce anti-islet cell antibodies to GAD65 and |IA-A2
autoantigens. HLA DQ types of mother (M) and Father (F) are also indicated.
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Cellularity of Tregs and DCs

Tregs (CD4*CD25FoxP3") and DCs (plasmacytoid, pDC as well as myeloid,
mDC) from freshly isolated PBMCs were counted and identified by flow
cytometry (FACS) as described elsewhere.?? Family data were compared with
the control samples derived from 23 healthy volunteers (12 females/11 males),
median of age 18 years, range 14-26 years.

PBMC cytokine responses

To assess the cellular responses to Toll-like receptor 9 (TLRY) stimulation,
2x10° freshly isolated PBMCs were stimulated with ODN 2216 (Invivogen,
Toulouse, France) for 24h (37°C, 5% CO,) and cytokine productions were
measured using multiplexed antibodies (Milliplex, Millipore, Billerica, MA,
USA) on luminescent beads (Luminex 100 IS, Luminex Corporation, Austin,
TX, USA). Similarly, a spontaneous secretion of cytokines was measured in the
supernatants derived from PMBCs using a cytokine microarray (Ray Biotech,
Norcross, GA, USA). Cytokine concentrations were compared with the relevant
value ranges of the control population without statistical analysis.

RESULTS

Short tandem repeat polymorphisms test, HLA typing, anti-islet
cell antibodies, glucose tolerance test and anti-viral antibodies

All quadruplets exhibited identical results in all 14 short tandem
repeat polymorphisms tested. The quadruplets are homozygous for
HLA DQA 01 and DQB 0501 (Figure 1). The HLA class II alleles in the
quadruplets are not associated with an increased risk for T1D in the
Czech population.'® Remarkably, all four quadruplets were positive for
anti-islet autoantibodies GAD65 and IA-24, indicating an ongoing
anti-islet autoimmunity in the non-diabetic quadruplets. The quad-
ruplet C had a reduced first-phase insulin response and a 1-hour
glucose concentration of 8.7 mmol/l, a typical characteristic of a pre-
diabetic stage. Only this quadruplet had an evidence of current
Enterovirus 68-71 infection with IgM, IgA and IgG antibodies. The
father and the other quadruplets had anamnestic Enterovirus 68-71
IgG antibodies only.

Functional genomics

Among the 47633 probe-sets tested, 2136 entities (with proved
difference P<0.05. and fold change >1) were unique for the non-
diabetic quadruplets and 2589 entities were typical of the two diabetic
sisters. Out of 10 immune signalling networks with the largest
differences in the gene expression profile between the diabetic and
the non-diabetic quadruplets (Table 1), 4 are related to antiviral
responses: (i) antiviral actions of interferons, (ii) TRIF-specific

Table 1 Ten most differently regulated immune signalling networks
between the diabetic (A and B) and the non-diabetic (C and D)
quadruplets

Signalling pathways P-value
Antiviral actions of interferons 0.0003
Role of TLR-3 and -4 in antiviral response: 0.0011
Trif-specific signalling pathways

IFN alpha/beta signalling pathway 0.0019
IL-27 signalling pathway 0.0034
Antigen presentation by MHC class | 0.0056
IL-4-antiapoptotic action 0.0141
IL-12-induced IFN-gamma production 0.0260
IL-9 signalling pathway 0.0359
Human NKG2D signalling 0.0366
IL-4 signalling pathway 0.0456




TLR3 and TLR4 signalling pathways, (iii) IFN alpha/beta signalling
and (iv) antigen presentation by MHC class 1. Important differences
were also found in four other regulatory pathways related to the
interleukin signalling and T-cell differentiation pathways (IL-4, -9, -12
and -27). A gene cluster analysis of these pathways is presented in the
Figure 2 where the gene expression for the diabetic and the non-
diabetic quadruplets is compared.

Cellularity of Tregs and DCs

The relative number of Tregs was decreased in all family members in
comparison with the value range of the control group (Supplementary
Figure 3a). Similarly, the absolute numbers of pDCs and mDCs were
also decreased compared with the mean of the control subjects
(Supplementary Figure 3b and 3c, respectively). The only exception
for the decrease in pDCs was the older sister and that for the decrease
in mDCs was the quadruplet B.

Spontaneous and induced cytokine production by PBMCs

PMBCs from the diabetic quadruplets produced high levels of
TGF-betal and low or undetectable levels of IL-10. A completely
opposite pattern of production of these two cytokines was observed in
the pre-diabetic quadruplet C (Supplementary Figure 4). Remaining
healthy members of the family produced intermediate to low levels of
IL-10 and low to undetectable levels of TGF-betal. All family members
produced comparable levels of IL-13 (Supplementary Figure 4). Thus,
IL-10/TGF-beta-1 imbalance between the diabetic and the non-dia-
betic members of the family was the most striking result of this
analysis. In addition, we detected higher spontaneous levels of IFN-y
and other Thl cytokines mainly in the non-diabetic quadruplet D.
Moreover, only the father’s PBMCs produced detectable amounts of
IL-17 (data not shown).

The stimulation of PBMCs with TLR9-specific ligand led to the
increased production of IFN-o in the non-diabetic quadruplets, the
older sister and the mother. Concentration of IFN-o was slightly
increased in the diabetic siblings as opposed to the controls. In
contrast, PBMCs from the father were refractory to TLR9 stimulation
(Supplementary Figure 5).

DISCUSSION
A simultaneous clinical manifestation of T1D in siblings is rare. Taken
into account that the probability of a natural conception of quad-
ruplets is extremely low,?* the chance for the quadruplets to also be
monozygotic and DQ homozygous is truly exceptional. Here, we
documented a unique case of a family with naturally conceived
quadruplets where two of them have already developed T1D and
the third is in a pre-diabetic state with impaired first-phase insulin
response in ivGTT. Moreover, all four quadruplets are positive for
anti-GAD65 and IA-2A antibodies. Thus, the probability for an early
onset of T1D in the two, so far non-diabetic quadruplets is quite
high.24

An interplay between genetic predisposition and environmental
factors is implicated in T1D pathogenesis.>>?® External factors such as
food, infections and stress factors should be taken into account. The
quadruplets had the same duration of lactation and they have similar
eating habits. They all attend the same kindergarten and follow a
standard national vaccination programme. According to their medical
records they did not suffer from any major childhood diseases and
infections. The parents reported that both diabetic quadruplets
showed visible signs of a mild respiratory infection just 1 month
before the onset of diabetes. No other infection or medical conditions
were reported before the onset of T1D. Serological examinations
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revealed that, indeed, all the quadruplets suffered from an enteroviral
infection, still ongoing in the pre-diabetic quadruplet C. Viral infec-
tions are considered to have an important role in T1D pathogenesis,
but the exact molecular mechanisms are still unknown.?>%¢ In this
context, our data are consistent with the recently published meta-
analysis of 33 prevalence studies suggesting that enterovirus infection
is common among patients with T1D.?’

Our microarray data provided additional evidence to support the
notion that viral infection may have contributed to the onset of T1D
in the two quadruplets. Notably, cellular anti-viral responses were
more prominent in the diabetic sisters where the antiviral signalling of
interferons was the most significantly affected pathway. In the diabetic
and the non-diabetic sisters, three other virus-sensing pathways
exhibited different activation status, namely, TRIF-dependent TLR3
and TLR4 antiviral responses, IFNo/f signalling and antigen presenta-
tion by MHCI. Various evolutionarily conserved microbial structures,
so-called pathogen-associated molecular patterns, are recognized by
pattern recognition receptors. Toll-like receptors (TLRs) represent a
prototypical class of such receptors that recognize pathogen-associated
molecular pa.’[terns.28 Moreover, TLR3 and TLR4 can signal the
presence of viral RNAs and proteins, respectively. In addition, only
TLR3 and 4 signal via adaptor protein TRIE which triggers antiviral
immune responses through the production of type I interferons
(IFNo/B) and inflammatory cytokines.?’ TRIF signalling also leads
to MyD88-independent DC maturation.®® In turn, interferons may
not only significantly contribute to the development of Thl immune
responses considered as prodiabetogeneic®! but they can also cause the
upregulation of MHC class I molecules on pancreatic beta cells, thus
initiating the diabetogenic process itself.>3? An alternative pathway
able to transduce the detection of enteroviral infection to interferon
o/f production involves the cytoplasmic helicase receptor MDAS5
(melanoma differentiation-associated protein 5).333* A recent gen-
ome-wide association study implicated MDAS in the pathogenesis of
T1D.3 Thus, although we cannot preclude the contribution of other
external factors and type of viruses, our serological and microarray
data argue for a possible involvement of enteroviruses of EV68-71
serotypes in the development of T1D in our quadruplets. The
propensity of stimulated PMBCs isolated from non-diabetic members
of the family (with the exception of the father) to secrete high levels of
IFN-o. compared with the controls lends further support for this
conclusion.

The other four pathways with the most prominent differences
between the diabetic and the non-diabetic siblings are cytokine
IL-27, -4, -12 and -9 signalling cascades affecting T-cell differentiation.
Among these interleukins, the most promising candidates for dia-
betes-associated markers seem to be IL-27 and IL-9. Notably, it has
been demonstrated that IL-27 functions as the key regulator of IL-10
and IL-17 production in human CD4* T cells.*® Nowak and collea-
gues’’ also identified IL-9 as a mediator of Th17-driven inflammatory
disease. Moreover, it has also been shown that IL-9 synergizes with
TGF-betal to differentiate naive CD4* T cells into Th17 cells and
postulated an additional role for IL-9 in mediating the suppressive
function of Tregs in experimental autoimmune encephalomyelitis.>®
Thus, our microarray data are coherent with these findings and
provide further support for the importance of IL-27 and IL-9 cytokine
signalling in the development of T1D.

FACS analysis of freshly isolated PMBCs from all family members
showed that the first-degree relatives of the diabetic quadruplets
display a general decline in the number of pDCs and/or mDCs.
Moreover, all family members displayed a lower number of naturally
occurring Tregs. This is in agreement with a previously documented
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Figure 2 Microarray heat map of genes belonging to 10 most differentially regulated pathways between the diabetic and the non-diabetic quadruplets.
A simplified view with averaged gene expression values of diabetic (A and B) and non-diabetic sisters (C and D) is presented. Red and blue indicate an
increase and a decrease in the gene expression levels, respectively, as indicated in the scale bar. The affiliation of all listed genes with one of the ten

signaling pathways listed in Table 1 is presented in the Supplementary Table.
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situation where siblings of T1D patients often reveal lower number of
Tregs with impaired functional capabilities.>® We have also previously
reported that PMBCs from young patients with T1D, predominantly
produced Th3 cytokines IL-10 and TGF-f.4%4! However, a predomi-
nant secretion of TGF-f over IL-10 seen in our diabetic quadruplets
has not been reported so far. Strikingly, this production pattern
exhibited a reverse relation in their pre-diabetic sister. Although the
mechanism underpinning this cytokine production pattern is not
known at this time, it is suggestive of a switch in the regulation of
cytokine expression during the transition from pre-diabetic to clini-
cally manifested T1D phase.

The open question is then why, if all quadruplets show signs of
enteroviral infection and concomitantly are positive for anti-islet
autoantibodies GAD65 and IA-2A, only two of them have developed
diabetes despite their identical genetic background? In this respect, the
lack of information concerning the quadruplets’ autoantibody posi-
tivity before enteroviral infection precluded us to establish direct
causative links between the enteroviral seropositivity, islet autoimmu-
nity and the onset of diabetes.*? Enteroviruses enter the body via
ingestion and young children are their main target and reservoir. The
incubation period lasts usually 3—6 days and symptoms of infection
are usually subclinical, or very mild in the form of uncomplicated
summer cold. Initially, enterovirus-specific antibodies of IgM class are
detectable in 1-3 days after infection and are present for several
months. After 7-10 days post-infection, a seroconversion to IgG class
occurs and long lasting antiviral IgG antibodies, called anamnestic, are
produced.*® The quadruplet C is the only individual from this family
that is still serologically positive for the presence of enterovirus-
specific IgM antibodies. Thus, although a pre-diabetic stage of the
quadruplet C correlates with a more recent occurrence of enteroviral
infection, its positivity for anti-islet autoantibodies GAD65 and IA-2A
indicates that this infection might not be a primary cause of the anti-
islet autoimmunity, which rather results from a genetic predisposition
of quadruplets to diabetes.** This line of arguments is further
supported by a recent study suggesting that the progression from
islet autoimmunity to fully blown T1D may increase after an enter-
ovirus infection.’® In this respect, the timing of infection and its
periodic recurrence as well as a dose of the virus are certainly
important parameters when considering the effect of viral infection
on the same diabetes-susceptible genetic background. It is of note that
a pair-wise concordance of T1D is <40% among monozygotic twins
(data from monozygotic quadruplets are not available) strongly
advocating for a critical role of exogenous factors in the development
of T1D.4>46 Taken altogether, the identical genetic background among
quadruplets does not guarantee the synchronization of the onset of
diabetes. In addition, an individual medical history and immuno-
logical experience reflected in differential level of gene hypermethyla-
tion could represent an important endogenous factor causing a discor-
dance among genetically identical siblings.*” Thus, the correlation
between our microarray data indicating an involvement of viral
infection in the development of diabetes and the appearance of
clinically apparent mild respiratory, possibly viral infection in two
girls 1 month before clinical diagnosis of T1D is indicative that a
viral infection contributed to the autodestructive diabetic process.
Although the identity of this viral agent remains uncertain, EV68-71
serotypes positivity points to enteroviruses as obvious suspects.
However, as we have no direct evidence linking enteroviruses to the
onset of diabetes in these quadruplets, caution has to be exercised in
the interpretation of these results.

In sum, this unique family case study provides a support for the so-
called “fertile-field’ hypothesis proposing that genetic predisposition to
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anti-islet autoimmunity is ‘fertilized’ and precipitated by viral infec-
tions.*® Our microarray data suggest that the viral activation of
TRIF-mediated TLR signalling amplified by ensuing overproduction
of IFN o/p cytokines could lead to an imbalance between anti- and
pro-inflammatory signals towards the latter, resulting in a relatively
rapid progression of T1D in genetically susceptible young quadru-
plets.!® Several lines of evidence also point to the contribution of
enteroviral insult that preceded the clinically manifested onset of a
fully blown and pre-diabetic stage of TID in three out of four
quadruplets. The finding that the remaining quadruplet is anti-islet
autoantibody-positive, but still diabetes free with normal glucose
tolerance test likely attests to her genetic predisposition to anti-islet
autoimmunity. Thus, this family case is a prototypical example of the
efficiency of environmental factors to cause disease in genetically
identical predisposed individuals.
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9 Zavér

Imunitni systém je soubor mnoha typli bun¢k a jejich plsobki, ktery vznikl jako

hlavni obranny mechanismus organismii pfed infekcemi. Imunitni systém je schopen
rozeznavat vlastni a cizi antigeny a pfispiva k homeostaze organismu.
Alergickd 1 autoimunitni onemocnéni jsou zpiisobena nepfiméfenou imunitni odpovédi na
antigeny télu vlastni i cizi, na které¢ bézn¢ vytvaii toleranci. Tyto imunopatologické stavy jsou
vysledkem kombinace genetickych i zevnich faktorl. Atopickd dermatitida a bronchialni
astma jsou povazovany pievazné za Th2-mediované onemocnéni, v ptipad¢ diabetu mellitu 1.
typu jsou patognomické prevazné Thl lymfocyty. Tato imunitni reakce vede k zdnétu az
destrukci cilové tkané€ a ke vzniku onemocnéni. V piipad¢ alergii se jedna o hypersenzitivni
reakci na alergen a u autoimunit na antigeny télu vlastni.

Alergicka 1 autoimunitni onemocnéni vznikaji na podkladé komplexni poruchy
regulace imunitni odpovédi, a to jak mechanisml vrozené imunity, tak i specifickych slozek.
U obou patologii nachdzime poruchy na bunééné urovni i v humoralnich ¢astech imunity.
Intenzivné jsou studovany regula¢ni imunitni mechanismy, zapojeni jednotlivych imunitnich
slozek a vzajemny vztah vrozené i adaptivni imunity v patogenezi alergii i autoimunit.
Studium nékterych vybranych regulacnich mechanismti zapojenych do imunopatogeneze
vybranych onemocnénich - atopické dermatitidy, bronchidlniho astmatu a diabetu mellitu 1.
typu, bylo hlavnim pfedmétem této disertacni prace.

V prvni ¢asti vénované atopické dermatitidé byla zkoumana asociace polymorfismi
genli pro cytokiny s atopickou dermatitidou a s vyvojem atopického pochodu v pribéhu
prvnich let Zivota pacientd s AD. Prokézali jsme asociaci mezi polymorfismy IL-10 a IL-4R
s rozvojem alergické rhinitidy a se senzibilizaci na inhala¢ni alergeny, které by mohly slouzit
jako mozny prediktivni faktor inhalacni alergie.

Zéavaznost projevu atopické dermatitidy koreluje s hladinou volnych lehkych fetézct (FLC)
v séru. FLC by mohl slouzit jako dal$i diagnosticky laboratorni zndmka aktivity onemocnéni
nezévisly na celkovém IgE.

I pres zvySenou hladinu celkového IgE a/nebo specifickych IgE u pacientd s atopickou
dermatitidou, jsme u 2 pacientl stézkou formou atopické dermatitidy pozorovali pouze
kratkodobé zlepseni klinického stavu po podani rituximabu.

Tyto vysledky by mohly pomoci k dal§imu pochopeni patogeneze AD a piinést nové
moznosti diagnostiky a 1écby tézké formy AD.

Ve druhé casti prace byla studovana role piirozené imunity, zejména dendritickych
bunék a roli infekce u bronchidlniho astmatu a diabetu mellitu 1. Typu (T1D). V soucasnosti
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je velmi dobtfe zndma i role dendritickych buné¢k jako klicovych bunék vrozené imunity pro
iniciaci a polarizaci imunitni odpovédi, a také poruchy specifické imunity na arovni T 1 B
lymfocyt. Na jednu stranu hraji tyto buiiky roli v obrané proti infekcim nebo nadoriim, na
druhou stranu jsou schopny vyvolat toleranci k vlastnim i béZnym cizim antigeniim nebo
autoimunitni reakci.

Byla propracovana metodika detekce subpopulace DC v BAL-u a periferni krvi pomoci
mnohobarevné cytometrie. Bylo ukdzano, Ze u pacientll s astmatem nachazime zvySené
zastoupeni BDCA-3+ DC a MR+ DC v bronchoalveolarni lavazi v porovnani se zdravymi
kontrolami a ve srovnani s jejich zastoupenim v periferni krvi. Nalezena zvysend exprese C-
lektinti, jako moznych receptori pro alergeny u astmatiki, by mohla pfispét k rozvoji
imunopatologické reakce geneticky predisponovanych jedinct.

V zavérené Casti prace byl na dvou studiich dokumentovan mozny vliv genetickych a
infekEnich faktorti v patogenezi T1D. Kazuistika jednovajenych ctyfat ukdzala mozny
rozdilny ¢as vzniku T1D u geneticky identickych jedinct. Zarovenn byl popsan rozdilny
genovy expresni profil mezi nemocnymi a zdravymi détmi, nejvice v signalizacnich drahéach
protivirové reakce a interferonové cesty. Tyto data ziskand na mRNA turovni podpofily i
vysledky na proteinové a bunééné urovni. Pacienti s TID a jejich prvostupiiovi piibuzni
v riziku vzniku T1D (s pozitivnimi autoprotilatkami) méli signifikantné snizené mnozstvi
mDC 1 pDC v periferni krvi, 1 pfes tento deficit produkovali ale vysoké mnozstvi IFN-a po
stimulaci ligandem TLRO. Tyto vysledky podporuji diileZitou roli pDC a IFN-a v patogeneze
T1D a v budoucnosti by mohly pfispét k lepsi predikci diabetu u rizikovych skupin, ptipadné

novym terapeutickym moznostem.
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Seznam zkratek

AD
ADAM33
ADCC
AIRE
ALPS
APC
APECED
APS-1
BAFF
BAL
BDCA
Betv 1
BP180
CpG
CCL
CCR

CD
CMV
CRTH2
CTLA-4
CXCR
DC
DC-SIGN
DD
DEC-205
Der pl
DNA
dsRNA
ECP
ELISA
FAS
FceRI

atopicka dermatitida

desintegraza A a metaloproteinaza 33
buné¢na cytotoxicita zavisla na protilatkach
autoimunitni regulator

autoimunitni lymfoproliferativni syndrom
antigen-prezentujici bunika

autoimunitni polyendocrinopatie-kandidoza-ektodermalni dystrofie
autoimunitni polyglandularni syndrom 1
faktor aktivujici B lymfocyty
bronchoalveolarni lavaz

antigen dendritickych bun¢k v krvi

Betula verrucosa 1 (hlavni alergen biizy)
hemidesmosomalni protein (kolagen XVII)
okrsky DNA bohaté na cytosin-guanin
Chemokinovy (C-C motiv) ligand
Chemokinovy (C-C motiv) receptor
cluster of differentiation

cytomegalovirus

chemoattractant receptor for Th2 cells
cytotoxic T lymphocyte antigen 4
chemokinovy (C-C motiv) receptor

dendriticka bunka

DC-specific intercellular adhesion molecule-3 (ICAM-3)-grabbing non-integrin

,,death* doména

C-lektinovy receptor

Dermatophagoides pteronyssinus 1

deoxyribonukleova kyselina

dvojvldknova RNA

eozinofilni kationicky protein

enzyme-linked immunoassay

transmembranovy protein typu I z rodiny TNF receptort

vysoce afinni Fc-receptor pro IgE
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FceRII nizko-afinni Fe-receptor pro IgE (CD23)

FLC volny lehky fetézec

FIt3 Fms-like Tyrosine Kinase-3

FoxP3 forkhead box P3

GAD dekarboxylaza kyseliny glutamové

GADA autoprotilatky proti 65kD isoformé dekarboxylazy kyseliny glutamové
GATA-3 transkrip¢ni faktor Th2 lymfocyti

GITR glukokortikoidem indukovany gen z TNFR rodiny
GM-CSF granulocyty a monocyty kolonie stimulujici faktor

GPI glycosylphosfatidylinositol

HMGBI1 high mobility group box chromosomal protein 1

HLA hlavni histokompatibilni komplex

HsP protein tepelného Soku

IA antigen ostruvku (pankreatu)

IAA autoprotilatky proti insulinu

[A-2A autoprotilatky proti proteintyrosin-fosfatdze IA-2 molekuly
ICA autoprotilatky proti buiikdm ostriivka

IDEC zanétlivé dendritické epitelové buiky

IDEC-152 anti-CD23 monoklonalni protilatka (lumiliximab)

IFN interferon

Ig imunoglobulin

IL interleukin

IL-4Ra receptor pro IL-4

ILT-7 imunoglobulinu podobny transkript
IPEX immunodysregulation polyendocrinopathy enteropathy X-linked syndrome
iTregs indukovany regula¢ni T lymfocyt
kDa kilo dalton

LC Langerhansova buika

LRR opakované sekvence bohaté na leucin
LPS lipopolysacharid

LT leukotrien

LTA lipoteichova kyselina

MBP hlavni bazicky protein

MCP monocyte-specific chemokine
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MDC
MGUS
MHC
MIP
MMP
mRNA
mDC
MMTV
MR
MyD88
NF-kB
NKT
NLR
NOD
nTregs
OVA
0X40L
PAF
PAMP
PBMC
PCR
PD-1
pDC
PG
PGI2
Phip 1
poly I:.C
PRR
PTPN22
RANTES
RLH
RNA
RSV
RT-PCR

makrofagy-derivovany chemokin

monoklondlni gamapatie neuréeného vyznamu

hlavni histokompatibilni komplex

macrophage inflamatory protein

metaloproteindza

mesengerova RNA

myeloidnich dendritické buiika

myS$i virus tumoru prsu (mouse mammary tumor virus)
mandzovy receptor

myeloid differentiation primary response gene 88
nuklearni faktor kB

natural killer T cells

NOD-like receptor (nucleotide-binding oligomerization domain)
non-obese diabetic mice

prirozeny regulacni T lymfocyt

ovalbumin

ligand OX40 receptoru

desticky aktivujici faktor

molekularni motivy asociované s patogenem

periferni mononukledrni buiiky

polymerazova fetézova reakce

programmed cell death 1

plasmacytoidni dendriticka buiika

prostaglandin

prostacyklin

Phleum pretensae 1 (hlavni alergen bojinku)
polyinosinova polycytidylova kyselina

receptory rozeznavajici patogenni motivy

protein tyrosine phosphatase non-receptor 22
Regulated on Activation, Normal T cell Expressed and Secreted
RIG-I-like helikaza (gen indukovany kyselinou retinovou 1)
ribonukleova kyselina

respiracni syncytialni virus

real-time PCR
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SAIT
SCID
SCORAD
SNP
SPINKS
ssRNA
STAT
T1D
T-bet
TARC
Tc
TCR
TGF
Th

TIR
TIRAP
TLR
TNF
TRAIL
TRAM
TRIF
TSLP
Tr
Tregs
TRIGR
X

specificka alergenova imunoterapie

tézky kombinovany imunodeficit

skorovani systém atopické dermatitidy (SCORing Atopic Dermatitis)
single nukleotide polymorfism

inhibitor serinové portedzy Kazal typ 5
jednovldknova RNA

signal transducer and activator of transcription
diabetes mellitus 1. typu

transkripcni faktor Th1 lymfocytt
thymus-asociovany a regulovany chemokin
cytotoxicka burka

T bunéény receptor (T-cell receptor)
transformujicim rastovém faktoru

pomocny T lymfocyt (helper T lymphocyte)
Toll-interleukin-1 receptor

TIR- domain—containing adapter protein
Toll-like receptor

tumor nekrotizujici faktor

TNF-related apoptosis-inducing ligand
TRIF-related adaptormolecule
TIR-domain-containing adapter-inducing interferon-3
thymicky stromalni lymfopoeitin

regulac¢ni T lymfocyt

regulacni T lymfocyty

Trial to Reduce IDDM in the Genetically at Risk

tromboxan
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