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SEZNAM POUZITYCH ZKRATEK

a.a. peptidova sekvence - aminokyseliny (amino acid)

ADA Americka diabetickd asociace (American Diabetes Association)
Ag antigen

APC antigen prezentujici buiika (antigen presenting cell)

CD diferenciacni znak (cluster of differentiation)

CTLA-4  antigen-4 cytotoxickych T lymfocyta (cytotoxic T-lymphocyte antigen-4)
DC dendritickd bunka (dendritic cell)

DM diabetes mellitus

DMSO dimethylsulfoxid

EDTA ethylen diamin tetraoctovd kyselina (ethylene diamine tetraacetic acid)

FoxP3 transkrip&ni represor (forkhead/winged-helix family transcriptional repressor p3)
GAD dekarboxyldza kyseliny glutamové (glutamic acid decarboxylase)

GITR glukokortikoidy indukovany receptor pro tumor nekrotizujici faktor

(glucocorticoid-induced tumor necrosis factor receptor)
GM-CSF  granulocyto-makrofdgové kolonie stimulujici faktor (granulocyte-macrophage

colony stimulating factor)

HLA antigen lidskych leukocytti (human leukocyte antigen)

Hsp protein tepelného Soku (heat shock protein)

IA-2 ostrivkovy antigen (islet antigen)

ICAM mezibunéna adhezivni molekula (intercellular adhesion molecule)
ICOS inducibilni pomocny stimulétor (inducible co-stimulator)

IDDM inzulin dependentni diabetes mellitus

IDO indol-amin 2,3 dioxygenaza

IEL intraepitelidlni lymfocyt

IFN interferon

IL interleukin

IPEX syndrom imunodysregulage, polyendokrinopatie, enteropatie, X-vdzany

iTreg(s) indukované regulacni T lymfocyt(y) (inducible T regulatory cell(s))
Lv.GTT nitroZilni, intraven6zni glukézo-toleran¢ni test
MHC hlavni histokompatibilni komplex (major histocompatibility complex)

LFA antigen spojeny s lymfocytarni funkei (lymphocyte function-associated antigen)



LICOS
NFAT
NF-kB
NK
NOD
nTreg(s)
oGTT
PHA
PBMC(s)
SCID
SNP
SOCS
STAT

T1D
Tc
TCR
Teff
TGF
Th
TNF
TNFR
Trl
Treg(s)
TRAF

TSDR

ligand inducibilntho pomocného stimuldtoru (ligand of inducible co-stimulator)
nukledrni faktor aktivovanych T lymfocyti

nukleérni faktor kappa B

piirozeny zabijeC (natural killer)

linie neobézni diabetické mysi (non-obese diabetic mouse)

prirozené se vyskytujici regulacni T lymfocyt(y) (natural T regulatory cell(s))
oralni glukézo-tolerandni test

fytohemaglutinin

mononukledrni burka(y) periferni krve (peripheral blood mononuclear cell(s))
t€zky kombinovany imunodeficit (severe combined immunodeficiency)
polymorfismy jednotlivych nukleotidl (single nucleotid polymorphism)
supresor cytokinové signalizace (suppressor of cytokine signaling)

signédlovy pienaseC a transkripéni aktivator (signal transducers and activator of
transcription)

diabetes 1.typu (type 1 diabetes)

cytotoxicky T lymfocyt

receptor T lymfocytu (T cell receptor)

efektorovy T lymfocyt

transformujici ristovy faktor (transforming growth factor)

pomocny T lymfocyt

tumor nekrotizujici faktor (tumor necrosis factor)

receptor pro tumor nekrotizujici faktor (tumor necrosis factor receptor)
regulaéni T lymfocyt typ 1

regulacni T lymfocyt(y) (T regulatory cell(s))

faktory asociované s receptorem pro tumor nekrotizujici faktor (TNF receptor
associated factors)

pro regula¢ni lymfocyty specifickd demethylovand oblast (Tregs specific

demethylated region)
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1. Diabetes mellitus - obecny dvod

Diabetes mellitus je stdle ¢astéji nazyvan "chorobou 2 1.stoleti" [1]. V disledku poruchy
regulace metabolismu glukézy se onemocnéni klinicky projevuje zvySenou hladinou cukru v
krvi (hyperglykémii) a dalSimi metabolickymi pfiznaky. Glukdza predstavuje hlavni
energeticky zdroj pro vétSinu bunék v lidském téle. K utilizaci glukézy dochédzi vyhradné
intraceluldrné, pro jeji vstup do bunék je nezbytnd pritomnost specidlnich glukézovych
transportérd a inzulinu (vyjimku pfedstavuji neurony, ¢ervené krvinky a buiky stfevni
sliznice). Inzulin se tvofi v beta-burikdch endokrinni ¢4sti slinivky bfisni (pankreatu), jeho
sekrece je regulovdna aktudlni hladinou glukézy v krvi. Inzulin vazbou na inzulinové
receptory zvysuje pocet glukézovych receptorti na bunééné membran€ a tim umoZziiuje vstup
glukézy do bun€k, mimoto md i celou fadu dalSich G¢inkl na metabolismus. Pfi nedostatku
inzulinu, dochdzi ke hromadéni glukézy extracelularné a nedostatku glukézy intraceluldrné,
tzv."hladovéni uprostred nadbytku" [2]. ZvySend hladina glukdzy v krvi zvySuje osmolaritu
krve, vede k pocitu Zizn€, nadbyteCnému piti (polydypsii) a moceni (polyurii) s vylu€ovanim
glukézy do moce (glukosurie). Buriky jsou nuceny vyuZivat jin€ zdroje energie, pfedev§im
spalovdnim tukd (lipolyzou), dochdz{ k hromadéni ketolatek (intermedidlni produkty
lipolyzy), které svou kyselou povahou snizuji pH krve a vznik4 metabolicka acidéza, porucha
homeostdzy organismu. Neléleny absolutni nedostatek inzulinu kon&i smrti. Pfi relativnim
nedostatku inzulinu a chronicky zvySené hladin€ cukru v krvi se urychluje proces
aterosklerdzy, v disledku mikroangiopatif vznikd diabetické poskozeni ledvin (nefropatie),
sitnice (retinopatie), cév vyZzivujicich nervy (neuropatie), atd. V Case se tak rozviji sekundarn{
komplikace diabetu, které vyrazné snizuji kvalitu Zivota [3].

Diabetes mellitus (DM) se dle etiologie dé€li na: 1.typ, ktery je zplisobeny absolutnim
nedostatkem inzulinu pfi destrukci beta-bunék pankreatu, 2.typ, ktery je disledkem
relativniho nedostatku inzulinu pfi inzulinorezistenci (nedostatek/nizkd afinita inzulinovych
receptoru), ostatni vzacné€jsi formy diabetu mellitu zahrnuji rizné, nejcastéji geneticky
podminéné, defekty a syndromy na receptorové ¢i metabolické drovni [1-3]. Rozdéleni a
diagnostickd kritéria DM podle Americké diabetické asociace (ADA) jsou uvedena v tabulce

¢.1. Nésledujici text disertalni price se tykd vyzkumu v oblasti DM 1.typu (T1D).



Tab.1 Rozdéleni a diagnosticka kritéria diabetu mellitu

Prevzato od Americké diabetické asociace (ADA), 2007

Diabetes mellitus 1.typu

(absolutni nedostatek inzulinu)

autolmunni (protilatky proti ostrivkovym antigenim pozitivni)
idiopaticky (protilatky proti ostrivkovym antigeniim negativni)

Diagnosticka kritéria diabetu

Diabetes mellitus 2.typu

(relativni nedostatek inzutinu)

I1l. Ostatni specifické formy diabetu

genetické defekty postihujici vlastni pdsobeni inzulinu

(receptory, iontové kanaly, signalizacni drahy, tvorba a uvalnéni inzuh’nu)w

primarn( choroby exokrinni ¢asti pankreatu (nddory, fibrotizace)
endokrinopatie (nddory, paraneoplasie)

lékoveé podminény diabetes

infekéné podminény diabetes

vzécné formy imunologicky podminéného diabetu

(protilatky proti inzulinovému receptory, inzulinu apod.)

geretické syndromy  asociované s diabetem

1. glykémie > 11,1 mmol/l
(kdykoli béhem dne, bez ohledu na la¢néni)

NEBO

2. la¢na glykémie > 7,0 mmol/l
(tf.min. 8 hodin bez pfijmu potravy a kalorickych tekutin)

NEBO

3. glykémie ve 120.minuté OGTT > 11,1 mmol/|

(tj.pFi standardné& provedeném oralnim glukézo-tole-
randnim testu podle instrukcf WHO - Svétové

(Downty, Klinefeltertv, Turneriv, Wolframav aj.) zdravotnické organizace)

IV. Gestaéni diabetes mellitus  (relativn/ nedostatek inzulinu)

2. Diabetes mellitus 1.typu (T1D)

2.1 Incidence

Diabetes mellitus 1.typu (T1D) je autoimunitni choroba. Imunitni systém s poruSenou
regulaci specificky ireverzibiln€ destruuje vlastni beta-buriky pankreatu produkujici inzulin
[4, 5]. Onemocnéni zacind prevdZné v détském véku, adolescenci nebo mladé dospélosti, s
maximem vyskytu mezi 12.- 15.rokem véku, s nutnosti doZivotn{ substituce inzulinem, proto
také star§Sim oznacenim bylo "juvenilni" DM, resp. inzulin-dependentni DM [1]. Incidence
onemocnéni rapidné nartstd a vykazuje trend k vyskytu v mlad$im véku. Razné studie
ukazuji, Ze rozvoj autoimunitnich onemocnéni v zemich s vysokou Zivotni drovn{ je mnohem
Castéjsi. Incidence T1D tak kolisd mezi 0,7/100.000 v Pakistanu a 50/100.000 ve Finsku [3].
Je pfedpovidano, Ze celosvétovd incidence T1D bude v roce 2010 aZ 0 40% vyS§i neZ byla v
roce 1997 [3]. Ceska republika patif k zemim se stfedné vysokou incidenci T1D, v letech
1990-1997 byla 10,1/100.000 déti ve v&ku 0-14 let, v roce 2001 uz 11,4/100.000 [1, 6, 7].
Meziroéni nartist incidence T1D v Ceské republice patif k jedném z nejvyssich a ma dale
vzestupny trend, cca 0 4.3% za rok. Nejvys§i ndrtist je pozorovany ve skupiné déti od 0-4 let,

kde tvori 6,3% za rok [1, 7].



2.2 Klinické projevy a patogeneze

Zacatek onemocnéni je klinicky zcela némy. Dojde k prolomeni imunologické tolerance a
zahajeni imunologické reakce proti viastnim beta-burikdm v Langerhansovych ostriivcich
endokrinni ¢asti pankreatu. Samotny spousté¢ neni znam. Piedpoklada se multifaktoridlni
etiologie u geneticky predisponovaného jedince [1, 3]. Pokusy na zvifecich modelech
ukézaly, Ze naprosto nezbytnd je pfitomnost autoreaktivnich T lymfocytd. Zviratiim
(geneticky upravenym pievazné mysim liniim - NOD, SCID) byly transplantovany razné
bunééné subpopulace za riiznych podminek a bylo dokazéano, Zze pouze pienos T lymfocytl
vedl k rozvoji onemocnéni, zatimco B lymfocyty ¢i jen samotné autoprotilatky nemeély
dostate¢ny vliv na vznik nemoci [4, 5]. Pfedpoklada se, Ze produkce autoprotilatek proti
ostrivkovym antigentm je az sekundarnim projevem probihajici inzulitidy. Jejich detekce je
viak dosud teprve prvni moznou laboratorni znAmkou onemocnéni.

S klesajici masou beta-bun€k se objevuje porucha gluk6zové tolerance, nejdrive v
intravendznim a pozdéji v oralnim gluk6zo-toleranénim testu. V piipadé intravendzniho testu
(1.v.GTT) je do zily aplikovano uréené mnozstvi glukézy a stanovuje se sekrece inzulinu a C-
peptidu v 1. a 3.minuté. Sekrece inzulinu i C-peptinu je jiZ sniZzena, i kdyZ hodnoty gluké6zy v
krvi zatim nemuseji byt zvySené [8]. Pii ordlnim testu (0GTT) je podana glukéza sty a méti

se hladina cukru v krvi s odstupem 60 a 120minut, hodnoty glykémie jsou jiz zvySené [9].

Samotna klinickd manifestace
hyperglykémie s ketoacidézou se vét§inou
projevi, az kdyZ je zni¢eno 80-90% beta-
bunék [3]. Casto k ni dochézi po rtizné
dlouhém obdobi nejasnych prodromii
(Gnava, ubytek na vaze, Cast&jsi piti a
moceni) v obdobi zvySeného stresu, kdy je
vys$i potieba inzulinu (ristovy spurt v
puberté, nemoc, psychicky stres, apod.).
Zbylé beta-buniky jiz nejsou schopny tuto
potiebu pokryt, jejich rezervy jsou
vyCerpany [9].

Zbytkova sekrece inzulinu pretrvava jesté

rtizné dlouhé obdobi, do zniceni vSech

Obr.1 Schéma postupného klinického rozvoje diabetu mellitu 1.typu

Ptevzato a upraveno z [3]
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1. Klinicky némé prolomeni imunologické tolerance, autoreaktivita
neni potlacena regulaénimi mechanismy, vlastni spoustéci moment
neni znam

2. Zacatek destrukce beta-bunék, rozpadové produkty vedou k
tvorbé autoprotildtek, v séru je mozna jejich detekce (anti-GAD65,
anti-IA-2), postupné se objevuje porucha glukézové tolerance,
nejprve v i.v.GTT testu, poté v oGTT testu

3. Klinicka manifestace onemocnéni, hyperglykémie

beta-bunék, pot€ klesd i titr autoprotilatek [10].

Nazorné je patogeneze zachycena na obrazku ¢.1.




2.3 Genetické pozadi

T1D je heterogennim polygennim onemocnénim, s pievdZné non-familidrnim vyskytem.
Pouze asi 5-10% novych jedinci s T1D jsou sourozenci diabetickych pacientu, ¢i déti
diabetickych rodi¢d. Primérné riziko, Ze sourozenec diabetického ditéte onemocni T1D je asi
5%, tedy asi 25-50krat vy$si neZ v obecné populaci, kde je 1-2%eo. [1]. Dosud bylo zjiSt€no
kolem 20 s diabetem asociovanych genovych oblasti, které jsou oznaovany IDDM 1-20.
Nejvyznamnéj$i genovou oblasti (s nejsiln&jsi asociaci s onemocnénim) piedstavuje oblast
MHC-HLA 1L tfidy na chromozomu 6p21, tzv. IDDM1 geny. Zahrnuji az 60% genetické
vnimavosti pro onemocnén{ [3]. HLA molekuly IL.tfidy maji zdsadni vyznam pro vazbu
antigenu na antigen prezentujicich buiikdch a tim i aktivaci imunitni odpovédi. V souvislosti s
diabetem jsou hlavné monitorovany lokusy HLA-DQ a HLA-DR. Heterodimer variabilnich
fetézci DQA1 a DQB1 molekuly HLA-DQ se podili na genetickém riziku jako celek. V
rdmci genotypizace existuji protektivn{ alely, jejichZ nosite]l ma velmi malou
pravdépodobnost, Ze onemocni diabetem a rizikové alely, u kterych riziko onemocnéni pro
nositele dale naristd pri jejich kombinaci do rizikovych haplotypt. Frekvence jednotlivych
haplotypi a genotypi se liSi mezi jednotlivymi rasami i etnickymi skupinami. Pro ¢eskou
populaci v rdmci hodnoceni genetického rizika v Programu predikce diabetu 1.typu (pri
sledovani HLA genotypu, pozitivity protilatek proti pankreatickym autoantigentim, i.v.GTT,

aj.) byla stanovena nésledujici geneticka rizika (tab.2).

Tab.2 Genetické riziko pro rozvoj T1D na zakladé HLA II genotypu

(pfevzato z: "Predikce inzulin dependentniho diabetes mellitus u détskych prvostupriovych piibuznych

o

diabetickych pacienti", MUDr.Cinek O. a spol., Casopis lékafa &eskych 140, 2001, &.16)

Genetické riziko Kritérium pro zafazeni do kategorie

1. silné zvydené | DQ A1*05 - B1 0201/0302 soutasné DR B1 *0403 negativni
e DQ A1*05- DQ B1 0201, nebo 0302, sou¢asné

2, zvyiené negativni DQ 81* 0301,%0602, *0603 soutasné DR B1 *0403 negatiwni

a) pfitomnost DQ B 1* 0302-DR B1 *0403
3. pramérné b) DQ* 0301/0302 nebo * 0302/0603

¢) sou¢asné negativni DQ 81* 0302, DQ A1 05 - B1 *0201, *0301, *0602, *0603

4. snizené pifitomnos t DQ B 1*0603 nebo *0301 soucasné DQ B1 *0302 a *0602 negativni

5. velmi nizké pfitomnost DQ B 1*0602, bez ohledu na dalsi alely




Ptikladem dal3ich méné vyznamnych IDDM genti miiZe byt gen na chromozomu 11p35.5
(IDDM?2), ktery mé vyznam pii navozovani imunologické tolerance vii¢i vlastnimu inzulinu a
proinzulinu. Tento lokus se podili asi 10% na genetické vnimavosti k T1D. Za zminku také
stoj{ gen na chromozomu 2q33 (IDDM12), ktery leZi v blizkosti 2 vyznamnych aktivaénich
molekul T lymfocytl: "cytotoxic-T lymphocyte-associated-protein 4" (CTLA4) a ko-
aktivaéni molekuly CD28 [1,3].

2.4 Vliv zevniho prostredi

Zkoumad se vliv celé fady faktort. V Cele stoji rizné infekce, zejména enterovirové (coxsackie
viry, echoviry) nebo herpesvirové (cytomegaloviry), které mohou vést k odkryti
kryptogennich antigenti nebo na zakladé antigenni podobnosti iniciovat autoimunitni zanét
atd. Dadle se vénuje pozornost vlivu potravy a Zivotnim podminkdm, zejména v ¢asném
obdobf Zivota, zkouma se vliv kojeni a bilkoviny kravského mléka na pozdéjsi rozvoj
onemocnéni, o¢kovani a celkové Zivotni droven, role vitaminu D a slune¢niho zéfeni{ apod. [1,

3]. V nadi préci jsme se faktory zevniho prostiedi nezabyvali.

3. Imunopatologie diabetu mellitu 1.typu

3.1 Rozvoj autoimunitniho zanétu

K rozvoji onemocnéni dochézi, jestlize se v periferii nachdzeji autoreaktivni T lymfocyty,
které rozpozndvaji vlastni ostrivkové antigeny beta-bunék, a navic dojde k selhdn{ reguladni
mechanismi, které je maji zabranit jejich klondlni expanzi [11, 12].

Regulace imunitni odpovédi se v posledni dobé€ stdvd stfedem z4jmu mnoha vyzkumt, nebot
presné pochopeni jejich principi mize byt klicem k potlaceni autoimunitniho zénétu a tedy i
k prevenci rozvoje autoimunitniho onemocnéni. Principy regulace imunitni odpovédi pfi
zanétlivé reakci de facto tzce souvisi s principy periferni imunologické tolerance [22, 23]. Pti
tlumeni{ autoimunitniho zdnétu je porucha imunitni regulace vyjadfena méné ndpadné, o to
vSak ve svych diisledcich zdkeinéji. Imunitni systém je stimulovén antigeny vlastnich tkani{ a
neni zastaven.

Klicovymi hraci pfi zahdjeni zanétlivého procesu jsou antigen prezentujici buiiky a jejich
interakce s T lymfocyty. Kli€ovym principem pro ukon¢eni zanétlivého procesu je suprese
aktivovanych bunék. V pfipadé reaktivity proti vlastnim antigentim, je Zadouci spu§téni

supresivnich mechanismi v samotném pocétku zanétu, pted vlastnim rozvojem rozsihlé



autoimunitni destrukce. K tomu slouZi nastroje periferni imunologické tolerance, které maji
své nejveétsi uplatnéni pii inicidlnim kontaktu naivnich T lymfocytl s antigen prezentujicimi
buiikami, kdy zdleZi, zda dojde k rozvoji zanétu, ¢i nikoli [24]. PotlaCenf jiZ jednou plné
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zahdjené reakce je pozdéji mnohem naro¢néjsi [25].

3.2 Antigen prezentujici bunky ("'antigen presenting cells', APC)

Antigen prezentujici buiiky predkladaji zpracovany antigen T lymfocytim v podobé, v jaké
ho jsou schopni rozeznat, aktivovat se a poté na n¢j adekvatn¢ reagovat. Spole¢n€ s
aktivovanymi T lymfocyty jsou APC jedinymi buiikami, schopnymi exprimovat HLA
molekuly IL.tfidy, které vazi extracelularni antigeny. Komplex HLA II s antigenem rozeznava
TCR receptor s CD4 koreceptorem pomocného T (Th) lymfocytu. Komplex HLA I's
antigenem rozeznava TCR receptor s CD8 koreceptorem cytotoxického T (Tc¢) lymfocytu [14,
15].

Rozdéleni APC

Nejefektivngj§imi APC jsou dendritické buriky (DC) odvozené od monocyti. Jejich nezralé
formy ve tkdnich fagocytuji okolni materidl a po rozpoznan{ antigenu, pfi jeho vazbé na HLA
I, migruji do prilehlych lymfatickych uzlin a vyzrdvaji. Zrald DC exprimuje velké mnoZstv{
HLA I'i HLA II molekul s antigenem, adhezivni a kostimula¢n{ molekuly, pro kontakt s
lymfocyty. Dale secernuje chemokiny a cytokiny, které atrahuji lymfocyty do uzliny a
pomahaji pfi jejich aktivaci. Dal§imi profesiondlnimi APC jsou B lymfocyty a makrofagy,
plné€ funk&nimi se vSak stdvaji aZ po aktivaci Th lymfocyty [14].

Interakce APC a T lymfocytu

Pii kontaktu APC s T lymfocytem zdleZzi na okolnim cytokinovém prostied{ (jak APC, tak T
lymfocyt i ostatni pfitomné buriky jsou schopné produkovat zanétlivé i protizanétlivé
cytokiny), na kvalit€ a délce kontaktu bun€k daného adhezivnimi molekulami, na poméru
aktivacnich a inhibi¢nich molekul na povrchu APC i T lymfocytu a na piitomnosti dalich
bunék, které mohou interakci APC a T lymfocyt modifikovat (kompetici o Ziviny, receptory,
apod.). Vysledkem pak mtzZe byt aktivace efektorovych zanétlivych bunék, zejména CD4"
pomocnych T lymfocyti, které dale podporuji rozvoj zanétlivé reakce, nebo indukce
regulatnich protizanétlivych lymfocytd, ¢i vytvofeni anergniho klonu nebo dokonce apoptéza
prili§ aktivovanych lymfocytii (obr.3) [14, 15, 22-24]. Existuje celd fada experimentu, kterd

zkoumad interakci na zakladné blokady jednotlivych molekul (obr.2).



Obr.2 Interakce APC s T lymfocytem na molekuldrni drovni:
Nezrald dendriticka burika se vyskytuje ve tkani, fagocytuje okolni material, zpracovava ho v lysosomech a
vy¢kava na antigen, ktery vykazuje afinitu k MHC II. Jakmile se takovy antigen objevi, ztraci schopnost
fagocytézy, migruje do kortexu nejbliz$i lymfatické uzliny a maturuje. Zrala dendriticka buiitka exprimuje
vysoké mnozstvi MHC II (i MHC 1) v kombinaci s antigenem a dale mnozstvi adhezivnich molekul (ICAM 1,2,
DC-5ign=CD209, CD358), kostimulagnich molekul ( B7 = CD80 a CD86; CD40), cytokint (IL-12, TNFa) a
chemokini (CCL21, CCL19, CCLI8), které atrahuji T lymfocyty do uzliny.
T lymfocyt pro interakci s dendritickou burnkou také potfebuje adhezivni molekuly (ICAM 3, LFA1, CD2) a
rozpoznani komplexu MHC II s antigenem komplexem CD4 s TCR. Pfevladaji-li na povrchu T lymfocytu
aktivaéni signaly pfes molekuly CD28 a CD40L (=CD154), dochazi k aktivaci a expresi aktiva¢nich molekul
(CD69, CD25, MHC 11 aj.), proliferaci klonu a preméné v efektorové, zanétlivé cytokiny produkujici T
lymfocyty. Prevladaji-li na povrchu T lymfocytu inhibiéni molekuly CTLA4 (= CD152) a ICOS, dochazi k
utlumu aktivace.
Pri nedostatku kostimulacnich molekul na nezralych dendritickych bunkach nebo v protizanétlivém
Cytokinovém prostiedi (s prevahou IL-10, TGF-B) mize vzniknout anergicky nebo regula¢ni T lymfocyt.

[odvozeno a upraveno z 14, 15]

INTERAKCE ANTIGEN PREZENTUJICICH BUNEK (APC) AT LYMFOCYTU
- molekularni Groven

(_\ Dendriticka buitka
(zndmkou zralosti dendritické bufiky je

napf. exprese CD83)

112 IL-10

T lymfocyt - aktivaéni signaly
- po aktivaci T lymfocytu dojde k expresi
aktiva¢nich molekul, proliferaxi a produkci
cytokint

T lymfocyt - inhibicni signaly

- dany klon neproliferuje, neexprimuje
aktivacni molekuly a neprodukuje
zanétlivé cytokiny

- komplex CD3, CD4 a TCR (T lymfocyt) a MHCIl 2 Ag (APC) - pii mezibuné&né komunikaci jsou nezbytné rizné
je nezbytny pro aktivaci T lymfocytu, O adhezivni molekuly; napf. ICAM1,2 na APC a LFA1,
~anti-CD3 protilatky majl imunosupresivni U¢inek, ICAM3 na T lymfocytech
zabranujf aktivaci

- kostimulaéni molekuly na APC CD80 a CD86 (B7) ve - kostimulacni molekuly na APC CD80 a CD86 (B7)

L vazbé na aktivaéni molekuly CD28 na T lymfocytu vedou J} !) ve vazbé na inhibicni molekuly CTLA-4 na T lymfo-
k jeho aktivaci cytu vedou k inhibici, zejména snizenim produkce

w - anti CD28 protilatky vedou k proliferaci kionu T lymfocytd IL-2 - nezbytného riistového faktoru pro T lymfocyty

- blokdda B7 molekul inhibuje aktlvaci T lymfocytd - CTLA-4 (= CD152) se vaZe na CD80 a CD86 s 20x
vy33i aviditou ne2 CD28

- 1COS exprimuji T lymfocyty po aktivaci, vaZe se
na LICOS aktivovanych APC, vede k sekreci IL-10
a snizeni sekrece IL-2

kostimulaéni molekuly APC CD40 vede ke zvyseni

&] - vazba molekuly T lymfocytu CD4OL (=CD154) na
’ exprese CD80 a CD86




APCin vitro
In vitro 1ze pomoci riznych kultivanich protokold ziskat zralé dendritické bunky, které
prezentuji zvoleny antigen a produkuji poZadované cytokiny, které lze ndsledn& vyuZit pro

dalsi pokusy, viz.déle [16].

3.3 Autoreaktivni T lymfocyty

Autoreaktivni klony T lymfocytl jsou takové, které se po setkdni s vlastnim antigenem
patologicky aktivuji. Jejich TCR receptor s koreceptory rozezna antigen ve vazb€ na HLA
molekuly. Po vazbé receptorti s ligandy dochazi k prevedeni signdlu a aktivaci T lymfocytu,
kterd se projevi expresi aktiva¢nich molekul a produkci zanétlivého spektra cytokinu, tento
klon déle proliferuje a rozviji se autoimunitni zanét [12]. Fakt, Ze urcit€¢ HLA molekuly
mohou vézat pankreatické autoantigeny snadnéji nez jiné, celou situaci potencuje.

Pro rozvoj T1D je zésadni aktivace pomocnych CD4" T lymfocytt (Th), které, po kontaktu s
antigen prezentujici butikou a spudténi signalizaCnich cest, zacinaji produkovat Thl spektrum
cytokinli: zejména interferon gama (IFNY). Cytokinové spektrum Th1l podporuje bunéény typ
imunitni odpovédi, pfitahuje cytotoxické subpopulace autoreaktivnich T lymfocytt: pfirozené
zabije¢e (NKT buiiky) a CD8" T lymfocyty, které navic aktivuje v efektorové buiiky. Tyto
elementy pak infiltruji Langerhansovy ostrivky v pankreatu a na trovni buné¢ného kontaktu
destruuji beta-bunky, cytokinové prostiedi a rozpadové produkty beta-bunék umocnuji
zanétlivy proces [5, 17-19].

Autoreaktivni T lymfocyty in vitro

In vitro lze autoreaktivni klony T lymfocytd vyhleddvat pomoci stimulace specifickymi

autoantigeny a naslednou detekci produkce cytokinl &i exprese aktivaénich molekul. [20,21]

3.4 Periferni imunologicka tolerance

V periferii kazdého jedince v8ak vyskyt kloni T lymfocytid s TCR receptory, které vykazuji
vysokou afinitu k vlastnim antigentim, neni Zddnou vyjimkou. Zejména, pokud jsou tyto
antigeny necekané odkryty napf. po néjakém infekénim inzultu apod. Dochazi k tomu, jestlize
takovy klon nebyl zni¢en béhem svého vyzravani v thymu (negativni selekci), pfi selhan{
centrdlni imunologick€ tolerance. Za fyziologickych podminek se pak spravné zapojuji
mechanismy periferni imunologické tolerance, které v samotném podatku zabrani klonaln{

expanzi téchto potencidlné autoreaktivnich T lymfocytt [11-13].




Mechanismy periferni imunologické tolerance

Mezi mechanismy periferni imunologické tolerance patii: klonalni delece (v pfipadé setkdni
se s vlastnim antigenem a jeho rozpoznanim, se pfi nadmérné aktivaci spusti apoptéza daného
bun&éného klonu, napt. pfes Fas ligandy), klondlni ignorace (v situaci, kdy je antigenu
podprahové mnozstvi), klondln{ anergie (pfi nedostatku kostimula¢nich molekul nebo za
poslednim principem je vznik periferné indukovanych regulacnich T lymfocytd, které samy
aktivné zalinaji pisobit imunosupresivné [12, 13].

Existuji mista v lidském téle, na rozhrani mezi vlastnim (vnitfnim) a cizim (vnéj$im), kde je
vznik imunologické tolerance témér pravidlem. Patfi sem koZni a slizni¢n{ imunitn{ systém
prostfedi (IL-4, IL-10, TGF-PB) a antigen nemusi byt prezentovan pouze profesiondlnimi APC,
muze tedy chybét dostatek kostimulaénich signala [22].

Regulacni T lymfocyty (Tregs)

Regulaéni T lymfocyty (Tregs) jsou v ohnisku zdjmu poslednich 10-15 let. Koncept regula¢ni
buriky byl sice navrZen jiz pred vice jak 30-ti lety, kdy bylo publikovéno, Ze spojeni T
lymfocytl s antigenem, miZe navodit toleranci antigenu po pfeneseni do naivni mysi, ale diky
tehdejSim dostupnym technikdm, nebylo mozné tento jev déle studovat. Vice se tedy o nich
dozvidame az nyni [22]. Postupné se ukazuje, Ze existuje celd rozrustajici se skupina
jednotlivych podtypt Tregs, které jsou rdmcové definovany na zdkladé rizného fenotypu
(exprese povrchovych a intracelularnich molekul, produkce cytokini). Kandidatnimi
povrchovymi markery jsou "glucocorticoid-induced tumor necrosis factor receptor (TNFR)-
related protein” GITR, inhibi¢ni molekula "cytotoxic-T lymphocyte-associated-protein 4"
CTLA-4 (CD 152), adhezivni molekuly CD62L a aEB7integrin (CD103), a-fetézec receptoru
pro IL-2 (CD25), intraceluldrni molekula inhibi¢niho transkripéniho faktoru
"forkhead/winged-helix family transcriptional repressor p3" FoxP3 a dal3i. Jejich
problematika je podrobnéji popsdna niZe [22, 23]. Pfi snaze o pfesnou klasifikaci Tregs ale
nardzime na fakt, Ze n&které znaky se u jednotlivych subtypli mohou prekryvat (napf. FoxP3")
nebo mohou nabyvat riznych vyznama (napr. CD25%). Také zéleZi, v jakém kontextu a za
jakych podminek danou subpopulaci zkoumame. To miZe byt zdrojem ur€itych nejasnosti pfi
orientaci mezi Tregs. Podobné jako lze imunitni odpovéd’ délit na nespecifickou a
specifickou, lze Tregs rozdélit, v zdkladnim slova smyslu, na pfirozené se vyskytujici a v
periferii indukované regulaéni T lymfocyty [50, 53]. V obou téchto skupinach se pak
vyskytuji dalSi podtypy regula¢nich T lymfocytt (tab.3).
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Tab.3 Rozdéleni Tregs

Tregs I Mechanismus Poznamka Ref
N . e e e e
Aktivace TCR CD4" Th lymfo po setkani s Ag vkomplexu
CD4* Th2 IL-4 (méné 1L-10) HLA-ll na APC vede k produkci Th2 cytokinového spektra, | 2223
zejména IL-4
Aktivace TCR CD4* Th lymfo po setkénf s Ag vkomplexu
CD4' Th3 TGFb (méné IL-10) HLA-Il na AP C vede k produkci Th3 cytokinového s pektra, 22,23

zejména TGFR

Aktivace TCR CD4* Th lymfo po setkadni s Ag v komplexu
cD4'Tr IL-10 (méné TGFb) HLA-Il na AP C vede k produkci protizanatlivého cytokinového | 22,23
spektra, zejména IL-10

Inducible

Aktivace TCR CD8” T lymfo po setkdnis Ag vkompexu HLA-

* 3 iL-10, iL-4 22,23
COR {028} 1 vede k produkci protizanétlich cytokind
TCRy&5CD8* T lymfo se prednostné wskytuji vepitelu a hraji
CD8 *VG IEL IL-10 wznamnou roli ve slizni¢ni imunité, aktivace po setkani s Ag 2293

vkombinaci s HLA-l molekulami vede k produkci
protizanétliveho IL-10

TCR receptor CD8* T lymfo, ktery rozezna Ag v komplexu
HLA-E molekul na aktivovanych T a B lymfo a DC, vede ke
vzniku supresorového klonu, expresi inhibi¢nich molekul 32
CD94/NKG2A a C na NK a CD8* buikach, jejichz interakce
s HLA-E vede k inhibici jejich cytotoxické aktivity

suprese aktivovanych T
lymfo a NK na bazi
bunécného kontaktu

CD81HLAE restricted

TCR receptor vaze glykolipid na CD1 molekuldch

Th1/Th2 modulace, (experimentalné a-galaktosylceramid), po aktivaci umi tvofit
) . ; ;] Th1 i Th2 spektrum i cytotoxické molekuly (perforin, granzym)
NKT CD1 restricted p;i::::;.:g Egr;‘::lsa:' v akutnim stadiu, na pocatku nes pecifické odpovédi podporuji | ¢ 5,
produkce cytokinii aktivaci DC a tim nepiimo urychluji s pecifickou odpowéd,
opakovand chronické aktivace stejnym antigenem Vi ak
naopak vede k supresi (produkci IL-10 a pisobenim na DC)

suprese aktivovanych T PolyklondIni TCR receptor, k aktivaci sta¢i 10-100xniz§i

_ lymfo a snad i DC na koncentrace Ag, po aktivaci neprodukuje IL-2 ani jiné

| cD47CD25"" nTregs bazi bundZného zanétlivé cytokiny, na bazi bunééného kontaktu cytotoxicky
) zabiji (granzym A) efektorové T lymfocyty, snad modulujf i
DC, presny mechanis mus neni zndm

50

kontaktu

3.5 Indukované regulacni T lymfocyty ("'adaptive", "inducible", iTregs)

Indukované regulacni T lymfocyty vznikaji v periferii po setkdni s antigenem, jsou tedy
antigenné specifické [22, 23].

Zcela presny zpusob jejich vzniku neni na molekularni a signalizacni tirovni plné objasnén a
je ptedmétem poslednich vyzkumt. Piedpoklada se, Ze jsou vysledkem vyse popsané
interakce T lymfocytu s APC v ur€itém cytokinovém prostiedi, v uritém Case a misté.
Zasadni roli hraje charakter antigenu, ktery vedl k aktivaci APC, jeho mnoZstvi, avidita k
HLA a TCR, i misto, kde se objevil [22-24]. Jak jiz bylo feceno, slizni¢ni podani antigenu
muze vést k jiné imunitni odpovédi nez systémové. Obecné lze Tici, Ze za ur€itych podminek,
ma kazdy antigen schopnost vyvolat tvorbu iTregs [22].

Interakce na receptorové tirovni, kterd odrazi zralost a kvalitu APC a pripravenost T
lymfocytu, vede ke spusténi jednotlivych navzdjem se ovliviiyjicich signalizaénich kaskad, na

jejichz konci je, v piipadé vzniku iTregs, indukce riizné vyjadieného supresivniho fenotypu:
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aktivace exprese regulaénich transkripénich faktora (FoxP3), zvyseni exprese inhibi¢nich
molekul (CTLA-4, aj.), produkce protizanétlivych cytokint (IL-10, TGF-p, aj.), interakce s
transkripnimi faktory aktivovanych T lymfocyti (NF-kB, NFAT), ktera vede k inhibici
produkce zanétlivych cytokinl a IL-2, se sou¢asnym moZnym zvySenim exprese receptoru
pro IL-2 (CD25), nebot’ I1L-2 je obecné nezbytnym pro preziti Tregs, aj. [22-24, 27-31].
Nezralé nebo neprofesionalni APC diky absenci dostate¢né kvalitnich kostimula¢nich signala

vedou spise k tvorbé€ anergnich ¢&i regulaénich klont T lymfocytl a navozeni imunotolerance.

Obr.3 Interakce APC s T lymfocytem na bunééné arovni
T lymfocyt, ktery v periferii rozpozna antigen ve vazb& na MHC [ nebo MHC 11 a nedostane dostatek
kostimulaénich signalil se stane anergnim nebo se preméni v iTreg, v opacném ptipadé se stava efektorovym T
lymfocytem nebo pfi vyraznych signalech aktivace dochazi k apoptoze. Dostatek kvalitnich kostimulaénich
signall maze poskytnout pouze profesionalni antigen prezentujici buiika (zralé dendritické bufiky, makrofagy, B
lymfocyty). Nezralé dendritické buiiky a ostatni buiiky, které za urlitych okolnosti dokazi exprimovat antigen,

vétSinou dostatek kvalitnich kostimulaénich molekul postradaji [odvozeno a upraveno ze 14, 22, 23].

INTERAKCE ANTIGEN PREZENTUJICICH BUNEK (APC) AT LYMFOCYTU

Ag
. anergie
° iTregs

J

ignorace delece - apoptéza aktivace

Rozdéleni iTregs

V $ir§im slova smyslu se mezi regulaéni populace fadi CD4" T lymfocyty reagujici na setkani
s autoantigenem Th2 a Th3 typem zanétlivé imunitni odpovedi. Th2 imunitni odpoveéd’ je
charakterizovéna predevsim produkei [L-4, zatimco Th3 pak produkci TGF-j [18, 26]. Je
zndmo, zZe pouze samotné odchyleni imunitni odpovédi z Th1 typu na Th2 nebo Th3 typ mize
zabréanit rozvoji autoimunitniho diabetu [11, 12, 18, 26]. CD4" T lymfocyty, které produkuji
prevarné protizanétlivy IL-10, jsou znamé jako Trl typ [22]. Déle se mezi iTregs fadi CD8"

T lymfocyty, které neexprimuji kostimulaéni molekuly CD28 a po setkani s antigenem




produkuji IL-4 a IL-10, a CD8" T lymfocyty se specifickym TCR receptorem 3, které se
vyskytuji pievdZzné ve sliznicich a po setkéni s antigenem produkuji IL-10 [22, 23]. Na
pomez{ mezi iTregs pak stoji cytotoxické CD8" T lymfocyty, jejichz TCR receptor reaguje na
peptid prezentovany molekulou HLA Ib tfidy (HLA-E) a tlumi z4nétlivou reakci pfevazné
mezibunéénym kontaktem [32].

Mechanismus ucinku iTregs

cytokinového spektra, v pfipadé vySe zmin&nych CD8" T lymfocytd dochdzi k bunééné
cytotoxicité. Nepfimo ma svilj vyznam také v kompetice o vazbu na APC, Ziviny a riistové
faktory [23].

IL-10 potlacuje Thl z4né&tlivou odpovéd piimo, snizenim cytokinové produkce v
aktivovanych Thl lymfocytech (IL-2, TNFa, INFy, GM-CSF, atd.), a nepfimo, znemoZnénim
dal$i aktivace Th lymfocytl inhibici exprese HLA II a kostimulacnich molekul na APC [33].
IL-10 aktivuje signaliza¢ni cestu STAT3 a také interaguje s transkripénim nuklearnim
faktorem aktivovanych T lymfocytd NF-kB [67, 68]. TGF-[3 vazbou na své receptory v
zavislosti na ddvce sniZuje cytokinovou produkci, bunécné déleni a indukuje apoptézu [24,
33]. Je popséna interakce signalizaénich cest od receptoru TGF-BB a CTLA-4, které spole¢né
vedou k aktivaci exprese FoxP3 [24]. IL-4 aktivuje signalizaCni cestu STAT6 a tim podporuje
produkci Th2 zanétlivého spektra a inhibuje Th1 typ odpovédi [15].

Moznosti identifikace jednotlivych subtypu iTregs na molekuldrni drovni

Moznost rozliSeni iTregs pomoci kombinace povrchovych a intraceluldrnich molekul je
sloZit€jsi nebot exprese dosud znamych molekul se mizZe u jednotlivych podtypt prekryvat a
zejména CD4" iTregs mohou splyvat s CD4"CD25" ptirozené& se vyskytujicimi nTregs,
viz.déle. Nejvice diskutovanymi molekulami jsou o-fetézec povrchového receptoru pro IL-2
(CD25) a intraceluldrni transkrip¢ni faktor FoxP3. CD25 je molekula, kterd se na vétsiné T
lymfocytd vyskytuje ve vétsim mnozstvi az po aktivaci. Vyjimku tvof{ pfirozené se
vyskytujici Tregs, které exprimuji CD25 ve vysoké hustot€ konstitutivné, viz. nize [29].
Jednotlivé subpopulace iTregs mohou také exprimovat CD25 ve vysokém mnoZstvi, ale
existuji 1 populace se schopnosti suprese, které jsou CD25 negativni [25]. FoxP3 je inhibiéni
transkripCni faktor, ktery interaguje s nuklearnimi faktory aktivovanych T lymfocytt (NF-xB
a NFAT), jeho exprese byla dosud doménou pfirozené se vyskytujicich Tregs, viz.niZe [30,
31]. Vyzkumy ukazuji, Ze jeho vyskyt je moZny i u iTregs, kde v8ak jeho exprese neni

konstitutivni, ale fakultativni. Ur&itd FoxP3", v&t§inou spojend s CD25", se miiZe po aktivaci
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pfechodné objevit na riznych subpopulacich T lymfocytd a zpGsobovat jejich snizenou
odpovéd’ na stimulaci, ale regulaéni efekt v podobé aktivni imunosuprese je spojen pouze s
pretrvavajici vysokou expresi FoxP3 [61]. Zm&na FoxP3™ na FoxP3" po stimulaci antigenem,
v kombinaci se schopnosti této populace tlumit imunitni reakci, miZe pomoci odkryt populaci
nové vzniklych iTregs (CD4" nebo CD8" a prevazn& CD25") [27, 61].

Dal$i molekulou spojovanou s Tregs je povrchova exprese GITR [25, 28]. Jeho role je opét
kontroverzni, jeho pfitomnost je spojena jak s aktivaci efektorovych bunék, tak nespecificky s
Tregs. Jeho ligandy se vyskytuji na APC. Bylo zjiSténo, Ze se na nékterych subpopulacich
Tregs GITR vyskytuje ve zvySené hustoté a ndsledovala hypotéza, Ze jeho exprese je
regulovana FoxP3 [25]. Pokusy na mySich modelech (linie GITR/GITR") v8ak ukazaly, Ze
pritomnost molekuly GITR nenfi pro supresivni funkci nezbytna. Existuje vice variant
intraceluldrnich domén GITR a od nich se odvijejicich signalizatnich cest. GITR prevazné
podporuje pieziti Tregs (resp.zabrafuje jejich apoptdze) a aktivaci efektorovych T lymfocyth
pii vazb& na APC nebot plsobi jako kostimula¢ni molekula [25, 34]. PouZiti monoklondlnich
protildtek proti GITR mdaZe mit jak aktivaéni, tak inhibi¢ni efekt, zavisi na konkrétni imunitn{
interakci a charakteru pouZité protilatky [25, 35, 36].

Podobna ambivalence je spojend s povrchovou expresi ligandu pro L-selektin, molekuly
CD62L, kterd se vyskytuje na naivnich T lymfocytech a vazbou na adhezivni molekuly
endotelu umoztiuje vstup lymfocytu do uzliny. CD62L" je znakem naivnich T lymfocytd,
zatimco CD62L" je spojeno s lymfocyty, které se jiz setkaly s antigenem [37]. U obou
variant byla pozorovana supresni schopnost, nejéastéji u fenotypu
CD4'CD25"FoxP3"CD62L"E" - pravdépodobng prirozené Tregs [37-39]. Nicméng, v piipadg
antigenné specifickych iTregs bychom vzhledem k mechanismu jejich vzniku spise ¢ekali
nizkou expresi CD62L [39].

Jasnéjsi je exprese molekuly CTLA-4 (CD152), kter4 je spojena s vyhradné inhibi¢ni funkci a
na Tregs se miZe vyskytovat ve vysokém mnozstvi [15]. Objevuje se na povrchu T lymfocyth
do 24 hodin po aktivaci, po 96 hodinach klesd, soutézi s kostimulaéni molekulou CD28 o
vazbu na molekuly CD80 a 86 na APC, které vdze s vyS$§i afinitou [15, 40]. Signalizace pfes
CTLA-4 vede k inhibici produkce IL-2 a prozdnétlivych cytokint a inhibici proliferace [24,
39]. Utinek signalizace je potencovén piitomnosti TGF-B, kterd vede k indukci exprese
FoxP3 u iTregs. CTLA-4, stejné jako TGFp a FoxP3 deficientni my3i umiraji na maligni
autoimunitni a lymfoproliferativni nemoc [24].

Tyto a n€které dalsi molekuly spojované s oznacenim regulaénich subpopulaci jsou uvedeny v
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az po vzajemné kombinaci. Hypotézu, Ze by snad existoval rozdil v kvantitativni genové
expresi u jednotlivych subtypt iTregs, se zatim nepodafilo prokazat [24].

iTregs in vitro

In vitro 1ze specifické 1Tregs ziskat riznymi zptisoby. Pfidanim lymfocytt k maturovanym
DC (po primingu specifickym antigenem) za ptitomnosti IL-10 nebo TGF- ziskame
specifické Trl nebo Th3 lymfocyty [27, 28, 42], které 1ze dale expandovat [43, 44]. Podavani
upravenych anti-CD3 monoklonalnich protilatek vede ke zvyseni CD8" iTregs (suppopulace
CD8'CD25 FoxP3"CTLA4"), apod. [45].

iTregs in vivo

In vivo se jiz v souladu s vyuzitim principt regula¢nich mechanismi v pfipadé T1D u lidi
zkousi aplikace inzulinu s alterovanymi peptidovymi ligandami [46], podavani
diabetogennich antigenti [47] nebo 1éEba anti-CD3 monoklonalnimi protildtkami [48]. VSe s

cilem indukovat tvorbu iTregs a omezit ¢i zabranit plnému rozvoji onemocnéni.

3.6 PFirozen¢ se vyskytujici regulacni T lymfocyty ("'natural' Tregs)
Piirozené se vyskytujicim regulaénim T lymfocytim bylo imunosupresivni plisobeni

"naprogramovano" jiZ béhem jejich

Tab.4  Rozdily mezinTregs a iTregs
vyzravani v thymu [50, 53]. Piirozené Visstrost nTregs iTreg
exprimuji geny spojené s potlacenim Vznik thymas .
rozvoje imunitni reakce, bez nutnosti Imunosupresni ’

fenotyp kons titutivné fakultativné

indukce jejich transkripce [54]. Jejich
antigenné
. R TCR klonalni i
pocet v periferii je relativné staly a EALHoaRR specificky

Mechanismus bunéény kontakt [produkce cytokinu

nezavisly na pfitomnosti antigenu. Jejich

suprese (granzym A, perforin)l (IL-10, TGF-B)
tkolem je suprimovat aktivované imunitni S chopnost
ano ‘wsoka ano
g . , i s . . suprese
buniky, bez antigenni specificity. Dojde-li
% Expanze Ize vytwofit z
k poruse tvorby nTregs v thymu nebo k in vitro RaRO8 naiwnich T lymfo
odstranéni nTregs béhem nékolika prvnich CD4'/CD8',
Typické CD4'CD25"" CD25*ACD25),
foxe . , , ypické znaky % . k :
dni Zivota, rozviji se multisystémové FoxP3'CD127° | FoxP3'/(FoxP3),
cD127?
autoimunitni onemocnéni [55]. Zakladni A g
Ostatni znaky | €P62L% GIRY | coeat, Gk,
CTLA4" CTLA-4'

rozdily mezi nTregs a iTregs jsou shrnuty
v tabulce ¢. 4.

Rozdéleni nTregs

Pokud se hovoii o nTregs, v naprosté vét§iné se mysli na populaci CD4"CD25" nTregs, ktera
pop g

tvoii 1-10% viech CD4™ T lymfocytt [50]. V §ir§im slova smyslu by viak bylo mozné zafadit
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mezi nTregs populaci pfirozenych zabijec¢t s invariantnim TCR receptorem Vo24- JaQ (NKT
lymfocyty, CD4" nebo CD4'CD8" dvojité negativni), které maji také vyznamny podil na
regulaci imunitni odpovédi a imunosupresi [51, 52].

Mechanismus ucinku nTregs

CD4"CD25" nTregs potlacuji imunitni reakci na zaklade€ bun&&ného kontaktu. Cytokinova
produkce je minoritn{ a in vitro nehraje v imunosupresi Zadnou roli, jak bylo dok4zéano pii
pouZit{ supernatantu z aktivovanych CD4"CD25" nTregs [50, 53]. CD4"CD25" nTregs majf
polyklondln{ vysokoafinni o TCR receptor pro Siroké spektrum antigend (k aktivaci sta¢i az
100x mensi koncentrace antigenu oproti CD25 T lymfocytim). Jeho stimulace viak nevede k
proliferaci klonu a produkci zdnétlivych cytokinl. Ani pri kostimulaci pfes molekulu CD28
nedochdzi k expresi IL-2 [50]. Aktivované CD4"CD25" nTregs exprimuji adhezivni molekuly
a zejména cytotoxickd granula s granzymem A, ale i perforinem [50, 53]. Rozeznévaji
aktivované imunitni buiiky (CD4*, CD8" T lymfocyty i APC), pravdépodobné pomoci
aktiva¢nich a mozna i HLA molekul, a na nich pak uplatiiuji cytotoxicky efekt [50, 53, 55].
Blok4da adhezivnich molekul omezi supresivni schopnost [53].

NKT rozeznavaji glykolipidy v kombinaci s CD1d molekulou na cilovych buikéach, po
aktivaci jsou schopné produkovat riizné cytokiny, dvojité negativni NKT spiSe Th2 spektrum,
CD4" NKT spiSe Thl spektrum [51], a cytotoxické molekuly [52]. Ukolem NKT je regulace
imunitni odpovédi, v piipadé€ akutn{ aktivace, bezprostfedni produkci zdnétlivych cytokini,
urychluji zadatek zanétu, v piipadé chronické stimulace v§ak pusobi spiSe imunosupresivné
[52]. Pfikladem maZe byt zabrdnéni rozvoje T1D u NOD my${ dvojit€ negativnimi od thymu
odvozenym NKT na zdkladé produkce IL.-4 a IL-10 [51].

Moznosti detekce CD4°CD25" nTregs na molekuldrni drovni

FoxP3, ale objevuji se 1 dalsi, napf. receptor pro IL-7 (povrchovéa molekula CD127) a
selektivné demethylovany nekodujici usek FoxP3 v exonu 1 (TSDR; Tregs specificky
demethylovany region) [56-58]. Ostatni znaky Tregs, uvedené vySe (GITR, CTLA-4, CD62L,
aj.), nabyvaji svého vyznamu ve vzdjemné kombinaci, nejsou pro populaci CD4"CD25"
nTregs specifické, i kdyZ mohou pro ni mohou mit sviij specificky funkéni vyznam, zejména
pfi jejich vyvoji a preZivani v periferii. Pfikladem miZe byt vysokd exprese GITR, kterd
CD4'CD25" nTregs miiZe zaji¥t ovat odolnost vii¢i apoptotickym signdlim a vyvazovat tak

jejich nizkou schopnost proliferace [25, 28].
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Vysokd exprese o-fetézce receptoru pro IL-2, molekuly CD25, byla v roce 1995 prvnim
popsanym znakem Tregs [60]. Nejde vSak o specificky znak Tregs, vyskytuje se také na
aktivovanych efektorovych T lymfocytech. Jednotlivé populace 1ze odliSit pouze pomoci
miry exprese, kterd je u CD4"CD25" nTregs konstitutivné vysokd i v jejich neaktivovaném
stavu [50, 60]. CD25 do jisté miry odrdzi zdsadni vyznam IL-2 pro vyvoj a preziti Tregs, jeji
vysokd hustota vyvaZzuje fakt, Ze jednim z principti imunosuprese je i inhibice produkce IL-2,
dtlezitého ristového faktoru T lymfocytt, tim umoziuje preziti receptorové lépe vybavenym
Tregs [29, 50]. Ambivalence CD25, kterd zpisobuje nepfesné odliSeni Tregs od aktivovanych
T lymfocytt vedla k hledani vhodné&jSich znakd.

Intraceluldrni transkripéni faktor FoxP3, ktery kéduje transkripni represor "scurfin”, je nyni
povazovan za zlaty standard znaeni Tregs. Jeho stabilné vysoka exprese je spojovana s
imunosupresivnim fenotypem a hyporesponzivnim stavem bunék, jak bylo dokazano pri
retrovirovych transferech genu, a koreluje s regula¢ni aktivitou [50,58, 61]. Zatimco pfi
diferenciaci iTregs je dostate¢nd exprese FoxP3 az koneCnym vysledkem signalizaCnich
kaskad po aktivaci, CD4"CD25" nTregs exprimuji FoxP3 konstitutivng [50, 54]. Neddvno
bylo popséno, ze se u CD4"CD25" nTregs, na rozdil od konven¢nich iTregs, stabiln&
vyskytuje selektivné demethylovany nekddujici region FoxP3 v exonu 1 (TSDR region), ktery
u CD4"CD25" iTregs z0stava i pres expresi FoxP3 trvale methylovany [54]. Tento znak by
mohl slouZit k lep§imu rozlideni fenotypu CD4"CD25 FoxP3" iTregs od nTregs. Dosud
nebylo objasnéno, které viechny geny FoxP3 kontroluje [50]. Byla popsdna jeho interakce s
transkripnimi faktory aktivovanych T lymfocytd NF-kB a NFAT, které moduluji expresi
mnoha cytokinl (véetné IL-2) [30,31] a pfedpoklad4 se jeho vliv na expresi jednotlivych
aktivacnich a inhibi¢nich molekul (napt.CD25, GITR a jiné) [25]. Ptitomnost FoxP3 je také
ddlezita pro vlastni vyvoj CD4"CD25" Tregs v thymu, kdy jeho mutace zpGsobuii u lidi
rozvoj IPEX syndromu (imunitnf dysregulace, polyendokrinopatie, enteropatie, X-vdzaného
syndromu) [57-59]. Nevyhodou znaku je jeho intraceluldrni vyskyt, ktery znemoZiiuje
selektivni vybér populace pro jeji dal§i pouZiti.

Nizk4 exprese povrchové molekuly receptoru pro IL-7 (CD127) je dal§im neddvno
objevenym slibnym znakem Tregs. Po aktivaci se objevuje ve vysokém mnoZstvi na
efektorovych a paméfovych T lymfocytech, které vyzaduji pro své preziti IL-7 a tim se
odli8uji od Tregs, které jsou vice nez na IL-7 z4vislé na [L-2 [56, 57]. Byla vyslovena
hypotéza o interakci FoxP3 s promotorem CD127, vysokd exprese FoxP3 dobie koreluje s
nizkou expres{ CD127 [57].

Problematika ostatnich molekul je popsédna vySe a shrnuta v tabulce C.5.
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CD4°CD25" nTregs in vitro

In vitro lze u lidi CD4"CD25" nTregs izolovat z mononukiedrnich bun&k periferni krve

pomoci magnetické separace, za pouZiti CD4"CD25" nebo CD4"CD25"CD127 specidlnich

kit [63]. Také je mozna jejich separace na prutokovém cytometru. Populaci lze pouZit k

dalSim in vitro testim. Existuji protokoly k jejich expanzi, ta je v8ak obtiZnd vzhledem k

jejich zékladni vlastnosti sniZzené proliferace. VyuZivéa se stimulace molekul CD28 a CD3, v

pritomnosti IL-2, ale 1 tak je snazsi expandovat spiSe iTregs nez nTregs [27, 50].

CD4*CD25" nTregs in vivo

In vivo zatim u lid{ kromé stanoven{ poctu nTregs a testech jejich funkce in vitro neexistuji

zadné jiné pokusy.

Tab.5 Molekularni znaky Tregs

Molekula Vyskyt Ligand |Vyskyt Efekt Poznamka Ref
. . Jregulétor genové exprese, interakce . _—
. nukledmi | bunééné ) ! i s pecificky marker Tregs, kons titutivi exprese u
FoxP3 regulaéni T lymfo faktory | jédro |sy::;(l:leémlmx faktory aktivovanych T nTregs, fakultativni exprese u iTregs 30, 31, 50
) receptor pro IL-7, nezbytny ristowy  |C D127 dobfe koreluje s FoxP 3", Tregs receptor
T - cytokin 7.
CD127 Jefektorové a pamétow T lymfo IL-7 y faktor pro T lymfocyty pro IL-7s pecificky neexprimujf 56, 57, 62
nes pecificky marker Tregs, exprese CD25 je
CD25 T a B lymfo, makrofégy IL-2 cytokin [receptor pro IL-2 {-fetézec) znamkou’aktivace' lymfo €025’ CPZS' populacef 55 g
maohou mit supres ivni G¢inky, kons titutiné
vysokd exprese je typickd pro nTregs
kompetice s kos timulaéni molekulou
CD28 o stejny ligand, Inhibice
aktivacnich signdla vT lymfo vede ke
snizeni produkce prozanétliwch
CTLA-4 cytokind (zejména IL-2) a proliferace, | s pecificky marker Tregs, T lymfo, které ho
p 4, 39-
(CD152) Tlymfo CDBOABSL APC | dpora tworby TGFp, modulace Thi | exprimuji maji whradné inhibicni efekt 15,24, 39-01
v.5.Th2, inhibice exprese CD80 a 86
na APC, indukce IDO enzymu v
APC, ktery vede ke katabolis msu
try ptofanu nezbytného pro T lymfo
CD28 T lymfo cpsoags| apc kosnmulaém molekula T Iymfo, CD?B je znérj\kou nes chopnos i proliferace a ’ 49
indukce produkce IL-2, proliferace  |aktivace, napf. subpopulace iTregs CD8'CD24
T.8, NK lymfo, zejména . _— . s
akbaci ef:ktorovyéh T fy:w(f)o nejde o specificky marker Tregs, i kdyZ na
GITR se zwluje exprese, nékters GITRL APC utherz’xkce S NF—.(B'a apoptotickymi  |nékterych sub!:)opulacnch Tregs se v'yskyt}ge ve 25, 34-36
subpopulace Tregs exprimu signdly, umoZnéna pfes TRAF (“TNF |vysokém mnozstv, jde spide o kostimulaCnl
Kons titutiné receptor associated factors®) molekulu s ambivalentnim efektem
S e kus end raiwi T nejde o specificky marker Tregs, CD62L™" znaci
cbezL 2 lymlo CD62 | endotel |adheze pro homing T lymfo do uzliny |najvni T lymfo, CD62L'% zase antigenné zku§ené, 37
obé populace mohou mit s upres ivni tcinek
Dal3i molekuly s pojované s Tregs: |CD4SRA . CD45R0; OX40 (CD134); 4-1BB (CD137); petézec IL-2R (CD122), q4p7, TSDR region aj. 22,28, 29, 54
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4. Zaveér

T1D je po svém propuknuti celoZivotnim systémovym metabolickym onemocnénim. Ve
snaze udrZet normoglykémii jsou pacienti odkdzani na doZivotn{ terapii inzulinem. Bohuzel,
ani pfi nejlepsi spolupréci pacienta a Iékafe, nemiZe arteficielné doddvany inzulin nahradit
puvodni velmi jemnou regulaci sekrece inzulinu beta-burikami podle aktudlni glykémie, ktera
odréz{ stav a potfeby celého organismu v kazdém okamziku - reakce na psychické rozruseni,
fyzickou zatéZ, nemoc, rust apod. Proto je témérf kazdy pacient po letech 1é¢by konfrontovan s
nepiijemnymi sekundarnimi komplikacemi dlouhodobych kolisavych hyperglykémif -
zejména diabetickou mikroangiopatii (nefropatie, retinopatie, neuropatie) a z nf pramenicich
dusledki (renélni selhdni a nutnost dialyzy, vysoky krevni tlak a ischemicka choroba srde¢ni
se srde¢nim selhdnim, slepota, diabetické noha s nutnosti amputace) [1-3]. Vezmeme-li v
Uvahu, Ze onemocnéni za¢ina predevSim v mladém véku a jeho incidence se zvySuje, je jasné,
pro¢ se T1D vénuje tolik pozornosti. Snahou vSech vyzkumi k objasnéni imunopatologie
T1D je stanovit moZznosti predikce a prevence rozvoje onemocnéni nebo alesponi zpomalit
jeho prubéh. Vzhledem ke komplexnosti rozvoje T1D, jeho multifaktoridlni etiologii,
nezndmému spoustéli a mnozstvi regulaénich mechanismd, které se piekryvaji s
fyziologickymi mechanismy na obranu proti infekcim, je to tikol nadmiru naroc¢ny.

Z vyzkumného hlediska moZné imunoterapie je nejdileZité¢jSim obdobim klinicky néma faze
prediabetu, kdy je jiZ prolomena imunologicka tolerance, dochazi k destrukci beta-bunék a
tvorbé protilatek, ale sekrece inzulinu je jesté relativné dostatecna. Vzhledem k absenci
subjektivnich potiZi pacienta, je vSak téméf nemozn€ u vétSiny z nich toto obdob{ zachytit.
Proto se velka ¢ast dosavadnich klinickych studii zaméfovala na pacienty s Cerstvym
zachytem T1D, u kterych se d4 predpokladat jest€¢ kolem 20% zbylych beta-bunék [47].
Imunoterapie v této skupiné si klade za cil zpomalit nebo zastavit jejich destrukci a sniZit tak
davky arteficielné doddvaného inzulinu na minimum. UZ jednou znicené beta-buriky vSak
nemohou byt z vlastnich zdroji obnoveny. Dosud provedené studie s poddvanim ruzné
upraveného inzulinu (alterované peptidové ligandy inzulinu nebo inzulin s riznymi nosi¢i pod
kZi nebo pres nosni sliznici), vakcinace proinzulinem ¢i ostrivkovymi nebo jinymi antigeny
(GADG65, Hsp60) ani uZit{ jinych imunomodulaénich 1€kt (nikotinamid, ketotifen,
cyklosporin, atd.), nemély ve vétSiné pfipadi olekdvany efekt. Na vysledky nékterych studif
se zatim ¢ekd (monoklondlni anti-CD3 protilatky, dekosahexaenova kyselina DHA, vitamin

D3 aj.) [47].
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I pres vySe zminéné obtiZe, se vyzkum snazi zamérit i na klinicky némé jedince ve fazi
prediabetu. Jde predevsim o skupinu pfibuznych pacientli s T1D, u kterych lze ur€it genetické
riziko, monitorovat pfitomnost protilatek proti ostrivkovym antigenim, kterd ma vysoce
prediktivni hodnotu pro rozvoj T1D, a hladiny glykémif [47]. Zistavé otdzkou, jak nejlépe
vytipovat "vysoce rizikové jedince", u kterych by bylo moZzné aplikovat imunoterapii (at™v
podobé vakcinace k indukci imunotolerance ¢i v podobé imunosupresiv), nebot nespravné
indikovany jedinec by mohl byt vdZn€ poSkozen. Nejnovéjsi experimenty se zabyvaji
predevsim T lymfocytdrnimi esejemi k vyhleddvani autoreaktivnich T lymfocyt po stimulaci
ostrivkovymi antigeny pomoci produkce cytokinil a stanovenim rizikovych odpovédi.
Druhou velkou skupinu sou¢asnych experimentii tvofi zkoumani populace Tregs, nebot
existuje logickd hypotéza, Ze jejich pocetni nebo funkéni defekty mohou podpotfit, ne-li pfimo
zpusobit autoimunitni onemocnéni. Problematika se zabyvé rozdélenim Tregs, optimalizaci
jejich znacenti, stanovenim vhodnych funk¢nich testd, eventuelné moznostmi jejich expanze a
aplikace in vivo.

Jednou z dalSich moZnosti uplatnéni znalosti imunopatologie T1D je i okruh pacientl po
transplantaci Langerhansovych ostrlivkd, jejichZ prijeti mizZe ohrozit rejekce jak v dasledku

allogenni povahy, tak i v dsledku antigenni homologie pankreatickych autoantigend.
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II. PRAKTICKA CAST

Souhrn vlastni prace

1. Subjekty, hypotézy a cile
1.1 Cést zaméfena na autoreaktivni T lymfocyty a cytokinovou produkci

1.2 Cast zamérena na Tregs

2. Metodika
a) Odbér biologického materialu
b) HLA 1I genotypizace
¢) Stanoveni autoprotilatek proti ostravkovym antigeniim
d) Izolace PBMC
e) T-bunécné eseje
f) Proteinova array
g) Magneticka separace CD4"CD25" Tregs

h) Prutokova cytometrie

3. Vysledky
3.1 Cast zaméFena na autoreaktivni T lymfocyty a cytokinovou produkci

3.2 Cast zamérena na Tregs

4. Diskuze
4.1 Cast zaméFen4 na autoreaktivni T lymfocyty a cytokinovou produkci

4.2 Cast zamérena na Tregs

5. Zavér
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V souhrnu vlastni prace predkldddm a komentuji préce, jejichz originély jsou v pfiloze
oznaeny Cisly 1,3 a 5, tj. prace u kterych jsem hlavnim autorem a v pripadé ¢.5

spoluautorem.

1. Subjekty, hypotézy a cile:

Provadéli jsme klinicky vyzkum mezi pacienty s T1D, pfibuznymi pacienti s T1D a zdravymi
kontrolami, tykajici se imunopatologie T1D, se zamérenim na obdobi faze "prediabetu”.
Cilem bylo zavedeni jednotlivych metodik k objektivizaci dysregulace imunitniho systému
(autoreaktivni vs. regulaéni mechanismy), které by bylo moZno pouZit ke zlepSeni predikce
T1D a eventuelné v budoucnosti i k prevenci tohoto onemocnéni (imunomodula¢ni terapii).
Viem subjektiim bylo stanoveno genetické riziko pro rozvoj T1D podle HLA II typizace
(alely DQ, DR) pro moZnost korelace se ziskanymi vysledky a viem byly vySetfovdny
autoprotildtky proti ostrivkovym autoantigentim (anti -"glutamic acid decarboxylase" GAD65

a anti-"islet antigen" [A2).

1.1 Cast zaméFena na autoreaktivni T- lymfocyty a cytokinovou produkci

Klinick4 data pochazeji prevazné od détskych pacientti s T1D, ktefi byli 1é€eni na Pediatrické
klinice FN Motol, jejich prvostupriovych pfibuznych (rodice, sourozenci) a zdravych kontrol.
Tato ¢4st vyzkumu byla zaméfena na monitorovani imunitni odpovédi pomoci cytokinové
produkce po stimulaci perifernich mononukledrnich bunék (PBMC) diabetogennimi
autoantigeny in vitro - zavedeni metodiky vyhleddvani autoreaktivnich T lymfocyta.
Predpokladali jsme, Ze pokud se v periferii testovaného subjektu nachéz{ diabetogenni
autoreaktivni T lymfocyty, rozpoznaji jejich PBMC podané autoantigeny a zareaguji zménou
cytokinové produkce, kterou bude moZno detekovat. K zachyceni celého cytokinového
spektra a zji$téni typu imunitni odpovédi (rizikovy Thl vs. protektivni Th2, Th3) jsme pouZzili
metodu proteinové "array" (priloha 3).

U pacientt s ¢erstvym zachytem T1D nés zajimal typ imunitni odpovédi v Case diagnézy a s
odstupem 6 a 12 mésici, zda doslo k jeji zméné. U zdravych piibuznych pacienti s T1D jsme
pomoci stejné eseje také sledovali reaktivitu PBMC pfi diabetogenni stimulaci a vyhledavali
rizikové odpovédi. Zdravé kontroly slouZili jako referenéni skupina, u které jsme po
diabetogenni stimulaci o¢ekdvali spiSe minimalni nebo protektivni (protizdnétlivou) zménu v

cytokinové produkci.
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1.2 Cést zaméfena na Tregs

Klinick4 data pochdzeji od prvostupiiovych pfibuznych détskych pacientt s T1D (rodice,
sourozenci) a zdravych kontrol. Pacienti byli lé¢eni na Pediatrické klinice FN Motol a 2.LF
UK nebo na 1.détské klinice FN Brno a LF MU. Dadle byla vyuZita data z Registru
diabetickych déti a jejich sourozenct vedeném pri Pediatrické klinice FN Motol a 2.LF UK v
ramci Programu predikce diabetu 1.typu v Ceské republice.

Tato ¢ast vyzkumu se tykala stanoveni poCtu a testovani funkce regula¢nich T lymfocyta,
zejména CD4"CD25" Tregs u prvostupiiovych piibuznych pacientd s T1D a zdravych kontrol.
Zajimaly nds pocetni a funk¢ni defekty této populace u pfibuznych pacientt s T1D, ktefi v
zdvislosti na HLA TI nesou razné€ riziko pro rozvoj onemocnéni. V posledni praci (pfiloha 1)
jsme zdmé&rné testovali populaci CD4"CD25" Tregs pouze u piibuznych nesoucich vyhradné
rizikové alely pro rozvoj T1D, u kterych jsme ocekavali nejvice patrné rozdily v porovnani se
zdravymi kontrolami. Po¢ate¢nim cilem bylo sezndmeni se s populaci Tregs, zavedeni
metodiky jejich detekce na prutokovém cytometru, nejdiive pomoci molekuly CD25, pozdgji
na zéakladé objeveni se novych znak, i znacenim molekul FoxP3 a CD127 a jejich
srovnanim. Déle jsme provddé&li izolaci CD4"CD25" Tregs metodou magnetické separace a
testovali jejich funkci. V prvni préci (pfiloha 5) jsme jejich funkci testovali méné specificky,
ale pfimo, pfiddvdnim magneticky selektované populace CD4"CD25" Tregs v rizném poméru
k nespecificky stimulovanym PBMC (polyklonalnim aktivitorem phytohemaglutininem
(PHA) ¢i ozafenymi allogennimi PMBC), abychom dok4zali, zda je tato populace skute¢né
schopna tlumit zanétlivou reakci a to i pfi tak vyrazném podnétu. Ve druhé préci (ptiloha 1)
jsme funkci CD47CD25" Tregs testovali vice specificky, ale nepfimo, m&fenim produkce
IFNY po stimulaci specifickymi diabetogennimi antigeny, sou€asné za pouZiti nejnovéjsich
markert k oznaCeni Tregs, FoxP3 a CD127. Také nés zajimalo, zda dojde ke zméné& exprese

FoxP3 ¢i CD127 po stimulaci v jednotlivych skupinach a jak se zméni produkce IFNy.
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2. Metodika

Podrobné, v&etné pouZitych chemikalii a jejich vyrobei, je metodika popsdna v jednotlivych

publikacich. Zde stru¢né shrnuji:

a) Odbér biologického materidlu: Viem testovanym subjektum byla odebrana periferni krev
k izolaci PBMC (Lithium-Heparin; 10-100ml), ke stanoveni protildtek proti ostravkovym
antigentm (Citrat; 1-2ml) a ke stanoveni HLA II genotypu (EDTA; 4ml).

b) HLA II genotypizace (MUDr.Ondrej Cinek PhD., Laborator molekuldrni genetiky,
Pediatricka klinika FN Motol a 2.LF UK):

Vsem testovanym subjektiim byl stanoven Tab.6 Genetické riziko pro rozvoj T1D
HLA TI genotyp (alely DQ, DR) pomocf (odvozeno a upraveno podle tab. 2)
sekvencné specifickych primerii. Podle

HLA DQ a DR alel byly subjekty Riziko HLA -alely DQ, DR
rozdéleny do skupin genetického rizika. piitomnost DQ A1*05 - B1*0201 a/nebo *0302,

1. vysoké soutasné nepfitomnost DQ B 1* 0301,*0602,

Stratifikace byla upravena dle naSich %0603 2 DR B 1°0403

potieb na 3 kategorie (z ptivodnich 5,

které byly uvedeny v tab.2 v &dsti 2.3 2. stredni vechny ostatni

Teoretick€ho dvodu): nositele 3. nizké pitomnost DQ B 10602

rizikovych alel a haplotypt, nositele

protektivnich alel a ostatni (tab.6).

¢) Stanoveni autoprotildtek (Marta Pechovd, Ustav biochemie FN Motol a 2.LF UK):
Hladiny protildtek proti ostrivkovym antigenim (anti-GADG5 a anti-IA-2) byly stanoveny

pomoci radioimunoeseje, za pozitivni byly povaZzovany hodnoty nad 1 IU/ml (tj.nad 99.perc.).

d) Izolace PBMC: Ziskani PMBC z periferni krve probihalo podle standardnich postupi pro

hustotn{ gradientovou centrigufaci.
e) T-bunécné eseje: Vlastni stimulacni eseje vychazely z doporuéeni "workshopt"

Immunology of Diabetes Society [64, 65]. K Cerstv€ izolovanym PBMC (koncentrace 2x10°

bun&k/ml) v kultiva¢nim mediu s tepeln€ inaktivovanym bovinnim sérem nebo u ¢4sti pokust
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s AB lidskym sérem byla piidana smés diabetogennich autoantigenti (specifické peptidové
sekvence GADG5 - a.a.247-279, a.a. 509-528, a.a.524-543, 1A2 a.a. 853-872, B-fetézce
proinzulinu - a.a.9-23) a u €asti pokusi i samotny peptid inzulinu. U pozitivnich kontrol jsme
pfidavali PHA a u ¢4asti pokust ozatené allogenni PMBC. Negativni kontroly tvofili samotné
PMBC v kultivaénim mediu. Kultivace trvala 72-96 hodin (37°C, 5% atmosféra CO2), poté
byl zvlast’ odebran a zpracovan supernatant a bunky. Pokud nedo$lo k okamzitému

zpracovani, byl supernatant zamraZen na -20°C a bunky po ptidani DMSO (dimethylsulfoxid)
na -72°C.

f) Proteinovd array: Stanoveni cytokinové produkce pomoci proteinové array je zaloZzeno na
principu inkubace supernatantu na membrané, na které jsou na definovanych mistech
navazany primarni anti-cytokinové protilatky. Po prvni vazebné fazi a nasledném promyti
nastava faze vazby sekundarnich protilatek a jejich detekce chemiluminiscenci za pouZiti
chemiluminiscen¢nich ¢inidel nebo fotoreakei za pouZiti fotoreaktivnich ¢inidel. Stanovovali
jsme 10-(23) cytokind. V misté navazani cytokinu na membréanu je patrny spot - v pfipadé
chemiluminiscence svétly oproti éernému pozadi, v piipade fotoreaktivity tmavy oproti
svétlému pozadi. Jako kontroly jsou na membrané vzdy pozitivni spoty (dosahujici 100%
intenzity) a negativni spoty (0% intenzity) a kazdy cytokin v dubletu. Hodnoceni membrany
bylo visualni, semikvantitativni, za pomoci digitalniho zpracovani obrazu a principil intenzity
jasu a odstint Sedi jednotlivych spotil, primér intenzity z dublett (obr.4). Detekéni limity

koncentrace cytokint byly stanoveny vyrobcem (www.raybiotech.com) [66].

Obr.4 Ukazka hodnoceni membrany "protein array"

(detekce sekundéarni protilatky chemiluminiscenci)

& : Detekcni limity (pg/ml)
Pozitivni komt Negativni kontrola
L4 L6 :tj 2?
10% 100% -5 1
IL-2

IL-S
IL-6 1
10% 40% IL10 10
Invertovany IL-13 100
y GCSF 2000
obraz do 8-bit l. . IFNg 100
mapy sedi TNFb 1000
P - ! TGFb 200

QUEI J

IL 13 IFNg TGFb

10%
IL- 10 GCSF TNFb

65% 5% 0%
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2) Magnetickd separace CD4"CD25" Tregs a testy schopnosti imunosuprese: Separace
CD4'CD25" populace z PBMC probihala ve dvou naslednych krocich v silném magnetickém
poli pomoci protilatek s navazanymi magnetickymi ¢asticemi. Prvnim krokem je ziskéni
CD4" smési, negativni selekci, za pouziti koktejlu protilatek (proti CD8, CD14, CD16, CD19,
CD36, CD56, CD123, TCR v/9, glykoforinu A). Buriky, které nesou né€ktery z téchto znakd,
zlstavaji zachyceny v magnetickém poli a dal$i separace probihd se zbyvajici populaci, ktera
je pfevazné CD4". Ve druhém kroku se tato populace zna¢i protilatkou CD25 a pozitivni
selekci (v magnetické poli ziistavaji CD25" buiiky) ziskdme po odstranéni magnetického pole
populaci CD4'CD25" Tregs (obr.5). Cistota ziskané populace lze ovéfit pomoci prittokové
cytometrie. V nasich pokusech dosahovala nad 90% a celkovy pocet bunék tvotil kolem 0,5-
1% z ptivodniho po¢tu PBMC. Podrobny postup lze najit na www.miltenyi.com (63).
[zolované populace byla pouzita k in vitro pokusiim. PMBC byly pfidavany k Tregs v rizném
poméru (1:1,2:1, 4:1, atd.) a pomoci stimulace PHA (10ul/ml kultivaéniho media, 24 a 48
hod stimulace v 5% CO2, pti 37°C) nebo ozafenymi allogennimi PBMC (1x10%ml, v poméru
1:1 k PBMC v kultiva¢nim mediu, 24 a 48hod stimulace v 5%CO2, pfi 37°C) byla testovana

imunosupresni schopnost pomoci produkce IFNy.

Obr.5 Magneticka separace CD4"CD25" T lymfocytii
Princip magnetické separace CD4"CD25" T lymfocytl s pouzitim "VarioMacs", s ukazkou &istoty ziskané

populace na pratokovém cytometru
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h) Pritokova cytometrie: Jednotlivé lymfocytarni subpopulace jsme stanovovali za pouZiti
¢tyt-barevné pritokové cytometrie a monoklonalnich protilatek anti-CD3, anti-CD4, anti-
CDS8, anti-CD25, anti-CD127, anti-TCRa24, anti-TCRB 11, anti-FoxP3 a anti-IFNy zna¢enych
fluorescenénimi barvami: fluorescein-isocyanat (FITC), phycoerythrin (PE), phycoerytrin-
cyanin 5 (PCS5), phycoerythrin-cyanin 7 (PC7). V pfipad€ detekce intracelularniho znaku
FoxP3 a povrchové sekrece IFNy jsme pouzili specialni kity a barveni dle ndvodu
(www.miltenyi.com, www.e-bioscience.com). K vyhodnoceni vysledka byl vyuzit analyza¢ni

software cytometru. Gatovaci strategie jsou zndzornény na obrazku ¢.6.

Obr.¢.6 Ukazka gatovaci strategie CD4"CD25" Tregs (CD127, FoxP3")
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3. Vysledky:

Podrobné vysledky, véetné Eiselnych hodnot, grafii a pouZiti statistickych metod, jsou

uvedeny v jednotlivych publikacich. Nize jsou shrnuty nejdalezitéjsi zjisténi.

3.1 Cast zaméFena na autoreaktivni T- lymfocyty a cytokinovou produkci

Produkce cytokintl se v jednotlivych skupindch (pfibuzni vs. zdravé kontroly vs. pacienti s
T1D v dob¢ diagnézy, za 6 a 12 mésict) liSila, a to jiz v jejich bazalni sekreci (tj. po 72-96
hodinach kultivace v Cistém kultivanim mediu). Po stimulaci dochazelo ke zmé&nam
cytokinové produkce, spiSe ve smyslu poklesu a stabilizace, kterd byla nejvice patrné ve
skupiné pfibuznych. Jen nékteré zmény byly signifikantni (pfiloha 3).

Skupina zdravych kontrol vs. pribuznych

Zdravé kontroly mély oproti pfibuznym pacientll s T1D v nativnim stavu signifikantné vyss{
produkeci cytokind Th2 a Th3 spektra (IL-4, IL-5 a IL-13 a TGFp), ale i IL-2 a GCSF. U
zdravych piibuznych pacientl s T1D byla naopak, ve srovnani se zdravymi kontrolami,
signifikantné vyS8i produkce obecné prozanétlivého cytokinu IL-6. Odchylky v produkci
cytokinti z Th1 spektra (IFNy a TNF) a IL-10 mezi zdravymi kontrolami a p¥ibuznymi
nebyly signifikantni. U pfibuznych pacientl s T1D pfevladala v bazélni produkei cytokint
velkd variabilita, zatimco u zdravych kontrol nikoli. Tento fakt byl matematicky
objektivizovan pomoci Spearmanovy korelace. U pribuznych existovalo pouze ¢astecné
propojeni mezi jednotlivymi cytokinovymi spektry, skupina cytokind Thl méla s vét3inou
ostatnich cytokinl nizky korela¢ni koeficient. Oproti tomu, u zdravych kontrol byly korela¢n{
koeficienty jednotlivych cytokinli mezi sebou vysoké a skupina cytokinti z Th1 spektra pfimo,
nebo nepiimo souvisela se viemi ostatnimi cytokinovymi spektry.

I pres pokles v cytokinové produkcei po stimulaci autoantigeny, pretrvavala u zdravych kontrol
v porovndni s piibuznymi vys$i produkce cytokintt Th2, Th3 spektra i IL-2, GCSF a niZs{
produkce IL-6, ale tyto hodnoty nebyly signifikatni. U zdravych kontrol dale doslo po
stimulaci k signifikantnimu poklesu IL-2, IFNY, IL-13 a GCSF. U ptibuznych pacientl s TID
se po stimulaci v produkci cytokinii neodehrédla Zadna statisticky vyznamné zména. V této
skupiné se v3ak sniZila variabilita v cytokinové produkci (obr.7). Pfi provedeni Spearmanovy
analyzy po stimulaci, pfetrvdvaly ve skupin& piibuznych nizké korela¢ni koeficienty mezi
cytokiny z Th1 spektra a v§emi ostatnimi cytokiny. Oproti tomu, se u zdravych kontrol po

stimulaci propojeni mezi v§emi cytokinovymi spektry posililo(obr.8)
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Obr.7. Imunitni odpovédi v cytokinové produkcei - schématické znazornéni:

Jednotlivé nativni hodnoty intenzit spotl z membran proteinové arraye jednotlivych cytokinfi byly zaneseny do

grafil, jednotlivé kiivky patfi jednotlivym pacientim v dané skuping, spojity charakter kfivek je zvolen pouze

ilustrativng, neznamen4 skuteéné zachyceni vztahti mezi jednotlivymi cytokiny, poméry velikosti jsou

zachovany.
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Skupina pacientit s TID

V bazalni sekreci cytokint skupiny pacienti s T1D, v obdobi od stanoveni diagnézy do 12-ti
mésicl poté, reagovaly pievazné bez statické vyznamnosti mezi sebou. Pfi srovnani pacientti
s T1D se zdravymi kontrolami, nebyly v bazéalnich sekrecich cytokint Zadné signifikantni
odchylky, ale u zdravych kontrol po celou dobu pievazovala vyssi sekrece IL-2, IL-4 a niz8i
sekrece IL-6. Pfi srovnani pacientd s T1D a piibuznych pacienti s T1D se v bazalni sekreci
objevila pouze signifikantné vy3si produkce IL-13 a TNF u pacient s T1D po 6-ti inésicich
od stanoveni diagnézy, ostatni odchylky nebyly statisticky vyznamné.

Po stimulaci diabetogennimi autoantigeny nastala signifikatni zména pouze ve skupiné
pacienti s T1D za 12 mésicl od diagnézy. Doslo zde k poklesu sekrece IL-2, [L-4, INFy a
[L-6. Celkova situace se mezi pacienty s T1D, zdravymi kontrolami a pfibuznymi s T1D po
stimulaci nezménila.

Po provedeni Spearmanovy analyzy u pacientli s T1D cytokinové spektrum Th1 korelovalo s
Th2 i IL-2. Po stimulaci také s Th3 (TGFJ). Oproti tomu zde nebyl zadny vztah mezi I[L.-10 a
IL-6 a ostatnimi cytokiny. Pacienti s T1D navic byly jedinou skupinou, kde nebyla
Spearmanovou analyzou prokdzana spojitost mezi IL-10 a 1L-6 a to jak v bazalnim tak v
postimula¢nim stavu.

Jednotlivé grafy a statistické vyznamnosti jsou zachyceny v publikaci. Na obrazku ¢.7 je
pouze ilustrativni obrazek nativnich hodnot, ktery dava ptedstavu o "vzorech" odpoveédi
jednotlivych skupin. Na obrazku ¢.8 jsou graficky zndzornéna matematické korelace

jednotlivych cytokin.

Obr.8 Grafické znazornéni Spearmanovy korelace mezi cytokiny a skupinami

Zdravé kontroly

PFibuzni pacienti s T1D

Pacientis T1D

Bazalni sekrece

—— ———
-2 -13
<IL—4_ IL5 ﬁur-b_ IFN-S
TGF-b GCSF
\\a,,_h i

—

—
IL-10
IL-6

—

N

\,

e

NeS8E 17
=~ j IL-10

IL-13
IFN-g

Ty
-2, TGF-b
IL-4, IL-5
\ TNF-b

L6

Sekrece po stimulaci

——

TGF-b
-2
L4, IL-5,1L-13

TNF-b, IFN-g ol
K GCSF i I@
= _F’/

30



3.2 Cast zaméfend na Tregs Obr.9. Imunosupresivni schopnost Tregs

Magnetickou separaci se nam PBMC piidavané k Tregs v riizném poméru, stimulace PHA 48hod,

podaﬁlo ziskat vysoce istou méfeni IFNg. NK - PBMC v mediu, PK -PBMC bez pridanych Tregs.

populaci CD4"CD25" Tregs, u 10 -l-|__

které jsme, pii pokusech in vitro,

—

potvrdili na ddvce zavislou

schopnost imunosuprese, jak pfi

% INFg+ bunék
QQ N D [o) [e-]
I

stimulaci PHA, tak pfi stimulaci

ozatenymi allogennimi PBMC

e [

(obr.9). U piibuznych pacienti s NK  Tregs  1:1 2:1 4:1 PK

T1D jsme prokézali podetni i funkéni defekty v CD4"CD25" Tregs, v souvislosti s jejich HLA
[T genotypem. Pomoci znak CD25, FoxP3 a CD127 a jejich srovnanim, jsme zmapovali
populaci CD4"CD25" Tregs.

V prvni praci (pfiloha 5) tykajici se regula¢nich lymfocytli byla mérena frekvence
CD4'CD25" Tregs pouze pomoci exprese CD25M¢" a dale frekvence NKT u sourozenct déti s
T1D. Potvrdili jsme signifikantng snizeny poéet CD4"CD25" Tregs ve skupiné sourozenct s
rizikovym HLA II genotypem pro rozvoj T1D. Ve skuping€ sourozencii se standardnim a
nizkym genetickym rizikem pro rozvoj T1D niz§i poéty CD4 ' CD25" Tregs, ve srovnani s
pocty u zdravych kontrol, nedoséhly statistické vyznamnosti. Frekvence populace NKT bun¢k
nebyla u sourozencitl ve srovnani se zdravymi kontrolami sniZzena v Zadné skupiné
genetického HLA rizika.

V nésledujici praci (ptiloha 1) jsme se jiz zamé¥ili vyhradné na populaci CD4"CD25" Tregs u
rizikovych (tj.nesoucich vyhradné rizikové alely pro rozvoj T1D) prvostupiiovych pfibuznych
pacienti s T1D v porovnani se zdravymi kontrolami, za pouziti vhodnéjsiho intracelularniho
markeru FoxP3 a nejnové&jsiho povrchového markeru CD127. Frekvenci CD4 'CD25" Tregs
mezi PBMC jsme méfili u pfibuznych 1 zdravych kontrol pfimo a poté znovu po stimulaci
diabetogennimi antigeny a inzulinem (v porovnani s negativnimi kontrolami-
nestimulovanymi PBMC a pozitivnimi kontrolami - PBMC stimulovanymi PHA). Sou¢asné
jsme po stimulaci stanovovali produkci povrchového IFNy u obou dvou skupin.

Potvrdili jsme pretrvavajici nizsi frekvence CD4'CD25" Tregs u prvostuptiovych piibuznych
s rizikovym HLA II genotypem, jak pfi pouziti znaku CD127, tak pfi pouziti znaku FoxP3.
Statisticka vyznamnost v3ak byla prokazana pouze pii pouziti znaku CD127. Rozdily mezi
pIibuznymi s rizikovym genotypem a zdravymi kontrolami se déle prohloubily, pokud byla

frekvence CD4"CD25" Tregs 127 nebo FoxP3" bun&k vztazena pouze k populaci CD25"
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bunék. U zdravych kontrol butiky nesouci znak CD25 byly ve vétsiné pfipadi CD127 a
FoxP3", u rizikovych pfibuznych bylo procento CD127 a FoxP3" bunék mezi CD25"
burikami niZ8i. Ani ve skupiné zdravych kontrol ani ve skupiné rizikovych pfibuznych
nedoslo v populaci CD4"CD25" Tregs po 72-96 hodinach stimulace diabetogennimi antigeny
a peptidem inzulinu k signifikatni zmén€ CD127 negativity nebo FoxP3 pozitivity. U
piibuznych pretrvavaly niz§i frekvence CD4'CD25" Tregs, které opét dosahly statistické
vyznamnosti pouze pro znak CD127. Oproti tomu, jsme u skupiny rizikovych pfibuznych po
stimulaci, ve srovnani se zdravymi kontrolami, pii méfeni povrchové exprese [FNy, prokazali
signifikantng vys$i frekvence IFNy” bun&k. Rozdil byl patrny jiZ u negativnich kontrol
(samoiné PBMC v kultivaénim mediu), déle se zvyraznil po stimulaci smési diabetogennich

peptidl a nejvyraznéjsim se stal po stimulaci celym peptidem inzulinu (obr.10).

Obr.10 Frekvence Tregs a produkce IFNy po stimulaci
% CD127 a FoxP3" mezi CD4"CD25" T lymfocyty béhem stimulace inzulinem a smési diabetogennich antigenti
a nasledné vyjadieni % IFNy+ mezi CD4+ T lymfocyty. Dopln&no negativnimi kontrolami (PBMC v
kultivaénim mediu). Srovnani skupiny pfibuznych T1D pacienti s rizikovym genotypem pro rozvoj onemocnéni

a zdravych kontrol.
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p=0,05 p< 0,05 p< 0,01
100 T — o 100 30
.{ : - I Z 2.5 p__(),oz p<0,0| p< 0,01
80 80 M —_— — —
2,0
60 60 = %
1,5
0 1 40 i #
1,0 —
L o cmsma o s v ¢ ]
1+ 20 os| W
0 0 -~ 001
NK  DiabetogenniAg Inzulin NK Diabetogenni Ag NK  DiabetogenniAg Inzulin
[[] Piibuznis rizikovymi genotypem - Zdravé kontroly

32




4. Diskuze

4.1 Cast zaméfena na autoreaktivni T- lymfocyty a cytokinovou produkci
Multiparametrové analyza proteinovou "array" je vyhodnd z hlediska moZnosti detekce
kombinace riznych cytokintl v supernatantu v jedné dobé€ [67]. Jde o semikvantitativni
metodu, kdy se u pozitivity spott, pfedstavujicich jednotlivé cytokiny, miZeme vyjadrit k
jejich intenzité a kombinaci. Proteinové "array" je nejvice limitovdna detek&nimi limity
membrany pro koncentrace cytokint. K pfesnému stanoveni mnoZzstvi jednotlivych cytokina
"Luminex Quatibody Array", apod. [73, 76]. Pro screeningové tcely, k vytipovani rizikovych
imunitnich odpovédi po diabetogenni stimulaci, jsme povazovali tuto metodu za velmi
vhodnou. Pfi zavddéni metodiky jsme se vénovali vypracovani postupu odectu vysledkt z
jednotlivych membran. Nejnaro¢néjsi ¢asti byla samotnd analyza dat.

V nadi prici jsme prokdzali, Ze zdravé kontroly jiZ v nativnim stavu produkovaly vice
cytokind z Th2 a Th3 spektra a Ze reagovaly na stimulaci diabetogennimi autoantigeny. Po
stimulaci vSak u nich doSlo k signifikantnimu poklesu IFNvy, II.-13, IL-2 a GCSF, tedy k
pacienty s T1D 1 s pfibuznymi, niZ8i produkci IL-6. Pfi matematické korelaci jednotlivé
skupiny cytokinti (Th1,Th2, Th3) spolu dobfe korelovaly, v€etné IL-6 a IL-10. Domnivdme
se, Ze jde o projev fyziologické regulace imunitni odpovédi.

U z&dné ze skupin pacientti s T1D ani u pfibuznych pacientt s T1D jsme po stimulaci
autoantigeny neprokdazali reaktivitu Thl typem imunitni odpovédi, ale popisujeme urCitou
miru dysregulace. Relativné niZ8i produkce nékterych cytokini (IL-4, IFNY, aj.) byla v
souladu s vysledky ostatnich [71,72]. Zajimava byla trvale vysokd produkce IL.-6 u obou
téchto skupin v porovnani se zdravymi kontrolami, kterd je v souladu s popisovanou vyssi
hladinou IL-6 u chronickych onemocnéni, v€etné autoimunitnich (napf.Crohnovy choroby)
[68]. IL-6 je cytokin s pleiotropnim imunomodulaénim u€inkem, zejména prozanétlivym - na
pocatku zdnétu je jeho silnym induktorem [68,69]. V souvislosti s ¢asnéjSim rozvojem T1D je
u Zen publikovén vyskyt polymorfismu v promotoru pro IL-6 "174G>C SNP" a zkoumaji se i
polymorfismy dalsi [69].

Dale pak pacienti s T1D a zejména pfibuzni vykazovali vyrazné vyssi variabilitu v bazélni
cytokinové sekreci a mensi pfedvidatelnost v imunoreaktivité, jejimZ nepfimym dusledkem

mohla byt i statistickd nevyznamnost zmén pfi relativné malém poctu testovanych subjektt.
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U obou dvou téchto skupin existovaly nizké korelatni koeficienty, tedy urcitd nepropojenost
Thl cytokinového spektra s ostatnimi protektivnimi (protizanétlivymi) spektry imunitn{
odpovédi (Th2, Th3, IL-10 aj.). Navic jsme pfi Spearmanové korela¢ni analyze neprokazali,
ani u pacientt s T1D ani u pfibuznych, korelaci IL-6 s ostatnimi cytokiny. U skupiny pacientt
s T1D byl tento fakt posilen absenci korelace IL-6 s IL-10, kterd byla jak u zdravych kontrol,
tak u zdravych pfibuznych zachovéana. U pfibuznych IL-10 koreloval pouze s IL-6 a nikoli s
ostatnimi cytokiny, zatimco u zdravych kontrol IL-10 se v§emi ostatnimi cytokiny nepiimo
souvisel. Uéinky IL-10 a IL-6 se daji povaZovat za protikladné. IL-10 je silny protizanétlivy
cytokin, ktery diky schopnosti interakce s transkripénim faktorem aktivovanych T lymfocyta
NF-kB ovliviiuje imunitn{ aktivaci na po¢atku zanétu [68]. Za fyziologickych podminek se ale
IL-6 a IL-10 navzdjem moduluji, protoZe po vazbé na své receptory na cilovych buiikdch
ovliviiuji stejnou signalizatni cestu STAT3 a jeji regula¢ni molekuly SOCS3, kazdy s jinou
mirou U¢innosti [68-70]. V ptipad¢ vysSich hladin IL-6 u chronickych zdnétlivych
onemocnéni, byvaji i vy$3i hladiny STAT3 a SOCS3 [68]. Matematicky zjiStény nizky
korela&ni koeficient mezi IL-6 a IL-10 u skupiny pacienti s T1D stejné jako nizké korelaéni
koeficienty mezi IL-6, IL.-10 a ostatnimi cytokiny u skupiny pfibuznych by tak mohly
potvrzovat poruchu regulace imunitni odpovédi u t€chto skupin. Jsme si v§ak védomi
relativné malého poctu dat, proto se tato domnénka neobjevila v diskuzi publikovaného
¢léanku (priloha 3).

Po provedeni experimentl povaZujeme proteinovou array i nadédle za vhodnou pro dalsi
pokusy na vét§im souboru pacientd k hleddni "optickych" (kombinace a intenzita spott) i
matematicky prokdzanych zdvislosti v cytokinové siti. Je mozné, Ze velky objem dat umozni
odkryt jednotlivé "vzory" odpovédi (viz.ndvrh na ilustraénim obrazku &.7), z nichZ nékteré
bude moZné povazovat za rizikové a témi se déle zabyvat i v souvislosti s HLA II genotypem.
Ten jsme nyni, vzhledem k malému po¢tu subjektt a rozmanitosti vysledki, do souvislosti s
jednotlivymi typy odpovédi nedavali. Stejné tak jsme se nevyjadiovali k pozitivité protilatek
proti ostravkovym antigenum, které jsou sice vysoce prediktivni pro rozvoj T1D [47], ale
vétSina ndmi testovanych subjektli méla tyto protilatky negativni. Za pfinosné povaZzujeme i
zjisténi, Ze existuji rozdily jiZ v bazdlni sekreci cytokinl. Celkové poznatky o komplexni
cytokinové produkci po stimulaci diabetogennimi autoantigeny u lidi, v souvislosti s T1D,
jsou dosud omezené [78]. Cast&ji existuji prace s uz§im zaméfenim na hladiny jednotlivych
cytokinti a jejich poméry (IL-4, IFNY, IL-10, apod.), které v§ak mohou zakryvat SirS{
souvislosti [71-77].
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4.2 Cast zaméfen4 na Tregs

U autoimunitnich onemocnéni se predpokldda porucha regulace imunitniho systému, mezi
kterou patfi 1 poCetni a funkéni defekty Tregs [78-80]. PoCetni defekty lze prokdzat pomoci
pritokové cytometrie a vhodné zvolené kombinace jednotlivych znakt Tregs. U T1D existuji
rozporuplné préce, z nichZ nékteré prokazuji nizké pocty Tregs [81, 82] a jin€ nikoli [83-85].
Problém je predevs§im ve vybéru subjektil a ve zvolenych znacich pro definici populace Tregs.
V porovnéni s animédlnimi modely tvofi huménni data menSi ¢4st. Navic nékteré€ prace jsou od
pacientti s T1D [78], jiné od pfibuznych pacientt s T1D [85] a mira genetického rizika neni
vZdy zohlednéna [78, 83, 84]. Prukaz funk&nich defekti muze byt slozitéjsi, nebof muze
existovat porucha vyvoje v thymu [58, 59], vzniku v periferii nebo sniZena schopnost
imunosupresni funkce [81, 83]. Metody prikazu funk¢nich defektd by se mély odvijet v
zavislosti na zvolené regulani populaci (iTregs vs.nTregs).

JiZ z teoretického dvodu vyplyva, Ze vyzkum v oblasti Tregs prochéazi v poslednich letech
neustdlou zménou. Objevuji se nové poznatky o vzniku, vyvoji i funkci, méni se klasifikace a
hledaji se stdle presnéji definujici markery. Pivodni znak, podle kterého byla populace Tregs
v roce 1995 definovana, vysoka exprese molekuly CD25 [60], si vyZzadal vzhledem ke své
ambivalenci a obtiZnému zvoleni gatovaci strategie na pritokovém cytometru revizi a byl
nahrazen intraceluldrni molekulou FoxP3 [50]. V roce 2006 pak byly publikovény 2 préce,
které uvedly dal¥i znak Tregs - povrchovou molekulu CD127, resp. Ze CD127"°" exprese
miZe byt novym markerem regula¢ni populace. Prace srovndvali expresi FoxP3 a CD127
negativitu a oba jevy spolu dobfe korelovaly [56,57]. Objevily se hypotézy o negativni
interakci FoxP3 s promotorem pro CD127 [57]. Marker CD127 je v porovnani s FoxP3
vhodnéjsi pro laboratorni G€ely vzhledem ke své lokalizaci na povrchu bunék a tim
snadnéjSimu znaceni a moZnosti dal$iho pouZiti takto definovanych Tregs (vyuZiti magnetické
separace k pokustim in vitro).

V na$i prvni praci (pfiloha 5) jsme ke znaceni regulaéni populace pouZili povrchovy znak
CD25, nebot v dob€ experimentt byl FoxP3 teprve diskutovanym a nové zavadénym
markerem. Ve druhé préci (piiloha 1) jsme jiz znadili regulaéni populaci standardné pomoci
FoxP3 a testovali jsme i nové zminény znak CD127. V prvni praci jsme prokézali po&etni
defekty CD4"CD25" Tregs ve skupin& prvostupfiovych pifbuznych, ktefi byli nositeli
rizikovych alel pro rozvoj T1D. V po&tech NKT nebyly signifikatni rozdily. Proto jsme se v
nésledujici druh€ praci, za vyuZiti dat z Registru diabetickych déti a jejich pribuznych
vedeném pii Pediatrické klinice FN Motol a 2.LF UK, zaméfili pouze na skupinu pribuznych

nesoucich rizikové alely pro rozvoj T1D a pouZili nové, jiZ zminéné, markery pro znaceni
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CD4"CD25" Tregs. Opét jsme prokdzali nizi{ poSty CD4"CD25" Tregs u skupiny pfibuznych
nesoucich rizikové alely pro rozvoj T1D v porovnani se zdravymi kontrolami, ale
signifikantni tentokrét byly jen vysledky vyjadiené pomoci miry negativity CD127. Pri
pouziti FoxP3 byly frekvence CD4"CD25" Tregs také niZsi, ale bez statistické vyznamnosti.
Tento ambivalentni vysledek mohl souviset s poctem testovanych subjektl, pouZitou metodou
(Ctyf-barevnd priitokova cytometrie), rozdilnou metodikou barveni (intraceluldrni
vs.povrchové), ale také s faktem, Ze ne viechny FoxP3" buiiky museji byt nutné regulaénimi
[61]. Regulacni funkce miZe souviset s mirou a stabilitou exprese FoxP3 a jeho izoformou
[30,57, 61]. Korelaci mezi FoxP3 pozitivitou a CD127 negativitou jsme vzhledem k relativné
malé skupin€ ¢isel a zvolené metodice neprovadeli.

Po stimulaci diabetogennimi autoantigeny a inzulinem se populace CD4"CD25" Tregs ani u
jedné skupiny nezménila, nedoSlo ke zméné exprese FoxP3 ani frekvence negativity CD127.
Oproti tomu jsme ale prokazali, Ze ve skupin€ pribuznych s rizikovymi HLA II alelami pro
rozvoj T1D byla vyrazné vyssi reaktivita PBMC reprezentovand signifikantné vyssi produkei
IFNy. Myslime si, Ze miZe jit o projev poruchy regulace imunitni odpovédi v dusledku
snizené supresni schopnosti Tregs. Tato data jsou v souladu s jinymi studiemi, které spiSe nez
jednoznacné€ pocetni defekty prokdzali poruchu funkce Tregs [78, 81, 83].

Zavérem této &asti lze Tici, Ze pokracovani ve vyzkumu Tregs u T1D povaZujeme za
perspektivni. V budoucnosti bychom radi vyuzili vicebarevné pritokové cytometrie k lep§Simu
rozlifeni CD4"CD25" Tregs. Také bude nutno vice zohlednit rozdily mezi CD4"CD25"
iTregs a nTregs, nebof jak se ukazuje, ob& populace mohou exprimovat FoxP3 a neni jisté,
jak je to se znakem CD127. Jednou ze slibnych moZnosti pro rozliSeni se jevi pouziti
demethylovaného regionu TSDR v exonu 1 pro FoxP3, ktery je typicky pro nTregs (54).V
ptipadé predikce rozvoje T1D, mohou hrat vyznamnéjsi roli nTregs (niZsi poCet/porucha
imunosupresn{ funkce), ale nelze vyloudit ani podil poruchy vzniku iTregs v periferii, jejiz
prikaz je obtizny. Dalo by se spekulovat, zda by in vitro poruchu vzniku iTregs pomohla
odhalit naptiklad zména exprese FoxP3 a produkce protizanétlivych cytokinl po prezentaci
diabetogennich autoantigenl "primingovanymi" dendritickymi burikami. V pfipadé prevence
se zdaji vice perspektivni antigenné specifické iTregs, které lze ziskat in vitro za specidlnich

podminek a pouZit k cilené imunosupresni terapii (viz.Teoretické st 3.5).
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5.7Z4vér

V obou &astech vyzkumu jsme zvolenymi metodami u jednotlivych skupin subjektd (pacienti
s T1D, piibuzni pacientl s T1D, zdravé kontroly) prokdzali odchylky v imunoreaktivité i
imunoregulaci. Vysledky u zdravych kontrol jsou v souladu s teoretickym tivodem o
imunopatologii T1D. Imunitni butiky u zdravych kontrol rozpoznévaly vlastni diabetogenni
antigeny, ale jejich imunitni odpovéd hodnocend pomoci cytokinové produkce byla
protizanétliva, tlumiva. U zdravych kontrol jsme prokdzali vy3Si pocty Tregs. Podobné,
snizenim cytokinové sekrece po 72-96 hodinové stimulaci autoantigeny, reagovali také dosud
zdravi prvostupiiovi pifbuzni pacientl s T1D i pacienti s T1D. MlzZe to byt projev
fyziologického nastaveni imunitniho systému reagovat pfi iniciaci imunitni odpovédi spiSe
imunosupresné a teprve, pokud stimulace trva delSi dobu (nékolik dni) a/nebo je intenzivni
(prezentace antigenu kvalitnimi APC), rozviji se nalezitd zanétlivd odpoved (15, 24, 25, 40,
61). Zajimavym se vSak stalo zji§téni, Ze u zdravych piibuznych pacientt s T1D i u pacientl s
T1D jsme pozorovali jiZ odli¥né nastaveni bazélni sekrece cytokind a uréitou dysregulaci
jednotlivych cytokinovych spekter v bazdlnim i postimula¢nim stavu. U skupiny pfibuznych
nesoucich rizikové alely pro rozvoj T1D jsme potvrdili také niz§{ pocty a snizenou funkci
Tregs. Myslime si, Ze jde o projevy dysregulace imunitniho systému, a ve svém disledku o
faktory, které souvisi s rozvojem T1D. V pripadé skupiny zdravych pfibuznych pacientd s
T1D je tato dispozice zatim kompenzovéna, v pfipadé pacienti s T1D jiZ mohlo dojit k

selhdni kompenzatornich mechanismu.

Ziskané a publikované vysledky, které jsou soucésti této disertacni prdce, byly inicidlnimi

dil¢imi kroky v pokracujicim vyzkumu v oblasti T1D.
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Abstract

Abnormalities in CD4"CD25" regulatory T cells (Treg) may contribute to
type 1 diabetes (T1D) development. First-degree relatives of T1D patients are
at increased risk especially when they carry certain HLA II haplotypes. Using
two novel markers of CD4"CD25" Treg (CD127" and FoxP3" respectively),
we evaluated number and function of Treg after specific stimulation with dia-
betogeneic autoantigens in 11 high-risk (according to HLA-linked risk) rela-
tives of T1D patients and 14 age-matched healthy controls using a cytokine
secretion assay based on interferon-y (IFN-y) production. High-risk relatives of
T1D patients had significantly lower pre- and post-stimulatory number of
CD127" Treg than that of healthy controls (P < 0.05). Labelling Treg with
FoxP3" demonstrated similar trend but did not reach statistical significance.
Although the stimulation with diabetogenic autoantigens did not lead to a
significant change in number of Treg in both groups, the defective function of
Treg was performed by significantly higher activation of diabetogeneic T cells
in high-risk relatives of T1D patients compared to healthy controls
(P £0.02). Individuals at increased HLA-associated genetic risk for T1D

showed defects in Treg.

Introduction

Autoreactive subsets of T cells that escaped from negative
selection in the thymus and the failure of peripheral tol-
erance mechanisms to control these potentially patho-
genic T cells may lead to the breakdown of self-tolerance
and autoimmune disease development [1-4]. Type 1 dia-
betes (T1D) represents a well-described model (with
some known genetic background associations mainly with
HLA molecules) of T-cell-mediated autoimmune destruc-
tion of insulin producing pancreatic f-cells |5, 6]. In the
last  decade, naturally occurring  thymus-derived
CD25"¢"CD4* T regulatory cells (Treg) in humans have
been described. They form about 2-4% of toral CD4" T
cells in peripheral blood, have the ability of cell-contact
dependent suppression of immune response and play an
important role in maintaining immune homeosrasis [2, 3,
7]. However, in humans about 10% of CD4" T cells in
peripheral blood can constitutively express CD25 |a
chain of interleukin (IL)-2 receptor] and only those with

© 2008 The Authors

high expression of CD25 have the regulatory properties
[8, 9]. This fact introduced certain difficulties and confu-
sion in distinguishing Treg from conventional non-regu-
latory CD25°CD4" T cells which led to an intensive
search for more characteristic markers [1—4, 10]. At pres-
ent, intracellular forkhead/winged-helix family transcrip-
tional repressor p3 (FoxP3) is supposed to be the most
specific marker of Treg [3, 11]. FoxP3 expression corre-
lates well with regulatory activity and number of Treg,
it is exclusively expressed in CD25°CD4" Treg and is
considered as a key player for the development and func-
tion of Treg [2—4, 10]. FoxP3 repress the interleukin
(IL)-2, IL-4 and interferon-y (IFN-7) gene’s expression
and interact with nuclear transcription factors of activated
T cells (NF-kB, NFAT) that results in poor cytokine pro-
duction and impared proliferation [10, 12—14].

Very recent studies have introduced a new surface
marker of Treg: CD127 (& chain of IL-7 receptor). A
very strong correlation between the number of CD127~
and FoxP3"CD25°CD4" T cells with similar suppressive
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ability has been described [11, 15]. Downregulation of
IL-7 receptor (CD1277) on Treg contrasts with the com-
mon expression of IL-7 receptor on non-regulatory T-cell
subsets and shows the relative independency of Treg from
IL-7 [15].

Many studies demonstrate associations with clinical
manifestation of T1D, HLA genotype and pancreatic
islets autoanribody/ies positivity in first-degree relatives
within the Caucasian population [9, 16, 17]. Similar data
about Treg in T1D relatives are still limited. In our pre-
vious study, we observed a significantly lower number of
CD25"€"CD4" Treg in siblings of children with T1D
who were at increased HLA-associated genetic risk of
T1D development [18]. We hypothesized that the low
number of Treg can predispose these individuals to au-
toimmunity. In the presenr study, we focused on func-
tional properties of Treg in these HLA-linked high-risk
relatives of T1D patients using specific diabetogenic
autoantigen stimulation and CD127 and FoxP3 as mark-
ers of CD257CD4" Treg.

Materials and methods

Study subjects. Heparinized blood samples were obtained
from 11 healthy frst-degree relatives of T1D patients
(six females, five males, age 14-43, median age 23 years)
followed Pediatric University Hospital
Motol, Prague and First Department of Pediatrics,

University Hospital, Brno, Czech Republic. All of them

Department,

carried at least one of the high-risk HLA haplotypes, i.e.
DQA1*05-DQB1*0201 or DQA1*03-DQB1*0302 and
had no protecrive alleles, i.e. DQBI1*0602 and
DRB1*0403 [9, 17] (Table 1). A complete HLA-DQA1
and HLA-DQB1 genotyping was performed by poly-
merase chain reaction (PCR) with sequence-specific prim-
ers and a stratification of HLA-linked genetic risk was
performed [9]. Age-matched 14 healthy controls (six
females, eight males, age 17—45, median age 26 years)
were consecutively recruited from healthy blood donors
with no family or personal history of T1D or any other
autoimmune disease. None of them carried high-risk
haplotype for T1D. Sera of subjects were examined by
radioimmunoassay (RIA) (Solupharm, Brno, Czech
Republic) for the presence of autoantibodies against islet
antigens glutamic acid decarboxylase 65 (GADA) and

Table 1 HLA-genotypes and other characceriscics of tested subjeces.

11 high-risk relatives of TI1D patients (Age: median 23, sex:
E/M = 6/5)

No. GADA- TA-2A-
HLA-genotype subjects  positive positive
DQAL *03/05, DQBI *02/0302 6 0 0
DQAL *03703, DQB1 *0302/0302 5 0 0

Z. Vrabelova et al.

tyrosinephosphatase (IA-2A). Levels above 1 IU/ml for
GADA as well as for IA-2A (above 2 standard deviations
of normal) were considered positive. None of the tested
subjects had positive autoantibodies. Blood samples of all
study subjects were taken after signing the informed
consent approved by the local Ethical Committee.

Stimulation assay. Peripheral blood mononuclear cells
(PBMC) were obtained by Histopaque (Sigma-Aldrich,
Prague, Czech Republic) gradient centrifugation of hepa-
rinized blood. Freshly isolated PBMC were resuspended
in a complete culture medium containing X-Vivo 15
supplemented with 50 mg/l gentamycin, 2 mM L-gluta-
mine and 10% heat-inactivated human AB-serum (all
Sigma-Aldrich) in cell concentration 2 X 10° per ml. A
mixture of the following synthetic autoantigens was used
for stimulation: GADGS-peptides amino acids 247-279,
aa. 509-528; aa. 524-543 (Dept. of Medical and
Physiological Chemistry, University of Uppsala, Uppsala,
Sweden); A2 a.a. 853-872 and a.a. 9-23 of 8 proinsulin
chain (Sigma, St Louis, MO, USA). Concentration of all
autoantigens was 1 pg per 10° cells each. Insulin
(Humulin R, Lilly France S.A.S., Fegersheim, France) at
a concenrration 5 U/ml was tested separately.

The selection and concentration of autoantigens as
well as the amount of tested PBMC was made according
to previous Immunology of Diabetes Society T-cell work-
shops, recommendations and also according to our experi-
ence [19-21]. After optimizing the length of autoantigen
exposure (data not shown), we stimulated PBMC 72 h in
37 °C, 5% CO, atmosphere.

Experiments were completed with negative controls,
PBMC alone in complete medium.

Flow cytometry.  Flow cytometric analysis of T-cell
populations was preformed before and after stimulation
using the following markers: anti-CD3, anti-CD4, anti-
CD25, anti-CD127 labelled with fluorescein isorhiocya-
nate (FITC), phycoerythrin (PE), phycoerythrin-cyanin 5
(PC5), or phycoerythrin-cyanin 7 (PC7) (Immunotech,
Marseille, France). For intracellular detection of FoxP3,
FITC-anti-human-FoxP3 staining set (e-Bioscience, San
Diego, CA, USA) was used according to manufacturer’s
instructions. Cell activation was measured by surface
expression of IFN-y on activated CD4" T cells using the
Secretion Assay Cell Detection Kit (Miltenyi Biotec,
Bergish Gladbach, Germany) according to manufacturer’s
instrucrions. Samples were analysed by a 4-colour flow
cytometry on a CytomicsTM FC 500 cytometer (Beckman
Coulter, Miami, FL, USA). Data were analysed using the
cxp Software (Beckman Coulter). Gating srrategy is
displayed on Fig. 1.

Statistical analyses. Non-parametric methods for stati-
stical analysis were used due to asymmetric data distribu-
tion. Groups compared with Mann—Whitney
U-test; P-values of <0.05 were considered significant. For

were
comparison of related data in each group separately,
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Figure | Gating strategy for Treg. Analyses were performed on 4-col-
oured CytomicsTM FC 500 cytometec (Beckman Coulcer, Miami, FL,
USA). For analysis, PBMC were gated on lymphocytes (based on for-
ward and side scatcer and CD3"). (A) CD127 negativity was determined
with regard to a negative isotype concrol, (B) the percentage of
CD127°CD25" cells wichin all CD4'CD3" T cells, (C) percentage of
CD127" within only CD25'CD4°'CD3" T cells, (D) FoxP3" was deter-
mined with regard to che negative isotype concrol, (E) the percentage of
FoxP3'CD25" cells wichin all CD4°CD3" T cells and (F) che percent-
age of FoxP3" wichin only CD25'CD4'CD3" T cells.

Wilcoxon Signed Ranks Test and Friedman Test were
used. Results are written in medians and inter-quartile
range (IQR) of the first and the third quartile; P-values

% CD127-CD25+, FoxP3+CD25+
on CD4+CD3+ T cells

P=0.01
8.00
—
6.00
. . . , 4.00 4
Figure 2 Relacive frequencies of freshly iso- e t
lated Treg. Significancly lower number of 2.00— 'g' a
CDI127™ Treg in high-risk relatives compared 0.004
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of <0.05 are considered significant. All analyses were
performed using the statistical software spss 14.0 for
Windows (SPSS Inc., Chicago, IL, USA).

Results

High-risk relatives of T1D patients had low number of
freshly isolated Treg

All 11 HLA-linked high-risk relatives of T1D patients
without insulitis and 14 age-matched healthy controls
were tested for the presence of Treg using a surface mar-
ker CD127 and an intracellular marker FoxP3. The num-
ber of Treg freshly isolated from peripheral blood was
lower in a group of high-risk relatives of T1D patients
compared to healthy controls. The relative frequency of
CD127°CD25" on CD4"CD3" T cells had a median
2.4%; IQR 2.1-2.6% of all CD4"CD3" T cells in high-
risk relatives while healthy controls had a median 3.9%;
IQR 3.4-4.4% (P = 0.01). The relative frequency of
FoxP3*CD25" on CD4'CD3" T cells had a median
2.6%; IQR 2.0-29% in high-risk relatives, while
healthy controls had a median 3.1%; IQR 2.3-3.7%
(P = ns). The CD127" marker on CD25"CD4*CD3" T
cells -that should correspond to the percentage of Treg
within the CD25"CD4"CD3" T cells was presenr in a
median 44.4%; IQR: 38.7-57.6% in high-risk relatives
and in a median 73.6%, IQR 63.8-76.0% in healthy
controls (P < 0.01). FoxP3" was present in a median
46.3%, IQR 36.1-57.2% in high-risk relatives and in a
median 57.2%, IQR 52.8-65.7% in healrhy controls
(P = ns) (Fig. 2).

The low number of Treg in high-risk relatives of T1D
patients did not change after autoantigen stimulation

After 72-h in vitro stimulation assay with the mixture of
previously defined diabetogenic peptides and the whole
molecule of insulin, the relative frequencies of Treg

in unstimulated and stimulated cell’s cultures were

% CD127-, FoxP3+ within

to healchy controls was noted, lower number

CD127-

of FoxP3 " Treg was nort significant.
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compared. The relative frequencies of Treg in each group
separately (i.e. in high-risk relatives of T1D patients and
in healthy controls) did not change significantly after
autoantigen stimulation. Although in high-risk relatives
of T1D patients the numbers of Treg remained lower
during whole assay in comparison with healrhy controls,
the statistical significance was reached only for CD127"
Treg when cells were stimulated with the whole protein
of insulin. This was even more obvious when the relative
frequencies of CD127"  were studied  within
CD25"CD4*CD3" Treg (Fig. 3). Labelling Treg with
FoxP3"* demonstrated a similar trend but did not reach
statistical significance at all. FoxP3 expression was mea-
sured only after stimulation with a mixture of diabeto-
genic peptide autoantigens due to the limited number of
PBMCs for stimulation and cytometric determination
(Fig. 4).

Diabetogeneic autoantigens led to strong Th1-type
activation in high-risk relatives of T1D patients, but
not in healthy controls

The unstimulated CD4*CD3" lymphocytes of high-risk
relatives of T1D patients demonstrated a significantly

% CD127-CD25+ on

Z. Vrabelova et al.

higher basal IFN-y production after 72 h of in vitro cul-
ture: median 0.8%; IQR 0.7-0.9% compared to unstim-
ulated healthy controls: median 0.4%; IQR 0.3-0.7%
(P = 0.02). The significantly higher production of IEN-y
in this high-risk relatives of T1D patients was further
enhanced after stimulation with a mixture of diabeto-
genic peptide autoantigens: median 1.2%; IQR 1.0-
1.4% of IFN-y* CD4*CD3" T cells compared to healthy
controls: median 0.6%; IQR 0.4-1.0% of IEN-p*
CD4*'CD3" T cells (P < 0.01); as well as after stimula-
tion with the whole protein of insulin: median 1.7%;
IQR 1.5-1.8% of IEN-y* CD4"CD3" T cells in high-
risk relatives versus median 0.5%; IQR 0.4-1.0% of
I[FN-y* CD4"CD3* T «cells in healthy controls
(P < 0.01) (Fig. 5).

In each group separately, a significant increase of IFN-
y production in CD4*CD3* T cells was observed in
high-risk relatives of T1D patients after stimulation
either with a mixture of diabetogenic peptides
(P =0.017) or with insulin (P = 0.017). In controls,
stimulation with the same mixture of diabetogenic pep-
tides did not lead to a significant increase of IFN-y pro-
duction in CD4°CD3" T cells (P = ns) but stimulation
with insulin did (P = 0.028).

CD127- within CD25+CD4+CD3+ T cells

CD4+CD3+T cells % (median, max.)
P=005 P<0.05 P<0.01
) 0w — — —_— Figure 3 Relative frequencies of CDI127~
h i gz:‘l::le: 1 Treg after scimulacion. No significant change
- — Median 80 - in CD127" Treg was observed. Lower per-
E i centage of CD127  Treg remained during
i P<0.01 60 the whole assay in high-risk relatives of T1D
8.00 4 — ] patiencs; relacive frequencies of CDI[27~
’ a o a ) relaced only to CD25°CD4'CD3" T cells
600, * 3 a 40 1 [ Retaives disclosed che stacistical significance which is
4.00 ° 4 -g- il B contois pointed. NC, negative control with unstimu-
200 & i ;_ 2 _g_ " 20 - lated PBMC in culture medium; Ag, PBMC
000" T stimulated with mixcure of diabetogeneic
T 0 - T autoantigens; Insulin, PBMC srimulared
NC AG Insulin NC AG Insulin with insulin.
% FoxP3+CD25+ on % FoxP3+ within CD25+CD4+CD3+ T cells
CD4+CD3+ T cells 100 (median, max.)
B [] Relatives
O Relatives
. A Controls 80 W controls
i — Median . . .
Figure 4 Relative frequencies of FoxP3"
B 60 Treg after stimulacion. No significant change
8.00 in FoxP3' Treg was observed. However,
© lower percentage of FoxP3' Treg remained
6.00 o Py ° 4 40 during the whole assay in high-risk relacives
4‘00_2 o A of TID patients. This was more obvious
— ‘ir : 20 when  FoxP3" was related only o
20078 A ki CD25'CD4'CD3" T cells. NC, negative con-
0.00 ° trol with unscimulated PBMC in culcure
j 0 1 medium; Ag, PBMC stimulated with mix-
NC AG NC AG ture of diabetogeneic aucoantigens.
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Figure 5 Relative frequencies of IFN-y on CD4" T cells. Significancly

D High risk relatives

higher frequency of IFN-y* cell was observed after diabetogeneic stimu-
lation in high-risk relatives of TID patients. In high-risk relatives,
stimulation of both (mixcure of peptides autoantigens as well as whole
molecule of insulin) statistically inctease IFN-y positivicy. NC, negative
control with unstimulated PBMC in culture medium; Ag, PBMC stim-
ulated with mixture of diabctogeneic autcantigens; Insulin, PBMC

srimulated wich insulin.

Discussion

Defects in Treg may significantly disturb the balance
between activation and suppression of immune system as
well as it may adversely affect the type of immune
response (Th1 versus Th2) and thus contribute to f-cell
destruction in the pancteas. Patients with T1D may have
altered number and function of Treg [8, 18, 21-24].
There is less information about Treg in T1D patient’s
healthy relatives who have higher probability of T1D
development according to their HLA-linked genetic risk
[9, 16, 17]. In a previously published data, we demon-
strated that healthy siblings of T1D patients showed a
lower number of Treg when they carried a certain high-
risk HLA-haplotype for T1D [18]. Other studies also
demonstrate a lower number of Treg in patients with
T1D or theit telatives [23, 24]. On the other hand some
studies did not reveal any significant differences in
numbers of Treg [25-27]. However, in some of them
HLA-linked genetic risk was not considered [25-27]. In
addition, in most of these previous experiments (includ-
ing our), percentage of Treg was based on the expression
of CD25"&" on CD4*CD3" T lymphocytes. This marker
has been proposed as insufficient for Treg determination
as it can be broadly influenced by the gating strategy and
thus limited in interpretation [28, 29]. Recently there is
clear evidence that the regulatory functions of
CD4"CD3" T cells are associated with the intracellulat

presence of FoxP3™ |2, 3, 10, 11] as well as with a newly

© 2008 The Authors
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introduced surface marker CD127™ [11, 15] on a subpop-
ulation of CD25"CD4"CD3" T cells. Previous observa-
rions described the highest suppressive ability in the
subsets of CD127" and FoxP3"CD25*CD4* T cells; the
level of FoxP3 expression positively correlates with
the suppression rate [3, 10, 11, 15]. Microarray analysis
of mRNA, flow cytometry and functional assays from
T-cell CD127 was
expressed at significantly lower levels in CD4*CD25™
versus CD4"CD25™ T cells and inversely correlates with
FoxP3". It was suggested that FoxP3 interacts with a
promoter of CD127 as a repressor [11].

individual subsets showed that

In our present study, we used these two novel markers
CD127 and FoxP3 to evaluate the presence and func-
tional properties of Treg in a genetically defined group of
high-risk relatives of T1D patients. Based on this deter-
mination we were able to reveal differences in number
and function of Treg between high-risk relatives of T1D
patients and age-matched healthy controls. We could
observe lower numbers of Tteg in the high-risk relatives
group during the whole assay. However, only results
regarding CD1277 as a marker of Treg reached statistical
significance mainly when the percentage of CD127 " was
related exclusively to CD25"CD4°CD3" T-cell popula-
tion. FoxP3™ Treg showed similar trend but without sta-
tistical significance. This can be due to the fact that not
all FoxP3™ T cells are necessarily CD127" T cells with
regulatory ability. Also the regulatory activity may
depend on the level of FoxP3 expression inside the cell as
well as on isoforms of the protein [11, 12]. Specific dia-
betogenic stimulation did not significantly change num-
ber of Treg in any group.

In contrast, we observed a very strong Thl response
after autoantigen stimulation in high-risk relatives of
T1D patients that was not seen in healthy controls. The
presence of autoreactive T-cell subsets in relatives with
high-HLA II-linked genetic risk may play its role. It is
supposed that diabetogeneic auroreactive T cells express
TCR that can recognize specific islet’s autoantigens pre-
sented on certain HLA II molecules and produce Thl
spectrum of cytokines. The IFN-y production was more
pronounced when the whole protein of insulin rather
then peptides were used as an antigen. This is in agree-
ment with the fact that insulin is supposed to be a very
potential primary autoantigen in T1D and the one in
which the immunogenic adjustment can lead to preven-
tion or acceleration of T1D development [21, 30, 31].
We think that the strong Thl activation in the group of
high-risk relative’s may correspond with a poor immun-
osupressive function of Treg in this group. The underly-
ing association, if any between the HLA type and the
exact role of TCR in Treg remains unclear and requires
further exploration [32, 33]. Our results can be contro-
versial with other recently conducted studies that did not
proved numerical changes in Treg [34]. Howevet, there
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should be notice our well-defined HLA-genetic back-
ground of the subjects and the fact chat so far exist only
a few human scudies among neither TID patients
nor relatives using CD127~ and FoxP3* as markers of
Treg [34].

In summary, we have determined that CD127 is a
reliable marker of Treg that is expressed at lower levels
in high-risk relatives of T1D patients. These individuals
are more reactive to diabetogenic antigen stimulation.
All together this can increase the risk of clinical manifes-
tation of T1D in furure.
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Introduction

Abstract

Type 1 diabetes (T1D) is a great medical challenge and its incidence rises rap-
idly. T lymphocytes and their cytokine production are supposed to play a
major role in T1D development. So far, there is no potent tool to recognize
the early signs of cellular auto-reactivity which leads to f-cell damage. The
naive immune system of the newborn (not yet influenced by external factors)
can be used as an important model for T1D pathogenesis studies. Cord blood
samples of 22 healthy neonates born at term to a diabetic parent (T1DR) and
15 newborns with no family history of any autoimmune disease (controls) were
collected. Determination of 23 cytokines was performed before and after che
stimulation with diabetogenic autoantigens using protein microarray. We
observed lower basal production of all detected cytokines in the TIDR group
— granulocyte/macrophage colony-stimulating factor (GM-CSF) (P = 0.025),
growth regulated protein (GRO) (P = 0.002), GRO-a (P = 0.027), interleukin
(IL)-1-e¢ (P = 0.051), IL-3 (P = 0.008), IL-7 (P = 0.027), IL-8 (P = 0.042),
monocyte chemoattractant proteins (MCP)-3 (P = 0.022), monokine-induced
by IFN-y (MIG) (P = 0.034) and regulated upon activation normal T-cell
express sequence (RANTES) (P = 0.004). Exclusively lower post-stimulative
levels of G-CSF (P = 0.030) and GRO-a (P = 0.04) were observed in controls
in comparison with the basal levels. A significant post-stimulative decrease in
G-CSF (P = 0.030) and MCP-2 (P = 0.009) levels was observed in controls
in comparison with TIDR neonates. We also observed the interesting impact
of the risky genotype on the protein microarray results. Protein microarray
seems to be a useful tool to characterize a risk pattern of the immune response
for TID also in newborns.

infiltration of Langerhans islets and cytokines are released
and start supporting cytotoxic (Tc) lymphocytes-mediated

Type 1 diabetes (T1D) occurs mostly in children, teenagers
and young adults. The prevalence represents 2% of the
world population. The TID incidence rises rapidly,
mainly in the youngest. In the Czech population, an
annual increase in incidence by 6.3% could be observed
in the youngest age group (0—4 years) [1-4].

Type 1 diabetes is suggested to be a T helper 1 (Thl)
autoimmune disease [5, 6] characterized by an absolute
lack of insulin caused by the destruction of pancreatic
B-islet cells due to the autoimmune inflammatory process
— insulitis. Thl lymphocytes are responsible for the
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destruction of fS-islet cells [6, 7]. Due to this progressive
damage, there is either insufficient or no production of
insulin, which leads to the first clinical signs of diabetes.
The manifestation of TID usually occurs in situations
linked with a higher need of insulin, e.g. infection or
trauma but the real triggers are not yet known [4, 8].
Interferon (IFN)-o [7, 8] and IFN-y [9] have been
observed on human pancreatic islets of Langerhans in vivo
in patients with recent-onset of TID. Thl cytokine
profile with high IFN-y secretion has been found during
the pre-diabetic phase [10-12]. However, close to the
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onset of T1D, when only few f-cells remain, the Thl-
like response vanishes and remains suppressed in newly
diagnosed T1D patients [10, 13-16].

Still there is no potent tool to recognize rhe early
signs of cellular auto-reactiviry which leads to f-cells
damage and T1D development.

During the end of the pregnancy, the immunological
balance is more in favour of CD4" lymphocytes and the
CD4*/CD8" proportion slightly changes in course of
the labour. Most of the lymphocyres have the ‘naive’
character as they have not yet been exposed to external
antigens. They express the CD45 isoforms, CD45RA
and CD45RB. By stimulation, T cells of newborns
switch to the expression of CD45RO which is present
in memory T cells. The low numbers of CD45RO cells
in term newborns suggest that very lictle antigen-
induced expansion occurs before birth. These ‘naive’ T
lymphocytes have lower ability to proliferate after poly-
clonal stimulation. In comparison with the adults, they
produce less cytokines (IFN-y, interleukins IL-4 and
IL-5). Especially the lack of Thl subset cytokines can
be observed as well as inadequate interaction with B
lymphocytes. The immunological balance of the mother
as well as of the foetus is slightly weighted in favour of
Th2 [16-22]. Interestingly, cord blood also includes a
of CD3” CD8" lymphocytes displaying NK
activity that is undetectable in periphetal blood of
adults. These cells are supposed to be representing the

subset

stage between thymocytes and mature T lymphocytes
[16-22].

This far, according to our best knowledge, no one has
obtained any data about the immunoreactivity against
autoantigens in the naive neonatal immune system. New
findings could also play an important role in further
understanding of the T1D pathogenesis. So we decided
to study the cytokine and chemokine production (basal
and also after the stimulation with diabetogenic autoanti-
gens) of cord blood mononuclear cells (CBMC) using pro-
tein microarray.

Protein microarray is a semi-quantitative technique,
which is sufficiently sensitive and not too expensive
detection of hundreds of
materials [23]. The
nitrocellulose membranes are coated with primary anti-

and enables simultaneous

proteins in different biological
bodies against each cytokine in a distinct location.
After the binding of cytokines contained in the super-
natant, the biotin-labelled secondary antibodies ‘cock-
tail'’ is added to each membrane. The signal is then
emphasized by horse radish peroxidase (HRP)-conju-
gated strepravidin.

Patients and methods

Study subjects and ethics. This study included 22 newborns
with a parent suffering from T1D (17 diabetic mothers,

K. Bohmova et al.

rhree diabetic fathers and a couple of twins with both
parents diabetics] and 15 newborns with no family
history of any autoimmune disease as a control group.
None of the mothers suffered from other immune-medi-
ated diseases (other autoimmunity, allergy, asthma and
immunodeficiency). All of the newborns were born at
rerm (average 38th gestational week) after physiological
pregnancies without any perinatal complication. The fre-
quency of labour per vias naturales and Caesatean secrion
was similar in both groups of mothers. Diabetic mothers
with good compliance and conrrol of diabetes during the
whole pregnancy were chosen for our study. All of rhem
were regularly checked by the diabetologist of the
Department of Internal Medicine, 2nd Medical Faculty of
Charles University, during the pregnancy
(including HbAlc with normal results).
Peripheral blood samples of six T1D mothers and four

Prague,
assessment

healthy mothers were obtained shortly (within 4 h) after
the labour for further studies to exclude the possibility of
cord blood contamination with maternal mononuclear
cells.

Ethical approval for this study was granted by the
local ethics committee and informed consent was
obtained.

Polymerase chain reaction. Complete HLA-DQA1 and
DQBI1 genotyping was carried out by polymerase chain
reaction (PCR) with sequence-specific primers [24] to
assess the genetic risk of T1D development (Table 1).

Cell isolation and stimulation. Cord blood mononuclear
cells (CBMC) were used in all iz wvitro experiments,
peripheral blood mononuclear cells (PBMC) in case of the
mothets. It was obtained approximately 5-8 ml of cord
blood, 10-15 ml of peripheral blood.

CBMC (PBMC respectively) were isolated from the
whole blood by Ficoll density gradient centrifugation
(Amersham Biosciences, Uppsala, Sweden). 2 X 10°
freshly isolated CBMC PBMC were resuspended in 1 ml
of RPMI-1640 medium supplemented with 20% fetal
calf serum (FECS), L-glutamine (10 ul/ml 200 mM L-glu-
tamine) and penicillin—streptomycin (1 ul/ml PNC and
1 ug/l streptomycin; all purchased from Sigma, St Louis,
MO, USA) and cultivated with diabetogenic auto-
antigens.

Cell cultures were stimulated with a mixture of the
following autoantigens: GADGS peptides amino acids
(a.a.) 247-279 (NMYAMMIARFKMFPEVKEKGMAAL-
PRLIAFTSEE—OH), molecular weight 3823.7; a.a. 509—
528 (IPPSLRTLEDNEERMSRLSK—OH), molecular weight
2371.7; aa. 524-543 (SRLSKVAPVIKARMMEYGTT-
OH), molecular weight 2238.7 (all GADGS peptides —
Department of Medical and Physiological Chemistry,
University of Uppsala, Uppsala, Sweden); IA-2 a.a. 853—
872 SFYLK(Nlew)VQTQETRTLTQFHF, molecular weight
2489 and a.a. of f-proinsulin chain 9-23 SHLVEAL-
YLVCGERG, molecular weight 1645 (Sigma, St Louis,
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Table 1 Genetic risk of TID development

based on HLA-DQAL and DQBI geno- Genetic risk

Criteria

typing.

Very high DQA1*05-DQB1*¥0201/DQB1*0302 but NO coincidence with DRB1*0403
High DQAI1*05-DQB1*0201 or DQB1*0302 but NO coincidence with
DQB1*0602, 0301, 0603, DRB1*0403
Average NO coincidence of following: DQB1*0302, DQA1*05-DQB1%0201,
DQB1*0602, 0301, 0603
DQB1#0301/DQB1%¥0302 or DQB1*0302/DQB1*0603
DQB1#0302-DRB1*0403
Low DQB1*0301 or DQB1*0603 but NO coincidence with DQB1*0302
and DQB1*0602
Very low DQB1*0602

USA). Each autoantigen was used in the concentration of
1 ug per 10° cells.

Our experiments were completed with a positive con-
trol [PBMC or CBMC, respectively, +10 ug of phytohae-
magglutinin (PHA; Sigma) per 10° cells] as well as a
negative control (PBMC or CBMC in exclusive culture
medium). Cell supernatant was harvested after 72 h of
stimulation (37 °C, 5% CO,), frozen (=20°C) and later
used for a protein microarray analysis.

Protein microarray. A protein microarray analysis was
performed using a commercially available array kit
according to the instructions of the manufacturer (Ray-
Biotech, Norcross, GA, USA).

Chemiluminescent signals were detected using the
Fuji LAS1000 imaging system (Fujifilm, Tokyo, Japan)
and then analysed using the Advanced Image Data Ana-
lyzer software (AIDA, 3.28; Raytest Izotopenmessgeraete,
Straubenhardt, Germany). All the images were edited in
the grey-scale 8-bit map. Results were obtained accord-
ing ro the instruction of the manufacturer in percentage
of signal intensity. The membranes were compared
together; the integral positive controls of each membrane
reached the 100% of intensity so no other image trans-
formation was necessary.

Production of the following 23 cytokines and chemo-
kines was detected: granulocyte/macrophage colony-stim-
ulating factor (GM-CSF), granulocyte colony-stimulating
factor (G-CSF), growth regulated protein (GRO), growth
regulated protein-a (GRO-a), interleukins (IL)-1, -2, -3,
-5, -6, -7, -8, -10, -13, -15, interferon-y (JFN-Y), mono-
cyte chemoattractant proteins (MCP)-1, -2, -3, monoki-
ne-induced by IFN-y (MIG), regulated upon activation
normal T-cell express sequence (RANTES), transforming
growth factor-f (TGEF-f8), tumour necrosis factor-a
(TNF-o) and tumours necrosis factor-f (TNF-f). Detec-
tion limits for cytokines are displayed on the manufac-
turer's website (heep://www.raybiotech.com).

Statistics. A probability level of P < 0.05 was consid-
ered statistically significant in all tests that were carried
out. The results were analysed using the statistical sofctware
spss 14.0 for Windows (SPSS Inc., Chicago, IL, USA).

(1) Basal production. The aim was to find out if there
was any difference of the basal cytokine levels in cord

© 2007 The Authors

blood of the TIDR neonates in comparison with controls.
Because the variables were not normally distributed,
Mann—Whitney U-test was used for the comparison of
the groups.

(2) Basal production wversus production after stimulation.
Non-parametric Wilcoxon signed rank test was used for
the comparison. The test was made for each group sepa-
rately.

(3) Difference in the post-stimulative reactivity in the group
of TIDR neonates in comparison with the control group. The
difference between basal and post-stimulative levels was
calculated and the differences between the two groups
were compared using non-parametric test — Mann—Whit-
ney U-test.

(4) TIDR twins with both parents diabetics. Because of
the small cohort being compared with the non-homoge-
nous group of other TIDR newborns, the statistical
significance could not be calculated. For the comparison,
the mean of all cytokine values in TIDR without the
twins was calculated. The interval for 95% of individual
values for each cytokine in the TIDR newborns without
twins (mean + 2 SD) was determined.

To compare the reactivity after the specific stimula-
tion, the difference between the basal and post-stimula-
tive cytokine levels was assessed in the twins and in the
rest of the TIDR population.

(5) Cytokine secretion in mothers in comparison with their
newborns. The basal cytokine production of CBMC versus
maternal PBMC was compared using Wilcoxon signed
ranks test. Correlation between the maternal production
of regulatory cytokines IL-10, TGF-f and Th2 cytokine
IL-13 and neonatal cytokine profile was determined using
Spearman correlation coefficient.

(6) Cytokine secretion in TID mothers in comparison
with healthy mothers. In the two groups of mothers, the
cytokine levels were compared using Mann—Whitney
U-test.

(7) Cytokine secretion in TIDR neonates with low genetic
risk of T1D development versus T1DR neonates with high risk
of T1D development. Mann—Whitney U-test and Wilcoxon
signed ranks test were used to determine the difference of
basal and post-stimulative cytokine production in the
two groups of T1DR neonates.

Journal compilacion © 2007 Blackwell Publishing Led. Scandinavian Journal of Immunology 66, 563571



566 Cord Blood Cytokines and Risk of T1D Development

Results

Basal production

We observed lower basal production of all detected cyto-
kines in the group of TIDR newborns. The difference was
statistically significant in following basal cytokine and
chemokine levels: GM-CSF (P = 0.025) (Fig. 1A), GRO
(P = 0.002) (Fig. 1B), GRO-a (P = 0.027), IL1-at (P =
0.051) (Fig. 1C), IL-3 (P = 0.008) (Fig. 1D), IL-7 (P =
0.027) (Fig. 1E), IL-8 (P = 0.042), MCP-3 (P = 0.022),
MIG (P = 0.034) and RANTES (P = 0.004) (Fig. 1F).

Basal production versus production after stimulation

Exclusively lower levels of G-CSF (P = 0.03) (Fig. 2A)
and GRO-a (P = 0.04) (Fig. 2B) were observed in the
control group after stimulation in comparison with the
basal levels.

Difference in the post-stimulative reactivity in the group of
T1DR neonates in comparison with the control group

A significant decrease in G-CSF after stimulation was
observed in the control group in contrast to a post-stim-
ulative increase in the group of TIDR neonates
(P = 0.030) (Fig. 3A). Further, the decrease in MCP-2
levels was seen after stimulation in the controls but there
was hardly any change observed in the group of T1IDR
neonates (P = 0.009) (Fig. 3B).
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Basal G-CSF production versus production after
A stimulation in controls
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Figure 2 Basal production versus production after stimulation. We observed
exclusively lower levels of following cytokines in the control group after
stimulation in comparison with the basal levels: (A) G-CSF (P = 0.03)
and (B) GRO-a (P = 0.04).
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Figure | Basal cytokine production. We observed lower basal production of all detected cytokines: in the group of TIDR newborns — for example
(A) GM-CSF (P = 0.025), (B) GRO (P = 0.002), (C) IL1-a (P = 0.051), (D) IL-3 (P = 0.008), (E) IL-7 (P = 0.027), (F) RANTES (P = 0.004).
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Difference of G-CSF level after stimulation in the group of
TIDR neonates in comparison to the controls
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Figure 3 Difference in the post-stimulative reactivity in the group of TIDR
neonates in comparison with the control group. (A) A significant decrease in
G-CSF after stimulation was observed in the control group in contrast
to a post-stimulative increase in the group of TIDR neonates
(P = 0.030); (B) the decrease in MCP-2 levels was seen after stimulation
in the controls but there was hardly any change observed in the group
of TIDR neonates (P = 0.009).

Cytokine secretion after non-specific polyclonal stimulation

We observed an overall increase in cytokine production
in both groups after the polyclonal stimulation with phy-
tohaemagglutinin. The CBMC of T1DR newbotns were

Cord Blood Cytokines and Risk of T1D Development 567

slightly less reactive; however, there was no significant
difference observed between the two groups.

There was no significant difference in the cytokine
levels before and after stimulation in the group of new-
borns with T1D father in comparison with the newborns
with a T1D mother.
T1D mothers was much larger than the group with T1D
fathers.

But the cohort of newborns with

T1DR twins with both parents diabetics

Because of the small cohort being compared with the
the
results are not statistically significant, but we consider

non-homogenous group of other T1DR newborns,

these unique findings to be very interesting. Both of the
twins (with both parents suffering from T1D) have got
higher basal values of all detected cytokines compared
with the mean value of each cytokine in the other TIDR
newborns with just one diabetic parent (Fig. 4).

After the stimulation, an increase in IL-6 was observed
in the twins in comparison with the average reaction of
the rest of the T1DR population where the decrease
could be seen. By contrast, MCP-1 decrease could be dis-
tinguished in the twins after the specific stimulation —
the average reaction was a slight increase in the rest of
the TIDR group.

Cytokine secretion in mothers in comparison with their
newborns

We compared the basal cytokine production of CBMC
with cytokine production of PBMC from the mother
(shortly after delivery) to exclude a possible contamina-
tion with maternal PBMC. The basal cytokine production
was higher in the mothers in comparison with their own
neonates. We observed statistically significant difference

in IL-10 (P = 0.010), GRO (P =0.010), GRO-«
(P = 0.010), MCP-2 (P =0.0200 and MCP-3
(P = 0.023) levels (see example of IL-10 below — Fig. 5)

There was not any significant correlation found

between the IL-10 production in the mothers and the
cytokine production in their own newborns. We observed
a significant positive correlation among the high mater-
nal TGF-f levels and high levels of IL-15 (» = 0.886,

Basal cytokine production in the T1DR twins with both parents diabetics
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IL-10 in mothers in comparison to their newborns
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Figure 5 Cysokine secretion in mothers in comparison with their newborns.
The basal cycokine levels in mothers were higher chan in their own
newborns. Example of JL-10 basal production (P = 0.010).

P = 0.019), IFN-y (r = 0.841, P = 0.036) and TGF-§
(r = 0.943, P = 0.005) in the neonates. Positive correla-
tion was seen between the high IL-13 marcernal levels and
IL-7 neonatal levels (» = 0.659, P = 0.038) and negartive
correlation was observed among high IL-13 maternal lev-
els and low neonatal GM-CSF and RANTES
(r = —=0.671, P = 0.034, r = —0.736, P = 0.015 respec-
tively).

Cytokine secretion in T1D mothers in comparison with
healthy mothers

The statistically significant difference of basal cytokine
levels of IL-6 (P = 0.038) and IL-15 (P = 0.019) was
observed in T1D mothers compared with healthy moth-
ers. In healthy mothers, we observed an overall low pro-
duction of all detected cytokines. The spectrum was
weighted slightly in favour of Th2 and especially the
secretion of IL-13 was dominant before stimulation. An
increase in the production of IL-10 was observed after
stimulation. Diabetic mothers had also a low basal secre-
tion of cyrokines but after the specific stimulation, we
observed an increase in most of the detected cytokines —
IL-6, IL-10, IL-13 and IFN-y. Nevertheless these results
are not statistically significant.

HLA genotyping

Nine of the TIDR subjects concerned in our study car-
ried the ‘very high or high risk of T1D development’
genotype (Table 1). The rest of the TIDR population
was at ‘low or intermediate risk of T1D development'.
Unfortunately, the twins were not HLA screened because
of the refusal of their parenrs.

Cytokine secretion in T1DR neonates with low genetic risk
of T1D development versus T1DR neonates with high risk of
T1D development

We observed significantly higher basal levels of G-CSF
(P = 0.038), GM-CSF (P = 0.020) (Fig. 6) and GRO-«

K. Bohmova et al.

Basal GM-CSF in T1DR at low risk vs. at high risk of T1D
development
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Figure 6 Basal cytokine production in TIDR neonates with I genetic risk
of T1D development versus TIDR neonates with high risk of TID development.
We observed significantly higher basal levels of GM-CSF (P = 0.020) in
TIDR ac high risk in compacison with the group of TIDR with low
genetic risk of TID development.

(0.033) in the group of TIDR neonates at high risk in
comparison with the group of T1DR neonates with the
low genetic risk of T1D development.

Higher post-stimulative increase in IL-2 (0.020), IFN-
v (0.001) (Fig. 7A and B) and MCP1 (0.046) can be seen
in the TIDR neonates at high risk compared with the
group of T1IDR neonates with the low genetic risk of
T1D development.

Discussion

The developing immune system of the newborn has not
yet been influenced by any external factors. Although,
there are former studies showing that there is an effect of
not only infection but also of some other environmental
factors on the cytokine spectrum of the cord blood, e.g.
maternal smoking or air pollution [25].

In this cohort of newborns, we observed a significant
difference in the immune response between the group of
TIDR newborns and the control group. Nevertheless, the
cytokine spectrum in the group of T1DR neonates was
not homogenous.

Comparing the cytokine production, an overall low
basal production of all detected cytokines was seen in the
T1DR newborns. The reaction to diabetogenic stimuli
was either a low or default production of cytokines; nev-
ertheless, these results are not statistically significant. We
also have not seen any significant increase in cytokine
secretion after the specific stimulation. The effect of
the phytohaemagglutinin non-specific stimulation had a
rather slight increase in comparison with the control
group reaction. However, there was no significant differ-
ence between the two groups. It looks as if the immune
system of the T1DR newborn is less mature than in con-
trols and probably more vulnerable.
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A L-2 poststimulative response in T1DR at ow risk
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Figure 7 Post-stimulative response in TIDR neonates with low genetic risk of
T1D development versus T1DR neonates with high risk of T1D development.
(A) Significancly higher increase in IL-2 (0.020) and (B) IFN-y (0.001)
can be seen in TIDR neonates at high risk compared with the group of
TIDR neonates with low generic risk of TID development after stimu-
lation.

The influence of the external factors, especially mater-
nal hyperglycaemia, infection and environmental factor
bias, can be ruled out. All pregnancies were physiological
and the diabetes of the mothers was well controlled, being
centralized in our hospital; they were mainly living in big
cities and all of the T1D mothers were non-smokers.
None of the T1D mothers suffered from other immune-
mediated diseases (other autoimmunity, allergy, immuno-
deficiency, etc.). The possible regulation—suppression by
maternal immune system in T1DR also does not seem to
play a role. On the contrary, we observed rather positive
correlation among the high maternal regulatory cytokine
levels and cytokine spectre in the newborn. There is the
question if this immunological background can increase
the risk of T1D development and that is why a long-term
follow-up study of all subjects will be performed.

Nine of the T1DR subjects carried the 'very high or
high risk of T1D development’ genotype when the rest
of the T1DR group was just at ‘low or intermediate risk

© 2007 The Authors
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of T1D development’. Intetestingly, the TIDR neonates
with the risky genotype had higher basal levels of cyto-
kines G-CSF, GM-CSF and GRO-« and they also tend to
react more in favour of Thl — increase in IL-2, IFN-y
aftet diabetogenic stimulation. According to previously
published papets, Thl cytokine profile with high [FN-y
secretion has been found during the pre-diabetic phase
[10-12]. But because T1D is known to be a polygenic
disease, we can only speculate about the future T1D
onset in our population. Further follow-up studies are
needed on this issue. We assume that the genetic risk
factors for T1D development in the controls should cor-
relate with the incidence of ‘risky’ genotype in the whole
population — so the genotyping was not performed in the
control group.

We did not observe any significant difference among
the cytokine levels before and after stimulation in the
group of newbotns with T1D father in comparison with
the newborns with T1D mother but the number of
subjects with T1D father was very small; so, we can only
speculate on this issue. All of the T1D mothers were
checked regularly by the diabetologist in our hospital and
they were also admitted to the Department of Gynaecology
and Obstetrics few days before the labour. But it is rather
difficule to obtain cord blood of newborns with T1D
father — there is not any special care and centralization of
healthy pregnant women.

All of the mothers involved in this study were well
controlled and their HbAlc levels were normal in the
last 3 months of pregnancy so the possible influence of
hyperglycaemia on the immune system of the foetus is
rather small. So, we assume that there was not a big
influence of the “T1D environment in utero’.

We had the unique opportunity to study the couple
of twins with both diabetic parents just as an interesting
case presentation. The cytokine and chemokine produc-
tion of the twins with both parents suffering from T1D
were exceptional — higher basal levels can be observed in
both of them in comparison with the rest of TIDR sub-
jects. The reactivity after the stimulation was not homog-
enous in the TIDR group and the difference between the
reaction of the twins and the rest of the T1DR popula-
tion was not significant. Because of the small cohort
being compared with the non-homogenous group of
other TIDR newborns we do not have enough data on
this issue, so we can just speculate if this ‘twin pattern’
could be a type of a ‘risk pattern’ in cytokine profile and
the follow-up study is needed. Unfortunately, the twins
were not genotyped because their parents refused the
DNA testing but it is a known fact that the children
with both T1D parents are at higher genetic risk of T1D
development in comparison with the children with one
T1D parent only.

The results found in the controls are in agreement
with previous studies of CB cytokine spectre. The ‘naive’
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T lymphocytes have a low prolifetative ability aftet poly-
clonal stimulation in comparison with the adults. They
ptoduced a very small amount of several cytokines; espe-
cially a lack of IL-5 was observed [16-19]. So far, accord-
ing to our best knowledge no one has obtained any data
about the immunoreactivity against diabetogenic autoan-
tigens of the naive neonatal immune system. Thus, our
results of a significant difference in both basal and post-
stimulative response of TIDR newbotns are novel. New
findings could also play an important role in futther
understanding the T1D pathogenesis.

Peripheral blood samples of six T1D mothers and four
healthy mothers were obtained shortly after the labour to
study a possible influence of false resules caused by the
contamination of the cord blood with maternal mononu-
clear cells. In all cases, the basal cytokine production was
different in comparison with the protein microarray
results of their own neonates. In healthy mothers, we
observed an overall low production of all detected cyto-
kines. The spectrum was weighted slightly in favour of a
Th2-spectrum especially the IL-13 cytokine was domi-
nant before stimulation. This is in agreement with stud-
ies published in the past — predominance of Th2 cell
response, low cytokine levels, increase in Thl cytokine
levels and IL-6 caused by non-specific stimulation or
stress [19-22, 26-28].

An increase in the production of IL-10 was observed
after stimulation. T1D mothers had also a low basal
secretion of cytokines but after the specific stimulation,
we observed an increase in most of the detected cytokines
— IL-6, IL-10, IL-13 and IFN-y. It seems to be a sign of
hyper-responsiveness of the
pushed to overweight the ‘autoimmune’ Thl cytokines

immune system that is

and to enable a successful pregnancy and delivery. This
was also observed in other pregnancies of women with
autoimmune diseases — the distinct shift from a Th2
cytokine bias during pregnancy towards a Thl cytokine
spectrum after delivery. The pregnancy polarizes the
immune response towards a Th2 response, which may
counter-balance the augmented Thl response observed in
Thl-mediated autoimmunities (rheumatoid arthritis, sys-
sclerosis  multiplex).
Thereby, pregnancy influences the signs and symptoms of

temic lupus erythematosus and
the disease and a clinical remission could often be
observed in pregnant women with autoimmune diseases
[29-31].

A positive correlation was found between the high
maternal levels of the regulatory cytokine TGF-f and
high neonatal levels of IL-15, IFN-y and TGF-f and we
did not observe any suppressive impact of high levels of
this cytokine in mothers on cytokine profile of their own
newborns (which could be expected). Maternal IL-10 lev-
els had no significant influence on neonatal cytokine lev-
els. High maternal IL-13 levels probably tend to suppress
the basal neonatal production of GM-CSF and RANTES

K. Bohmova et al.

and it has a positive effect on haematopoietic growth fac-
tot IL-7 production. However, we should not forget the
influence of co-operation within the whole cytokine net.

Basal cotd blood cytokine profile was also studied in
case of petinatal infection, chronic lung disease in prema-
ture infants (elevated inflammatory cytokines), asthma
and allergy (Th2 response) and for the needs of transplan-
tation immunology (e.g. GvHD). The mononucleat cells
were also stimulated by non-specific activators (phytohae-
mogglutinin, bacterial lipopolysaccharide and entero-
toxin) but no one has obtained any data about the
human immunoreactivity against autoantigens in the
newborn [32-34].

In our research, we would like to contribute in the
way of finding a useful model for further T1D pathogen-
esis studies. In future, they could contribute in T1D pre-
diction programme and early diagnostics including
newborns. Further studies are necessary to be performed
in larger cohorts of newborns but according to our find-
ings protein microarray technique so far seems to be a
useful tool to characterize a risk pattern of the immune
response for T1D also in early life.
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Protein microarray analysis as a tool for
monitoring cellular autoreactivity in type 1
diabetes patients and their relatives

Vrabelova Z, Kolouskova S, Bohmova K, Faresjé MK, Sumnik Z,
Pechova M, Kverka M, Chudoba D, Zacharovova K, Stadlerova G,
Pithova P, Hladikova M, Stechova K. Protein microarray analysis as
a tool for monitoring cellular autoreactivity in type 1 diabetes patients
and their relatives.

Pediatric Diabetes 2007: 8: 252-260.

Background: Autoreactive T cells have a crucial role in type 1 diabetes
(T1D) pathogenesis.

Objectives: The aim of our study was to monitor the in vitro production
of cytokines by peripheral blood mononuclear cells (PBMCs) after
stimulation with diabetogenic autoantigens.

Subjects: Ten T1D patients (tested at the time of diagnosis and 6 and
12 months later), 10 first-degree relatives of the T1D patients, and 10
controls underwent the study.

Methods: PBMCs were stimulated with glutamic acid decarboxylase 65
(GAD65) amino acids (a.a.) 247-279, 509-528, and 524-543; proinsulin
a.a. 9-23; and tyrosine phosphatase (islet antigen-2)/R2 a.a. 853-872.
Interleukin (IL)-2, IL-4, IL-5, IL-6, IL-10, IL-13, interferon (IFN)-v,
tumor necrosis factor B, transforming growth factor 81, and granulocyte
colony-stimulating factor (GCSF) were analyzed by protein microarray.
Results: Differences in cytokine(s) poststimulatory and mainly in basal
production were observed in all groups. The most prominent findings
were in controls, the higher basal levels of IL-2, IL-4, IL-5, IL-13, and
GCSF were observed when compared with relatives (p < 0.05, for all).
After stimulation in controls, there was a significant decrease in 1L-2,
IL-13, GCSF, and IFN-y (p < 0.05, for all). The group of relatives was
the most variable in poststimulatory production. A strong correlation
between cytokines production was found but groups differed in this
aspect.

Conclusion: By multiplex analysis, it may be possible, for example, to
define the risk immunological response pattern among relatives or to
monitor the immune response in patients on immune modulation therapy.
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Type 1 diabetes (T1D) is a chronic disorder that
results from the specific destruction of the insulin-
producing pancreatic B cells by the immune system.
The initial phase of T1D is clinically silent; the real
triggers are not really known. The activated immune
cells invade the pancreas and slowly destroy B cells
until it becomes clinically evident in its consequences
(hyperglycemia and ketoacidosis) (1-3).

The destruction of pancreatic B cells is T-cell
dependent. The major role is played by the subset of
CD4+ autoreactive T lymphocytes (T helper lym-
phocytes) that can recognize the autoantigens in the
context of human leukocyte antigen (HLA) II
molecules and then differentiate themselves into the
T helper (Th) 1 cells. The production of Thl
cytokines [interferon (IFN)-y and tumor necrosis
factor (TNF)-B] leads to the activation of macro-
phages and CD8+ cytotoxic lymphocytes, and they
then can invade the pancreatic islets and create the
toxic environment. The death of B cells amplifies the
inflammation.

The presence of antibodies alone is not sufficient to
induce the destruction of B cells (1-4). On the
contrary, the exceptional humoral immunity associ-
ated with the Th2 response after the antigen stimuli of
ThO naive lymphocyte is suppressed in T1D animal
models. Thus, the cytokine profile typical of the Th2
response [interleukin (IL)-4, IL-5, and IL-13] seems to
have a protective effect (1-5). Current studies also
reveal the importance of the failure of regulatory
mechanisms represented mainly by T regulatory cells.
These cells are able to suppress proliferation and
cytokine production from both CD4+ and CD8+
T cells in vitro in a cell-contact-dependent manner
and by secretion of anti-inflammatory cytokines
[for example, IL-10 and transforming growth factor
(TGF) B)] (6).

We detected cytokines produced by peripheral
blood mononuclear cells (PBMCs) after stimulation
with diabetogenic autoantigens using a protein micro-
array. This method enables semiquantitative multipa-
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rameter analysis of one sample. In the case of cytokine
detection, primary anticytokine antibodies are
attached to the small membrane and visualization is
made by secondary anticytokine antibodies, and the
whole cytokine spectrum can bee seen at once (7). We
tested five groups: the T1D patients at different times
(at the diagnosis and 6 and 12 months later), their
first-degree relatives, and the healthy controls. We
evaluated the secretion of typical Thl, Th2, and Th3
cytokines, and we tested also one inflammatory
cytokine (IL-6) and one cytokine from hematopoietic
growth factors family (granulocyte colony-stimulating
factor, GCSF).

Patients and methods
Subjects

Ten patients with recent onset TID (mean age 13 yr,
age range 3-18 yr, female/male 4/6), treated at the
Paediatric Outpatient Departments of the University
Hospital Motol, Prague, were included into the study.
None of them was in the severe metabolic acidosis at
the time of diagnosis or suffered from any other
autoimmune disease or inflammation. The samples
were collected in the morning within a week after the
diagnosis and then the patients were retested 6 and
12 months later (marked as DI, D2, and D3,
respectively).

Ten first-degree relatives of the T1D patients and 10
healthy controls (blood donors), with no personal
history of any autoimmune disease, underwent this
study as well. Informed consent, approved by local
ethical committee, was obtained from all the tested
subjects.

Subjects’ characteristics. The complete HLA-DQA1
and HLA-DQBI genotypings were carried out by
polymerase chain reaction with sequence-specific
primers in all subjects (data not shown) (8). Relatives
and healthy controls were HLA risk, age, and sex
matched.
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The sera from all participants were examined by
radioimmune assay (Solupharm, Brno, the Czech
Republic) for the presence of autoantibodies against
the islet antigens glutamic acid decarboxylase 65
(GADG65) and islet antigen-2 (IA-2). Positivity was
considered to be above 1 IU/mL for GAD65S (GADA)
as well as for IA-2 (IA-2A) (>99th percentile).

None of the relatives as well as the healthy controls
was autoantibody(ies) positive.

Assays

PBMCs were prepared by Ficoll gradient centrifuga-
tion (Amersham Biosciences, Uppsala, Sweden), and
2 X 10° freshly isolated PBMCs were resuspended
in 1 mL of RPMI-1640 medium supplemented with
20% fetal calf serum, L-glutamine (10 pL/mL, 200 mM),
and penicillin (1 pL/mL)-streptomycin (1 ug/mL; all
Sigma, St.Louis, MO, USA) and cultivated with
autoantigens. In all cases, PBMCs were stimulated
with a mixture of diabetogenic autoantigens, and if
enough cells were available, autoantigens were tested
also separately (2 X 10® PBMCs were necessary for
each separate autoantigen). The concentration of all
autoantigens was 1 ug/10° PBMC each. The following
autoantigens were used in a mixture and/or separately:
GAD®G65 peptide amino acids (a.a.) 247-279 (NMY-
AMMIARFKMFPEVKEKGMAALPRLIAFTSEE-
OH), molecular weight 3823.7, marked GADI; a.a.
509-528 (IPPSLRTLEDNEERMSRLSK-OH), mole-
cular weight 2371.7, GAD2; a.a. 524-543 (SRLSK-
VAPVIKARMMEYGTT-OH), molecular weight
2238.7, GAD3 (Department of Medical and Physio-
logical Chemistry, University of Uppsala, Uppsala,
Sweden); IA-2 a.a. 853-872 SFYLK(Nleu)VQT-
QETRTLTQFHF, molecular weight 2489; and a.a.
9-23 SHLVEALYLVCGERG of B proinsulin chain,
molecular weight 1645 (Sigma).

All experiments were completed with positive
control [PBMC + 10 ug phytohemagglutinin (Sigma)
per 10° PBMCs] as well as with a negative control
(PBMC in exclusive culture medium). The medium
was harvested after 72-h stimulation (37°C, 5% CO,),
frozen (—20°C), and later used for protein microarray
analysis that was performed by a custom array kit
according to the instructions by the manufacturer
(RayBiotech, Norcross, GA, USA). The production
of the following cytokines was assessed: IL-2, 1L-4,
IL-5, IL-6, IL-10, IL-13, IFN-y, TNF-B, TGF-B1, and
GCSF.

Detection was carried out using the Fuji LAS1000
imaging system. Chemiluminescent signals were
analyzed using the aipa software (Advanced Image
Data Analyzer, 3.28; Raytest Izotopenmessgeraete,
Straubenhardt, Germany). The detection limits
according to the manufacturer’s Web site (www.
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Table 1. Detection limits for all tested parameters

Cytokine Sensitivity (pg/mL)
IL-2 25
IFN-y 100
TNF-B 1000
IL-4 1
IL-5 1
IL-13 100
IL-10 10
TGF-81 200
IL-6 1
GCSF 2000

GCSF, granulocyte colony-stimulating factor; 1FN, inter-
feron; IL, interleukin; TGF, transforming growth factor; TNF,
tumor necrosis factor.

raybiotech.com) are displayed in Table 1. The images
were edited in the gray-scale 8-bit map. The results
are expressed according to the instructions of the
manufacturer in percentage of signal intensity. The
membranes were compared together, the integral
positive controls of each membrane reached the
100% of intensity; no other image transformation
was necessary.

Statistics

The data were processed by spss software. For non-
parametric data, Kruskal-Wallis test was used for
comparison of three or more groups and the Mann—
Whitney test was used for comparison of two groups.
The Wilcoxon Signed Ranks test was used for
comparison of signal intensities in each group (basal
X poststimulatory response). For expression of
correlation analysis, Spearman’s coefficient was
used.

Results
Th1 cytokines (IFN-y and TNF-B)

Significantly higher production of TNF-B was
observed in the D2 group in comparison with the
relatives (p < 0.05).

After stimulation with the autoantigens mixture, we
observed a decrease in IFN-y production in the
control group (p = 0.049) and in the D3 group
(p = 0.048). The D3 group also had a decrease in
TNF-B poststimulatory production (p = 0.018)
(Fig. D).

Th2 cytokines (IL-4, IL-5, and IL-13)

There was a higher basal production of I1L-4, IL-5,
and IL-13 within the control group when compared
with the relatives (p < 0.05 for all three cytokines).
The D2 group also had a higher IL-13 basal
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Fig. 1. Thl cytokines in all groups together. (A) IFN-y. (B) TNF-B. Results are displayed in percentage of spot intensity (basal and
stimulated) and statistical significance is pointed. Data are expressed as median + range. Extreme values are shown. BAS, basal production;
DI, type | diabetes patients at the time of diagnosis; D2, type I diabetes patients at 6 months later; D3, type | diabetes patients at 12 months
later; IFN, interferon; STI, stimulation with autoantigens mixture; Thl, T helper 1 cells; TNF, tumor necrosis factor.

production when compared with their relatives
(p < 0.05).

After stimulation, we observed a decrease in the IL-
4 production in the D3 group (p = 0.025), whereas the
production of 1L-13 was suppressed in the control
group (p = 0.035). The production of IL-5 was not
significantly changed in all the groups (Fig. 2).

Th3 cytokines (IL-10 and TGF-B)

No difference in the overall basal production of IL-10
within the groups as well as in their poststimulatory
response was observed. The controls had a higher
basal production of TGF-B in comparison with the
relatives (p < 0.05), whereas secretion of TGF-f was
decreased by autoantigen stimulation in the D3 group
(p = 0.049) (Fig. 3).

Other tested parameters (IL-2, IL-6, and GCSF)

A higher basal production of IL-2 and GCSF was
seen in the group of controls, and it was statistically
significant in comparison with the group of relatives
(p < 0.05). Antigen-induced secretion of IL-2 and
GCSF decreased (related to the basal levels) in the
group of controls (p = 0.035 and 0.03, respectively)
and IL-2 also decreased with statistical significance in
the D3 group (p = 0.018).

Basal and poststimulatory 1L-6 production was
extremely variable in all groups. The tendency to
decrease after stimulation was observed in the groups
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of controls, relatives, and D3, while an increase was
manifested in the D] and D2 groups. Exclusively in
the D3, a decrease was observed (p = 0.04) (Fig. 4).

Spearman’s correlation analysis

To the section of statistics, when we supposed
p < 0.01, the rs should be above 0.8 for the following
strong correlations.

In T1D patients, the basal production of IL-2, IL-4,
IL-5, IL-13, GCSF, IFN-y, TNF-f and TGF-$
correlated well together (rg > 0.8 for each pair). In
this group, only basal TGF-f production did not
strongly correlate with IL-13 and IFN-y (rg = 0.74
and 0.75, respectively), but after stimulation, the
situation was slightly changed (rg = 0.80 and 0.82,
respectively). IL-6 and IL-10 showed no correlations;
they were extremely variable. Situation is displayed in
Fig. 5 and is expressed for DI, D2, and D3 all
together as correlations did not differ within these
groups.

In the control group, the strong correlations
between IL-2, IL-4, IL-5, IL13, GCSF, IFN-y,
TNF-B and TGF-B were the same as observed in the
group of T1D patients (rs > 0.8 for each pair), and
the relations remained even after stimulation. More-
over, basal production of TGF-pB correlated with IL-
13 and IFN-y (rg = 0.85 and 0.95, respectively) as well
as by stimulation (rg = 0.97 and 0.93, respectively).
Furthermore, there was a correlation between basal
IL-10 and IL-2, IL-4, IL-5, IL-13, and IL-6 (rs > 0.8
for each pair). After stimulation, IL-10 correlated
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Fig. 2. Th2 cytokines in all groups together. (A) IL-4. (B) IL-5. (C)IL-13. Results are displayed in percentage of spot intensity (basal and
stimulated) and statistical significance is pointed. Data are expressed as median + range. Extreme values are shown. BAS, basal production;
D1, type 1 diabetes patients at the time of diagnosis; D2, type | diabetes patients at 6 months later; D3, type | diabetes patients at 12 months
later; IL, interfeukin; Th2, T helper 2 cells; STI, stimulation with autoantigens mixture. * indicates extreme values.

with IL-5, IL-13, IL-6, and GCSF and even with
TGF-B (rg > 0.8 for each pair). IL-6 also had
correlations in basal production with IL-5, 1L-13,
and IL-10, and after stimulation IL-4, GCSF, IFN-y,
TNF-$, and TGF-B were added (rs > 0.8 for each
pair). Situation is displayed in Fig. 6.

In the group of relatives, we observed fewer
correlations. Basal production of IL-2, IL-4, IL-5,
and TGF-§ correlated with each other (rg > 0.8 for
each pair) and then IFN-y, TNF-B, GCSF, and IL-
13 correlated with each other (rs > 0.8 for each
pair) but not together with IL-2, IL-4, IL-5, and
TGF-B. After stimulation, the correlation among IL-
2, IL-4, IL-5, and TGF-B remained and additional
with IL-13 was noticed (rg > 0.8 for each pair).
IFN-y and TNF-$ only correlated to each other.

256

The basal production of TGF-B had a correlation
only with IL-2, IL-4, and IL-5 (rg = 0.87 and 0.86
and 0.87, respectively) and after stimulation also
with IL-13 and GCSF (rg = 0.82 and 0.80, respec-
tively). There was no correlation of TGF-f with
IFN-y or TNF-B in basal or poststimulatory pro-
duction (rs = 0.3; 0.23, 0.52 and 0.72, respectively)
and IL-6 and IL-10 correlated in basal and
poststimulated production with each other. Situation
is displayed in Fig. 7.

The stimulatory potential of autoantigens

The most potent autoantigen (highest spot intensi-
ties) was the GADG65 peptide (a.a. 509-528). In the
relatives’ group, we observed the strongest reaction

Pediatric Diabetes 2007: 8: 252-260
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Fig. 3. Th3 cytokines in all groups together. (A) IL-10. (B) TGF-p. Results are displayed in percentage of spot intensity (basal and stimulated)
and statistical significance is pointed. Data are expressed as median + range. Extreme values are shown. Bas, basal production; DI, type |
diabetes patients at the time of diagnosis; D2, type 1 diabetes patients at 6 months later; D3, type 1 diabetes patients at 12 months later; IL,
interleukin; STI, stimulation with autoantigens mixture; Th3, T helper 3 cells; TGF, transforming growth factor. * indicates extreme values.

against the IA-2 peptide (5/10 tested). It was not
possible to specify the most potential autoantigen
in the controls because here the reaction was weak
and proportional against single autoantigens (8/10
tested).

Discussion

Over the past two decades, several different systems
have been used to study and monitor the autoreactive T
cells in TID patients: T-cell proliferation assay,
cytokine-based assays including enzyme-linked im-
munosorbent spot (ELISPOT), approaches using flow
cytometry etc. (9-14). Over the past decade, new
genomic and proteomic technologies including protein
and gene microarray assays for multiparameter analysis
have become available (7, 15, 16). However, the
progress and standardization of these autoreactive T-
cell assays are quite slow and difficult as the levels of
autoreactive T cells in circulation are very low (<1 in
100 000 of the total white blood cell population) (1-4,
9). To study the complex reactivity of PBMCs against
diabetogenic autoantigens, we decided to use semi-
quantitative detection of cytokines/chemokines by pro-
tein microarray. In our previous study, we compared
protein microarray data by enzyme-linked immunosor-
bent assay and ELISPOT with good correlation (data
not shown). However, for further exact quantification,
we plan to use multiparameter technique (as, for
example, Luminex). To avoid artifacts during the
freezing, we worked with freshly isolated PBMCs.
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The selected cultivation media contributed no impor-
tant test interference. The stimulation by selected
concentrations of autoantigens as well as the amount
of tested PBMCs were performed according to the
previous Immunology of Diabetes Society T-cell Work-
shops and recommendations and also according to our
own experience (9, 17, 18). To adapt this test for clinical
praxis, we used a mixture of autoantigens (sometimes
not enough PBMCs are available for analysis with all
autoantigens), but if it was possible, we also tested
autoantigens separately (19).

The real benefit of this method could lie in the
possibility to see the whole spectrum of cytokines as
a unique combination with typical signs for each
group, to observe and to analyze the reaction in the
whole complex, and then to define the ‘characteristic
patterns’ for each group and ‘risk patterns’ for
individuals. We believe that for predicting the risk of
T1D or for monitoring the efficacy of immunomodu-
lation therapy, it is not so important to determine the
levels of individual cytokines as to know how the
cytokines cooperate together.

On the basis of our results, we were rather surprised
that there were such significant differences even in the
basal levels as we expected to see the changes mainly
after stimulation. Upon this fact, we suggest that even
the basal cytokine production and ‘basal cytokine
pattern’ should be considered. In general, we could see
the higher basal levels of all cytokines within the
control group when compared with the all groups. In
control group after stimulation, IL-2, IL-6, Th2
cytokines, and IFN-y showed a tendency to decrease,
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* indicates extreme values.

while the TGF-[3 showed a tendency to increase. Only
some of these findings were significant. The most
variable production of cytokines was within the group
of relatives. The T1D patient groups at D1, D2 and
D3 reacted in different way, however, without any
‘specific pattern’. Only in D3, a tendency to decrease
the inflammatory response by decrease in IL-6, IL-2,
Thl, and Th2 cytokines but even in TGF- was
observed.

Karlsson Faresjo et al. showed that spontaneous
and antigen-induced expression and secretion of
cytokines (IFN-y, IL-4, IL-10, and IL-13) is low at
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the diagnosis of TID (12). During the first month
after diagnosis, one diabetogenic autoantigen (GAD65
a.a. 247-279) caused an increased ratio of IFN-y/IL-
4 messenger RNA expression and increased secretion
of IFN-y (12). The same authors showed that high-
risk relatives had a high spontaneous ratio of IFN-y/
IL-4 compared with diabetic children as well as
healthy controls. However, this spontaneous pro-
duction decreased after stimulation with peptides of
GAD®G65 and insulin and in contrast to an increased
secretion of IL-4 (13). Arif et al. also showed that
the quality of autoreactive T cells in patients with
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Fig. 5. (A) TID patients: correlations in cytokine basal production.
(B) TiD patients: correlations in stimulated cytokine production.
Cytokines that produced was in correlation are displayed. In TID
patients correlations were de facto same for basal and for stimulated
production within D1, D2 and D3 - so are displayed together as
T1D group. GCSF, granulocyte colony-stimulating factor; IFN,
interferon; IL, interleukin; T1D, type | diabetes; TGF, transforming
growth factor; TNF, tumor necrosis factor.

T1D exhibits polarization toward a Thl response.
Furthermore, they demonstrated that the majority of
non-diabetic, HLA-matched controls also manifest
a response against islet peptides, but one that shows
extreme T-regulatory cell bias (IL-10 secreting) (14).
In general, these findings are in agreement with our
results.

We also used the Spearman’s analysis to reveal the
relations between cytokines. There, we could see that
the basal levels of cytokines in the control group were
more or less in balance. The IL-2 and Th2 cytokine
spectrum (IL-4, 1L-5, and IL-13) strongly correlated
with the Thl cytokine spectrum (IFN-y and TNF-j)
and the Th3 cytokines (mainly TGF-B). The IL-10
production within the controls correlated with the
Th2 cytokines and IL-6. The similar pattern could be
seen even in the TID patient’s group, but with no
correlation for Th3 cytokines with 1L-13 and INF-y
(in basal production). In contrast, the situation was
very different in the relatives group. The basal 1L-2
and Th2 cytokine spectrum correlated with TGF-j,
not with IL-10 and Thl cytokines. The Thl cytokine

Pediatric Diabetes 2007: 8: 252-260
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Fig. 6. (A) Controls: correlations in cytokine basal production. (B)
Controls: correlations in cytokine-stimulated production. Cytokines
that produced was in correlation are displayed. GCSF, granulocyte

colony-stimulating factor; [FN, interferon; IL, interleukin; TGF,
transforming growth factor; TNF, tumor necrosis factor.

J

production was not correlated with Th3 cytokines at
all. After stimulation, the ‘patterns’ in all the groups
remained rather the same. The most variable
cytokines were IL-6 and IL-10. IL-6 and IL-10 did
not correlate with any cytokine in the T1D group. In
the group of controls, IL-6 and IL-10 correlated with
the Th2 cytokines in the basal production and after
stimulation they also correlated with Thl and Th3
cytokines. In the relatives group, I1L-6 correlated only
with 1L-10 and vice versa.

In the end, some cytokine preferences within the
groups as well as some tendency to failure in
cooperation of Th3 and Thl/Th2 response in the
relatives and T1D groups could be seen. As could be
expected, the most variable was the group of relatives.
We suppose that there might be a correlation with
genotype and antibody status, which however was not
performed in this study because of the small numbers.
Nevertheless, it would be interesting to focus this
group to show all these relations.

We believe that the protein microarray approach
and mainly quantitative multiparameter analysis can
be very useful methodological tool in T1D research.
However, there has to be considered the variety of
data for analysis.
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Fig. 7. (A) Relatives: correlations in cytokine basal production. (B)
Relatives: correlations in cytokine-stimulated production. Cyto-
kines that produced was in correlation are displayed. GCSF,
granulocyte colony-stimulating factor; IFN, interferon; IL, inter-
leukin; TGF, transforming growth factor; TNF, tumor necrosis
factor.
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Abstract

Background Type 1 diabetes (T1D) is suggested to be of T-helper (Th)1-
like origin. However, recent reports indicate a diminished interferon (IFN)-y
secretion at the onset of the disease. We hypothesize that there is a discrepancy
in subsets of Th-cells between children with a high risk of developing T1D,
children newly diagnosed with T1D and healthy children.

Methods Peripheral blood mononuclear cells (PBMC) were collected from
children at high risk for T1D (islet cells antibodies [ICA] >20 1JDF-U),
those newly diagnosed and healthy children carrying the HLA-risk gene
DQB1*0302 or DQB1*0201 and DQA1*0501. Th1- (IFN-y, tumour necrosis
factor [TNF]-8, interleukin [IL]-2), Th2- (IL-4,-5,-13), Th3- (transforming
growth factor [TGF-A], IL-10) and inflammatory associated cytokines (TNF-«,
IL-12,-6) and chemokines (monocyte chemoattractant protein [MCP]-1,-2,-3,
Monokine unregulated by IFN-y [MIG], Regulated on Activation, Normal
T-cell Expressed and Secreted [RANTES], IL-7,-8,-15) were detected in cell-
culture supernatants of PBMC, stimulated with glutamic acid decarboxylase
65 (GADgs) and phytohaemagglutinin (PHA), by protein micro array and
enzyme linked immunospot (ELISPOT) technique.

Results The Th1 cytokines IFN-y and TNF-8, secreted both spontaneously
and by GADgs- and mitogen stimulation, were seen to a higher extent in high-
risk children than in children newly diagnosed with T1D. In contrast, TNF-«
and IL-6, classified as inflammatory cytokines, the chemokines RANTES,
MCP-1 and IL-7 as well as the Th3 cytokines TGF-8 and IL-10 were elevated
in T1D children compared to high-risk children.

Conclusion High Th-1 cytokines were observed in children with high risk
of developing TID, whereas in children newly diagnosed with T1D Th3
cytokines, inflammatory cytokines and chemokines were increased. Thus, an
inverse relation between Thl-like cells and markers of inflammation was
shown between children with high risk and those newly diagnosed with T1D.
Copyright © 2007 John Wiley & Sons, Ltd.

Keywords type 1 diabetes; high-risk children; T-helper cells; cytokines;
chemokines; protein micro array

Introduction

Type 1 diabetes (T1D) is an autoimmune disease suggested to be of T-helper
(Th)1-like origin [1,2]. Cytotoxic actions of Thl-associated cytokines,
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interferon (IFN)-o [3-5] and IFN-y [6], have been
observed on human islets in vivo in patients with recent-
onset T1D. Studies of the peripheral immune system of
patients with recent-onset T1D have shown significantly
increased levels of interleukin (IL) -le, -2, IFN-y and
tumour necrosis factor (TNF)-« [7,8]. The T-cell response
against B-cell antigens has also shown an association
with IFN-y production in newly diagnosed T1D patients,
suggesting a Th1-like phenotype of the T-cell lines [9]. We
have previously observed a Thl-like dominated immune
profile by high 1IFN-y secretion during the pre-diabetic
phase [10-12]. However, close to the onset of T1D, when
only few B-cells remain, the Thl-like response vanishes
and remains suppressed in newly diagnosed T1D patients
[10,13-15]. Further, an immune-regulatory defect by
reduced function of regulatory/suppressor T (T-reg) cells
has been observed at diagnosis of T1D [16].

As part of their different effector capabilities, Th-cells
express different sets of chemokine receptors, allowing
them to migrate to different tissues. It has been shown
that Thl-cells can be distinguished from Th2-cells by
differences in chemokine synthesis [17]. Expression of
monocyte chemoattractant protein (MCP)-1 in islets
has been shown to increase concomitantly with the
progression of insulitis in non-obese diabetic mice [18].
Monokine upregulated by IFN-y (MIG) binds to the
receptor CXCR3 on Thl-like cells, and has been found
to be induced by IFN-y in human islets [19]. Expression
of Regulated on Activation, Normal T-cell Expressed and
Secreted (RANTES) has been observed in pancreatic tissue
from normal mice and may serve as protection from
possible infectious agents because of the ability of islets
to attract CCR5+ lymphocytes [20]. Interleukins such as
IL-7, IL-8 and IL-15 are cytokines with a chemoattractant
function. Interleukin-7 has a pivotal role in CD4+ T-cell
homeostasis and stimulates the expression of CXCR4 on
naive CD4+ T cells. IL-15 is a potent growth factor and
activator of T cells and NK cells. IL-15 can also act as a
T-cell chemoattractant and inducer of IFN-y production
by NK cells [21].

We hypothesize that there is a discrepancy in subsets of
Th-cells at different stages of the disease process leading
to T1D. The aim of this study was thus to investigate
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cytokines and chemokines in order to differentiate the
subsets of Th-cells in high-risk children, children newly
diagnosed with T1D and healthy children.

Materials and methods

Peripheral blood mononuclear cells
from high-risk, newly diagnosed T1D
and healthy children

The European Nicotinamide Diabetes Intervention Trial
(ENDIT) included high-risk first-degree relatives of T1D
patients receiving either nicotinamide or placebo [22].
More than 2000 first-degree relatives were screened in
Sweden to identify individuals with as much as a 40% risk
of developing the disease within 5 years (=20 islet cells
antibodies IJDF units). Eight of 21 high-risk first-degree
relatives included in Sweden were children (8-18 years,
mean age 13 years, two female (F)/six male (M))
(Table 1). High-risk children were matched for age with
eight children 4 days post-diagnosis of T1D (6-16 years,
mean age 12 years, 4 F/4 M) and eight healthy children
(7-15 years, mean age 11 years, 4 F/4 M) (Table 1).
Blood samples from children with TID were taken
four days post-diagnosis at the Linkdping University
hospital, Linkdping, Sweden. These T1D children were
not participants of the European Nicotinamide Diabetes
Intervention trial. The healthy children carried the HLA-
risk gene DQBI1*0302 or DQB1*0201 and DQA1*0501.
None of the healthy children or their first-degree relatives
had T1D or any other autoimmune disease and none
had increased levels of glutamic acid decarboxylase
(GADA) or tyrosinphosphatase (IA-2A) autoantibodies.
Blood samples from children with T1D were taken
when they visited the diabetes clinic, and blood samples
from healthy children were taken at school, when
possible during the morning hours to avoid time-of-
day differences. Peripheral blood mononuclear cells
(PBMC) were isolated by Ficoll-Paque density-gradient
centrifugation (Pharmacia Biotech, Sollentuna, Sweden)
from sodium-heparinized venous blood samples. PBMC
were cryopreserved in liquid nitrogen until use [10].

Table 1. Characteristics of high-risk, newly diagnosed T1D and healthy children

High-risk children

Newly diagnosed T1D children Healthy children

Age  Gender  N/P Dev. T1D C-peptide GADA IA-2A° Age  Gender  C-peptide GADA IA-2A  Age Gender
8 F N Yes (6 mon) 0.57 183 1940 6 M 0.09 305 100 7 F
10 M P No 0.54 0 0 9 M 0.02 431 31 7 M
12 F P No 043 4120 6920 1 F 0.16 n.a. n.a. 9 F
12 M N Yes (4 yrs) 0.46 860 3950 1" F 0.27 n.a. n.a. 10 F
14 M N Yes (1 yr) 0.56 0 237 12 F 0.10 1650 1780 1 M
15 M N No 0.40 30480 74 14 M 0.15 127 1010 13 M
15 M P No 0.05 139440 0 16 F 0.38 n.a. n.a. 14 M
18 M P No 0.98 13560 3340 16 M 0.13 93 0 15 F

The individual characteristics of high-risk children, newly diagnosed T1D children and healthy children - age (years), gender (F = female/M = male),
C-peptide (nmol/L), GADgs autoantibodies (GADA, RA units/mL) and tyrosinphosphatase autoantibodies (IA-2A, RA units/mL) - plus for high-risk
children treatment (N = nicotinamide/P = placebo) and development of T1D (Dev. T1D; months/years) after blood sampling.

n.a. = not analysed

Copyrtight © 2007 John Wiley & Sons, Ltd.
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In vitro stimulation of PBMC

PBMC (1.5 x 109) (viability approximately 90% or more
for each population) were diluted in 1500 uL. AIM V
research-grade serum-free medium (Gibco, Tdby, Swe-
den) supplemented with 2 mM L-glutamine, 50 ug/L
streptomycin sulphate, 10 ug/L gentamicin sulphate and
2 x 107> M 2-mercaptoethanol (Sigma, Stockholm, Swe-
den). PBMC were incubated in medium alone (sponta-
neous secretion) or with glutamic acid decarboxylase 65
([GADgs], DiamydTM, Diamyd Therapeutics AB, Stock-
holm, Sweden) and phytohaemagglutinin ([PHA], Sigma,
Stockholm, Sweden) at a concentration of 5 pg/mL
[15,23] at 37°C, in a humidified atmosphere with 5%
CO;. The medium was harvested after 48 h stimulation
and used for detection of cytokines and chemokines by
protein micro array.

Protein micro array

Protein micro array was performed with a commercially
available kit according to the manufacturer’s instructions
(RayBiotech, GA, USA), as previously shown [24].
Production of the following cytokines and chemokines was
assessed: Granulocyte Colony Stimulating Factor (GCSF),
Granulocyte Macrophage-Colony Stimulating Factor (GM-
CSF), Growth-Related Oncogene (GRO), GRO-«, IL-1a,
-2,-3,-5,-6,-7,-8,-10, -13, -15, IFN-y, MCP-1, -2, -3, MIG,
RANTES, TGF-81, TNF-¢ and TNF-8 (kit no. HO108001).
Detection was carried out using the Fuji LAS1000 imaging
system. Chemiluminescent signals were analysed using
the AIDA software (Advanced Image Data Analyzer 3.28,
Raytest Izotopenmessgeraete, Straubenhardt, Germany).
The intensity of spots (%) was calculated. Sensitivity for
cytokines and chemokines (manufacturer’s figures) are
displayed in Table 2.

Stimulation of lymphocytes and
enumeration of IL-4-secreting cells by
enzyme linked immunospot (ELISPOT)

The enzyme linked immunospot (ELISPOT) technique
was used for detection of low numbers of Th2-cytokine
(IL-4)-secreting PBMC at the single cell level [10,11].
Aliquots of 100000 PBMC/well were incubated in
quadruplicate in medium alone (spontaneous secre-
tion) or stimulated with GADgs (Diamyd), the syn-
thetic peptide of GADgs a.a. 247-279 (NMYAMMIARFK
MFPEVKEKGMAALPRLIAFTSE-OH) molecular weight
3823.7 (Dept of Medical and Physiological Chemistry,
University of Uppsala, Sweden) and tyrosine phosphatase
(IA-2, produced in E. coli, Abo Akademi, Turku, Fin-
land), all at the optimized concentration of 100 pg/mL,
10 mg/mL of ovalbumin (OVA, Sigma) and PHA at a
concentration of 20 ug/mL [10]. In samples with a lim-
ited number of cells, the order of priority for stimulation
with antigens was PHA, GADgs, the GADgs peptide (a.a.
247-279), IA-2 and OVA.

Copyright © 2007 John Wiley & Sons, Ltd.

Table 2. Cytokines & chemokines
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Th1-ass. cytokines Sensitivity (pg/mL)
IL-2 25

IFN-y 100
TNF-g 1000
Th2-ass. cytokines Sensitivity (pg/mL)
IL-5 1

it-13 100
Th3-ass. cytokines Sensitivity (pg/mL)
It-10 10
TGF-81 200
Chemokines Sensitivity (pg/mL)
RANTES 2000
MCP-1 3
MCP-2 100
MCP-3 1000

MIG 1

IL-7 100

IL-8 1

iL-15 100

GRO 1000
GRO-« 1000
Inflammatory ass. cytokines Sensitivity (pg/mL)
IL-1e 1000

IL-6 1

TNF-o 100

Sensitivity (pg/mL) of cytokines and chemokines, grouped according to
association with subgroups of Th-cells.

Plates were blinded for identity to avoid any influence
on the outcome of the observation. Plates were counted
automatically, under manual supervision, using the AID
ELISPOT Reader System (AID, Strasbourg, France). The
median value of the quadruplicates was calculated for
each stimulation and for spontaneous secretion. As a
negative control, some wells on each plate were incubated
exclusively with culture medium, without cells but
otherwise treated as the other wells, whereas stimulation
with PHA was used as a positive control. The laboratory
of Faresjo participated in the first ELISPOT workshop as
one of the core laboratories, and our Mabtech assay was
judged to be sensitive and reproducible [25].

Autoantibodies

GADA and IA-2A were detected by radio immune
assay, using in vitro transcribed and translated human
355-GADgs or 3°S—IA-2 as label [26]. For T1D and
healthy children, the cut-off for positivity at the 98th
percentile of 1-year-old Swedish children from the
general population was >104 relative units/mL for GADA
(N = 4400) and > 36 relative units/mL for JA-2A (N =
4400). For high-risk children, the cut-off for positivity
at the 98th percentile of 2—-3-year-old Swedish children
from the general population was >105.1 RA units/mL,
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corresponding to 36.6 WHO units, for GADA and >30 RA
units/mL (N = 4258), corresponding to 28.5 WHO units,
for IA-2A (N = 4461).

C-peptide

C-peptide was determined with a radioimmunoassay
technique based on the original assay developed by
Heding [27]. The detection limit for the assay is 0.03
nmol/L, and the reference value among fasting healthy
children and adolescents is 0.18-0.63 nmol/L.

Statistics

As the expression and secretion of immunological
markers was not normally distributed (even after
logarithmic transformation), two groups were compared
by Mann—Whitney U-test and three or more groups using
the Kruskal-Wallis test for unpaired observations. Post
hoc comparisons of grouped immunological parameters
(e.g. sum scores were calculated) were analysed with
Wilcoxon signed-ranks test, with adjusted degrees
of freedom to compensate for multiple comparisons.
Spearman’s rank correlation was used when comparing
paired non-parametric variables. A probability level of
<0.05 was considered to be statistically significant.
Calculations were performed using the statistical package
StatView 5.0.1 for Macintosh (Abacus Concepts Inc.,
Berkeley, CA, USA).

Pre-stimulation (spontaneous)
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Ethics

The study was approved by the Research Ethics
Committee of the Faculty of Health Sciences, Linképing
University.

Results

Thl-associated cytokines (IFN-y, TNF-8,
IL-2)

The typical Thl-like cytokine IFN-y was seen to a
higher extent spontaneously in high-risk children than in
either diabetic (p < 0.05) or healthy (p < 0.05) children
(Figure 1(a)). Furthermore, spontaneous secretion of
TNF-g was found to be higher in high-risk (p =0.1)
and diabetic (p < 0.05) children than in healthy children
(Figure 1(b)) and correlated to spontaneous secretion of
IFN-y (r = 0.56, p < 0.01).

GADg¢s-induced IFN-y was higher in the group
of high-risk children than in diabetic (p = 0.06) or
healthy (p = 0.01) children (Figure 1(a)). Further, TNF-
B induced by GADgs was found to a higher extent in
high-risk (p < 0.05) and T1D (p < 0.01) children than in
healthy children (Figure 1(b)) and correlated positively
with GADgs-induced secretion of IFN-y (r = 0.63,
p < 0.05).

High-risk children showed a very high IFN-y response
by stimulation with PHA compared to T1D children
(p < 0.01). Further, T1D children had a lower PHA-
induced IFN-y response than healthy children (p = 0.09).
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Figure 1. Secretion of the Thl-associated cytokines IFN-y (a) and TNF-8 (b) pre-stimulation (spontaneous) as well as
post-stimulation (GAD65-induced). * p < 0.05, ** p = 0.01, *** p < 0.01
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PHA induced secretion of TNF-8 in all children without

any differences between groups. ’
[L-2 was rarely detected in any of the studied children.

Th2-associated cytokines (IL-4, -5, -13)

High-risk children secreted higher levels of IL-5 by PHA
stimulation compared to both diabetic (p < 0.01) and
healthy children (p < 0.01), whereas PHA-induced IL-4
secretion was correlated to IL-13 in all children (r = 0.49,
p < 0.05).

Th3-associated cytokines (TGF-3 IL-10)

Spontaneous and GADgs-induced TGF-8 was significantly
higher in newly diagnosed T1D children compared
to high-risk (p = 0.05 and p < 0.05 respectively) and
healthy children (p < 0.05 and p < 0.01 respectively)
(Figure 2). High-risk children secreted less IL-10 both
spontaneously compared to T1D children (p = 0.06) and
by stimulation with PHA compared to healthy children
(p < 0.05).

Pre-stimulation (spontaneous)

it

K. Stechova et al.

Chemokines (RANTES, MCP-1, -2, -3,
MIG, IL-7, -8, -15, GRO, GRO-x)

The levels of both spontaneously secreted (Figure 3) and
GADgs-induced RANTES were significantly lower among
high-risk children than healthy children (p < 0.05 and
p = 0.05 respectively) and tended to compare with
diabetic children (p =0.09 and p = 0.1 respectively).
Further, PHA-induced secretion of RANTES was signif-
icantly lower in high-risk children compared to diabetic
(p < 0.001) and healthy (p < 0.01) children (Figure 3).

GADgs-induced MCP-1 secretion was significantly
higher in diabetic children than in high-risk (p < 0.05)
or healthy (p < 0.05) children (Figure 4). Further, both
diabetic (p =0.01) and healthy (p =0.01) children
secreted higher levels of MCP-1 induced by PHA than high-
risk children. Thus, spontaneous (r = 0.78, p < 0.05) as
well as GADgs (p = 0.51, p =0.06) or PHA (r =0.55,
p = 0.01)-induced MCP-1 was positively correlated to
RANTES. No significant differences in secretion of MCP-2
and MCP-3 were observed between the groups of children
studied.

MIG, induced by PHA, tended to be higher among high-
risk children than in either diabetic or healthy children
(p = 0.06 and p = 0.06 respectively) and was positively
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Figure 2. Secretion of the Th3-associated cytokine TGF-8 pre-stimulation (spontaneous) and post-stimulation (GAD65-induced). #

p=0.05,°p < 0.05, *** p < 0.01
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Figure 3. Secretion of the chemokine RANTES pre-stimulation (spontaneous) and post-stimulation (PHA-induced). * p < 0.05,

***p <0.01, **** p < 0.001
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Figure 4. Secretion of the chemokine MCP-1 induced by GAD65.
*p <0.05

correlated to PHA-induced secretion of IFN-y in diabetic
children (r = 0.85, p < 0.05).

PHA-induced secretion of IL-7 tended to be higher
in TID children than high-risk children (p = 0.06).
Spontaneously secreted RANTES was correlated to IL-7
among high-risk children (r = 0.73, p = 0.05), whereas
both GADgs- (r=0.44, p=0.1) and PHA-induced
(r= 0.41, p=0.06) IL-7 secretion was correlated to
RANTES in all children. Spontaneous IL-7 secretion was
inversely correlated to secretion of IL-4 in both high-risk
and diabetic children (r = —0.45, p < 0.05).

A high level of IL-8 was detected in all children without
differences between groups (data not shown), in contrast
to IL-15, which was secreted only to a low extent in a few
samples, equally between the groups.

Stimulation with PHA induced lower secretion of
GRO in diabetic children compared to healthy children
(p < 0.05), whereas spontaneously secreted GRO-«
tended to be higher in children with T1D compared
to healthy children (p =0.06). GADgs induced equal
secretion of GRO and GRO-« in all studied subjects.

Inflammatory associated cytokines
(INF-«, IL-1«, -6)

Spontaneous secretion of TNF-o« (p < 0.05) as well as
GADgs- (p = 0.09) or PHA-induced TNF-« (p < 0.05)
(Figure 5) was found to a higher extent in T1D children
than in high-risk children. PHA-induced TNF-« was also
found to a higher extent in healthy children than in
high-risk children (p = 0.01) (Figure 5).

GADgs-induced IL-6 tended to be higher in T1D children
than in healthy children (p = 0.08). Secretion of IL-6 was
correlated to TNF-« after stimulation with either GADgs
(r=0.53, p=10.06) or PHA (r=0.55, p=0.01). No
discrepancy was observed in secretion of IL-1e between
the three studied groups.

Copyright € 2007 John Wiley & Sons, Ltd.
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Figure 5. Secretion of the inflammatory cytokine TNF-«a induced
by PHA. * p < 0.05, ** p = 0.01

Post hoc comparisons of grouped
immunological parameters

Spontaneous secretion of following immunological
parameters differed significantly between high-risk, T1D
and healthy children: Thl cytokines (IFN-y, TNF-8),
Th3 cytokine (TGF-8), inflammatory cytokine (TNF-«)
and chemokine (RANTES). These Thl cytokines were
significantly lower in T1D (p < 0.05) and higher in high-
risk children (p < 0.05), compared to the Th3 cytokine,
inflammatory cytokine and chemokine (Figure 6(a)).
Comparing all detectable immunological parameters still
showed that Thl ‘cytokines (IFN-y, TNF-8) were sig-
nificantly lower among T1D children compared to Th3
cytokines (TGF-8, IL-10), inflammatory cytokines (TNF-¢,
IL-6) and chemokines (RANTES, MCP-1, MIG) (p = 0.01,
data not shown).

GADgs-induced secretion of the following immuno-
logical parameters differed significantly between high-
risk, T1D and healthy children: Th1l cytokines (IFN-y,
TNF-8), Th3 cytokine (TGF-8), inflammatory cytokine
(TNF-«) and chemokines (RANTES, MCP-1). These Thl
cytokines were significantly lower in T1D compared to
the Th3 cytokine, inflammatory cytokine and chemokines
(p < 0.05, Figure 6(b)).

PHA-induced secretion of the following immunological
parameters differed significantly between high-risk, T1D
and healthy children: Thl cytokine (IFN-y), Th3 cytokine
(IL-10), inflammatory cytokine (TNF-«) and chemokines
(RANTES, MCP-1). The Thl cytokine was significantly
lower in TID (p <0.05) and higher in high-risk
children (p < 0.05), compared to the Th3 cytokine,
inflammatory cytokine and chemokines. Comparing all
detectable immunological parameters still showed that
Th1 cytokines (IFN-y, TNF-8) were significantly lower
among T1D children (p < 0.05) and higher in high-
risk children (p < 0.05), compared to the Th3 cytokines
(TGF-B, IL-10), inflammatory cytokines (TNF-«, IL-6) and
chemokines (RANTES, MCP-1, MIG) (data not shown).
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Figure 6. Post hoc comparison of spontaneous secretion of Thl (IFN-y, TNF-8) versus Th3 (TGF-8)/inflammatory marker
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(TNF-«)/chemokines (MCP-1, RANTES) (b) on individual basis in high-risk, T1D and healthy children. * p < 0.05

Immunological markers in relation to
C-peptide

The Thl-associated cytokines IFN-y (r = 0.66, p = 0.01)
and TNF-8 (r = 0.47, p = 0.07), secreted spontaneously,
correlated to C-peptide in both high-risk and TID
children, whereas the Th2-associated cytokine IL-13
correlated to C-peptide only in the high-risk children
(r =0.59, p = 0.1). Exclusively in newly diagnosed T1D
children, spontaneously secreted IL-7 (r = 0.73,p = 0.05)
(Figure 7) and IL-6 (r=0.67, p=0.08) tended to
correlate with secretion of C-peptide.

Immunological markers not detected

GCSF, GM-CSF and IL-3 were not found in any child in
the three studied groups.

Discussion

T1D has been associated with increased concentrations
of Thl cytokines, for example, IFN-¢, IFN-y, IL-2 and

Copyright @ 2007 John Wiley & Sons, Ltd.
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Figure 7. Relation between C-peptide and spontaneous secretion
of IL-7 (r = 0.73, p = 0.05)

TNF-B. Therefore, it has been suggested that TID is a
Thl-associated autoimmune disease. We found a high
spontaneous secretion of IFN-y and TNF-$ in children
with a high risk of developing T1D. The Thl-like profile
was significantly higher in high-risk children than in
newly diagnosed T1D children. This agrees with our
previous observation of a Thl-like dominated immune
profile by high IFN-y secretion during the pre-diabetic
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phase [10-12]. In high-risk individuals, the autoantigens
GADgs, IA-2 and heat shock protein as well as
mitogen stimulation are found to induce prominent I[FN-y
secretion [12]. Here, we observed that newly diagnosed
T1D children secreted less autoantigen- and mitogen-
induced IFN-y and TNF-8 than high-risk children. We and
others have previously shown that close to the onset of
T1D, when only few B-cells remain, the Th1-like response
vanishes and remains suppressed in newly diagnosed
T1D patients [12—-15,28,29]. This observation agrees with
previous investigations where T-cell reactivity to GADgs
(a.a. 247-266 and 260-279) is shown to decrease at
diabetes onset [30-32]. Diminished secretion of IFN-y in
newly diagnosed T1D patients has also been observed
from in vitro mitogen stimulation [33,34]. Further, a
disrupted ability to suppress T-cell proliferation during
in vitro co-cultures of CD4 + CD25 + T cells in patients
with recent-onset adult T1D has been found despite
normal levels of this cell population [16]. This result
is in line with our observation of a decreased secretion of
the Th3-associated cytokines TGF-8 and IL-10 in high-risk
children, some of whom later developed T1D.

Compared to newly diagnosed T1D children, high-risk
individuals responded with high secretion of IL-5 from
mitogen stimulation. We have previously shown that
healthy high-risk individuals seem to have an ability
to change a Thl-like immune deviation into a more
protective Th2-like response in the presence of diabetes-
associated autoantigens [10,12]. Further, Th2 cytokines,
for example, IL-5 and IL-13, show no relationship to
multiple autoantibodies (GADA, IA-2A and islet cells
antibodies [35].

There is increasing evidence that chemokines can play
a role in the pathogenesis of T1D. It has been shown
that Thl cells can be distinguished from Th2 cells by
their differences in chemokine synthesis [17]. Thl cells
have been associated with CCR5 and CXCR3, receptors for
the chemokines RANTES and MIG, respectively. Delayed-
type hypersensitivity-containing granulomas contain high
levels of TNF-o and IFN-y, and the ability of these
cytokines to induce RANTES has been demonstrated in
endothelial cells [36]. At diagnosis of T1D, but before
insulin treatment, a reduced expression of the receptors
CCR5 and CXCR3 has been observed [14]. We found
that high-risk children, some of whom later developed
T1D, secreted lower RANTES, both spontaneously and
by GADgs- and PHA stimulation compared to already
diagnosed T1D children receiving insulin treatment.
Recently, it has also been observed that two functional
polymorphisms in the CCR5 gene cause decreased
expression of the RANTES receptor on immunocompetent
cells and are associated with increased risk of diabetic
nephropathy in T1D [37].

Interleukin-7 has a pivotal role in CD4 T-cell
homeostasis stimulating the expression of CXCR4 on naive
CD4 T cells. We and others [38] have found a correlation
between IL-7 and RANTES. This can possibly be explained
by the fact that RANTES increase co-localization of surface
molecules CD4 and CXCR4 on CD4 T cells [39].

Copyright @ 2007 John Wiley & Sons, Ltd.
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The chemokine MCP-1 plays an important role in the
development of local inflammation by attracting mono-
cytes and lymphocytes [40], and expression of MCP-1 in
islets has been shown to increase concomitantly with the
progression of insulitis in non-obese diabetic mice [18].
We found MCP-1 induced by the autoantigen GADgs to
a higher extent in newly diagnosed T1D children than in
either high-risk or healthy children. Even though MCP-1
serum levels tend only to be higher in patients compared
to control subjects [14], a high basal MCP-1 production by
human islets is shown to correlate with poor clinical out-
come following islet transplantation in T1D patients [41].

Both IFN-y and MIG were high among high-risk
children. MIG that binds to the receptor CXCR3 has been
found to be induced by IFN-y in human islets [19],
explaining the positive correlation observed between
MIG and IFN-y in our cohort of newly diagnosed T1D
children. MIG attracts monocytes and activated Th1- and
NK cells. Thus, production of MIG by human islet cells can
contribute to mononuclear, NK- and Th1 cell homing in
early insulitis [19]. Human islet cells exposed to IFN-y and
also IL-18 show secretion of MIG and IL-15 [19]. In line
with previous studies of human islets and other cell types,
we found a low concentration of IL-15 from peripheral
mononuclear cells [19,42]. However, picomolar amounts
of IL-15 have been shown to be effective in maintaining NK
cell survival, suggesting that even very low concentrations
of this chemokine can be physiologically relevant.

TNF-¢, classified as an inflammatory cytokine, is shown
to induce IL-6. In type 2 diabetes (T2D), IL-6 is argued
to be an important regulator of the acute phase response
associated with insulin-resistant states [43], even though
an independent role of IL-6 in T1D is still not proven [44].
Recently, it was shown that monocyte IL-6 in the resting
state and IL-18 in activated monocytes were elevated in
T1D patients (duration longer than one year) compared
with control subjects [45]. In our cohort, both TNF-« and
IL-6 were found to a higher extent in T1D children than
in either high-risk or healthy children. Involvement of
TNF-¢ in the damage of the insulin-producing cells has
been observed in mice infected with coxsackie B4 and
A7 viruses, indicating an immunity-related inflammatory
process [46]. Further, it has been suggested that TNF-«
plays a direct role in the metabolic syndrome, since T2D
patients show a high concentration of TNF-« in plasma
[47]. TNF-¢, shown to impair insulin-stimulated rates
of glucose storage in cultured human muscle cells, may
indicate an effect on insulin signalling [48]. We speculate
that the correlation between C-peptide and IL-6 as well
as IL-7, observed only in children with recent-onset T1D,
is a sign of an ongoing destruction of the remaining
insulin-producing B-cells. This finding is in contrast to
the correlation observed between C-peptide and the Th2
cytokine IL-13 seen exclusively in still healthy high-risk
children. In fact, our previous finding of a diminished
IFN-y secretion associated with fasting C-peptide levels
in T1D children suggests that factors related to g-cell
function in T1D may modify T-cell function [28]. Thus,
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T-cell responses detected at or after diagnosis may not
reflect the pathogenic process leading to TID.

Taken together, these findings show that protein micro
array can be used for screening of possible immunological
markers involved in the autoimmune process against
the insulin-producing B-cells. This technique does not
deliver exact concentrations but indicates higher or lower
concentrations of secreted cytokines and chemokines.
However, low secreted cytokines, especially IL-4, is better
detected at low antigen concentration stimulation at the
single level with the sensitive ELISPOT technique [10].
Thus, protein micro array is useful for screening and
comparisons between, for example, children with high
risk and those already diagnosed with T1D.

In conclusion, cytokines secreted by Thl-like cells
(IFN-y and TNF-8) were more pronounced in high-
risk children, whereas in newly diagnosed T1D children,
markers of inflammation (TNF-« and IL-6), chemokines
associated with destructive insulitis (RANTES, MCP-1 and
IL-7) and Th3 cytokines (TGF-8 and IL-10) were elevated.
Thus, an inverse relation observed between Thl-like
cells and markers of inflammation was shown between
children with high risk and those newly diagnosed with
T1D. We speculate that the immunological process led
by Th1l-like cells precedes the clinical onset, followed by
an increased activation of inflammatory cytokines and
chemokines involved in the destruction of the remaining
insulin-producing B-cells, but this needs to be confirmed
in larger longitudinal cohorts before any conclusion can
be drawn.
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Introduction

Type 1 diabetes (T1D) arises from a breakdown of toler-
ance to islet antigens resulting in uncontrolled T-cell-

Abstract

Patients with type 1 diabetes are suffering from defects in immune regulatory
cells. Their siblings may be at increased risk of type 1 diabetes especially if
they are carriers of certain human leucocyte antigen (HLA) alleles. In a pros-
pective non-randomized study, we intended to evaluate 31 healthy siblings of
paediatric patients with type 1 diabetes and explore immune regulatory popu-
lations of CD4"CD25" T cells and natural killer (NK) T cells. Tested siblings
of type 1 diabetes patients were stratified according to the HLA-associated risk
of possible diabetes development. Immune regulatory function of CD4"CD25"
T cells was tested in witro. Significant differences in CD4"CD25" but not in
NK T cells have been identified. Siblings of type 1 diabetes patients carrying
high risk HLA alleles (DQA1*05, DQB1*0201, DQB1*0302) had signifi-
cantly lower number of immune regulatory CD4"CD25" T cells than
the age-matched healthy controls or siblings carrying low-risk HLA alleles
(DQB1#0301, DQB1*0603, DQB1*¥0602). Regulatory
CD4*CD25" T cells demonstrated a dose-escalarion effect. In siblings of type
1 diabetes patients, the defect in immune regulatory CD4"CD25" T cells
exists in association with genetic HLA-linked risk for type 1 diabetes.

function  of

(CD4*CD25"5") and same functional characteristics as
CD47CD25" regulatory cells in mice [7]. Other putative
markers include cell-surface expression of CDG62LT,

Jow . .
CD45RB™, glucocorticoid-induced tumour necrosis

mediated autoimmune destruction of insulin-producing
B-cells in the pancreas. Autoreactive subsets of CD4"
T-helper (Th) lymphocytes recognize self-antigens and
after activation preferentially produce Thl cytokine spec-
trum that initiate the autoimmune process. For further
development, the presence of autoreactive CD8" cytotoxic
T (Tc) lymphocytes is necessary as well [1]. To prevent
reactivity against self-tissues, autoreactive T cells can be
controlled through active suppression by different types
of regulatory T cells [2—4]. Sakaguchi has demonstrated
an immune regulatory role of CD4"CD25" T cells
(Tregs) naturally occurring in peripheral blood [5]. Elim-
ination of these cells early in life results in development
of various T-cell-mediated autoimmune diseases while
reconstitution of CD4*CD25" T-cell population prevents
such pathological effects [2—6]. Recent data describe
immune regulatory subpopulation of human CD4* T
cells  with high of CD25

cells as expression
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factor receptor (GITR), overexpression of CTLA-4 and
intracellular expression of transcriptional repressor FoxP3
(forkhead box P3) [2, 4, 8]. The suppression mechanisms
of regulatory cells are indirect through secretion of anti-
inflammatory cytokines such as interleukin 4 (IL-4),
IL-10, transforming growth factor f (TGF-f) or direct
through cell—cell contact, for example via the perforin
pathway [2—4, 8]. Evidence that natural Tregs are antigen
specific is still limited [4].

Recent studies demonstrate multiple defects in T-cell
regulation of T1D individuals [1, 7, 9, 10]. In contrary,
limited information exists about siblings of T1D patients
that may have an increased risk of T1D. In this work, we
focased on immune regulatory  populations  of
CD47CD25" T cells and natural killer T cells (NKT) in
siblings of children and adolescents with T1D. We were
particularly
in  these

defects
healthy

interested in revealing potential

regulatory T-cell populations in
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individuals, especially siblings of T1D patients who may
be at an increased genetic risk of developing T1D. Early
identification of at risk individuals may lead to an early
therapeutic intervention prior to complete destruction of
insulin-producing cells.

Materials and methods

Study subjects. Heparinized blood samples were obrained
from 31 healthy siblings (10 females, 21 males of age
1-20, median age 13 yeats) of children with T1D fol-
lowed at the 1st Department of Pediatrics, University
Hospital Beno. Healthy controls (16 females, 20 males of
age 1-17, median age 10 years) were consecurively
recruited from healthy children and adolescents undergo-
ing minor surgery with no family or personal history of
T1D or any other autoimmune disease. Blood samples of
all study subjects were taken after signing the informed
consent approved by the Ethical Committee of the Uni-
versity Hospital Brno, Brno, Czech Republic. A complete
heman leucocyte antigen (HLA)-DQA1 and HLA-DQB1
genotyping was carried out by polymerase chain reaction
(PCR) with sequence-specific primers in all T1D siblings.
A stratification of HLA-linked genetic risk was per-
formed according to the T1D prediction programme of
the Czech Republic [11] and divided into three groups
with high, standard or low risk (Table 1). Sera of all
T1D siblings were examined by radioimmunoassay (RIA)
(Solupharm, Brno, Czech Republic) for the presence of
autoantibodies against islet antigens glutamic acid decarb-
oxylase 65 (GADA) and tyrosinephospharase (IA-2A).
Levels above 1 IU/ml for GADA as well as for IA-2A
(more than 2 standard deviations) were considered posit-
ive. GADGS and IA-2 autoantibodies were screened every
12 months in a high-risk group and every 24 months in
a standard-risk group. T1D siblings with positive autoan-
tibodies had a standard intravenous glucose tolerance test
(ivGTT) and the first phase of insulin response (FPIR)
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was assessed as described previously [12, 13]. FPIR levels
above the fifth percentile were considered normal [12].

Flow cytometry. Flow cytometric determination of the
lymphocyte populations from whole blood was performed
by the following cell matkers: anti-CD4, anti-CDS8,
anti-CD3, anti-CD25, anti-TCRa24 and anti-TCRf11
labelled with fluorescein isothiocyanate (FITC), phyco-
erythrin (PE), phycoerythrin-cyanin 5 (PC5) or phyco-
erythrin-cyanin 7 (PC7) (Immunotech, Matseille, France).
Samples were analysed by a four-colour flow cytometry
on a CytomicsTM FC 500 cytometer (Beckman Coulter,
Miami, FL, USA). Data were analysed using the CXP
Software (Beckman Coulter).

Immunomagnetic cell sorting. Immunomagnetic sorting of
CD4*CD25" T cells was performed from peripheral
blood mononuclear cells (PBMC) obrained by Histopaque
(Sigma-Aldrich, Prague, Czech Republic) gradient cen-
trifugation of the whole blood by rhe CD4*CD25"
Human Regulatory T Cell Isolation Kit in two steps
according to the manufacturer’s insttuctions on a Vario-
MACS (Miltenyi Biotec, Bergish Gladbach, Germany).
Briefly, the first step immunomagnertically eliminated
major cell populations except CD4™ T cells that were
labelled in the second step with anti-CD25 and posi-
tively selected by magnetic beads. The purity of
CD4"CD25" Tregs was more than 97%.

CD47"CD25" Tregs testing in vitro. CD4"CD25" Tregs
were used alone or were mixed in different ratios
(1:1-1:4) with autologous CD4"CD25 T cells to test
their ability to suppress reactivity of lymphocytes to dif-
ferent antigenic stimuli such as irradiaced allogeneic
PBMC (1:1 ratio to tested CD4*CD25~ T cells) or
phytohaemagglutinin (PHA) 10 pg/ml (Sigma-Aldrich,
Prague, Czech Republic). Cells were cultured at 37 °C
and 5% CO, atmosphere in a complete media (CM) con-
taining X-VIVO 10, 50 mg/l gentamycin, 2 mM L-gluta-
mine, 25 mg/ml HEPES (BioWhittaker, Walkersville,
MD, USA) and 10% heat-inactivated human AB-serum

Table [ Sibling characteristics and an estimated

HLA No. of Autoantibodies Impaired human leucocyte antigen (HLA)-linked genetic
characteristics subjects HLA positive cases ivGTT risk of type 1 diabetes
High risk 8 DQA1*05 1 0
DQB1*0201
DQB1*0302
Standard risk 11 Orcher than high 2 1
or low risk
Low risk 12 DQB1%0301 1 0
DQB1*0603
DQB1*0602
Age 1-20, median
age 13 years
Sex 9 females,
18 males

ivGTT, incravenous glucose tolerance test.

© 2006 The Authors
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ml CM, usually 0.5 X 10° of CD4*CD25™ cells were tes-
ted. Cell activation to the antigen was measured by the
production of interferon gamma (IFN-y) on the surface of
activated CD3" T cells using the Secretion Assay Cell
Detection Kit (Miltenyi Biotec) according to the manu-
facturer’s instructions by flow cytometry. To exclude dead
irradiated PBMC, labelling with propidium iodide was
used. As a positive control, PBMC with no CD4"CD25"
Tregs were used. As a negative control, unstimulated
PBMC were tested.

Statistical analysis. The four age-matched groups (con-
trol, low , standard and high risk) were compared using
Kruskal-Wallis test due to asymmetric data distribution.
Any results with P-value of less than 0.05 were consid-
ered significant. For in witro testing of CD4"CD25"
Tregs, a descriptive statistic of means and standard devi-
ation was used. All analyses were done using Statistica
for Windows 7.1 and Mictosoft Office Excel 2003.

Results

HLA-linked risk, autoantibodies and ivGTT in siblings of T1D
patients

HLA-linked risk was evaluated in 31 siblings of T1D
patients. There were eight, 11, 12 subjects in high-, stand-
ard- and low-risk groups respectively. In five subjects the
presence of GADGS and/or IA-2 autoantibodies was detec-
ted. One subject from the standard-risk group was repeat-
edly positive for GADGS autoantibodies and had FPIR
lesser than first percentile in the ivGTT. The remaining
four autoantibody-positive subjects had FPIR values above
fifth percentile which was considered normal.

CD4"CD25™ T cells

CD4°CD25" cells as well as CD4"CD25™ cells were
evaluated by flow cytometry in siblings of T1D patients.
Gating strategy is demonstrated in Fig. 1. Study subjects
were divided into three groups based on a predicted

© 2006 The Authors

CD4*CD25" and CD4*CD25" T-cell populations were
performed for each group. A statistically significant
decrease of both CD4*CD25™ T cells and CD4*CD25"
was noticed in the high-risk group in comparison to
healthy age-matched controls (P < 0.0001 and <0.0001
respectively) as well as to the low-risk group (P = 0.049
and 0.0014 respectively) (see Fig. 2). Standard-risk group
had a significant decrease of CD4"CD25™ T cells (P =
0.011) but not CD4"CD25" T cells (P = 0.36) in com-
parison to healthy controls. No significant difference was
detected between standard- and high-risk groups or
standard- and low-risk groups.

NKT cells

NKT cells defined as CD3-positive, TCR-a¢ 24-positive
and TCR-fi 11-positive cells were examined in all sib-
lings of T1D patients and compared with age-matched
healthy controls. No difference was detected among the
risk groups of siblings or between siblings of T1D
patients and healthy controls (Fig. 3).

Regulatory effect of CD47CD25™ T cells

Immune regulatory CD4"CD25" T cells were isolated by
magnetic separation from PBMC of healthy donors.
Sorted population of CD4°CD25" T cells contained
approximately 0.5-1% of the original number of PBMC
with more then 97% purity of CD4"CD25" T cells.
Autologous PBMC were activated either by PHA or by
irradiated allogeneic PBMC and Tregs were added in dif-
ferent ratios to demonstrate their regulatory effect based
on IFN-y production. Tregs were able to suppress activa-
tion of PBMC in a dose-dependent fashion (Fig. 4).

Discussion

A deficiency in the number or function of Tregs can con-
tribute to the onset of T1D as previously documented by
several studies in the NOD mice as well as in humans

Journal compilation © 2006 Blackwell Publishing Ltd. Scandinavian Journal of Immunology 64, 531-535
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Figure 2 Percentage of (A) CD4'CD25" T cells and (B) CD4'CD25"™
cells in siblings wich high (HI), standard (STD) and low (LO) human
leucocyte ancigen (HLA)-linked risk in comparison to healthy conrrols
(CTR).

[1-3, 6]. In children with T1D and their healthy siblings
the data are rather limited. Kukreja et /. [14] were able
to demonstrate defects affecting both the CD4*CD25* T
cells and NKT cells in patients with T1D as well as
defects in NKT cells in 12 siblings of those patients.
Unfortunately, CD4*CD25" T cells in
patients with diabetes were not studied in that study. In

siblings  of

our previous study, we were able to demonstrate defects
in T1D children only in CD4*CD25" T cells but not in
NKT cells [15]. Here, we focused on siblings of T1D
patients for whom, to our knowledge, no data are avail-
able.

Siblings of T1D patients can be also stratified based
on predicted genetic HLA-linked risk for the develop-
ment of T1D in the future. That stratification has been
pteviously described for the Czech population [11].
For the purpose of our study, we divided the subject
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high (HI), standard (STD) and low (LO) human leucocyte antigen
(HLA)-linked risk in comparison to healthy controls (CTR).
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Figure 4 Dose-dependent supptession with CD4°'CD25" T cells.
CD4'CD25" Tregs were added to activated peripheral blood mononu-
clear cells (PBMC) in a dose-dependent manner in a racio 1:1, 2:1 and
4:1 (PBMC:Tregs), non-activated PBMC were used as a negative control
(NC) and activated PBMC wichout addition of Tregs were used as a
positive concrol (PC). Interferon gamma (IFN-y) production was meas-
ured after 48 h. Dara represent at least three independent experiments:
(A) activation of PBMC by phytohaemagglutinin and (B) activation of
PBMC by irradiated allogeneic PBMC.

population into three groups with high, standard and
low risk of T1D. We were able to demonstrate a
close association between HLA-linked risks and the
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CD4*CD25% T cell population, i.e. the higher the gen-
etic risk the lower the CD4"CD25" Tregs population. As
expected, the differences were mote ptonounced in
CDA*CD25™ cells chat mainly contain Tregs cells rather
then the general population of CD4*CD25" T cells that
contains regulatory as well as recently activated T cells.
The standard-risk group revealed a significant decrease of
CD4*CD25™ T cells but not CD4*CD25" in comparison
to healthy controls. This can be explained by rather
insufficient classification of the standard-risk group that
is defined by exclusion of HLA alleles for high- or low-
risk groups. In general, regardless HLA type, siblings of
patients with T1D have an increased risk of T1D [11,
14] and one of the mechanisms can involve diminished
of Tregs. We were able
decreased number of Tregs in this group of healthy sib-
lings of T1D patients.

numbers to demonstrate

We completed our study with a set of expetiments
that document the regulatory effect of immune magnetic-
ally isolated CD47CD25" T cells from peripheral blood.
Despite a strong activation by mitogen or allogeneic
PBMC, the suppressive effect of CD4*CD25" T cells was
obvious in a dose-dependent mannet. These data ate in
agreement with previously published results describing
regulatory effect of CD47CD25" T cells 3, 7, 10].

In conclusion, the defect in immune regulatory
CD4"CD25" T cells has been described in siblings of
paediatric patients with T1D. This defect is associated
with an incteased HLA-associated risk of T1D and thus
confirms the hypothesis that an autoimmune mechanism
that, in general, leads ro rarget organ destruction, is ini-
tiated well before the clinical manifestation of the disease
appears. Further research and a careful long-term immu-
nological monitoring of regulatory T cells in individuals
at risk of T1D based on HLA-linked risk can be helpful
in considering an early possible intervention to prevent a
complete destruction of target organ ot tissue.
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Abstract

Objective: A role of autoreactive T cells for type 1 diabetes pathogenesis is considered crucial. In our pilot study we addressed if
autoreactive mononuclear cells are present also in peripheral blood of patients with other specific forms of diabetes as cystic
fibrosis related diabetes (CFRD).

Methods: Cellular immune responses to a known 3-cell autoantigen (GAD65 and GADG65 derived peptides) were analysed
by ELISPOT (IFN-y) and by protein microarray analysis in four patients suffering from CFRD, in four cystic fibrosis (CF)
patients without diabetes, in eight type 1 diabetes patients (without CF) and in four healthy controls.

Results: Response to the autoantigen GADG65 (protein and peptides) was observed in 7/8 patients suffering from CF and in all
type 1 diabetes padents. Post-stimulation production of Thl cytokines (IFN-y, TNF-$) was observed in 2/4 CFRD, 1/4 CF
patients and in 7/8 type 1 diabetes patients. All these patients carry prodiabetogenic HLA-DQ genotype. Th2- and Th3 type of
cytokine pattern was observed in 2/4 CF patients. Production of IL-8 was observed in the third CFRD as well as in the third CF
patient and in 1/8 type 1 diabetes patient and borderline production of this chemokine was also observed in 2/4 healthy
controls. No reaction was observed in the other 2/4 healthy controls and in the fourth CFRD patient who carried a strongly
protective genotype and did not produce autoantibodies. The most potent peptide of GAID65 was amino acids 509-528.

Conclusions: We consider our observations as a sign of a reaction directed against the self-antigen GADG5 that are closely
connected to type 1 diabetes. In CF patients who do not develop diabetes autoreactive mechanisms are very probably efficiently
suppressed by immune self-tolerance mechanisms. CFRD patients are a heterogenic group, To disclose those who may display
features of autoimmune diabetes could have an impact for their therapy and prognosis.

Keywords: Diabetes, cystic fibrosis, autoimmunity, cellular response, cytokines

Introduction prognosis has resulted in co-morbidities such as
Cystic fibrosis (CF) is the most common lethal genetic d“_ibetes webives, Whlc.h a4 grfeat dlfmal % :Ct
disorder affecting the Caucasian population with an  (diabetes prevalence in CF patients is 12-34%)
incidence of 1:2500. The current improvement in CF [1-4].
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Older age and pancreatic insufficiency are important
factors contributing to the development of CFRD
(cystic fibrosis related diabetes). Severe pulmonary
infection, use of corticosteroids, supplemental nutrition
as well as increased insulin clearance and increased
glucose uptake from the gut in CF may also contribute
[3,5-9].

A role of T cells and HLA-restricted self antigen
recognition for type 1 diaberes pathogenesis is
considered crucial [10—11] but nobody has addressed
if autoreactive mononuclear cells are present in
peripheral blood of patients with other specific forms
of diabetes such as CFRD.

To assess cell responsiveness to a known diabeto-
genic autoantigen (GAD65 and GADG5 derived
peptides) we studied post-stimulative cytokine release
by protein microarray and enzyme linked immunospot
(ELISPOT) [10-12].

Materials and methods
Subjects

Four patients suffering from CFRD (group A), four
CF patients without diabetes (group B), four age, sex
and HLA-matched healthy blood donors (group C)
and eight type 1 diabetes patients (without CF; group

Table 1.

D) were analysed in our pilot study. CF patients darta
are summarised in Table I. Patients were selected from
CF and CFRD patients who are treated in the Internal
and Paediatric Outpatient Departments of the
University Hospital Motol in Prague. None of the
patients were treated with corticosteroids or any other
diabetogenic drugs. All CFRD patients were insulino-
penic (first phase of insulin response—FPIR—was
under 1st percentile) and on insulin therapy.

Type 1 diabetes patients (group D) were selected from
patients who were diagnosed in the Paediatric Depart-
ment of the University Hospital Motol in Prague. These
patients were matched for age and sex. All patients were
carrying type 1 diabetes risk HLA-DQ genotype and by
the time of type 1 diabetes diagnosis they were anti-
GADG65 autoantibody positive. Their samples were
collected 7 days after diagnosis.

Complete HLA-DQA1 and DQB1 genotyping were
carried out by polymerase chain reactions with
sequence-specific primers. CF and healthy subjects
who were enrolled to this pilot study was selected to be
of distinet HLA-DQ alleles (prodiabetogenic versus
protective ones). Autoantibodies against GAD65 were
measured by RIA (Solupharm kit, the Czech Repub-
lic) and positvity was considered above 11U/ml
(above 99th percentile). Informed consent was
obtained from all tested subjects.

Patients suffering from CF—characteristics and results of protein microarray.

Age CFRD (yes/no) If yes + Anti GAD

Results of protein microarray

(years), diabetes duration auto-annibodies HLA-DQ Strong Medium or low Sorongest
Patient sex (months) (positive/negative) genotype positivity positivity stimulator
1 22F Yes/40 Positive DQAL*03/05 IL-8, TNFB, IFNy GADG65-2
MCP-1 similar to
GADGS
DQB1*02/0302
2 22M Yes/51 Positive DQA1*02/03 IL-8 TNFB, IFNy GADG5-2
DQB1*02/0302
3 23M Yes/71 Negative DQA1%01/02 IL-8 - GADG65-2
DQBI1*0303/0602
4 18M Yes/32 Negative DQAL=01/02 -~ -~
DOB1*0303/0602
5 I5F No Negative DQA1%01/01 1L6, IL 1.8, GRO, GADGS
10, MIG, MCP1,
TGFB1 RANTES
DQB1*0602/0602
6 11F No Negative DQA1*03/05 TNFR IL8, IFNy GADG5-2
DQBI1*02/0302
7 23F No Negative DQA1*01/05 1L-8 MCP1, GADS5
RANTES
DQRB1*0301/0602
8 13M No Negative DQA1*02/03 L6, 118, GROa, GADG65-2
110, MCP1, MCP2,
TGFp1 RANTES

DQBI1*02/0302

Strong positivity in protein microarray means signal with at least 50% of intensiry of positive control which is an integral part of the commercial

kit.
F, female; M, male.




Anrtigens

The following (auto)antigens were used: 10 pg/ml
recombinant human Glutamic Acid Decarboxylase 65
(GAD, Diamyd Diagnostics AB, Stockholm, Sweden);
1 pg/ml each of the synthetic GAD65-peptides: Amino
acids 247-279 (NMYAMMIARFKMFPEVKEKG-
MAALPRLIAFTSEE-OH) molecular weight 3823.7
(marked GAD65-1); a.a.509-528 (IPPSLRTLEDN-
EERMSRLSK-OH) molecular weight 2371.7,
(GAD65-2) and a.a.524-543 (SRLSKVAPVIKARM-
MEYGTT-OH) molecular weight 2238.7 (GADG65-3;
Department of Medical and Physiological Chemistry,
University of Uppsala, Uppsala, Sweden) and 10 pg/ml
PHA (Sigma, St. Louis, USA).

Assays

Peripheral blood mononuclear cells (PBMC) were
prepared and IFN-gamma ELISPOT was done
according to current IDS (the Immunology of
Diabertes Society) recommendation [11]. ELISPOT
was performed by a commercially available TFN-
gamma ELISPOT kit (Diaclone, USA).

Protein microarray: 1 X 10° thawed PBMC (twice
washed in Earle’s Balanced Salt Solution with 20%
foetal calf serum (FCS); Sigma) per well were
cultured at 37°C, 5% CO; in 1 ml of RPMI-1640
Medium supplemented with 10% FCS, L-glutamine
(10 pl/ml, 200 mM L-glutamine) and penicillin-
streptomycin (1 pl/ml PNC and 1 pg/ streptomycin;
Sigma). Medium was harvested after 48 h stimulation
and used for protein microarray analysis which was
done by a commercially available kit according to
instructions by the manufacturer (RayBiotech,
Norcross, USA). Production of the following
cytokines and chemokines was assessed: Granulocyte
colony stimulating factor (GCSF), Granulocyte-
Macrophage colony stimulating factor (GM-CSF),
growth related oncogene (GRQO), GRO-a, interleukin
(IL) la,-2,-3,-5,-6,-7,-8,-10,-13,-15, interferon
(IFN)-y, Monocyte chemoarttractant protein (MCP-
1), MCP-2, MCP-3, Monokine induced by IFN-y
(MIG), regulated on activation, normal T-cell
expressed and secreted (RANTES), transforming
growth factor (TGF-B1), tumour necrosis factor
TNF-a and TNF-B (kit No HO108001). Detection
was done using the Fuji LAS1000 imaging system.
Chemiluminescent signals were analysed using the
AIDA software (Advanced Image Data Analyzer,
3.28; Raytest Izotopenmessgeraete, Straubenhardt,
Germany). Detection limits for cytokines which
production was observed (according to the manu-
facturer) are displayed in Table II. Strong positivity
means signal with ar least 50% of intensity of positive
control which is an integral part of the commercial kit
(see Figure 1).

Stimulated PBMC (6 X 10° cells per well) were used
for ELISPOT. As a negative control, some wells on each
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plate were incubated exclusively with culture medium
and FCS, without cells but otherwise treated as the other
wells, whereas stimulation with PHA was used as a
positive control. All tests were performed at least in
duplicity. A positive response was scored when the
number of spots were greater than the mean 43 SD of
the controls [12].

Results

Response to GAD65 was observed in 7/8 CF patients
(Table I). Post-stimulation production of Th1 cytokines
(IFNvy, TNFEF) was observed in 2/4 CFRD (group A)
and in 1/4 CF patients (group B), all carrying the
prodiabetogenic HLA-DQ genotype. IFN+y production
was confirmed with ELISPOT in all persons.

Th2- and Th3 type cytokines were observed in 2/4 CF
(group B) but in none of CFRD patients (group A).

One padent from group A (CFRD) and one from
group B (CF only) as well as two healthy controls
(group C) produce after specific stimulation chemo-
kines {mainly IL-8) whereas in the two healthy controls
only borderline IL-8 production was observed,

No reaction was registered in 2/4 healthy controls
(group C) and in the fourth CFRD patient (group A)
carrying a strongly protective genotype and without
production of autoantibodies against GADG65.

The most potent epitope of GADG65 was a.a.
509-528. Strong IFNy (analysed by protein micro-
array and confirmed with ELISPOT), I1L-6, I1-8, and
GRO mitogenic responses to PHA (control stimulator)
were consistently high in all patients and controls,
In contrast, few IFNy spots per well (0—2 spots/well by
ELISPOT) were found in negative control wells
(medium alone) indicating low non-specific IFNvy
production,

These data were compared to results achieved from
type 1 diabetic padents (group D). Post-stimulation
production of Thl cytokines (IFN-y, TNF-B) was
observed in 7/8 type 1 diabetes patients. IFN-y post-
stimulation producton had medium intensity, in the
case of TNF-f3 we observed strong post-stimulation
production. We detected also medium intensity
production of other cytokines and chemokines (IL-1a,
1L-2, IL-3, IL-6, IL-8, GCSF, MCP-2, MCP-3 and
MIG) in these patients. One patient from group D
produced after specific simulation only chemokines
(mainly I1-8). Among type 1 diabetic patents the most
potent epitope of GAD65 was as well a.a. 509-528.

Discussion

Clinical course of CFRD differs from that in type 1
diabetes. CFRD patients rarely present in ketoacidosis
and family history of diabetes is less common in
CFRD than in either type 1 or type 2 diabetes [2].
CFRD is primarily an insulinopenic condition
and there is, however, poor correlation between
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Table II. Detection limits for cytokines (chemokines) which were
detected (according to the manufacturer).

Cytokine (chemokine) Sensitvity (pg/ml)

GRO and GROa 1000
IFN-y 100
IL-6 1
IL-8 1
IL-10 10
MCP-1 3
MCP-2 100
MIG 1
RANTES 2000
TGFBI 200
TNFp 1000

the number of islets lost and the degree of pancreatic
fibrosis, implying that CFRD could not be simply
explained by the degree of islet fibrotisation [13—14].
Autoimmune origin of CFRD has been contradictive
[15-16]. Anyhow, recent reports at least partially
suggest a role of autoimmune mechanisms in CFRD
pathogenesis and T cell dysbalance in CF [17-18].
In our pilot study cytokine response to the type 1
diabetes related autoantigen GADG65 was found in
almost all CF patients but this response differed
between CF patents with and without diabetes
(group A and B, respectively). Thl polarisation of
the response was observed in two CF patients from
group A (who have diabetes, produce anu-GAD65
autoantibodies and have type 1 diabetes risk HLA-
DQ genotype) and in one CF patient without
diabetes at present (group B) but carrying the type 1
diabetes risk HLA-DQ genotype. We can speculate

Positive

control

Positive

contro

Figure 1. Pat. No 7—example of results.

that this patient may develop diabetes in the furure.
This Thl response was very similar to the response
observed in our recent onset type 1 diabetes patients
(group D). On the contrary, the other three CF
patients without diabetes (group B) displayed rather
regular Th2- or Th3 cytokine pattern but higher
chemokine production. Borderline production of
chemokines was observed by GADG65 stimulation in
healthy controls. We consider IL-8 production in our
experiments as a non-specific irrelevant finding that
may be due to high sensitvity of the kit to this
chemokine.

Our results are in agreement with autoantibody
status and type 1 diabetes risk genotype. Even though
statistics cannot be applied on such a small study
group, we suppose our observations to be a sign of a
reaction directed against a self antigen in patients with
CFRD. Pancreas is very often afflicted in CF patients
and pancreatic autoantigens can be easily presented to
local antigen presenting cells. In patients who will
never develop diabetes the autoimmune mechanism is
probably efficiently suppressed by self-tolerance
mechanisms.

The strongest response was observed to GADG65-
peptide 2 (a.a. 509-528). It has earlier been found
that response to GADG65 in NOD mice is limited to
a confined region (GADG65 a.a. 509-528 and 524-
543) [19]. This response later spreads intramolecu-
larly to additonal determinants including GADG65-
peptide 1 (a.a. 247-279), Our observation may be a
sign of an early stage of the autoimmune process
that is in some patients efficiently suppressed.
GAD65-peptide 2 (a.a. 509-528) shares sequence
homology with adenovirus, cytomegalovirus and
Epstein-Barr virus. We can just speculate that the
response observed against this epitope may be a sign
of earlier infections in CF patients. GAD65-pepuide
2 furthermore shares sequential homology with
another important self antigen, proinsulin.

We consider CFRD patients to be a heterogenic
group. To disclose those who may display some features
of autoimmune diabetes could have an impact for their
therapy and prognosis. Thus, it is necessary to examine
larger cohort of patients (including disease onset) and
to examine their response to other autoantigens (e.g.
thyrosinphosphatase, proinsulin etc.) to verify if
autoimmune cellular mechanism contributes to
CFRD pathogenesis as well as to study immune
regulatory mechanisms in these patients,
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