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I. Souhrn

Diabetes 1. typu (T1D) je organové specifické Thl autoimunitni onemocnéni s celosvétove
vyznamné nariistajicim poétem novych piipadd. Také v Ceské republice pozorujeme
vyznamny vzestup incidence T1D, a to zejména v nejmladsi vékové skupiné (0-4 roky).
Hlavni uloha v rozvoji T1D je pfisuzovana T lymfocytim a jimi produkovanym cytokinim.
Zatim neumime rozpoznat Casné znamky bunécné autoreaktivity vedouci k poskozeni
pankreatickych beta bunék a v souCasné dobé tak nelze tuto chorobu tspédné vylécit ani
piedejit jejimu vzniku.

Naivni imunitni systém novorozence, dosud nevystaveny vlivim zevnich faktord, by mohl
byt vyuzit jako dileZity model pro studium T1D patogeneze.

Vysetfovali jsme pupeénikovou krev 22 novorozencti s rodi¢em trpicim diabetem (T1DR)

a 15 novorozencil s negativni rodinnou anamnézou. Pomoci proteinové microarray jsme v
pupecnikové krvi stanovili produkeci 23 cytokinii - pfed a po stimulaci diabetogennimi
autoantigeny.

V T1DR skuping jsme pozorovali nizkou bazalni sekreci v8ech detekovanych cytokint:
GM-CSF (p=0,025), GRO (p=0,002), GROalfa (p=0,027), ILl-alfa (p=0,051), IL-3
(p=0,008), IL-7 (p=0,027), IL-8 (p=0,042), MCP-3 (p=0,022), MIG (p=0,034) a RANTES
(p=0,004).

V porovnani s bazalnimi hodnotami jsme u kontrol po stimulaci pozorovali pouze niZ8i
hodnoty G-CSF (p=0,030) a GROalfa (p=0,041). U kontrol byl po stimulaci také pozorovan
signifikantni pokles G-CSF (p=0,030) a MCP-2 (p=0,009) v porovnani s TIDR. Zda se, Ze
imunitni systém TIDR novorozencti je méné zraly a vice senzitivni v porovnani
s novorozenci zdravych matek. Velmi zajimavy byl i vliv rizikového genotypu na vysledky

protein microarray. T1DR srizikovym genotypem méli vy$§i bazdlni hladiny G-CSF
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(p=0,038), GM-CSF (p=0,020) a GRO-alfa (p=0,033) a po stimulaci jsme u nich pozorovali
sklon k reakei v Thl sméru — vzestup IL-2 (p=0,020), IFN-gama (p=0,001) v porovnani
s TIDR v ,,nizkém riziku rozvoje T1D*,

Srovnani cytokinového spektra secernovaného mononukledry pupeénikové krve novorozencii
(CBMC) a mononukleary periferni krve (PBMC) jejich matek nam umozZnilo ovéFit moZnost
eventudlni kontaminace pupe¢nikové krve mononukleary matetskymi.

Zkoumali jsme mimo jiné i vliv délky diabetogenni stimulace a koncentrace glukozy v mediu
na cytokinovou produkci CBMC, a to pomoci protein microarray a ELISPOTu. Pomoci
ELISPOTu jsme také porovnavali produkci cytokini po stimulaci diabetogennimi
autoantigeny a po stimulaci infekénim agens.

Protein microarray se jevi jako metoda, kterd by mohla prispét k dalSimu porozuméni T1D
patogeneze a mohla by tak byt perspektivnim prostiedkem k odhaleni imunitni odpovédi

rizikové pro vznik T1D a to i u novorozenct.

11. Uvod

1. Diabetes 1. typu (T1D)

1.1 Epidemiologie

Diabetes mellitus je problémem nejen medicinskym, ale i etickym, ekonomickym

a psychosocidlnim. V rozvinutych zemich postihuje diabetes az 5-6% populace. T1D
pfedstavuje jedno z nejzavaznéj§ich chronickych onemocnéni détského v€ku - manifestuje se
pfedevsim u déti, dospivajicich a mladych dospé€lych. V roce 1989 byl u nas zaloZen Cesky

registr diabetickych déti (CRDD), v roce jeho zaloZeni byla incidence T1D u d&ti 0-14 let
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7/100 000/rok. V této vékové skuping pak bylo v Ceské republice v roce 2004 zachyceno
rekordnich 306 ptipada T1D, incidence v tomto roce byla dokonce 20/100 000/rok,

a incidence do této doby rostla zejména v nejmladsi vékové skupiné (0-4 roky), ve které je
v Ceské republice pozorovéan roéni nartst az o 6,3%. Od roku 2005 pak jiZ déale nestoup4,
sledujeme spie mirny pokles (v roce 2006 byla incidence T1D v détské populaci 0-14 let
18,2/100 000/rok), nicméné po této plateau fazi miZzeme pravdépodobné ocekavat dalsi
rapidni nariist incidence, stejn€ jako tomu bylo v minulosti v nékterych skandinavskych
zemich. Zaroveii je patrné, Ze se diabetické déti manifestuji ¢im dal diive. Dnes je diabetes u
tiletych déti dvakrat Gastjsi, neZ byl pied patnacti lety u déti pubertalnich (zdroj: CRDD).

[1-5]. .

1.2 Definice a klasifikace diabetu

Jako diabetes mellitus oznacujeme skupinu metabolickych onemocnéni charakterizovanych
hyperglykémii zptisobenou poruchou inzulinové sekrece, biologické u€innosti inzulinu nebo
kombinaci obou. Prevaznou vétSinu tvofi dvé hlavni skupiny — TI1D s absolutnim
nedostatkem inzulinu a ¢ast&jsi diabetes 2. typu (T2D) zptsobeny rezistenci vii¢i inzulinu

a jeho inadekvatni sekreci. Ostatni formy diabetu jsou pomérné vzacné. T1D je imunitné
podminény a diive byl také oznafovén jako inzulin dependentni diabetes (IDDM). Rozdéleni
diabetu dle etiologie (Tab.1) bylo vytvofeno Americkou diabetologickou spole¢nosti (ADA)

[5-6].
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Tab. 1: Klasifikace diabetu dle ADA

Etiologicka klasifikace diabetu dle ADA

[. Diabetes I. typu A. imunitné podminény B. idiopaticky

I1. Diabetes II. typu

[1I. Jiné specifické typy

A. Geneticky podminéné defekty beta bunék (MODY 1-6, dysfunkce mitochondridlni DNA a jiné)

B. Geneticky podminéné defekty biologické uéinnosti inzulinu (A typ inzulinové rezistence,

leprechaunizmus, Rabsontiv-Mendehalldv syndrom, lipoatroficky diabetes a jiné)

C. Onemocnén{ exokrinniho pankreatu (pankreatitis, trauma/pankreatektomie, tumory, cysticka fibroza,

hemochromatoza, fibrokalkuloza a jin€)

D. Endokrinopatie (akromegalie, Cushingliv syndrom, glukagonom, feochromocytom, hypertyredza,

somatostatinom, aldosteronom a jiné)

E. Chemicky ¢i léky indukovany diabetes (vacor, pentamidin, kyselina nikotinova, glukokortikoidy,
hormony §titné Zlazy, diazoxid, antagonisté beta-adrenergnich receptoril, thiazidy, dilantin, interferon

alfa a jing)

F. infekce (kongenitaln{ rubeola, cytomegalovirus a jiné)

G. vzacné formy imunitn€ podminéného diabetu (stiff-man syndrome, protildtky proti inzulinovému

receptoru, jiné)

H. jiné geneticky podminéné syndromy s ob&asnym vyskytem diabetes mellitus (Downtv syndrom,
Klinefelteritv syndrom, Turnertiv syndrom, Wolframilv syndrom, Friedreichsova ataxie, Huntingtonova
chorea, Lawrence-Moon-Biedelilv syndrom, myotonické dystrofie, porfyrie, syndrom Prader-Willi

a jiné)

1.3 Etiopatogeneze
T1D je povazovan za T-helper (Th) -1 autoimunitni onemocnéni [5-9] charakterizované
absolutnim nedostatkem inzulinu, ktery je dusledkem autoimunitni zanétlivé destrukce

pankreatickych beta bun¢k ostrivkti — inzulitidy. Thl lymfocyty infiltruji Langerhansovy

10
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ostrivky a jimi produkované cytokiny podporuji  selektivni destrukci beta bunek
cytotoxickymi (Tc) lymfocyty. Thl lymfocyty navic atrahuji do mista zanétu makrofagy

a interakci s B lymfocyty spousti sekundarné tvorbu autoprotilatek, které nemaji vlastni
destruktivni u¢inek [5-10].

Interferon (IFN)-alfa [10-11] a IFN-gama [12] byly detekovéany in vivo v Langerhansovych
ostriveich pacientli s éerstvym zachytem T1D. Thl cytokinovy profil s vysokou produkci
IFN-gama byl zji§tén v pre-diabetické fazi [13-15]. Nicméné kratce pfed vlastni manifestaci
diabetu, kdy zbyva jen velmi malé procento beta bunék, mizi Thl-like odpovéd’, ktera pak
zUstava potlacena i u nové diagnostikovanych T1D pacienti [13, 16-18].

V posledni dob& je vénovana zna¢na pozornost také CD4+CD25+ T regulaénim lymfocytiim,
jejichz defektni funkce by mohla mit vliv na rozvoj T1D [19,20]. Onemocnéni ma také silnou
asociaci s polymorfizmy HLA molekul druhé tfidy — DQA a DQB a je ovliviiovana DRB
geny, frekvence jednotlivych genotypt a haplotypt se pak li§i mezi jednotlivymi rasami

a etniky. T1D je polygenné vazané onemocnéni, na jeho rozvoj u geneticky predisponovanych
jedincti maji tedy vliv i faktory zevniho prostfedi, za vyznamné inicidtory autoimunitniho
procesu jsou povazovany nékteré viry — napf. enteroviry, ale i bovinni albumin kravského
mléka, nékteré chemické latky a toxiny [4-7,21].

Autoimunitni inzulitida probiha obvykle fadu mésicti az let, vede zpoCatku k nedostate¢né

a posléze nulové produkci inzulinu, vedouci k prvnim klinickym projeviim diabetu.
Zajimavym zjiSténim je fakt, Ze zbytkova sekrece inzulinu ¢asto pfetrvava mésice nebo roky
po klinickém propuknuti T1D. Navic nov¢ diagnostikovani dospéli pacienti s TID maji
zachovanou pfekvapivé vysokou produkei inzulinu (az 52 %) ve srovnani se zdravou
dospélou populaci, coz souvisi nejspiSe s inzulinovou rezistenci, kterd nartstd s vékem.
Produkce inzulinu pak postupné klesd nebo zcela ustdvd b&hem nékolika let. U détskych

diabetiki je zbytkova sekrece inzulinu pifi manifestaci T1D niz$i, k manifestaci TI1D je

11
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nezbytna nekréza ¢i apoptoza 70-80% beta bunék, a pravé u déti zpravidla dochazi az k Gplné
destrukci beta bunék, proto také pozorujeme u menSich déti pii zachytu T1D rychleji se
rozvijejici symptomatologii [5-7, 22-24].

K vlastni manifestaci T1D oby€ejné dochézi v situacich spojenych se zvySenou potiebou
inzulinu, napfiklad pfi infekci ¢i traumatu, ale pravé spoustéci mechanizmy dosud nejsou

znémy. [4, 11].

1.4 Klinicky obraz a diagnostika

Pro manifestaci T1D je charakteristicka hyperglykémie zptisobend poruchou sekrece inzulinu,
ktera se projevuje astym mocenim (polyurii), nadmérnou Zizni (polydipsii), nevysvétlitelnym
hubnutim, neprospivanim, neostrym vidénim. Nedojde-li k v€asné diagnostice a 1écbe,
dochazi az kzivot ohrozujicimu metabolickému rozvratu s ketoacidézou, az

hyperglykemickému komatu [5-7]. Diagnosticka kritéria jsou uvedena v tabulce (Tab. 2).

Tab. 2: Diagnostickd kritéria diabetu mellitu

1. symptomy diabetu (polyurie, polydipsie, vahovy tubytek) a béZna koncentrace glukézy >
11,1 mmol/l (jako bézna koncentrace glukozy se povazuje glykémie kdykoliv béhem dne, bez
ohledu na dobu posledniho jidla).

NEBO

2. glykémie nala¢no > 7 mmol/l. (Laénéni je definovano jako nulovy kaloricky piijem alesponi
po dobu 8 hodin).

NEBO

3. Postprandialni glykémie 2 hodiny po podani glukézy pfi testu oralni glukézové tolerance
(0GTT) > 11,1 mmol/l. (Test oGTT musi byt provadén podle kritérii WHO, s uzitim 75g

glukozy rozpusténé ve vodg).

12
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Doposud jedinou terapii je celoZivotni podavani inzulinu — rekombinantni lidské inzuliny ¢&i
inzulinova analoga v subkutinnim podavani nékolikrat denné. Chronicka hyperglykémie u
$patn€ kompenzovanych diabetiki je pak spojena s dlouhodobymi multiorgdnovymi
komplikacemi (napf. diabetickd retinopatie, nefropatie, neuropatie, kardiovaskularni
poruchy), které zvySuji morbiditu a mortalitu diabetiki. Pro hodnoceni dlouhodobé
kompenzace diabetikli 1ze vyuzit hladinu glykovaného hemoglobinu (HbAlc), molekuly
hemoglobinu v erytrocytech vazi volnou glukézu, za vzniku HbAlc, ¢im vyssi je tedy
dlouhodobé glykémie, tim vy$si je i hladina HbAlc v krvi [5-7].

Miru inzulinové sekrece miZeme stanovit pomoci vySetieni sérového C-peptidu, ktery se
odstépuje z molekuly inzulinového prekurzoru proinzulinu za vzniku biologicky aktivniho

inzulinu, a jehoz hladina klesa se snizujici se inzulinovou produkci [5-7,23].

1.5 Prediktivni faktory

Jako markery destrukce beta bunék miZeme vyuzit autoprotilitky namifené proti inzulinu
[AA, dekarboxylaze kyseliny glutamové (GADG65) a tyrosinfosfatdzam [A-2 a IA-2beta, které
vznikaji sekundarn€ a nepodileji se na destrukci beta bunék, maji pouze prediktivni charakter
Objevuji se az tehdy, kdyZ je jiZ vétSina beta bunék zni¢ena cytotoxickymi T lymfocyty, nelze
je proto vyuzit jako diagnosticky marker, navic nékdy tésné pifed manifestaci diabetu mizi. U
déti jsou pro predikci T1D nejvyznamnéjsi IAA protilatky (pFitomné u vEtSiny déti ve véku do
5 let v dobé manifestace T1D), které se u dospélych prakticky nevyskytuji, nicméné jsou
pomérné nestabilni a v praxi se velmi obtiZn€ stanovuji [5-7,24].

Miru genetického rizika rozvoje T1D muiZeme stanovit na zakladé vySetfeni polymorfizmu

HLA 1I. tiidy (viz Tab. 3) [21]).

13
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Tab. 3: Genetické riziko rozvoje T1D zaloZené na HLA-DQAI a DQBI genotypizaci

(volné prevzato z [21])

Genetické riziko Kritérium zarazeni
DQA1*05-DQB1*0201/DQB1*0302
. . a soudasné nepfitomnost DRB1*0403
velmi vysoké
DQA1*05-DQB1*0201 nebo DQB1*0302
; a soucasné nepfitomnost
vysoké
DQB1*0602, 0301, 0603, DRB1*0403
e  zéroveii nepfitomnost: DQB1*0302, DQA1*05-
* *
priimérné DQB1*0201, DQB1*0602, 0301, 0603
e  piitomnost DQB1*0301/DQB1*0302 nebo
DQB1*0302/DQB1*0603
e  piitomnost DQB1*0302-DRB1*0403
DQB1*0301 nebo DQB1*0603
. ; * *
piké zéarovefi neptitomnost DQB1*0302 a DQB1*0602
velmi nizké DQB1*0602

Dosud v3ak neexistuje vhodny prostfedek k rozpoznani <&asnych znamek bunééné

autoreaktivity vedouci k destrukei beta bunék a rozvoji T1D.

2. Vyvoj T lymfocyta

Lymfocyty vznikaji z pluripotentni kmenové buriky CD34, ktera se diferencuje a dava zéklad

pro vznik dvou hlavnich linif - lymfoidni a myeloidni. Z lymfoidni linie vznikaji NK buiky, T

a B lymfocyty. Z linie myeloidni se diferencuji monocyty (ve tkanich pak jako makrofagy)

14
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a granulocyty (neutrofily neboli polymorfonukleary, eozinofily a bazofily se svou tkafiovou
formou — Zirnymi bunkami), erytroblasty jakozto prekurzory erytrocytd, megakaryocyty
davajici vznik trombocytim, a dale dendritické buriky vznikajici bud’ pfimo z myeloidniho

prekurzoru ¢i monocytarni linie [25-28]. (Viz schéma 1)

Schéma 1: Vyvoj krevnich bunék z kmenové buriky (zdroj: www.molmed.lu.se)

LT-HSC — Long-term hematopoietic stem cell, ST-HSC — Short-term hematopoietic stem cell, MPP —
Multipotential progenitor, CFU-GEMM — Colony forming unit — granulocytes, erythrocytes, monocytes,
macrophages, CMP — Common myeloid progenitor, CLP — Common lymphoid progenitor, MEP —
Megakaryocyte, erythrocyte progenitor, GMP — Granulocyte monocyte progenitor, BFU-E Burst forming unit

erythroid, CFU — Colony forming unit, E — erythroid, mega - megakaryocyte
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Lymfocyty se objevuji v krevnim ob&hu plodu relativné pozd¢ a stavaji se pln¢ funkénimi az
meésice po narozeni. V prub€hu téhotenstvi dochazi k indukci autotolerance, pozitivni

a negativni selekci, ale definitivné je specificka buné¢nd imunita nastartovana az v raném
détstvi po kontaktu s faktory zevniho prostredi. Velmi diilezita je eliminace vysokoafinnich

autoreaktivnich T- a B-lymfocyt. Regulace tohoto procesu je vyznamna zejména v obdobi
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dramatickych zmén vlastnich struktur plodu a v obdobi zvys$ené apoptézy bunéénych populaci
v pribéhu prenatalniho Zivota [25-28].

Prekurzory lymfoidnich bunék, progenitorovych bunék T lymfocyt, se objevuji ve
Zloutkovém vacku a jatrech plodu kolem 7. gestaéniho tydne. Poté postupné piebira funkci na
tvorbé T lymfocyta kostni dien. V 15. tydnu t€hotenstvi migruji progenitory T lymfocytd —
prothymocyty, do vyvijejiciho se thymu (jeho zdklady je mozné detekovat jiz od 6. tydne
gestace, ale definitivni struktury nabyva aZ kolem 18. gesta¢niho tydne). Prothymocyty nesou
pan T lymfocytarni znaky CD3 a CDS5 a zadinaji exprimovat CD4, CD8 markery a T buné¢ny
receptor (TCR). Po probé&hnuti rekombinace geni kodujicich TCR (nejprve geny pro TCRbeta
a TCRdelta, poté prob&éhne pieskupovani genii pro lehké fetézce TCRalfa a TCRgama),
dochazi k procesim negativni selekce (eliminace autoreaktivnich klonti) a pozitivni selekce
(eliminace bun€k s nefunkénim TCR, neschopnym rozezniavat MHC proteiny a vazat je
s dostate¢nou afinitou). Zhruba 98% prothymocyti tak podléha v thymu apoptéze. Zbylé T
buniky — zralé lymfocyty, opoustéji thymus a usidluji se v sekundarnich lymfatickych
organech [25-28].

Na konci téhotenstvi je imunologickd rovnovaha vice naklonéna ve prospéch CD4+
lymfocytii a pomér CD4+/CD8+ se pak méni v prab&hu porodu. JelikoZ dosud nedo$lo k
setkani s antigeny zevniho prostfedi, vétSina lymfocytd ma zatim “naivni” charakter.
Exprimuji izoformy CD45, CD 45RA a CD45RB. Po stimulaci za¢nou novorozenecké T
bunky exprimovat CD45RO, ktery nachdzime na pamétovych bufikach. Velmi malé pocty
CD45RO pozitivnich bun¢k v krevnim ob&hu donosenych novorozenct poukazuji na zna¢né
omezenou antigenem podminénou expanzi T bun&k v obdobi ptfed narozenim. Tyto “naivni”
T lymfocyty maji také mensi schopnost proliferace po polyklonalni stimulaci. V porovnani s
dospélymi jedinci produkuji men$i mnozstvi cytokini (IFN-gama, 1L-4, IL-5), zejména lze

pozorovat nedostatek cytokind Thl skupiny. Proto je sniZena cytotoxick4 reaktivita namifena
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proti buiikam infikovanym virem, typicka pro novorozenecké obdobi. Také interakce s B
lymfocyty neni v raném novorozeneckém obdobi adekvétni. (T lymfocyty napfiklad v mensi
mife exprimuji CD40L).

Zajimavé je, 7e pupetnikova krev obsahuje i CD3-CD8+ lymfocyty vykazujici NK aktivitu.
Ty nikdy nebyly detekovany v periferni krvi dospélych a pravdépodobné reprezentuji

pfechodné stadium mezi thymocyty a zralymi T lymfocyty [26-28].

3. Modulace imunitni odpovédi v priubéhu téhotenstvi

Modulace imunitni odpovédi v prub&hu t€hotenstvi mezi matefskym imunitnim systémem

a imunitnim systémem plodu umoziiuje zdarny pribéh téhotenstvi. Ten zavisi na schopnosti
relativné dlouhodobé tolerance alogennich struktur imunitnim systémem matky, ktery
suprimuje cytotoxickou Thl bunéfnou odpovéd. Ta by vedla k odvrhnuti otcovskych
aloantigenu, které jsou souéasti zarode¢nych bunék. Také rovnovaha bunééné odpovédi Thl
versus Th2 je v téhotenstvi mirné pievazena ve sméru Th2. Stejn€¢ tak povSechna
imunoreaktivita embrya je vice smérovana ve prospéch Th2.

Navic placentarni produkce cytokinti pfispiva k modulaci matefské imunitni reakce a brani
“rejekei plodu™ [26-32]. V lidském organizmu miiZzeme vysledovat placentarni sekreci
zejména nésledujicich cytokint: IFN-alfa, IFN-beta, nizké hladiny TNF-alfa, IFN-gama.
Proto nachazime zvySené hladiny téchto cytokini v pupecnikové krvi novorozencii pfi
chorioamniotitidé. Vys$i hladiny nékterych cytokini (IL-8) nachdzime u novorozenci matek,
u kterych byla pfed porodem provedena indukce plicni zralosti plodu pomoci steroidi, nebo v
pupecnikové krvi novorozencii narozenych v endemickych oblastech parazitarnich

onemocnéni ¢i tuberkuldzy [26-32].
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4. Metody detekce autoreaktivnich T lymfocyti u T1D

Soucasné metody detekce T lymfocytt specifickych pro antigeny beta bunék pankreatu u T1D
nebyly dosud standardizovany. Vét$inou jsou zaloZeny na stimulaci lymfocyti specifickymi
diabetogennimi autoantigeny (GADG65, proinzulin, [A-2). Umoziuji kvantifikaci antigen
specifickych T bunék a na zékladé fenotypické a cytokinové analyzy oziejmeni kvality jejich

odpovédi na diabetogenni stimulaci [33-41].

4.1 Proliferacni testy
o Inkorporace’H thymidinu - antigenem stimulované T lymfocyty proliferuji
a inkorporuji tak do nové vytvoifené DNA ‘H thymidin
o Redukce intenzity CFSE (5,6-carboxylfluorescein diacetate succinimidyl ester) - pied
stimulaci jsou ozna¢eny vSechny buiiky CFSE. U proliferujicich bunék fluorescence
klesa. Mira fluorescence a povrchové markery T bunék se stanovuji za pomoci
pritokové cytometrie (FACS).
Tyto testy jsou pomémé jednoduché, vzhledem k nizké senzitivité maji v8ak spiSe historicky
vyznam. Nejsou schopny detekovat efektorové T lymfocyty produkujici cytokiny, které maji
nizkou proliferaéni schopnost, ¢i neproliferujici chronicky stimulované T buiiky nachylné

k replikaCni senescenci [33, 34].

4.2 Stanoveni aktivaénich markerd, které exprimuji antigenem stimulované T lymfocyty
(zastoupeni CD4+ bun&k se znaky CD69+ a CD25+™8" pomoci priitokové cytometrie (FACS).
Pfi stanoveni intracelularnich cytokina jsou buriky kultivovany s antigenem za pfitomnosti
inhibitord bunééné sekrece a cytokiny akumulované v buiikich jsou po permeabilizaci

detekovany pomoci znacenych protilatek [33, 34].
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4.3 Stanoveni produkce cytokinu

ELISA (Enzyme-linked Immunosorbent Assay) umoznuje kvantitativni stanoveni
produkce cytokintl. Podstatou je reakce antigenu s protildtkou. Primarni protilatka je
zde navazana na pevné fazi (na dné jamky, vétSinou 96 jamkové desticky), po reakci
s antigenem vzorku je nadbyteCny antigen odstranén a poté je priddna sekundarni
detek¢éni protilatka snavazanym enzymovym substraitem a vzniklda barevna
enzymaticka reakce je nasledné zméfena. Metoda je velmi jednoduchd, nicméné
postrada dostate¢nou neptinasi informaci o frekvenci cytokiny produkujicich bunék

a neumoznuje rozliSeni mezi malym poctem bun€k produkujicich velkda kvanta
cytokind a velkym poétem bunék produkujicich jen cytokiny jen v omezené
mife.Vyhodou je dostatecna specifita, senzitivita i reprodukovatelnost a umoznéni
detekce proteinti vyskytujicich se ve vzorcich ve velmi nizkych koncentracich.
Pomérmné zrychleni a usnadnéni metody nabizi také vyuZiti tzv. kitd Instant ELISa, kde
jsou jiz standardy (vici kterym se vztahuji vysledky méfeni) pfedem nafedény

a naneseny na dno jamek v prvnich dvou sloupcich desti¢ky [33,34].

HRP-Linked Antibody _
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Sandwich Elisa

Schéma 2: ELISA (zdroj: www. newenglandbiolabs.de)
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ELISPOT (Enzyme-linked Immunosorbent Spot) funguje na principu ELISy, ale
detekuje pfimo T lymfocyty produkujici dany cytokin. Na pevné fazi jsou naneseny
primarni protilatky, po pfidani nastimulovanych bunék produkujicich hledany cytokin
a promyti jsou pak pfidany detek¢ni protilatky s navdzanym enzymem, po navazani
chromogenu lze pak zjistit pocet tzv. spoti (mist, kde dany T lymfocyt produkoval
dany cytokin), a to bud’ pod inverznim mikroskopem, ¢i automaticky pomoci
ELISPOT readeru, a provést kalkulaci procenta bun€k produkujicich dany cytokin.

Tato metoda je vysoce senzitivni [33,34].
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Schema 3: ELISPOT @drgj. www. protocoi-onine. org
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Protein microarray je semikvantitativni metoda, kterd je dostateéné senzitivni,
nepfili§ draha, kterd umoziiuje simultanni detekci stovek proteind v riznych
biologickych vzorcich. Membrany z nitrocelulézy jsou potaZeny primarni protilatkou
proti riznym proteinim (napf. cytokinim). Je-li ve zkoumaném vzorku obsaZen
hledany protein (cytokin), vaze se na presn¢ uréené misto na membrané na navazanou
primarni protilatku. Poté pfidavame smés sekundarnich protilatek zna¢enych biotinem.
Signal je pak zesilen vazbou streptavidinu konjugovaného s kienovou peroxidazou

(HRP) [33-35] (www.raybiotech.com).”

Array support YYY‘ 'Y p%
———— t ¢
YYvsy

engvalld U ¥ ¢ L -
55'?"".’
YY

Labeled- 2 0 0 ©

peled ¢
streptavidin &9&\,@
YYY
!

Schéma 4: Protein microarray
(zdroj: www.raybiotech.com)

'
im

\

|11

21



Cytokiny pupecnikové krve a riziko vzniku T1D

Antibody array umoziuje simultdnni kvantitativni stanoveni koncentrace mnoha
cytokind. Spojuje v sobé vysokou senzitivitu a specifitu ELISy a celistvost

a multiplexovy format arraye. Vyuziva se paru specifickych protilatek proti cytokinim
jako u standardni ELISY, primarni protilatka nanesena v kvadruplikatu vaze cytokin
k pevné tazi, sekundarni protilatka znacena biotinem umoznuje detekci jednotlivych
cytokini po piidani komplexu znaceni Alexa555 se streptavidinem. Vysledny signal
se detekuje pomoci laserového scanneru. Lze provést detekci az 64 vzorka zaroven.
Antibody array je osmdesatkrat efektivn€j$i nez tradiéni ELISA a lze ji vyuzit i pfi
limitovanych objemech vzorku. Stanoveni jednotlivého cytokinu je pii jejich

simultanni detekci také méné nakladné (www.raybiotech.com).

Flow cytomix je op¢t metoda na principu sendviCové imunoassaye. Na povrchu
partikuli o rizné velikosti jsou navazany protilatky proti jednotlivym cytokinim, po
navazani cytokinu ze vzorku je pfiddna sekundarni protilatka znacenad biotinem, na
ktery se vaze streptavidin s fykoertytrinem. Detekce je pak umoznéna pomoci
pritokové cytometrie. Jednd se o kvantitativni metodu, kterd umoznuje simultanni
stanoveni aZ 20 rGznych proteint. Metoda je pomérné¢ rychld a senzitivni [36]

(www.lucerna.chem.ch).
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Schéma 5: Flowcytomix (zdrgj: www.lucerna-chem.ch)
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Luminex umoziuje kvantitativni stanoveni az 100 cytokind najednou i ve vzorcich o
velmi malém objemu. Principem jsou partikule potaZené protiladtkou, uvniti kazdé
partikule je definovand smé&s dvou fluorescen¢nich barev v rizném poméru, ktery
urcuje specifitu partikule. Cytokin obsazeny ve vzorku se véaze na protilatku na
povrchu partikule, poté je pridana fluorescencné znacena sekundarni protilatka.
Detekce pak probiha v kyveté, kudy prochazeji jednotlivé partikule, a kde je po
excitaci Cervenym laserem zjisténo spektrum specifické pro danou partikuli, poté je
zelenym laserem detekovéna fluorescence zplisobena vazbou sekundarni protilatky.
Tato metoda je vysoce senzitivni a relativn€ nendrotna na dcas [37,38]

(www.lucerna.chem.ch).

100 Unique Beads Dual Laser Detection Luminex® 100 Instrument

-

Two fuorescent dyes are combined in As each bead flows through a cuvette in
varying amounts to create 100 beads with single file, 3 red laser detects the identity
unique fluorescent spectra. Each bead of the bead. Simultaneously, a second
can be linked to 3 unique substrate or green Laser quantifies the fluorescence
capture antibody associated with analyte bound reporter
The analyte being measured is unique 10 )
that bead set Schéma 6: Luminex

(zdroj: www.lucerna-chem.ch)
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4.4 Specificka vazba TCR a MHC I1.

Tetramerovd analyza — tetramer vazanych rekombinantnich MHC II. s navazanym
specifickym peptidem, s kterymi interaguji antigen specifické T lymfocyty. Vazbou
s tetramerem jsou T burky fluorescenéné oznaceny a posléze detekovany pomoci priutokové
cytometrie (FACS). Metoda umoziuje identifikaci i funkéné silentnich specifickych T bunék.

Nicméné limitaci zlistaiva pomérné nizka senzitivita [34,39].

Schéma 7: Tetramerova analyvza
(zdrgj: www.microbiology.emory.edu)

5. Cile prace

Dle naseho nejlepsiho védomi, vyjma nase dosavadni studia, nikdo dosud nepublikoval
prdci zabyvajici se imunoreaktivitu proti autoantigeniim u naivniho imunitniho systému
novorozence. Nova zjisténi by mohla prispét k dalSimu porozuméni T1D patogeneze. Proto
jsme se pomoci protein microarray rozhodli studovat produkci cytokinit a chemokini

(bazdlni a po stimulaci diabetogennimi autoantigeny) mononukledry pupecnikové krve.
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6. Metody

6.1 Soubor

Nase studie zahrnuje 22 novorozenct s diabetickym rodi¢em [s diabetickou matkou (17/22),
s otcem diabetikem (3/22) a par dvojcat s obéma rodi¢i diabetiky] a 15 novorozenct (kontrol)
s negativni rodinnou anamnézou autoimunitnich chorob (Diagram 1). Zadna z matek netrpéla
jinym imunitné podminénym onemocnénim (jiné autoimunity, alergie, astma, imunodeficit).
Vsichni novorozenci se narodili v terminu a to z fyziologickych t&€hotenstvi bez jakychkoliv
perinatalnich komplikaci. Cetnost porodil per vias naturales a cisafskym fezem byla v obou
skupinach shodna. Pro nasi studii byly vybrany diabetické matky s dobrou compliance

a kontrolou diabetu v priib&hu celého t€hotenstvi. VSechny byly sledovany na Interni klinice
2. lékaiské fakulty UK v Praze, soucasti kontrol bylo pravidelné stanovovani glykovaného
hemoglobinu (HbAlc) - s normalnimi vysledky. K ovéfeni moZnosti kontaminace
pupecnikové krve matefskymi mononukleary jsme kratce po porodu (do 4 hodin) odebrali

vzorky periferni krve u 6 diabetickych matek a 4 matek z kontrolni skupiny.

Diagram 1: Studovany soubor

Soubor
n=37

1 1

TIDR Kontroly
n=22 n=15
| 1
T1D matka T1D otec oba rodi¢e T1D
n=17 n=3 n=2

(dvoj&ata)
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Nase studie byla schvalena etickou komisi a vdechny matky podepsaly pfed odbérem vzorkl

informovany souhlas.

6.2 Izolace mononukleiarnich bunék a stimulace

Ve vSech in vitro experimentech jsme pouzivali mononuklearni buiiky pupecnikové krve
(CBMC), mononukleary periferni krve (PBMC) v pfipad€ matek. Odebirali jsme priblizné 5-8
ml pupecnikové krve a 10-15 ml matefské periferni krve. CBMC (PBMC) jsme zizolovali
z plné krve za pouziti Ficollové hustotni gradientové centrifugace (Amersham Biosciences,
Uppsala, Svédsko). 2 x 10° &erstvé zizolovanych CBMC/PBMC jsme resuspendovali v 1 ml
RPMI-1640 média doplnéného 20% fetdlnim telecim sérem (FCS), L-glutaminem (10 ul/ml
200mM L-glutamin) a penicilin-streptomycinem (1 ul/ml PNC a 1 ug/l streptomycin; vSe
Sigma, St. Louis, U.S.A.) a kultivovali s diabetogennimi autoantigeny.

Buiiky jsme stimulovali smési nasledujicich autoantigenti: GAD65-peptidy (Dept. of Medical
and Physiological Chemistry, University of Uppsala, Uppsala, Svédsko); IA-2 a a.a. B
proinzulinového fetézce (Sigma, St. Louis, U.S.A.). VSechny autoantigeny byly pouzity
v koncentraci lug na 10° bun&k (Tab. 4). Vyb&r a koncentrace autoantigeni, stejnd tak
mnozstvi testovanych PBMC, byly zvoleny na zdkladé doporu¢eni Immunology of Diabetes

Society (IDS).
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Tab. 4 Autoantigeny pouZité ke stimulaci CBMC/PBMC

autoantigen mol. hmotnost

GAD a.a. 247-279 (NMYAMMIARFKMFPEVKEKGMAALPRLIAFTSEE-OH) | 3823,7

GAD a.a. 509-528 (IPPSLRTLEDNEERMSRLSK-OH) 2371,7
GAD a.a. 524-543 (SRLSKVAPVIKARMMEYGTT-OH) 2238,7
IA-2 a.a. 853-872 SFYLK(Nleu)VQTQETRTLTQFHF 2489
a.a. p proinzulinového fetézce 9-23 SHLVEALYLVCGERG 1645

Cést bun&k jsme vyuzili pro pozitivni [CBMC/PBMC + 10 ug fytohemaglutininu (PHA;
Sigma, St. Louis, U.S.A)) na 10° bungk] a negativni kontrolu (CBMC/ PBMC pouze
v kultivaénim médiu). Supernatant ziskany po 72 hodinach stimulace (37 C, 5% CQO,) jsme
zamrazili (- 20°C) a pozdgji vyuzili pro protein microarray. Buiikky pak byly pouzity pfi
ELISPOTu.

Stimulovali jsme také CBMC novorozence s matkou diabeti¢kou a kontrolniho novorozence
za podminek rozdilnych koncentraci glukézy v médiu. V RPMI médiu je standardni
koncentrace glukozy 11,1 mmol/l, pfidanim glukézy, nebo naopak nafedénim jsme docilili
zmén koncentrace. Buriky jsme pak vystavili stimulaci diabetogennimi antigeny (koncentrace
lug na 10° bunék, celkové doba stimulace 72 hodin, 37 C, 5% CO;) v médiu s riiznou
koncentraci glukézy 8,11 mmol/l, 11,11 mmol/l, 16,11 mmol/l a 21 mmol/l po riiznou dobu
(2, 24, ¢i 72hod) (viz Tab. 5). K negativnim kontrolam, za stejnych podminek sloZeni média,
nebyla pfidana smés autoantigenti. Finalni supernatanty byly zamrazeny (- 20°C) a pozdéji

zanalyzovany za pouZiti protein microarray.
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AG ano — stimulace autoantigeny, AG ne — negativni kontrola

kone. glukosy 1

¢as pusobeni 1

konc. glukosy 2

¢as pisobeni 2

vzorek (mmolll) (hod) (mmol/l) (hod) 46
DCBD 1 normal 11,11 72 - - ne
DCBD 2 normal 11,11 72 - - ano
DCBD 3 nizka 8,11 72 . - ne
DCBD 4 nizka 8,11 2 normal 11,11 70 ne
DCBD 5 nizka 8,11 2 normal 11,11 70 ano
DCBD 6 | sti. vysoka 16,11 72 - - ne
DCBD 7 | stf. vysoka 16,11 72 - - ano
DCBD 8 vysoka 21,11 2 normal 11,11 70 ne
DCBD 9 vysoka 21,11 2 normal 11,11 70 ano
DCBD 10 vysokd 21,11 24 normal 11,11 48 ne
DCBD 11 vysoka 21,11 24 normal 11,11 48 ano
DCBD 12 vysoka 21,11 72 - - ne

6.3 Protein microarray

Pro protein microarray jsme pouzili komeréni kity a postupovali dle instrukci vyrobce

(RayBiotech, Norcross, U.S.A.).

Chemiluminiscenci jsme detekovali pomoci Fuji LAS1000 imaging system (Fuji, Tokyo,

Japonsko) a poté analyzovali AIDA softwarem (Advanced Image Data Analyzer, 3.28;

Raytest Izotopenmessgeraete, Straubenhardt, Némecko). Ziskané obrazky jsme pak editovali

dle 8-bitové mapy stupiit Sedi. Vysledky jsme dle doporuceni vyrobce stanovovali

v procentech intenzity signdlu. Membrany jsme porovnavali mezi sebou, hodnoty pozitivnich

kontrol jednotlivych membran dosahovaly 100% intenzity, tudiz nebyla nezbytna dalsi

transformace.

Detekovali jsem produkci 23 cytokint a chemokinti viz Tab. 6. Detekéni limity jednotlivych

cytokini jsou volné dostupné na webovych strankach vyrobce (www.raybiotech.com).
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Tab. 6 Pomoci protein microarray jsme detekovali ndsledujicich 23 cytokinii a chemokinii

cytokin cely nazev detekéni limit
(pg/ml)
GM-CSF Granulocyte/Macrophage Colony-Stimulating Factor 100
G-CSF Granulocyte Colony-Stimulating Factor 2000
'GRO Growth Regulated Protein 1000
GROalfa Growth Regulated Protein alfa 1 000
IL-1 Interleukin 1 1 000
IL-2 Interleukin 2 25
IL-3 Interleukin 3 100
IL-5 Interleukin 5 1
IL-6 Interleukin 6 1
IL-7 Interleukin 7 100
IL-8 Interleukin 8 1
IL-10 Interleukin 10 10
IL-13 Intetrleukin 13 100
IL-15 Interleukin 15 100
IFN-gama Interferon gama 100
MCP-1 Monocyte Chemoattractant Protein 1 3
MCP-2 Monocyte Chemoattractant Protein 2 100
MCP-3 Monocyte Chemoattractant Protein 3 1 000
MIG Monokine-induced by Interferon gama 1
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RANTES Regulated upon Activation Normal T cell Expressed 2000

and Secreted

TGF-beta Transforming Growth Factor-beta 200
TNF-alfa Tumor Necrosis Factor alfa 10
TNF-beta Tumor Necrosis Factor beta 1 000

6.4 ELISPOT (Enzyme-linked Immuno-sorbent spot)

U jednoho z T1DR novorozenci jsme sledovali zmény v produkcei cytokinid CBMC po 3, 6

a 10 dnech diabetogenni stimulace (stimulace jednotlivymi autoantigeny a smési vSech
autoantigenti v koncentraci lug na 10° bungk, 37 C, 5% CO,). Pomoci ELISPOTu (Mabtech
AB, Nacka Strand, Svédsko) jsme dle instrukci vyrobce stanovili produkci nasledujicich
cytokint: IL-10, 13 a IFN-gama.

Déle jsme ELISPOT vyuzili ke stanoveni produkce I1.-6, IL-13 a IFN-gama u CBMC jednoho
TIDR novorozence a jednoho kontrolntho novorozence. Jejich CBMC byly po 3 dny
stimulovany (37 C, 5% CO,) jednak smé&si diabetogennich autoantigenti (v koncentraci lug na
10° bunek), jednak referenénim kmenem Escherichia coli CCM 4751 (E. coli) z Narodni
sbirky typovych kultur ze Statniho zdravotniho tstavu (SZU) v koncentraci 10 ug na 2 mil
bungk (CFU = 107 bunék/ml).

Spoty byly odefitiny a vyhodnoceny za pouziti LUCIA programu (Laboratory Imaging,

Praha, Ceska republika).

6.5 Polymerizova fetézova reakce (PCR)
V Laboratofi molekularni genetiky pii Pediatrické klinice, 2.LF UK a FNM byla provedena
kompletni HLA-DQA1 a DQBI1 genotypizace ke stanoveni genetického rizika rozvoje T1D

(Tab. 3) pomoci PCR za pouziti sekvence specifickych primert [21].
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6.6 Statistika

Pro v3echny testy byla zvolena hladina vyznamnosti p=0,05. Vysledky byly zpracovany za
pouziti statistického softwaru SPSS 14.0 a SPSS 15.0 for Windows (SPSS Inc., Chicago,
[llinois, U.S.A).

Bazalni produkce

Cilem studie bylo zjistit, zda existuje rozdil mezi bazilni cytokinovou produkeci
mononuklearti pupecnikové krve T1DR novorozencii a kontrol. JelikoZ nékteré proménné
nevykazuji normalitu rozdéleni, byl k porovnani obou skupin pouzit Mann-Whitney U test.

Bazalni produkce versus produkce po stimulaci

Byl pouzit Wilcoxontv test. Test byl uvaZovan pro kazdou skupinu zvIast.

Rozdil reaktivity po stimulaci u T1DR v porovndni s kontrolami

Vypocitali jsme rozdily mezi bazalnimi hladinami a hladinami cytokind po stimulaci a tyto
rozdily porovnali mezi obéma skupinami za pouziti neparametrického Mann-Whitney U testu.

T1DR dvojcata s obéma diabetickymi rodici:

JelikoZ se jednalo o malou kohortu porovnavanou s nehomogenni skupinou ostatnich T1DR
novorozencti, nemohli jsme vypocditat hodnotu statistické vyznamnosti. Pro porovnani byly
vypoc&itany primérné hodnoty vSech cytokini ve skupiné TIDR bez dvoj¢at. Byl stanoven
interval, ve kterém lezi 95% jednotlivych hodnot pro kazdy cytokin u skupiny TIDR bez
dvojcéat (pramér +/- 2SD). K porovnani reaktivity po specifické stimulaci byl u dvojcat

a vTIDR populaci bez dvoj¢at stanoven rozdil mezi bazalnimi hladinami a hladinami
cytokinl po stimulaci.

Sekrece cytokinii u matek v porovndni s jejich novorozenci:

Porovnali jsme bazilni produkci cytokini CBMC a matefskych PBMC za pouziti

Wilcoxonova testu. Korelace mezi matefskou produkei regulacnich cytokint IL-10, TGF-beta
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a Th2 cytokinu 1L.-13 a neonatalnim cytokinovym profilem byla méfena pomoci Spearmanova
koeficientu korelace.

Sekrece cytokinu u T1D matek v porovndni se zdravymi matkami:

Mezi obéma skupinami matek byly porovnany hladiny cytokint za pouziti Mann-Whitney U
testu.

Sekrece cytokinii u T1DR novorozencii s nizkym versus vysokym genetickym rizikem rozvoje

T1D:
Mann-Whitney U test a Wilcoxonliv test byly pouzity ke stanoveni rozdilu mezi bazalni

produkei a produkeci cytokini po stimulaci mezi obéma skupinami T1DR.

I1I.

1. Vysledky HLA typizace — stanoveni ,,genetického rizika“

Devét T1DR novorozenct v na$i studii vykazovalo genotyp ,,s velmi vysokym ¢i vysokym
rizikem rozvoje TID* (Tab. 3). Zbytek TIDR populace nesl genotyp s ,,nizkym nebo
primérnym rizikem rozvoje T1D“. BohuZel dvoj¢ata s obéma rodi¢i diabetiky nebyla

vySetfena, vzhledem k odmitnuti HLA-typizace rodi¢i. (Diagram 2)
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Diagram 2: Vysledky HLA typizace v TIDR populaci — stanoveni ,genetického rizika“

rozvoje TID

T1DR
n =22
1 1
Velmi vysoké a vysoké Nizké a prumérné Genotyp neznamy
riziko rozvoje T1D riziko rozvoje T1D =2
n=9 n=11 (dvojcata s obéma rodici
s T1D)

2. Vysledky protein microarray — reakce na diabetogenni a polyklonalni

stimulaci

2.1 Bazalni produkce

Ve skupiné T1DR novorozencu jsme pozorovali niz$i bazalni produkci vSech detekovanych
cytokinii. Rozdily byly statisticky signifikantni v pfipadé nasledujicich cytokini: GM-CSF
(p=0,025) (Obr. 1a), GRO (p=0,002) (Obr. 1b), GROalfa (p=0,027), IL1-alfa (p=0,051) (Obr.
Ic), 1L-3 (p=0,008) (Obr. 1d), IL-7 (p=0,027) (Obr. le), IL-8 (p=0,042), MCP-3 (p=0,022),

MIG (p=0,034) a RANTES (p=0,004) (Obr. 1).
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o

Obr. 1 Bazilni produkce: U T1DR jsme pozorovali niz8i bazalni produkci viech

detekovanych cytokint, napt. Ia GM-CSF (p=0,025), 1b GRO (p=0,002), Ic IL1-alfa

(p=0,051), Id IL-3 (p=0,008), 1e IL-7 (p=0,027), If RANTES (p=0,004)
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2.2 Bazalni produkce versus produkee po stimulaci
U kontrolni skupiny jsme po stimulaci v porovnani s bazalnimi hodnotami pozorovali niZsi

hladiny vyhradné u G-CSF (p=0,03) (Obr. 2a) a GROalfa (p=0,041) (Obr. 2b).

Obr. 2 Bazdlni produkce versus produkce po stimulaci
U kontrolni skupiny jsme po stimulaci v porovnani s bazalnimi hodnotami pozorovali niZ3i

hladiny: 2a G-CSF (p=0,03) and 2b GROalfa (p=0,041)

G-CSF - bazdlni produkce versus produkce po GRC alfa - bazalni produkce versus produkce po
stimulaci o kontrol wh e stimulaci u kontrol @
42J Obr.2a 46| obr. 2b
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2.3 Rozdil reaktivity po stimulaci u TIDR v porovnini s kontrolami

V kontrolni skupiné byl po stimulaci pozorovan signifikantni pokles v produkei G-CSF na
rozdil od vzestupu produkce cytokinii po stimulaci v T1DR skupin& (p=0,030) (Obr. 3a). Déle
jsme u kontrol vidéli postimulaéni pokles MCP-2, zatimco v TIDR skupiné nenastala po

stimulaci témér Zadnd zména v produkci tohoto cytokinu (p=0,009) (Obr. 3b).
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Obr. 3 Rozdil reaktivity po stimulaci u TIDR v porovndni s kontrolami: 3a v kontrolni
skupin¢ byl po stimulaci pozorovan signifikantni pokles G-CSF narozdil od vzestupu
produkce cytokinti po stimulaci v T1DR skupiné (p=0,030)

3b U kontrol do$lo po stimulaci k poklesu MCP-2, zatimco v TIDR nenastala po stimulaci

W W

téméf zadna zmeéna v produkei tohoto cytokinu.(p=0,009)

Rozdil G-CSF produkce po stimulaci o T1OR v porovnani Rozdil MCP-2 preodukce po stimulaci u TIDR v porovnani
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2.4 Sekrece cytokini po nespecifické polyklonailni stimulaci
Po polyklonédlni simulaci fytohemaglutininem byl pozorovan vzestup v produkci v3ech
sledovanych cytokini, a to u obou skupin novorozenci. CBMC u T1DR byly trochu méné

reaktivni, nicméné rozdil mezi skupinami nebyl signifikantni.

2.5 Stimulace CBMC vystavenych rizné koncentraci glukézy v kultivaénim médiu.

Nebyl pozorovan zadny signifikantni rozdil v produkci jednotlivych cytokint, a to jak u
T1DR novorozence, tak u kontrolnich CBMC. Nicméng slou¢ime-li jednotlivé cytokiny do
skupin, poté I1ze po diabetogenni stimulaci u kontrol vysledovat sniZzeni produkce cytokint
skupiny Thl (IFN-gama, IL.-2, TNF-beta) a ristovych faktort (IL-3, GCSF, GM-CSF) pii

vysSich koncentracich gluk6zy v médiu oproti burikam kultivovanym ve standardnim médiu.
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U T1DR pak pozorujeme vzestup bazalni produkce chemokint (IL-8. MCP-1, 2, 3, MIG,
RANTES) pii vysSich koncentracich glukézy oproti standardu. Nicméné dana pozorovani je

tfeba ovéfit na vétsim souboru.

2.6 Sekrece cytokinii u TIDR s diabetickou matkou versus T1D otcem
Nebyl pozorovan statisticky vyznamny rozdil v hladinach cytokint (bazalnich i po stimulaci)
ve skupiné novorozenct s diabetickou matkou v porovnani s novorozenci s otcem diabetikem.

Nicméné skupina novorozencu s diabetickou matkou byla podstatné vetsi.

2.7 T1DR dvoj¢ata s obéma diabetickymi rodici

Jelikoz byla porovnavana jen velmi mala kohorta s nehomogenni skupinou ostatnich T1DR,
nasledujici unikatni vysledky nejsou statisticky vyznamné, nicméné je povazujeme za velmi
zajimavé. Ob€ dvojcata s diabetickymi rodi¢i méla vy3si bazalni hladiny vSech detekovanych
cytokinii v porovnani s primémymi hodnotami cytokind u ostatnich TIDR novorozencu
(Obr. 4).

Po stimulaci jsme u dvojcat pozorovali vzestup v produkei IL-6 v porovnani s ostatni TIDR
populaci, kde byl pozorovan spiSe pokles. Naopak MCP-1 po stimulaci u dvojcat poklesl,

zatimco u ostatnich T1DR doslo k mirnému vzestupu produkce tohoto cytokinu.
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Obr. 4 TIDR dvojcata s obéma diabetickymi rodici: Obé dvojcata méla vyssi bazalni hladiny

vSech detekovanych cytokint v porovnani s primérnymi hodnotami cytokinti u ostatnich

T1DR
Obr. 4 Bazalni produkce cytokind u T1DR dvojéat v porovnani s ostatni T1DR populaci ~
100 - - . S U — e ———————————ne- e S — — - -
80 - o o
% 60 - o A El 4 « dvojte A
A i m} | O dvojie B

8 n| W
£ 17 % 28§ igig g 2589 2 g 2 T 232 A primér TIDR

0 — ; —— L — . ———

GCSF GROalfa L3 L7 IL13 MCP1 MG TNFalfa
cytokin/chemokin

2.8 Sekrece cytokinii u matek v porovnani s jejich novorozenci

K vylouCeni piipadné kontaminace matefskymi PBMC jsme porovnali bazalni CBMC
produkci cytokinii s produkci matefskych PBMC (ziskanych kratce po porodu). Bazalni
produkce cytokin byla vy38i u vSech testovanych matek v porovnani s jejich novorozenci.
Rozdil byl statisticky vyznamny v pfipadé IL-10 (p=0,010), GRO (p=0,010), GROalfa

(p=0,010), MCP-2 (p=0,020) a MCP-3 (p=0,023) (viz napf. IL-10 - Obr. 5).

Neprokazali jsme Zadnou korelaci mezi produkci matefského IL-10 a produkci cytokint u
novorozencti. Pozorovali jsme ale vyznamnou pozitivni korelaci mezi vysokymi hladinami
TGF-beta u matek a vysokymi hladinami IL-15 (r=0,886, p=0,019), IFN gama (r=0,841,
p=0,036) a TGF-beta (r=0,943, p=0,005) u jejich novorozencii. Pozitivné koreluji i vysoké
matefské hladiny IL-13 s novorozeneckym IL-7 (r=0,659, p=0,038) a negativn¢ pak vysoké
IL-13 matek snizkymi GM-CSF a RANTES (r=-0,671, p=0,034, respektive r=-0,736,

p=0,015) novorozence.
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Obr. 5 Sekrece cytokinit u matek v porovndni s jejich novorozenci:
bazélni produkce cytokinit byla vy$si u vSech testovanych matek v porovnani s jejich

vlastnimi novorozenci — viz napfiklad IL-10 (p=0,010)

Ont-8 IL-10 u matek v porovnani s jejich novorozenci mmatka o CBMC
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2.9 Sekrece cytokini u T1D matek v porovnani se zdravymi matkami

V porovnani se zdravymi matkami, bazalni hladiny IL-6 (p=0,038) a IL-15 (p=0,019) se
signifikantné liSily od bazalnich hladin téchto cytokinti u T1D matek. U zdravych matek jsme
pozorovali povSechné nizkou produkci vSech detekovanych cytokint. Imunologické spektrum
bylo mirn¢ pfevaZeno na stranu Th2 odpovédi a zejména IL-13 byl pfed stimulaci jednim
z dominantnich cytokinii. Po stimulaci byl pozorovan vzestup v produkci IL-10. Diabeti¢ky
mély také nizké bazalni hodnoty, ale po stimulaci byl pozorovan vzestup u vétSiny
detekovanych cytokini — zejména IL-6, IL-10, IL-13 a IFN-gama. Nicméné tyto vysledky

nejsou statisticky signifikantni.

39




Cytokiny pupeénikové krve a riziko vzniku T1D

2.10 Sekrece cytokini u T1DR novorozenci s nizkym versus vysokym genetickym

rizikem rozvoje T1D. Ve skupin€ s vysokym rizikem jsme pozorovali signifikantné vyssi

bazalni hladiny G-CSF (p=0,038), GM-CSF (p=0,020) (Obr. 6) a GRO alfa (p=0,033)

v porovnani s T1DR novorozenci s nizkym rizikem rozvoje T1D.

Obr. 6 Bazdlni produkce cytokini u TIDR novorozencit s nizkym versus vysokym

genetickym rizikem rozvoje TID: Ve skupiné svysokym rizikem jsem pozorovali

signifikantné vyssi bazalni hladiny GM-CSF (p=0,020) v porovnani s TIDR novorozenci

s nizkym rizikem rozvoje T1D

Bazalni produkce GM-CSF u T1DR s vysokym versus
. _s nizkym rizikem rozvoje TAD
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Novorozenci s vysokym genetickym rizikem vykazovali po stimulaci vzestup cytokinové

produkce 1L-2 (p=0,020), IFN-gama (p=0,001) (Obr. 7a, 7b) a MCP1 (p=0,046) v porovnéni

s TIDR v nizkém riziku rozvoje T1D.
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Obr. 7 Reakce na stimulaci u TIDR s nizkym versus s vysokym genetickym rizikem rozvoje
TiD

7a Novorozenci s vysokym genetickym rizikem vykazovali po stimulaci vzestup cytokinové
produkce IL-2 (0,020) a 7b IFN-gama (0,001) v porovnani s TIDR v nizkém riziku rozvoje

T1D

Zmény v IL-2 po stimulaci u T1DR s nizkym versus vysokym rizikem Zmeny v IFN-gama po stimulaci u T1DR s nizkym versus
rozvoje T1D ____vysokym rizikem rozvoje T1D
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3. Vysledky ELISPOT - vliv délky stimulace na produkei cytokinii, reakce

na infek¢ni agens

3.1 Porovniani produkce cytokinii pri rozdilné délce diabetogenni stimulace

Produkce vsech sledovanych cytokinti (IFN-gama, IL-10, IL-13) byla maximalni po tfech
dnech stimulace smési diabetogennich autoantigent, pii del§i stimulaci pak procento
produkujicich bunék prudce klesa (Obr. 8). Naproti tomu v jamkach s nestimulovanymi

burikami (negativni kontrola) bylo dosaZeno nejvy$siho procenta bunék produkujicich I1L-10

a IFN-gama az po Sesti dnech (s naslednym poklesem produkce po deseti dnech), zatimco

produkce IL-13 byla maximalni po tiech dnech, s del8i dobou pak prudce klesa.
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Pfi stimulaci jednotlivymi autoantigeny byla detekovana pouze mala procenta produkujicich

bungk, jako nejveétsi stimulant se pfitom jevila celd molekula GADG65.

Obr. 8 Porovndni produkce cytokinit pri riizné déice diabetogenni stimulace

Produkce vSech sledovanych cytokinti (IL-10, IL-13, [FN-gama) byla maximalni po 3 dnech

stimulace smési autoantigenti.
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3.2 Stimulace diabetogennimi autoantigeny versus stimulace E. coli

Procento produkujicich bun€k se po stimulaci E. coli odli$ovalo v porovnéni s diabetogenni
stimulacf 1 negativnimi kontrolami. CBMC T1DR novorozence také reagovaly nejvice na
diabetogenni stimulaci, vysoka byla i bazalni produkce 1L-6 a IL-13. CBMC kontrolniho
novorozence vykazovaly po stimulaci E. coli zvy$enou produkci IL-6, produkee ostatnich

cytokinil byla pomé&rné mala v porovnani s TIDR novorozencem (Obr. 9 a, b).
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Obr. 9 Stimulace diabetogennimi autoantigeny versus E. coli — rozdilna produkce cytokint
9a T1DR reaguji zejména na diabetogenni stimulaci, vysoka byla i bazalni produkce 1L-6
a [L-13.
9b U kontroly byla pozorovana zvy3end produkce 1L.-6 jakoZto reakce na stimulaci E. coli

AG — stimulace diabetogennimi autoantigeny, NK — negativni kontrola, bazalni produkce
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4. Diskuze

Vyvijejici se imunitni systém novorozence vétSinou nebyva vystaven vlivu zevnich faktord.
Piesto existuji studie poukazujici na vliv nejen infekce, ale i naptiklad nékterych faktori
zivotniho prostiedi na cytokinové spektrum pupeénikové krve (napiiklad koufeni u matky

v prubéhu téhotenstvi, zne¢isténé ovzdusi) [42].

V naSem souboru byl pozorovan signifikantni rozdil v imunitni odpovédi T1DR novorozenct
v porovnani s kontrolni skupinou.

Porovnani cytokinové produkce u T1DR poukdzalo na povSechné nizkou bazalni produkci
v8ech detekovanych cytokinil v této skupiné novorozencu. Jejich reakce na diabetogenni
stimulaci byla bud’to nizkda nebo zanedbatelnid. Nicméné tyto vysledky nejsou statisticky
signifikantni. Vzestup produkce po specifické stimulaci také nebyl pozorovan. Vlivem
nespecifické stimulace za pouziti fytohemaglutininu doslo u TIDR spiSe jen k mirnému
vzestupu cytokinové produkce na rozdil od reakce kontrolni skupiny. Nicméné zde nebyl
pozorovan statisticky vyznamny rozdil mezi obéma skupinami. Zda se, jako kdyby byl
imunitni systém TIDR novorozenct méné zraly a vice citlivy v porovnani s novorozenci

zdravych matek.
Prakticky muzeme vylouéit vliv zevnich faktort, zejména hyperglykémie u matky, infekce

a vlivy prostiedi. VSechna téhotenstvi byla fyziologicka a vSechny vybrané T1D matky byly
centralizovany v na§i nemocnici, s velmi dobrou compliance a kontrolou diabetu. Cetnost
porodu per vias naturales a cisaiskym fezem byla v obou skupinach shodna. VSechny matky
7ily v priibéhu t&hotenstvi ve velkych méstech a byly nekutadky. Zadna z nich netrpéla jinym

imunitné zprostfedkovanym onemocnénim (jind autoimunita, alergie, imunodeficit). Zda se
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také, Ze zde nehraje roli ani moznd regulace-suprese matefskym imunitnim systémem.
Naopak jsme pozorovali spife pozitivni vliv vysokych matefskych hladin regulacnich

cytokinii na cytokinové spektrum novorozence.

Devét z TIDR novorozencti bylo nositeli genotypu s ,,velmi vysokym nebo vysokym rizikem
rozvoje T1D“ | zatimco zbytek T1DR byl pouze v ,,nizkém nebo stfednim riziku rozvoje
T1D*. T1DR s rizikovym genotypem méli vyssi bazalni hladiny G-CSF, GM-CSF

a GRO-alfa a pozorovali jsme u nich inklinaci k postimula¢ni reakei v Th1 sméru — vzestup
IL-2, IFN-gama po diabetogenni stimulaci. Dle dosud publikovanych praci byl Thl
cytokinovy profil s vysokym [FNgama pozorovan v prediabetické fazi [13-15]. JelikoZ je T1D
polygennim onemocnénim, miZzeme zatim pouze spekulovat o eventudlnim budoucim rozvoji
T1D v nasi TIDR populaci, kterou hodlame dale sledovat. Pfedpokladali jsme, Ze genetické
riziko rozvoje T1D u kontrol koreluje s popula¢ni incidenci rizikového genotypu, proto u
kontrol HLA-typizace provedena nebyla.

Ve skupiné TIDR s diabetickou matkou jsme nepozorovali zadny vyznamny rozdil v
hladinach cytokind, at’ jiz bazalnich ¢i po stimulaci, v porovnani s novorozenci s otcem
diabetikem. Nicméné pocet novorozencii s diabetickym otcem byl velmi maly. VSechny
matky, diabeti¢ky, byly pravidelné kontrolovany v diabetologické ambulanci FN Motol a byly
piijaty na Gynekologicko-porodnickou kliniku FN Motol nékolik dni pfed porodem. BohuZzel
je obtizné ziskat pupeénikovou krev novorozence s diabetickym otcem, nebot’ matka je
vétSinou zcela zdrava, a tak porody nejsou zpravidla centralizovany.

Vsechny diabetické matky z nasi studie byly sledovany v pribéhu celého t€hotenstvi a jejich
hladiny HbAlc v poslednim trimestru gravidity byly normalni. Chtéli jsme ovéfit mozny vliv
hypo/hyperglykémie na CBMC a jejich cytokinovou produkci, proto jsme kultivovali CBMC
T1DR a kontrolniho novorozence za podminek rozdilné koncentrace glukézy v kultivaénim

médiu po rizné dlouhou dobu a provedli detekci cytokinové produkce (bazéalni i po
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diabetogenni stimulaci) pomoci protein microarray. Nepozorovali jsme zadny signifikantni
rozdil v produkci jednotlivych cytokint, a to jak u T1DR novorozence, tak u kontrolnich
CBMC. Po slougeni cytokinii do vétSich skupin, dle jejich prevazujici funkce (Thl, Th2,
chemokiny, rastové faktory),, pak bylo mozné po diabetogenni stimulaci u kontrol vysledovat
snizeni produkce cytokini skupiny Thl a ristovych faktorti pfi vy$Sich koncentracich
glukézy v médiu oproti standardnimu médiu. U T1DR pak pozorujeme vzestup bazalni
produkce chemokinl pfi vysSich koncentracich glukézy oproti standardu. Nicméné dana
pozorovani je tieba ovétit na vét§im souboru. Vliv piipadné hyperglykémie a ,,T1D prostfedi
in utero® na imunitni systém plodu a novorozence jsme tedy v na§em pfipadé povazovali za
zanedbatelny.

Meli jsme vyjimecnou pfilezitost vySetfit i cytokinové spektrum novorozenci, dvojcat
s obéma rodi¢i diabetiky. Produkce cytokinli a chemokini byla u obou dvojcat vyss§i neZ u
ostatnich T1DR. Rozdil v poststimula¢ni reakci mezi dvojéaty a zbytkem T1DR nebyl
signifikantni, TIDR skupina nebyla dostateéné homogenni a sledovana kohorta nebyla
dostateéné velka k validnimu statistickému zpracovani. Muzeme tedy pouze spekulovat o
tom, zda je cytokinovy profil nalezeny u dvoj¢at typem ,,rizikového vzorce™ a je potfeba oba
subjekty nadale sledovat. Vzhledem k nesouhlasu rodi¢d, nebyla u dvojcat bohuZel
provedena HLA-typizace, nicméné je znamo, Ze déti s obéma rodi¢i diabetiky maji vyssi
riziko rozvoje T1D vporovnani sdétmi se zdravymi rodi¢i ¢&i pouze jednim rodicem
diabetikem.

Vysledky pozorované u kontrol jsou v souladu s dosud publikovanymi studiemi cytokinového
spektra pupecnikové krve.

Naivni T lymfocyty maji malou prolifera¢ni schopnost po polyklonalni stimulaci v porovnani
s dospélymi. Produkuji také relativné malé mnoZstvi cytokinti, zejména IL-5 [26-29]. A& je

imunitni systém novorozence nezraly, k diabetogenni stimulaci mononuklearti pupe¢nikové
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krve stacilo 72 hodin stejné jako u mononuklearti periferni krve dospélych. Delsi stimulace
dle nasich vysledkii ELISPOTu vedla naopak k postupnému snizovani produkce sledovanych
cytokind. Dale jsme pomoci ELISPOTu ovérili, zda se nejednd jen o nespecifickou reakci
naivnich mononuklearii novorozence na diabetogenni stimulaci. Odpovéd’ na diabetogenni
stimulus se liSily od reakce na stimulaci bun¢k E. coli, stejné tak byly odlisné vysledky
protein microarray po polyklondlni stimulaci fytohemaglutininem v porovnani se stimulaci
autoantigeny, a to jak u T1DR, tak u kontrol. Vysledky ELISPOTu jsou viceméng pilotni

a budeme na né navazovat dal§im vyzkumem na rozsahlejSich souborech.

Dle na$eho nejlepsiho védomi nikdo mimo naSeho pracovisté dosud nepublikoval Zadna data
tykajici se imunoreaktivity vici diabetogennim autoantigenim u novorozence. Timto jsou
tedy naSe vysledky bazalni a poststimula¢ni cytokinové odpovédi T1DR unikatni. Nové
poznatky by mohly také pfispét k dal§imu pochopeni patogeneze T1D.

Kratce po porodu jsme odebrali vzorky periferni krve 6 diabetickych a 4 zdravych matek.
Chtéli jsme ovérit moznost zkresleni vysledkii daného eventudlni kontaminaci pupenikové
krve matefskymi mononukleary. Ve vSech piipadech byla ale bazalni cytokinova produkce
odlisna od té novorozenecké. U zdravych matek jsme pozorovali poviechné nizkou produkci
vSech detekovanych cytokind. Bazalni cytokinové spektrum bylo lehce pievaZzeno na stranu
Th2 odpovédi, zejména IL.-13 byl jednim z dominantnich cytokini. Toto je v souladu s dosud
publikovanymi pozorovanimi — dominance Th2 bunééné odpovédi, nizké hladiny cytokinii,
vzestup Thl cytokint a 1L-6 po nespecifické stimulaci ¢i jako reakce na stres [29-32, 43-45].
Po stimulaci jsme pozorovali vzestup produkece IL-10. Diabetick€é matky mély také nizkou
bazalni produkci cytokint, ale po stimulaci byl pozorovan vzestup u vétSiny detekovanych
cytokini — IL-6, IL-10, IL-13 a IFN-gama. Zda se, Ze by se mohlo jednat o znamku
hyperreaktivity imunitniho systému, ktery se stile snaZi pretlaCit vliv ,autoimunitnich Thl

cytokini“ a umoznit tak nekomplikovany priibéh vlastniho t€hotenstvi a porodu. Totéz bylo
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pozorovano i v t¢hotenstvich Zen s jinymi autoimunitami — zfetelny posun téhotenské Th2
buné&éné odpovédi ve prospéch Thl odpoveédi kratce po porodu. Pfi téhotenstvi je polarizace
imunitni odpovédi vice ve prospéch Th2, vyvazuje zvyraznénou Thl odpovéd’ u Thl
mediovanych autoimunit (revmatoidni artritida, systémovy lupus erythematosus, roztrouSena
skleroza). Timto zpisobem pak gravidita ovliviiuje (zmirfiuje) pfiznaky choroby a casto
dochazi i ke klinické remisi autoimunity [46-48].

Vysoké matei'ské hladiny regulaéniho TGF-beta pozitivné korelovali s vysokymi hladinami
IL-15, IFN-gama a TGF-beta novorozence a nebyl pozorovan zadny supresivni vliv vysokych
hladin tohoto cytokinu u matek na cytokinovy profil novorozence, jak by se dalo ofekavat.
Matetské hladiny IL-10 nemély zadny vyznamné;jsi vliv na hladiny cytokin{i u novorozence.
Vysoky IL-13 u matek u novorozenct potlatoval bazalni produkci GM-CSF a RANTES

a naopak zvySoval produkci hemopoetického rustového faktoru IL-7. Pfesto nesmime
zapominat na dilezitost komplexni spoluprace jednotlivych cytokinii v ramci celé cytokinové
sité.

Bazalni cytokinovy profil pupecnikové krve byl také studovan v ptipadech perinatalni

infekce, chronického plieniho postiZzeni u nezralych novorozenct (zvySené zanétlivé
cytokiny), astmatu a alergie (Th2 odpovéd’) a pro tcely transplanta¢ni imunologie

(napt. reakce $tépu proti hostiteli). Mononukleary pupecnikové krve byly také podrobeny
nespecifické stimulaci (fytohemaglutinin, bakterialni lipopolysacharid, enterotoxin) [49-51].
Je také popisovana horsi in vitro maturace a diferenciace T lymfocytt pupecnikové krve

v Th2 prostiedi a niZsi exprese n€kterych cytokinovych a chemokinovych receptord, a tedy
pomérné chaba indukce Th2 imunitni u T1DR novorozenct s ,rizikovym™ genotypem pro
vznik T1D, coz by mohlo eventualng prispét k budoucimu rozvoji autoimunity u téchto

jedinct [52].
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Nikdo ale mimo nasi studie dosud nepublikoval Zadn4 data tykajici se imunoreaktivity vici

autoantigeniim u novorozenct.

V.

1. Zaveér

Na§im vyzkumem bychom chtéli pfispét k nalezeni vhodného modelu pro dalsi studium
patogeneze T1D, ktery by pak v budoucnosti mohl slouZzit i v rdmei programl predikce a
¢asné diagnostiky, a to i u novorozenci. Nezbytné jsou dalsi studie na rozsahlejsich
souborech novorozencl. Zatim se zd4, Ze protein microarray by mohla byt pomé&mé¢ slibna
metoda ke zjiSténi rizikového vzorce buné¢né imunitni odpovédi T1D, a to i v raném véku,

coz je zasadni vzhledem k stdle ¢asnéj$i manifestaci T1D.
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Introduction

Abstract

Type 1 diabetes (T1D) is a great medical challenge and ics incidence rises rap-
idly. T lymphocytes and cheir 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-reactivicy which leads to f-cell damage. The
naive immune system of the newborn (not yet influenced by excernal factors)
can be used as an important model for T1D pachogenesis studies. Cord blood
samples of 22 healthy neonates born at term to a diabecic 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 the
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-o (P = 0.027), interleukin
(IL)-1-o0 (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 (RAINTES) (P = 0.004). Exclusively lower post-stimulative
levels of G-CSF (P = 0.030) and GRO-o (P = 0.04) were observed in controls
in comparison with the basal levels. A significanc post-stimulative decrease in
G-CSF (P = 0.030) and MCP-2 (P = 0.009) levels was observed in controls
in comparison with T1DR 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 pactern of the immune tesponse
for T1D also in newborns.

infilcration of Langerhans islecs and cyrokines are released
and stare supporting cycotoxic (Tc¢) lymphocytes-mediated

Type 1 diabetes (T1D) occurs mostly in children, teenagers
and young adults. The prevalence represents 2% of the
world population. The TI1D 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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Joutnal compilation © 2007 Blackwell Publishing Ltd. Scandinavian Journal of Immunology 66, 563571

descruction of f-islec cells [6, 7]. Due to chis progressive
damage, there is either insufficient or no production of
insulin, which leads o the first clinical signs of diabetes.
The manifestation of T1D usually occurs in situations
linked with a higher need of insulin, e.g. infection or
crauma buc the real triggers are not yet known [4, 8].
I[nterferon (IFN)-a [7, 8] and IFN-y [9] have been
observed on human pancreatic islets of Langerhans /7 vivo
in patiencs with recent-onset of T1D. Thl cytokine
profile with high IFN-y secretion has been found duting
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 potenc tool to recognize the early
signs of cellular auto-reactivity 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 lymphocytes have the ‘naive’
character as they have not yet been exposed to external
antigens. They express the CD45 isoforms, CD45RA
and CD45RB. By sctimulation, T cells of newborns
switch to the expression of CD45RO which is present
in memory T cells. The low numbers of CD4SRO cells
in term newborns suggest that very little anrigen-
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
subser of CD3™ CD8" lymphocytes displaying NK
activity that is undetectable in peripheral blood of
adules. These cells are supposed to be representing the
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 tole 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 sufficiencly sensitive and not too expensive
and enables deteccion of hundreds of
biological [23]. The
nicrocellulose membranes are coated with primary anti-
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.

simultaneous

proteins in different materials

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.

three diabetic fachers 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
term (average 38th gestational week) after physiological
pregnancies without any perinatal complication. The fre-
quency of labour per vias naturales and Caesarean section
was similar in both groups of mothers. Diabetic mothers
with good compliance and concrol of diabetes during rhe
whole pregnancy were chosen for our study. All of chem
were regularly checked by the diabetologist of the
Department of Internal Medicine, 2nd Medical Faculey of
Charles Prague,

(including HbAlc assessment

University, during cthe pregnancy
with normal resulcs).
Peripheral blood samples of six T1D mochers and four
healthy mothers were obtained shortly (within 4 h) after
cthe labour for further studies ro exclude the possibility of
cord blood contamination with macernal mononuclear
cells.

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

Polymerase chain reaction. Complete HLA-DQAI1 and
DQB1 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 i wvitro experiments,
peripheral blood mononuclear cells (PBMC) in case of the
mothers. 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 108
freshly isolated CBMC PBMC were resuspended in 1 ml
of RPMI-1640 medium supplemented wirh 20% feral
calf serum (FCS), L-glutamine (10 ul/ml 200 mum L-glu-
tamine) and penicillin—streptomycin (1 ul/ml PNC and
1 ug/l strepromycin; all purchased from Sigma, St Louis,
MO, USA) and

antigens,

informed consent was

cultivated with diabetogenic auto-

Cell cultures were stimulated with a mixcure of che
following autoantigens: GADGS peptides amino acids
(a.a.) 247-279 (NMYAMMIARFKMFPEVKEKGMAAL-
PRLIAFTSEE-OH), molecular weight 3823.7; a.a. 509—
528 (JPPSLRTLEDNEERMSRLSK—~OH), molecular weight
2371.7; aa. 524-543 (SRISKVAPVIKARMMEYGTT—
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,

© 2007 The Auchors
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Table 1 Genetic risk of TID developmenc

based on HLA-DQAl and DQB! geno- Generic risk

Criteria

typing.

Very high DQA1*05-DOB1*0201/DQB1*0302 bur NO coincidence wirh DRB1*0403
High DQA1*05-DQB1*0201 or DQBI1*0302 but NO coincidence with
DOB1*0602, 0301, 0603, DRBE1%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 WO coincidence wich DQB1*0302
and DQB1*0602
Very low DQB1*0602

USA). Each autoantigen was used in the concencracion of
1 pg 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, Notcross, 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 [zotopenmessgeraete,
Straubenhardt, Germany). All the images were edited in
the grey-scale 8-bit map. Results wete obtained accord-
ing to 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-CSP), granulocyte colony-stimulating
factor (G-CSF), growth regulated protein (GRO), growth
regulated protein-o (GRO-2), intetleukins (IL)-1, -2, -3,
-5, -6, -7, -8, -10, -13, -15, interferon-y (IFN-v), 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-8 (TGF-f), rturmnour necrosis factor-o
(TNF-¢) and tumours necrosis factor-f (TNE-f). Detec-
cion limits for cytokines are displayed on the manufac-
turer’s website (http://www.raybiotech.com).

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

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

© 2007 The Authors

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

(2) Basal production versus 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-stimulactive levels was
calculated and the differences between the two groups
were compared using non-parametric test — Mann—Whit-
ney U-test.

(4) TIDR rwins 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 T1DR 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
test 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 berween 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 TI1D 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 T1DR 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 TIDR neonates.

Journal compilation © 2007 Blackwell Publishing Ltd. Scandinavian Journal of Immunology 66, 563-571
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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. 14), GRO
(P = 0.002) (Fig. 1B), GRO-a (P = 0.027), IL1-o¢ (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-o (P = 0.04) (Fig. 2B) were observed in the
control group after stimulation in comparison wich che
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 che group of TIDR
neonates (P = 0.009) (Fig. 3B).
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Figure 2 Basal production versus production after stimulation. We observed
exclusively lower levels of following cytokines in che control group after
stimulation in comparison with che 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 cyrokines: in the group of TIDR newbotns — for example

(A) GM-CSF (P = 0.025), (B) GRO (P = 0.002), (C) ILL-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 leval sftar stimulation in the group of
T1DR 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
0 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 conttols 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 wich phy-
tohaemagglutinin. The CBMC of T1DR newborns 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 TID mother. But the cohort of newborns with
T1D mochers was much larger than the group with T1D
fathers.

T1DR twins with both parents diabetics

Because of the small cohort being compared wich the
non-homogenous group of other TIDR newborns, the
results are not staristically significant, but we consider
these unique findings to be very interesting. Both of the
twins (with both parents suffering from T1D) have goc
higher basal values of all detected cytokines compared
with the mean value of each cytokine in the other TIDR
newborns with just one diabetic parenc (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 T1DR. 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 mocher
(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 significanc difference
in IL-10 (P =0.010), GRO (P =0.010), GRO-a
(P =0.010), MCP-2 (P =0.020 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 signiﬁcanf positive correlation among the high mater-
nal TGF-§ levels and high levels of IL-15 (» = 0.886,

Basal cytokine production in the T1DR twins with both parents diabetics

z in comparison to the rest of TIDR
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IL-10 In mothers In comparison to their newborns
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Figure 5 Cytokine secretion in mothers in comparison with their newborns,
The basal cytokine levels in mothers were higher than in their own
newborns. Example of IL-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 berween the high IL-13 maternal levels and
IL-7 neonatal levels (r = 0.659, P = 0.038) and negative
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 healchy 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 1L-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 cytokines but aftet the specific stimulation, we
observed an increase in most of the detected cytokines —
IL-6, IL-10, IL-13 and IFN-y. Nevertheless these resulcs
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 parents.

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-2
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Basal GM-CSF in T1DR at low rlsk vs. at high rlsk of T1D
development
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Figure 6 Basal cytokine production in TI1DR neonates with low genetic risk
of T1D development versus T1DR neonates ivi'h high risk of T1D development.
We observed significancly higher basal levels of GM-CSF (P = 0.020) in
TIDR at high risk in comparison with the group of TIDR with low
genetic risk of T1D development.

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

Higher post-stimulative increase in IL-2 (0.020), IFN-
y (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 TIDR neonates with the low genetic risk of
T1D development.

Discussion

The developing tmmune 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 rhe group of
T1DR newborns and the control group. Nevertheless, the
cytokine specerum in the group of TIDR neonates was
not homogenous.

Comparing the cytokine production, an overall low
basal production of all detected cytokines was seen in the
TIDR 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 significanc differ-
ence between the two groups. It looks as if the immune
system of the TIDR newborn is less mature than in con-
trols and probably more vulnerable.

© 2007 The Authors
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Figure 7 Post-stimulative response 1n TIDR neonates with low genetic risk of
T1D development versus TIDR neonates with high risk of TI1D development.
(A) Significantly higher increase in IL-2 (0.020) and (B) IFN-y (0.001)
can be seen in TIDR neonates ac high risk compared wich che group of
T1DR neonaces with low genecic risk of TID developmenc afcer stimu-
larion,

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 TID mothers were non-smokers.
None of the T1D mothers suffered from other immune-
mediated diseases (other aucoimmunity, 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 subjeccs will be performed.

Nine of the TIDR subjects carried the ‘very high or
high risk of T1D development’ genotype when the rest
of the TIDR group was just at ‘low or intermediate risk
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of T1D development’. Interestingly, the TIDR neonates
with the risky genotype had higher basal levels of cyto-
kines G-CSF, GM-CSF and GRO-u and they also tend to
react more in favour of Thl — increase in IL-2, IFN-y
after diabetogenic stimulation. According to previously
published papers, Thl cytokine profile with high IFN-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 furure T1D
onset in our population. Further follow-up studies are
needed on chis 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 newborns with T1D facher 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 wete
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
difficult to obtain cord blood of newborns with T1D
father — there is not any special care and centralization of
nealthy 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 uero’.

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 TIDR 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. Unforcunately, rhe twins
were not genotyped because their parents refused the
DNA cesting 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 tesults 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 proliferative ability after poly-
clonal stimulation in comparison with the adules. They
produced 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 T1DR newborns are novel. New
findings could also play an important role in furcher
understanding the T1D pathogenesis.

Peripheral blood samples of six T1D mothers and four
healthy mothers were obtained shortly after che 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 speccrum was weigheed slightly in favour of a
Th2-spectrum  especially the IL-13 cytokine was domi-
nant before stimulation. This is in agreement wich scud-
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 buc 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
hypet-responsiveness of the immune system that is
pushed to overweight the ‘autoimmune’ Thl cytokines
and to enable a successful pregnancy and delivery. This
was also observed in other pregnancies of women with
autoimmune diseases — the distince shifc 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 (theumartoid arthritis, sys-
erythematosus and multiplex).
Thereby, pregnancy influences che signs and symptoms of
the disease and a clinical

temic lupus sclerosis
remission could often be
obse:ved 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
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and it has a positive effect on haematopoietic growth fac-
tor IL-7 production. However, we should not fotget the
influence of co-operacion within the whole cytokine net.

Basal cord blood cytokine profile was also studied in
case of perinatal 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 mononuclear 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 furure, 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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Abstract

Abnormalities in CD47CD25" 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 cercain HLA II haplotypes. Using
two novel markers of CD4°CD25" Treg (CD127" and FoxP3™ respectively),
we evaluated number and function of Treg after specific stimulacion 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 relacives of
T1D patcients 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 stimulaction 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 TI1D 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 negacive
selection in rhe thymus and che 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 wich
HLA molecules) of T-cell-mediated autoimmune destruc-
cion of insulin producing pancreatic f-cells [5, 6]. In che
last  decade, naturally occurring  thymus-derived
CcD25"8"cD4’ T regulatory cells (Treg) in humans have
been described. They form about 2-4% of total CD4" T
cells in peripheral blood, have the ability of cell-contact
dependent suppression of immune response and play an
imporrant role in maintaining immune homeostasis [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 recepror] and only those with

© 2008 The Auchors

high expres.sion 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 characceristic markers [1-—4, 10]. Ac pres-
ent, incracellular 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 wich regulatory activity and number of Treg,
ic is exclusively expressed in CD25°CD4" Treg and is
considered as a key player for the developmenc and func-
tion of Treg [2-4, 10]. FoxP3 repress the incerleukin
(IL)-2, IL-4 and incerferon-y (IFIN-y) gene’s expression
and interact with nuclear cranscription factors of activated
T cells (NF-kB, NFAT) that results in poor cyrokine pro-
duction and impared proliferation [10, 12-14].

Very recent studies have introduced a new surface
marker of Treg: CD127" (a chain of IL-7 receptor). A
very strong correlation between the number of CD127"
and FoxP3"CD25'CD4" T cells wich 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 [13].

Many studies demonstrate associations with clinical
manifestation of T1D, HLA genotype and pancreatic
islets autoantibody/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 scudy, we observed a significantly lower number of
CD25"8"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-
toimmuaity. In the present 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 CD25°CD4" Treg.

Materials and methods

Study subjects. Heparinized blood samples were obtained
from 11 healthy first-degree relatives of T1D patients
(six females, five males, age 1443, median age 23 years)
followed Pediatric University Hospital
Motol, Prague and First Departmenc of Pediatrics,
University Hospital, Brno, Czech Republic. All of them
carried at least one of the high-risk HLA haplotypes, i.e.
DQAL*05-DQB1*0201 or DQA1*03-DQB1%¥0302 and
had no protective alleles, 1.e. DQB1*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 stracification 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
(RIA) (Solupharm, Broo, Czech
Republic) for the presence of autoantibodies against islet
antigens glutamic acid decarboxylase 65 (GADA) and

Deparcment,

radiotmmunoassay

Table 1 HLA-genotypes and other characteristics of rested subjects.

1t high-risk relatives of TID patients (Age: median 23, sex:
F/M = 6/5)

No. GADA-  JA-2A-
HLA-genorype subjects  positive positive
DQAL *03/05, DQBIL *02/0302 6 0 0
DQAL *03/03, DQBI *0302/0302 5 0 0

Z. Vrabelova et al.

ryrosinephosphatase (IA-2A). Levels above 1 IU/m! 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 Commircee.

Stimulation assay. Peripheral blood mononuclear cells
(PBMC) were obrained 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,
a.a. 509-528; aa. 524-543 (Dept. of Medical and
Physiological Chemistry, University of Uppsala, Uppsala,
Sweden); IA2 a.a. 853-872 and a.a. 9-23 of §§ proinsulin
chain (Sigma, St Louis, MO, USA). Concentration of all
autoantigens was 1 ug per 10° cells each. Insulin
(Humulin R, Lilly France S.A.S., Fegersheim, France) at
a concentration 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 srimulation
using the following markers: anti-CD3, anti-CD4, anci-
CD25, anti-CD127 labelled with fluorescein isorhiocya-
nate (FITC), phycoerythrin (PE), phycoerythrin-cyanin 5
(PCS), 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 accivation was measured by surface
expression of IFN-y on activated CD4" T cells using the
Secretion Assay Cell Detection Kic (Miltenyt Biotec,
Bergish Gladbach, Germany) according to manufacrurer’s
instructions. Samples were analysed by a 4-colour flow
cytometry on a Cytomics™™ FC 500 cytometer (Beckman
Coulter, Miami, FL, USA). Data were analysed using the
cxP Software (Beckman Coulter). Gating strategy is
displayed on Fig. 1.

Statistical analyses. Non-parametric methods for stati-
stical analysis were used due to asymmetric data distribu-
tion. Groups were Mann—Whitney
U-test; P-values of <0.05 were considered signtficant. For
comparison of related data in each group separately,

compared with
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Figure | Gating stracegy for Treg. Analyses were performed on 4-col-
oured CytomicsTM EC 500 cytomerer (Beckman Coulter, Miami, FL,
USA). For analysis, PBMC wece gated on lymphocytes (based on for-
ward and side scatter and CD37). (A) CD127 negativity was determined
with regard to a negarive isotype concrol, (B) cthe percencage of
CD1277CD25" cells within all CD4°CD3" T cells, (C) percentage of
CD127" within only CD25°CD4*CD3" T cells, (D) FoxP3™ was decer-
mined with regard to che negative isorype control, (E) the percentage of
FoxP37CD25" cells wichin all CD47CD3* T cells and (F) the percent-
age of FoxP3" wichin only CD25"CD4"CD3™ T cells.

Wilcoxon Signed Ranks Test and Friedman Tesc were
used. Resules are written in medians and inter-quartile
range (IQR) of the first and the chird quarcile; P-values
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Figure 2 Relative frequencies of freshly iso-
lated Treg. Significantly lower number of
CD127" Treg in high-risk relacives compared
ro healchy concrols was noted, lower number
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of <0.05 are considered significanc. 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 pacients
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 3.4-44% (P = 0.01). The relative frequency of
FoxP3*CD25" on CD4°CD3" T cells had a median
2.6%; IQR 2.0-2.9% 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 present 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%, 1QR 36.1-57.2% in high-risk relatives and in a
median 57.2%, IQR 52.8-65.7% in healchy 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 wich 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

CD127-

of FoxP3™ Treg was not 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 significancly after
autoantigen stimulation. Although in high-risk relacives
of T1D patients the numbers of Treg remained lower
during whole assay in comparison with healthy controls,
the staristical 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 buc did not reach
statistical significance at all. FoxP3 expression was mea-
sured only after stimulacion 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 Thi-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
CD4+CD3+T cells %

Z. Vrabelova et al.

higher basal IFIN-} production after 72 h of in virro 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 IFN-y
in this high-risk relatives of T1D patients was further
enhanced after stimulation with a mixture of diabeto-
genic pepride autoantigens: median 1.2%; IQR 1.0-
1.4% of IFN-y* CD4"CD3" T cells compared to healthy
controls: median 0.6%; IQR 04-1.0% of IFN-y'
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 IFN-y" CD4"CD3" T cells in high-
risk relatives versus median 0.5%; IQR 0.4-1.0% of
IFN-y* CD4'CD3" T healthy
(P < 0.01) (Fig. 5).

In each group separately, a significant increase of IFIN-
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 CD47CD3" T cells (P = ns) but stimulation
with insulin did (P = 0.028).

cells 1n controls
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(median, max.)
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Figure 5 Relative frequencies of IFN-y on CD4™ T cells. Significantly
higher frequency of IFIN-y" cell was observed after diabetogeneic stimu-
lacion in high-risk relatives of T1D patients. In high-risk relatives,
stimulacion of both (mixcure of peptides auroantigens as well as whole
molecule of insulin) staciscically increase IFIN-y positivity. NC, negative
contgol wich unstimulated PBMC in culcure medium; Ag, PBMC stim-
ulated with mixcure of diabetogeneic autoantigens; Insulin, PBMC
stimulated 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 (Th1l versus Th2) and thus contribute to f-cell
destruction in the pancreas. 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 TID
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 TID [18]. Other studies also
demonstrate a lower number of Treg in patients with
T1D or their relatives [23, 24]. On the other hand some
studies did not reveal any significant differences in
numbers of Treg [25-27]. Howevet, 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™5" 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 intracellular
presence of FoxP3™ (2, 3, 10, 11] as well as with a newly

© 2008 The Aurhors
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introduced surface marker CD1277 [11, 15] on a subpop-
ulation of CD25"CD4"CD3" T cells. Previous observa-
tions 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
individual T-cell showed that CDI127 was
expressed at significantly lower levels in CD4'CD25"
versus CD4°CD25™ T cells and inversely correlates wirh
FoxP3". It was suggested thac FoxP3 interacts with a
promoter of CD127 as a repressor [11].

In our present study, we used these two novel markers
CD127 and FoxP3 to evaluare the presence and func-
tional properties of Treg in a genetically defined group of
high-risk relatives of T1D patients. Based on cthis deter-
mination we were able to reveal differences in number
and function of Treg between high-risk relatives of T1D
patients and age-matched healchy controls. We could
observe lower numbers of Treg in the high-risk relacives
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 CD25CD4°CD3" T-cell popula-
tion. FoxP3" Treg showed similar trend but without sta-
ristical 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.

subsets

In contrast, we observed a very sttong 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. Ir is
supposed that diabetogeneic autoreactive 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 rathet
then peptides were used as an antigen. This is in agree-
ment with the fact chat 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 ot acceleration of T1D development [21, 30, 31].
We think that the strong Thl activation in the group of
high-tisk 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 scudies that did not
proved numerical changes in Treg [34]. However, there
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should be notice our well-defined HLA-genecic back-
ground of che subjects and the fact chac so far exisc only
a few human scudies among neither T1D patients
nor relacives 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 future.
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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, B6hmova K, Faresj6 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 patieuts (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
(GADGS5) 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, 1L-4, TL-5, IL-6, [L-10, IL-13, interferon (IFN)-vy,
tumor necrosis factor f, transforming growth factor Bl, 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 IL-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 produc.ion 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 § cells by the immune system.
The initial phase of TID 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 iym-
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 Thi
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)I (6)-

We detected cytokines produced by peripheral
blood mononuclear cells (PBMCs) after stimulation
with diabetogenic autoantigens using a protein micro-
array. This method enables semiguantitative 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 Thi, 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 T1D (mean age 13 yr,
age range 3-18 yr, female/male 4/6), treated at the
Paediatric Qutpatient 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 D1, D2, and D3,
respectively).

Ten first-degree relatives of the T1D patients and 10
healthy controls (blood donors), with no personal
history of any auntoimmune 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-DQA
and HLA-DQBI1 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
(GAD65) and islet antigen-2 (IA-2). Positivity was
considered to be above 1 IU/mL for GAD65 (GADA)
as well as for TIA-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 uL/mL, 200 mM),
and penicillin (1 pL/mL)-streptomycin (1 pg/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 pg/10° PBMC each. The following
autoantigens were used in a mixture and/or separately:
GADG65 peptide amino acids (a.a.) 247-279 (NMY-
AMMIARFKMFPEVKEKGMAALPRLIAFTSEE-
OH), molecular weight 3823.7, marked GADI; a.a.
509-528 (IPPSLRTLEDNEERMSR LSK-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); 1A-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 pg 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.

254

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-B1 200
IL-6 1
GCSF 2000

GCSF, granulocyte colony-stimulating factor; IFN, 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-f 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. 1).

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

There was a higher basal production of 1L-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-f. 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 | diabetes patients at the time of diagnosis; D2, type | diabetes patients at 6 months later; D3, type 1 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 IL-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-p in comparison with the
relatives (p < 0.05), whereas secretion of TGF-§ 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 IL-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 D1 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 rg should be above 0.8 for the following
strong correlations.

In T1D patients, the basal production of 11.-2, 1L-4,
IL-5, IL-13, GCSF, IFN-y, TNF-$ and TGF-§
correlated well together (rg > 0.8 for each pair). In
this group, only basal TGF-$ 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 (rs = 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-p and TGF-f 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-§ correlated with IL-
13 and IFN-y (rs = 0.85 and 0.95, respectively) as well
as by stimulation (rs = 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 (rg > 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) 1L-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;
DI, type | diabetes patients at the time of diagnosis; D2, type 1 diabetes patients at 6 months later; D3, type 1 diabetes patients at [2 months
later; IL, interleukin; 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, IL-13,
and IL-10, and after stimulation IL-4, GCSF, IFN-y,
TNF-B, 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, 1L-4, IL-5,
and TGF-p correlated with each other (rs > 0.8 for
each pair) and then IFN-y, TNF-B, GCSF, and IL-
13 correlated with each other (rg > 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 (rs > 0.8 for each pair).
IFN-y and TNF-B only correlated to each other.
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The basal production of TGF-B had a correlation
only with IL-2, IL-4, and IL-5 (rs = 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
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Fig. 3. Th3 cytokines in all groups together. (A) IL-10. (B) TGF-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; D1, type |
diabetes patients at the time of diagnosis; D2, type | diabetes patients at 6 months later; D3, type 1 diabetes patients at 12 months later; 1.,
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 rcactivity 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
TI1D 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, 1L-2, IL-6, Th2
cytokines, and IFN-y showed a tendency to decrease,
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Fig. 4. IL-2, 1L-6, and GCSF cytokines in all groups together. (A) IL-2. (B) IL-6. (C) GCSF. Results are displayed in percentage of spot
intensity (basal and stimulated) and statistical significance is pointed. Data are expressed as median + range. Extreme values arc shown. BAS,
basal production; DI, type | diabetes patients at the time of diagnosis; D2, type 1 diabetes patients at 6 months later; D3, type | diabetes
patients at 12 months later; GCSF, granulocyte colony-stimulating factor; IL, interleukin; STI, stimulation with autoantigens mixture.

* indicates extreme values,

while the TGF-B 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-B 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 (GAD®65
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
GADG5 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) T1D patients: correlations in cytokine basal production.
(B) T1D 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 DI, D2 and D3 - so are displayed together as
TID group. GCSF, granulocyte colony-stimulating factor; IFN,
interferon; IL, interleukin; T1D, type 1 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, IL-5, and IL-13) strongly correlated
with the Thl cytokine spectrum (IFN-y and TNF-B)
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 T1D patient’s group, but with no
correlation for Th3 cytokines with IL-13 and INF-y
(in basal production). In contrast, the situation was
very different in the relatives group. The basal IL-2
and Th2 cytokine spectrum correlated with TGF-j,
not with IL-10 and Th1 cytokines. The Thl cytokine
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TNF-B, IFN-y
GCSF

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; IFN, interferon; IL, interleukin; TGF,
transforming growth factor; TNF, tumor necrosis factor.

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, IL-6 correlated only
with IL-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 Th1l/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 IJDF-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-«,
[L-1e,-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 Thl cytokines I[FN-y and TINF-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.
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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)-¢ [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 IFN-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 chamokine 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. 1L-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 [JDF 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 Linkoping University
hospital, Linkoping, Sweden. These T1D children were
not participants of the European Nicotinamide Diabetes
Intervention trial. The healthy children carried the HLA-
risk gene DQB1*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 |A-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 0.43 4120 6920 11 F 0.16 n.a. n.a. 9 F
12 M N Yes (4 yrs) 0.46 860 3950 11 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 " 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 (JA-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

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

PBMC (1.5 x 10%) (viability approximately 90% or more
for each population) were diluted in 1500 pL AIM V
research-grade serum-free medium (Gibco, Tiby, Swe-
den) supplemented with 2 mM L-glutamine, 50 pg/L
streptomycin sulphate, 10 pg/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 haivested 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-a, IL-1q,
-2,-3,-5,-6,-7,-8,-16,-13, -15, IFN-y, MCP-1, -2, -3, MIG,
RANTES, TGF-81, TNF-¢ and TNF-g (kit no. H0108001).
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 pg/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

K. Stechova et al.

Th1-ass. cytokines

Sensitivity (pg/mL)
-2 2
IFN-y 100
e 1000

Th2-ass. cytokines Sensitivity (pg/mL)

IL-5 1
IL-13 100

Th3-ass. cytokines Sensitivity (pg/mL)

IL-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-a 1000

Inflammatory ass. cytokines Sensitivity (pg/mL)

-1 1000
IL-6 1
TNF-ce 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/mlL for GADA
(N = 4400) and >36 relative units/mL for IA-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,

Diabetes Metab Res Rey 2007; 23: 462-471.
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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 [A-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 (spontangous)

£
*
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Ethics
The study was approved by the Research Ethics

Committee of the Faculty of Health Sciences, Link6ping
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-8 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).

GADgs-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 TID children
(p < 0.01). Further, T1D children had a lower PHA-
induced IFN-y response than healthy children (p = 0.09).

Post-stimulation (GADys)
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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

Copyright © 2007 John Wiley & Sons, Ltd.
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PHA induced secretion of TNF-8 in all children without
any differences between groups.
IL-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-g 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)

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

Post-stimulation (GAD,,)
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Figure 2. Secretion of the Th3-associated cytokine TGF-§ 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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Post-stimulation (GAD)
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Figure 4. Secretion of the chemokine MCP-1 induced by GAD65.
*p <0.05

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

PHA-induced secretion of IL-7 tended to be higher
in T1D 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= 041, p=0.00) 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 spontaneocusly secreted GRO-a
tended to be higher in children with T1D compared
to healthy children (p = 0.06). GADe¢s induced equal
secretion of GRO and GRO-« in all studied subjects.

Inflammatory associated cytokines
(TNF-¢, IL-1¢, -6)

Spontaneous secretion of TNF-o (p < 0.05) as well as
GADgs- (p =0.09) or PHA-induced TNF-a {p < 0.05)
(Figure 5) was found to a higher extent in T1D children
than in high-risk children. PHA-induced TNF-o 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 stimuiation with either GADgs
(r=10.53, p=0.06) or PHA (r=0.55, p=10.01). No
discrepancy was observed in secretion of IL-1a between
the three studied groups.

Copyright © 2007 John Wiley & Sons, Ltd.
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Post-stimulation (PHA)
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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-B), inflammatory cytokine (TNF-a)
and chemokine (RANTES). These Th1l 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: Thl cytokines (IFN-y,
TNF-8), Th3 cytokine (TGF-8), inflammatory cytokine
(TNF-a) 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: Th1 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
Th1l cytokines (IFN-y, TNF-B) were significantly lower
among T1D children (p < 0.05) and higher in high-
risk children (p < 0.05), compared to the Th3 cytokines
(TGF-8, 1L-10), inflammatory cytokines (TNF-«, IL-6) and
chemokines (RANTES, MCP-1, MIG) (data not shown).

Diabetes Metab Res Rev 2007, 23: 462-471.
DOI: 10.1002/dmrr



468

K. Stechova et al.

High-risk Diabetic Healthy
a) & ¥ *
e
E 8 25 -
E4
B 2 20 -
8 <
B 515 -
g T
23,
i, ]
& IFN-y  TGF-§ IFN-y  TGF-$ IFN-y  TGF-p
TNF-p  TNF-a TNE-p  TNF-a TNF-p  TNF-a
b RANTES RANTES RANTES
5 .
s ]
85
=g 50
- ER
o
5 5, 20 -
g :é 10 -
&
IFN-y  TGF-p, TNF-x  IFN-y TGF-p, TNF-a [FN-y TGE-p, TNF-«
TNF-f MCP-1 TNF-p MCP-1 TNF-p MCP-1
RANTES RANTES RANTES

Figure 6. Post hoc comparison of spontaneous secretion of Thl (IFN-y, TNF-8) versus Th3 (TGF-g)/inflammatory marker
(TNF-«x)/chemokine (RANTES) (a) and GADgs-induced comparison of Thl (IFN-y, TNF-8) versus Th3 (TGF-8)/inflammatory marker
(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 T1D is a
Thl-associated autoimmune disease. We found a high
spontaneous secretion of IFN-y and TNF-8 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

Diabetes Metab Res Rev 2007; 23: 462-471.
DOI: 10.1002/dmrr



Immune Response in Risk and T1D Children

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 IFN-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 S-cells remain, the Thl-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 invitro mitogen stimulation [33,34]. Further, a
disrupted ability to suppress T-cell proliferation during
in vitro co-cultures of CD4 4+ CD25 + T cells in patients
with recent-onset adult TID 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-g 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 ThZ 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 Thl cell homing in
early insulitis [19]. Human islet cells exposed to [FN-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-q, classified as an inflammatory cytokine, is shown
to induce IL-6. In type 2 diabetes (T2D), IL-6 is argued
to be an importani 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-a 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 S-cell
function in T1D may modify T-cell function [28]. Thus,
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T-cell responses detected &t 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 A-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
1L-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 Thil-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 cohoits before any conclusion can
be drawn.
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Abstract

Objecrive: 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). .

Metheds: Cellular immune responses to a known -cell autoantigen (GGAD65 and GAD65 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 conirols,

Results: Response to the autoantigen (GADG65 (protein and peptides) was observed in 7/8 patients suffering from CF and in all
type | diabetes patients. Post-stimulation production of Thl cytokines (IFN-y, TNF-B) was observed in 2/4 CFRD, 1/4 CF
patients and in 7/8 type | 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 GAD65 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 mechanisins 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, autofmmunity, cellular response, cytokines

Introduction prognosis has resulted in co-morbidities such as
Cystic fibrosis (CF) is the most common lethal genetic dn,ibﬂes — Whn.:h oy g:r.eat Ch.mcal unp‘:m
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].

Correspondence: K. Stechova, Department of Paediatrics, 2nd Medical Faculty of Charles University and University Hospital Motolin Prague,
V Uvalu 84, Prague 5, Matol, 15006, the Czech Republic. Tel: 420 602 194 803, Fax: 420 224 432 020. E-mail: katerinastechova@seznam.cz

ISSN URQ1-6%34 print/ISSN 1607-842X online © 2005 Taylor & Francis Group Lid
DO 10.1080/089 1 6930500124387




320 K. Stechova et al.

Older age and pancreatic insufficiency are important
factors conmibuting 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
13,5-9].

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 auroreactive 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 GAD65 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 data
are summarised in Table I. Patients were selected from
CF and CFRD patients who are treated in the Internal
and Paediatric Qutpatient 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 padents were
carrying type 1 diabetes risk HLA-DQ genotype and by
the time of type 1 diabetes diagnosis they were anti-
GADG65 auroantibody 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 distinct HLA-DQ alleles (prodiabetogenic versus
protective ones). Autoantibodies against GAD65 were
measured by RIA (Solupharm kit, the Czech Repub-
lic) and positivity was considered above 11U/ml
(above 99th percentile). Informed consent was
obtained from all tested subjects.

Patients suffering from CE—characteristics and resultx of protein microarray.

Age CFRD (yes/na) If yes + And GAD

Results of protein microarray

HLA-DQ

(years), diabetes duration auto-anvbodies Strong Medium or low Strongest
Patient sex {months) (positive/negative) genotype positivity positiviry stimulator
i 22PF Yes/40 Positive DQAL*)3/05 IL-8, TNFf, IFNvy GAD65-2
MCP-1 sirnmilar to
GADGS
DQB1*02/0302
2 22M Yes/51 Posirive DQA1=02/03 1L-8 TNFBR, IFNy GADGS-2
DQR1*02/0302
3 23M Yesi71 Negative DQAI*(1/02 1L-8 GADGS-2
DQB1+0303/0602
4 18M Yes/32 Negative DQAL*01/02 = -
DOQB1*3303/0602
3 I5F No Negative DQAL*01/01 ILA. 1L 118, GRO, GADGS
10, MIG, MCPL,
TGFBI  RANTES
DQB1*0602/0602
6 IIF No Negative DQA1*03/05 TNFR ILE, [FNy GADG6S5-2
DQB1*02/0302
7 23F Mo Negarive DQAI*01/05 1L-8 MCPI, GADG65
RANTES
DQB1*0301/0602
B 13M No Negative DQA1+02/03 IL6, IL8, GROa, GADES-2
1o, MCP1, MCP2,
TGFRL  RANTES
DQR1%02/0302

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

kit.
F, female; M, male.




Antigens

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-
MAAILPRLIAFTSEE-OH) molecular weight 3823.7
(marked GAD65-1); a.a.509-528 (IPPSLRTLEDN-
EERMSRLSK-OH) molecular weight 2371.7,
(GADG5-2) and a.a.524-543 (SRLSKVAPVIKARM-
MEYGTT-OH) molecular weight 2238.7 (GAD65-3;
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
Diabetes Society) recommendation [11]. ELISPOT
was performed by a commercially available IFN-
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 1ml of RPMI-1640
Medium supplemented with 10% FCS, L-glutamine
(10 pl/ml, 200mM L-glutamine) and penicillin-
streptomycin (1 pl/ml PNC and 1 pg/l streptomyein;
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 (GRO), GRO-«, interleukin
(IL) 10,-2,-3,-5,-6,-7,~8,-10,-13,-15, interferon
(IFN)~y, Monocyte chemoartractant prorein (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-$1), tumour necrosis factor
TNF-a and TNF-B (kit No H0108001), 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 cvtokines which
production was observed (according to the manu-
facturer) are displayed in Table II. Strong positivity
means signal with at least 50% of intensity of positive
control which is an integral part of the commercial kit
(see Figure 1).

Stimulated PBMC (6 X 107 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 2
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 + 3 SD of
the controls [12].

Results

Response to GAD65 was observed in 7/8 CIF patients
(Table I). Post-stimulation production of Thi cytokines
(IFNYy, TNEFB) was observed in 2/4 CFRD (group A)
and in 1/4 CF patients (group B), all carrying the
prodiabetogenic HLA-DQ genotype. IFNy production
was confirmed with ELISPOT in all persons.

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

One padent from group A (CFRID) and one from
group B (CF only) as well as two healthy controls
(group C) produce after specific stimulation chemo-
kines (mainly [1-8) whereas in the twa healthy conrrols
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 GADG5 was a.a.
509-528. Swong IFNvy (analysed by protein micro-
array and confirmed with ELISPOT), IL-6, IL-8, and
GRO mitogenic responses to PHA (control stimulator)
were consistently high in all padents and controls.
In contrast, few IFNvy spots per well (0-2 spots/well by
ELISPOT) were found in negative control wells
(medium alone) indicating low non-specific [FNy
production.

These data were compared to results achieved from
type 1 diabetic patdents (group D). Posct-stimulation
production of Thl cytokines (IFN-y, TNF-f) was
observed in 7/8 type | diabetes patients. IFN-y post-
stimulation producton had medium intensity, in the
case of TNF-B we observed strong post-stimulation
production. We detected alse medium intensity
production of other cytokines and chemokines (TL- 1,
IL-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 sumulation only chemaolkines
(mainly IL-8). Among type 1 diabetic patients the most
potent epitope of GADG65 was as well a.a, 500-528.

Discussion

Clinical course of CFRD differs from thar in type |
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 ¢onditon
and there is, however, poor correlaton berween
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Table II.  Derection limies for cytokines (chemokines) which were
derected (nccording ro the manufacturer),

Cytokine (chemokine)

Sensitvity (pg/ml)

GRO and GROa 1000
IFN-y 100
IL-6 {
IL-8 }
IL-10 10
MCP-1 3
MCP-2 100
MIG 1
RANTES 2000
TGFpI 200
TNEB 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 CFRID 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 GAD65 was found in
almost all CF patients but this response differed
between CF patients with and withour diabetes
(group A and B, respectively). Thl polarisation of
the response was observed in two CF patients from
group A (who have diaberes, produce anti-GAD®65
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
diaberes risk HLA-DQ genotype. We can speculate

I'{|

control

]'I.I'-ili'n C

control

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 GADGS stimulation in
healthy controls. We consider IL-8 production in our
experiments as a non-specific irrelevant finding thar
may be due to high sensiuvity of the kit to this
chemokine.

Qur results are in agreement with autoantibody
status and type 1 diaberes 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 autoimpiune mechanisn is
probably efficiently suppressed by self-tolerance
mechanisnis.

The strongest response was observed to GADO5-
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 ro additional determinants including GADG5-
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.
GADG6S-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 padents. GAD65-peptide
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, itis necessary to examine
larger cohort of parents (including disease onset) and
to examine their response to other autoantigens (e.g.
thyrosinphosphatase, proinsulin etc.) to verify if
auroimmune cellular mechanism conrtributes to
CFRD pathogenesis as well as to study immune
regulatory mechanisms in these patients.
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