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Streszczenie w jezyku polskim

POSZUKIWANIE POTENCJALNYCH BIOMARKEROW PRZEBIEGU CUKRZYCY
TYPU 1 U DZIECI

Cukrzycatypu 1 (T1D) stanowi 10-20% wszystkich przypadkow cukrzycy. Jest chorobg
autoimmunizacyjna, ktorej leczenie opiera si¢ na insulinoterapii majacej na celu przywrocenie
robwnowagi metabolicznej pacjenta. Aktualnie, jednym z podstawowych narzedzi
diagnostycznych T1D jest ocena obecnosci autoprzeciwcial w surowicy krwi. Przewlekty
proces autoimmunizacyjny w przebiegu choroby powoduje bezwzgledny niedobor insuliny
i przewlekta hiperglikemie, ktorej konsekwencja jest wystepowanie powiktan objawiajacych
si¢ zmianami w matych, a takze duzych naczyniach (mikro- i makroangiopatie). Czynnosciowe
zmiany w mikrokrazeniu sg odwracalne, dlatego tez poszukuje si¢ markerow do identyfikacji
wczesnych stadiow zaburzen biochemicznych wskazujacych na poczatkowe stadia dysfunkcji
srodbtonka. W patogenezie T1D podkresla si¢ rowniez znaczenie zmian sktadu mikrobioty
jelitowej, prowadzacych do zaburzen funkcjonowania bariery jelitowej i aktywacji procesow
zapalnych. Ze wzgledu na ogromny wplyw pdznych powiktan na jakos$¢ zycia pacjentow
z T1D, wazne jest poszukiwanie wczesnych markeréw uszkodzenia tkanek, ktére moga
wskaza¢ na pacjentow predysponowanych do danego typu powiktan lub ich wczesniejszego
rozwoju.

Glowny celem rozprawy doktorskiej bylo poszukiwanie nowych potencjalnych
wczesnych biomarkerow powiktan/zaburzen metabolicznych u dzieci z T1D. Cel ten zostat
zrealizowany poprzez oceng stezen wybranych substancji czynnych: 1) amyliny (IAPP) i jej
prohormonu — proamyliny (prolAPP) — substancji wptywajacych na mechanizm metabolizmu
weglowodanéw; 2) chromograniny A (ChgA) — rzekomego autoantygenu w TI1D, a takze
produktu jej proteolizy — katestatyny (CST); 3) jelitowego biatka wigzgcego kwasy thuszczowe
(I-FABP) — odpowiedzialnego za zwigkszong przepuszczalno$¢ komorek nabtonka jelitowego;
4) substancji potencjalnie ocenianych jako wskazniki péznych powiktan: neurologicznych —
czynnika wzrostu nerwéw (NGF) i naczyniowych — czynnika aktywujacego plytki krwi
(PAF); 4) uromoduliny (UMOD) — biatka wydzielanego przez komorki dystalnych kanalikow
nerkowych, silnie skorelowanego z eGFR, ktére moze by¢ zwigzane z nefropatia cukrzycowa
u pacjentow z TI1D. Stezenia wytypowanych substancji w grupie badanej poréwnano
z warto$ciami w populacji zdrowej oraz skorelowano z czasem trwania T1D.

Badaniem objeto pacjentow chorujacych na T1D, hospitalizowanych w Kilinice
Endokrynologii i Diabetologii Instytutu ,,Pomnik - Centrum Zdrowia Dziecka” w Warszawie

oraz zdrowe dzieci bez zaburzen gospodarki weglowodanowej w wywiadzie. Z badania
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wykluczono dzieci z chorobami wspoétistniejacymi o innych przyczynach, objawami obecnego
stanu zapalnego, klinicznie istotng anemia i z oznakami hipoksji.

Wykazano, ze ocena st¢zenia I-FABP moze by¢ wykorzystywana jako niezalezny
marker przepuszczalnosci jelitowej u pacjentow z T1D (Ochocinska i wsp., Nutrients, 2022).
Dowiedziono réwniez, ze stezenia wybranych substancji w surowicy, takich jak IAPP,
prolAPP, CST, ChgA, NGF, I-FABP, PAF roznig si¢ miedzy pacjentami chorujagcymi na T1D,
a osobami zdrowymi z grupy kontrolnej. Wykazano, ze poziom niektoérych z nich (CST, ChA,
PAF i NGF) zalezy od czasu trwania T1D (Ochocinska i wsp., J. Clin. Med., 2023).

Dodatkowo dokonano przegladu aktualnych mozliwosci wykorzystania autoprzeciwciat
przeciwko antygenom komorek wysp trzustkowych w przewidywaniu i diagnozowaniu T1D,
CO przedstawiono w pracy pogladowej (Ochocinska i wsp., Diag Lab, 2022).

Ocena stezen wybranych substancji dowiodta wielokierunkowego wptywu T1D na
metabolizm (w tym postulowanej w literaturze uszkodzonej integralnosci btony jelitowej),
a takze wskazata na potrzebe poszukiwania biomarkerow o réznym charakterze oraz integracji
wynikow tych oznaczen z informacjami klinicznymi celem wczesniejszego wykrywania
dysfunkcji co umozliwitoby wczesng, a co za tym idzie skuteczniejsza profilaktyke wtdrng

powiktan.



Streszczenie w jezyku angielskim

LOOKING FOR POTENTIAL BIOMARKERS OF TYPE 1 DIABETES IN CHILDREN

Type 1 diabetes (T1D) accounts for 10-20% of all diabetes cases. It is an autoimmune
disease, the treatment of which is based on insulin therapy aimed at restoring the patient's
metabolic balance. One of the basic diagnostic tools for T1D is the assessment of the presence
of autoantibodies in the blood serum. The chronic autoimmune process in the course of the
disease causes absolute insulin deficiency and chronic hyperglycemia, which results in the
occurrence of complications manifested by changes in small and large vessels (micro- and
macroangiopathies). Functional changes in microcirculation are reversible. Therefore, markers
are sought to identify early stages of biochemical disorders indicating the initial stages of
endothelial dysfunction. In the pathogenesis of T1D, the importance of changes in the
composition of the intestinal microbiota, leading to impaired functioning of the intestinal barrier
and activation of inflammatory processes, has recently been emphasized. Due to the huge
impact of late complications on the quality of life of patients with T1D, it is important to search
for early markers of tissue damage that may indicate patients predisposed to various types of

complications or their earlier development.

The main aim of my PhD thesis was to search for new potential early biomarkers of
complications/ metabolic disorders in children with T1D. This goal was achieved by assessing
the concentrations of selected active substances: 1) amylin (IAPP) and its prohormone -
proamylin (prolAPP) - substances affecting the mechanism of carbohydrate metabolism; 2)
chromogranin A (ChgA) - a putative autoantigen in T1D, as well as a product of its proteolysis
- catestatin (CST); 3) intestinal fatty acid binding protein (I-FABP) — responsible for increased
permeability of intestinal epithelial cells; 4) substances potentially assessed as indicators of late
neurological complications - nerve growth factor (NGF) and vascular - platelet activating factor
(PAF); 4) uromodulin (UMOD), a protein secreted by the cells of the distal renal tubules,
strongly correlated with eGFR, which may be associated with diabetic nephropathy in T1D
patients. The concentrations of the tested substances in the study group were compared with the
concentrations in the healthy population and correlated with the duration of T1D.

The study included patients suffering from T1D, hospitalized at the Department of
Endocrinology and Diabetology of The Children’s Memorial Health Institute in Warsaw, and
healthy children without a history of carbohydrate metabolism disorders. Children with other
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comorbidities, signs of current inflammation, clinically significant anemia, and signs of

hypoxia were excluded from the study.

It has been shown that the assessment of I-FABP concentration can be used as an
independent marker of intestinal permeability in T1D patients (Ochocinska 1 wsp., Nutrients,
2022). It has also been proven that the concentrations of selected substances in the serum, such
as CST, ChgA, NGF, I-FABP, PAF, as well as prohormones/hormones (IAPP, prolAPP) differ
between T1D patients and healthy controls. It has been shown that the level of some of them
(CST, ChgA, PAF and NGF) depends on the duration of T1D (Ochocinska i wsp., J. Clin. Med.,
2023). In addition, what was reviewed and presented in a review article (Ochocinska 1 wsp.,
Diag Lab, 2022) the current possibilities of using autoantibodies against pancreatic islet cell

antigens in the prediction and diagnosis of T1D.

The assessment of the concentrations of selected substances proved the multidirectional
influence of T1D on metabolism (including the damaged integrity of the intestinal membrane
postulated in the literature), and also indicated the need to search for biomarkers of a different
nature and to integrate the results of these tests with clinical information in order to detect
dysfunctions earlier, which would enable early and thus more effective secondary prevention

of complications.
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Stowa Kkluczowe w jezyku polskim i angielskim

Stowa kluczowe: amylina, autoprzeciwciata, biomarker, chromogranina A, cukrzyca typu 1,
czynnik aktywacji ptytek krwi, czynnik wzrostu nerwéw, jelitowe biatko wigzacego kwasy
tluszczowe, katestatyna, proamylina, uromodulina

Key words: amylin, autoantibodies, biomarker, catestatin, chromogranin A, nerve growth
factor, platelet activating factor, proamylin, type 1 diabetes, uromodulin
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Wykaz zastosowanych skrotow

anty-tTg Ab — przeciwciata przeciw transglutaminazie tkankowe;j

anty-GAD — autoprzeciwciata przeciw dekarboksylazie kwasu glutaminowego

anty-1A2 — autoprzeciwciata przeciw fosfatazie tyrozynowej 2

AUC — pole pod krzywa ROC

CD — celiakia

CD4+ — biatko powierzchniowe limfocytow T pomocniczych, monocytow, makrofagow

i komorek dendrytycznych, o masie czgsteczkowej 55 kDa

CD8+ — biatko powierzchniowe limfocytoéw T cytotoksycznych, komoérek dendrytycznych,

komorek NK oraz tzw. podwdjnie dodatnich tymocytow, o masie czasteczkowej 13,5 kDa

CD-GFD — pacjenci z celiakia stosujacy diete bezglutenowa
ChgA — chromogranina A
CST — katestatyna

EIIA  — immunoenzymatyczny test fluorescencyjny oparty na posrednim tescie
Immunoenzymatycznym

ELISA — test immunoenzymatyczny

GFD - dieta bezglutenowa

eGFR — szacunkowy wskaznik filtracji kigbuszkowej

Glut-4 — insulinozalezny transporter glukozy typu 4

HbA1c — hemoglobina glikowana

HC — grupa kontrolna dzieci zdrowych (ang. Healthy Controls)
HDL cholesterol — lipoproteina o duzej gestosci

IAA — autoprzeciwciala przeciw endogennej insulinie

ICA — autoprzeciwciata przeciw niezidentyfikowanym cytoplazmatycznym komoérkom 3
I-FABP — jelitowe biatko wigzace kwasy tluszczowe

IAPP —amylina

NGF — czynnik wzrostu nerwow

NOD — model zwierzecy T1D; myszy z cukrzyca bez otytosci;
PAF — czynnik aktywujacy plytki krwi

prolAPP — proamylina
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PST — pankreostatyna

PTD — Polskie Towarzystwo Diabetologiczne

ROC krzywa — narzedzie statystyczne do oceny poprawnosci klasyfikatora

T1D — cukrzyca typu 1

T1D-CD - pacjenci chorujacy na cukrzyce typu 1 i celiakie

T1D-CD-1 — pacjenci chorujacy na cukrzyce typu 1 na rok przed rozpoznaniem celiakii
T1D-CD-GFD — pacjenci chorujacy na cukrzyce typu 1 i celiaki¢ stosujacy diete bezglutenowa
UMOD - uromodulina

WE-14 — naturalnie wystgpujacy produkt rozszczepiania ChgA

ZnT8 — autoprzeciwciata przeciw transporterowi cynku 8
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Wstep

Cukrzyca typu 1 (T1D) — jedna z najczestszych chorob autoimmunizacyjnych jest
chorobg przewlekla, ktora wynika z indukowanego przeciwciatami niszczenia komorek
B produkujacych insuling w wyspach Langerhansa w trzustce [1]. Do 2022 roku na T1D
chorowalo 8,75 miliona 0sob na catym $wiecie (119 995 w Polsce), z czego 1,52 miliona (15
220 w Polsce) stanowili pacjenci w wieku ponizej 20 lat [2]. Skala problemu jest zatem bardzo
duza. Odkrycie, a nastepnie udoskonalanie insulin stosowanych w intensywnej terapii az do
ciggltego podskérnego wlewu insuliny za pomoca osobistej pompy insulinowej poprawito
opieke nad pacjentami chorujacymi na T1D przyczyniajac si¢ do znacznego wydtuzenia
I polepszenia jakosci zycia chorych. Jednak niewlasciwie leczona choroba nadal powoduje
wiele powiktan, zard6wno ostrych, jak i przewlektych [3,4]. Patogeneza T1D nie zostata do tej
pory w pelni wyjasniona, a czynniki indukujace chorobg wcigz sg przedmiotem wielu badan
[5]. Postepujaca utrata masy komorek 3 podczas rozwoju T1D ma charakter nieliniowy, ale
doktadna natura i kinetyka proceséw immunologicznych, ktore rzadza T1D, nie sa znane [4,6].
Wiadomo, ze w patogenezie powiktan T1D niezwykle istotne jest intensywne leczenie i bardzo
dobre, stabilne wyréwnanie metaboliczne od samego rozpoznania, a nie aktualny wynik
glikemii [7]. Udowodniono, ze poprawa wyrdéwnania metabolicznego, na kazdym etapie
przebiegu T1D, wptywa na ryzyko powiklan w przysztosci, nawet po 20-30 latach trwania
choroby [7]. Badacze zwracaja uwage na zjawisko zwane ,,pamiecia metaboliczng” bedace
prawdopodobnie konsekwencjg wzrostu czynnikéw stresu oksydacyjnego spowodowanego
hiperglikemig, ktore jest czgsciowo nieodwracalne 1 utrzymuje si¢ nawet po normalizacji
glikemii [8]. Nieprawidlowe stezenia glukozy i jej metabolitow aktywujg wiele niekorzystnych
procesow metabolicznych (nieenzymatyczna glikacja biatek, przemiany szlakow poliolowego
I heksozaminowego, aktywacja kinazy biatkowej C, stres oksydacyjny i niedotlenienie tkanek)
[9]. Te patologiczne $ciezki prowadzg do niewydolnosci roznych tkanek i narzagdow, zwlaszcza
oczu, nerek, serca, naczyn krwionosnych, komoérek nerwowych. [9]. Pozne powiklania
w pierwszych 5 latach T1D zarowno u dzieci, jak i u dorostych pacjentow wystepuja
sporadycznie, ale ich liczba wzrasta z czasem trwania choroby. Nie ma zgodnos$ci odnosnie
kolejnosci wystepowania powiktan mikro i makroangiopatycznych [10]. Wiadomo jednak, ze
przed kliniczng manifestacjg zmian strukturalnych w naczyniach, najpierw zachodza zmiany
funkcjonalne w mikrokrazeniu [10]. Zmiany te sg odwracalne, dlatego poszukuje si¢ wczesnych
markeréw do identyfikacji poczatkowych stadidéw zaburzen biochemicznych poprzedzajacych

dysfunkcj¢ $rodbtonka [7,9].
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Aktualnie nie ma narzedzi do diagnozowania wczesnych stadidow rozwoju pdznych
powiklan T1D poprzedzajacych pojawienie si¢ trwatych zmian strukturalnych widocznych
w badaniach obrazowych i badaniu Kklinicznym. Pomimo dostgpnosci wysokowydajnych
technologii ,,omicznych” obserwuje si¢ niespdjnos¢ danych i brak jednoznacznych, wysoce
obiecujacych markeréw biatkowych [11,12]. Poszukiwanie specyficznych biomarkeréw
w surowicy stanowi wyzwanie ze wzgledu na fakt, ze TID jest wynikiem

autoimmunizacyjnego ataku na komorki B, ktore stanowia tylko okoto 0,002% masa ciata [13].

Celem zapobiegania ostrym i przewleklym powiktaniom konieczna jest §cista kontrola
glikemii tj. utrzymywanie ste¢zenia glukozy najblizej normy jak to mozliwe, dbajac
réwnoczesnie o brak jej wahan [14]. W praktyce mozna to osiggna¢ jedynie prowadzac ciagle
monitorowanie glikemii w czasie rzeczywistym i state dostosowywanie dawki insuliny do
zmieniajacego si¢ zapotrzebowania. Obecnie uwaza si¢, ze dla najlepszego wyrdwnania
metabolicznego pacjenta najistotniejsze jest utrzymanie najwyzszego odsetka czasu w zakresie
normoglikemi, i najnizszego wspotczynnika zmienno$ci glikemii [15]. Te wspotczynniki
wykorzystuje si¢ do najrzetelniejszej codziennej oceny wyrdOwnania metabolicznego
w cukrzycy. Sa one natomiast trudne do wykorzystania w badaniach oceniajacych
oddzialywanie dlugiego czasu trwania cukrzycy (brak danych historycznych). W badaniach
oceniajgcych ryzyko rozwoju pédznych powiktan cukrzycy nadal wykorzystuje si¢
monitorowanie poziomu hemoglobiny glikowanej (HbA 1¢) odzwierciedlajgcej Srednie stezenie
glukozy z okresu okoto trzech miesiecy. Wykazano, ze stezenie HbAlc jest bezposrednio
zwigzane z przezyciem pacjentow z okoto 30-letnig historig TID [16]. Wiadomo jednak, Ze
HbAlc nie jest idealnym wskaznikiem wyroéwnania metabolicznego [17]. Przede wszystkim
nie uwzglednia dobowej zmienno$ci 1 wahan glikemii, ktore majg negatywny wpltyw na
czynnos¢ mikrokrazenia 1 w konsekwencji wystepowanie powiktan. Nie jest to narzgdzie
pozwalajace na rozpoznanie wczesnych stadidow rozwoju zaburzen o charakterze zmian
czynno$ciowych (zwykle odwracalnych) poprzedzajacych powstanie trwatych zmian
strukturalnych [17-20]. Pozostaje roéwniez pytanie, czy paradygmat glukocentryczny, uznajacy
hiperglikemi¢ za gtowny czynnik rozwoju T1D, jest rzeczywiscie stuszny. Sugeruje sig, ze
istniejg inne, dotychczas nierozpoznane cele terapeutyczne, ktorymi nalezy si¢ kierowaé
w leczeniu T1D [21].

Aktualnie wykorzystywanymi w praktyce klinicznej specyficznymi biomarkerami T1D,
ktore odrozniajg T1D od innych podtypow cukrzycy sg: niski poziom peptydu C oraz
autoprzeciwciata skierowane przeciw antygenom komorek wysp trzustkowych [22,23].

W wyniku cytotoksycznego oddziatywania makrofagow i limfocytow T z antygenami komorek
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B dochodzi do uszkodzenia wysp 1 uwolnienia antygenéw wewnatrzkomorkowych. Brak
tolerancji na wlasne biatka wyspowe, homologia w ich budowie z sekwencjami niektérych
wirusOw oraz generowanie reakcji krzyzowych powoduje zaangazowanie uktadu
immunologicznego i produkcje autoprzeciwciat. Ich pojawienie si¢ poprzedza wystgpienie T1D
0 miesigce, a nawet lata. Stopien zniszczenia wysp moze odzwierciedla¢ rodzaj pojawiajacych
si¢ przeciwcial, ich podtypy i izotypy oraz specyficzno$¢ wzglgdem epitopow antygenu [23].
Zgodnie z najnowszymi wytycznymi Polskiego Towarzystwa Diabetologicznego (PTD) T1D
jest definiowana przez obecno$¢ dwoch lub wiecej autoprzeciwcial [24]. Zaleca si¢ 0znaczanie
wszystkich czterech autoprzeciwcial skierowanych przeciw swoistym antygenom komorek
Bwysp (anty-GAD, anty-lIA2, ZnT8 oraz IAA) w celu doktadnego rozpoznania choroby
I maksymalizacji czulosci wykrywania T1D. Zgodnie z wytycznymi PTD oznaczenie
autoprzeciwciat przeciwko antygenom komorek wysp trzustkowych wykonuje si¢ w przypadku
pierwotnego rozpoznania hiperglikemii lub rewizji rozpoznania jak réwniez u 0séb z duzym
ryzykiem zachorowania na T1D [23,24]. Obecnos$¢ wysokiego miana jednego z przeciwciat
lub podwyzszonego miana dwoch przeciwciat $wiadczy o aktywnym autoimmunizacyjnym
procesie apoptozy komorek B trzustki i pozwala na rozpoznanie T1D | stopnia (fazy
przedklinicznej) [22]*.

Istnieje jednak grupa pacjentéw, u ktérych w chwili rozpoznania nie obserwuje si¢
wystgpowania autoprzeciwciat i/lub pomimo intensywnej insulinoterapii nie uzyskuje si¢
wyrownania metabolicznego [25,26]. By¢ moze sytuacja ta jest uwarunkowana innymi
czynnikami determinujagcymi manifestacje¢ kliniczng w pdzniejszym okresie choroby.
Szczegolng uwage zwrdocono na rolg dotychczas nie do konca poznanego mechanizmu
modyfikacji epigenetycznych indukowanych hiperglikemia i glutotoksycznoscia [27]. Sugeruje
sie, ze modyfikacje epigenetyczne (niezwigzane z samg sekwencja DNA, ale z chemiczng
modyfikacja materialu jadrowego: DNA 1 chromatyny) z udzialem okreslonych enzymow
stanowig zwigzek miedzy rozwojem T1D 1 jej powiklan, a czynnikami $rodowiskowymi
I predyspozycja genetyczng [28,29].

Wedlug naszej najlepszej wiedzy nikt wczesniej nie analizowal zmian stgzen amyliny
(IAPP), proamyliny (prolAPP), katestatyny (CST), chromograniny A (ChgA), czynnika
wzrostu nerwow (NGF), czynnika aktywujacego ptytki krwi (PAF) i uromoduliny (UMOD)
w kontekscie czasu trwania T1D. Jednak w wielu badaniach substancje te wskazywano jako
przyczyniajace si¢ do etiologii T1D — IAPP, prol APP [30-38], jej przebiegu — CST, ChgA [39—
43] czy rozwoju réznych powiktan cukrzycowych, w tym: neuropatii — NGF [44-46], powiktan

1 Szczegdtowy opis mozliwosci diagnostycznych autoprzeciwcial skierowanych przeciw antygenom wysp
trzustkowych opisano w formie pracy o charakterze pogladowym (Ochocinska i wsp., Diagn Lab. 2022)
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sercowo-naczyniowych — PAF [47-49], czy powiklan sercowo-naczyniowych i nefropatii —
UMOD [50-52] u pacjentow z T1D.

IAPP — wytwarzana przez komorki B wysepek Langerhansa w trzustce jest wydzielana
do krwioobiegu w odpowiedzi na wzrost stezenia glukozy we krwi, rownolegle z insuling [53].
Dziata nie tylko na specyficzne receptory zlokalizowane na komorkach B trzustki, ale rowniez
komorkach osrodkowego uktadu nerwowego, migsniach, korze nerki. Ze wzgledu na
blokowanie neuronow W okolicy pola najdalszego moézgowia nazywana jest ,hormonem
anorektycznym” [54]. Czasteczki amyliny agregujg w komorkach B i tworzg nierozpuszczalny
zt6g amyloidu, bardzo cytotoksyczny dla komorek B, ale takze dla innych komorek ciata
cztowieka. Warto podkresli¢, ze insulina mimo, ze rdwniez agreguje, nie jest cytotoksyczna,
gdyz jest tatwo glikolowana przez D-ryboze [33,55]. IAPP hamuje przyjmowanie pokarmu
(apetyt), oproznianie zotadka (przechodzenie pokarmu z zotadka do jelit) oraz obniza stezenie
glukozy [35,56]. Liczne badania nad powstawaniem amyloidu doprowadzity do mozliwosci
syntezy syntetycznego analogu ludzkiej IAPP — pramlintydu [57,58]. Rozpuszczalne analogi
IAPP, ktére nie tworza agregatéw, sg obecnie stosowane w niektorych krajach w leczeniu
cukrzycy razem z insuling [59-62]. Nie wszystkie biologiczne interakcje IAPP zostaty odkryte.
Przy niskich stezeniach glukozy IAPP wzmacnia, a przy wysokich hamuje proliferacje
komoérek PB. Hamuje popositkowe wydzielanie glukagonu, ale nie hamuje wydzielania
glukagonu podczas hipoglikemii indukowanej insuling. Udziat IAPPP i jej oligomerow
w przebiegu cukrzycy typu 2 jest do$¢ dobrze udokumentowany [33,63]. Coraz wigcej
doniesien wskazuje réwniez na stosowanie pramlintydu u nastoletnich pacjentow z T1D
[59,64,65].

ProlAPP jest czasteczka prekursorowg dla IAPP. Uposledzenie przetwarzania prolAPP
moze wystgpowa¢ w stanach dysfunkcji komorek B. To, czy poziomy prekursorow IAPP sa
podwyzszone w okresie przed rozpoznaniem T1D, jak wcze$niej zgtaszano dla proinsuliny,
I czy moze to mie¢ warto$¢ prognostyczng, nie zostalo jeszcze okreslone [37,66]. Stosunek
prolAPP do dojrzatej IAPP, ktory jest okolo trzykrotnie wyzszy u pacjentow z T1D niz u 0sob
zdrowych, moze sugerowac, ze osoby te maja glebokie defekty w przetwarzaniu prolAPP [37].
Postulowano, ze przeksztalcanie prolAPP posredniczy w tworzeniu ztogéw amyloidu in vivo.
Depozyty mogg zawiera¢ prekursory IAPP prolAPP 1-67 i prolAPP 1-48 [67,68]. Pomiar
prolAPP w krazeniu moze odzwierciedla¢ postep amyloidogenezy na poziomie wysp
trzustkowych. Nie jest jednak jasne, czy zmiany przeksztalcania tych prohormonéw sa
przyczyna, czy tylko konsekwencja zaburzen metabolicznych w T1D [36].

CST, jako produkt hydrolizy ChgA, jest wielofunkcyjnym regulatorem wielu procesow

fizjologicznych, takich jak uwalnianie katecholamin, aktywacja uktadu wspotczulnego,
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metabolizm thuszczow, aktywacja baroreceptorow, migracja neutrofili, monocytow i komorek
tucznych [69-71]. Wykazano, ze w T1D oraz innych stanach patologicznych transport glukozy
do miegsnia sercowego moze by¢ zaburzony, a brak insuliny powoduje niewystarczajaca
aktywnos$¢ transportera glukozy typu 4 (Glut-4). W doswiadczeniach na zwierzetach wykazano,
ze podawanie CTS istotnie zwigkszatlo aktywnos¢ GluT-4, w sposob kompensujacy niedobor
insuliny [72]. Rola CTS w T1D nie jest dobrze poznana. Nie wiadomo, jak zmienia si¢ st¢zenie
CST wraz z czasem trwania choroby i przestrzeganiem normoglikemii.

ChgA jest znanym markerem guzoéw neuroendokrynnych [73]. Jej synteza zachodzi
w komorkach neuroendokrynnych i endokrynnych, w tym w komorkach a i B trzustki [74].
Najwazniejsza funkcja natywnej ChgA jest segregacja i transport réznych biatek do
pecherzykow  wydzielniczych. ChgA ulega proteolizie zarowno w cytoplazmie, jak
I W przestrzeni migdzykomorkowej. Produktami tej proteolizy sa m.in. CST, pankreostatyna
(PST) i peptyd WE-14, ktore dziataja parakrynnie, autokrynnie i endokrynnie [75]. PST i CST
maja wptyw na dziatanie insuliny i ogélny metabolizm weglowodanow. WE-14 jest silnym
autoantygenem dla klondw komorek T linii CD4+ 1 CD8+, ktore indukuja apoptoze komorek
B. Wiasciwosci autoantygenowe WE-14 s3 znacznie wzmachiane przez dziatanie
transglutaminazy tkankowej, ktora ma zdolnos¢ modyfikowania tego peptydu [76]. Badania
przekrojowe wykazaly wyzsze poziomy ChgA, PST i WE-14 u pacjentdow z cukrzyca
[42,43,76]. Dynamika zmian stgzen tych substancji w przebiegu T1D (np. w kontekscie czasu
trwania choroby czy wyrownania metabolicznego) jest nieznana. Najbardziej intrygujacym
odkryciem jest to, ze T1D nie rozwija si¢ u myszy z cukrzyca bez otylosci (NOD)
pozbawionych genu ChgA [77,78].

NGF jest czasteczka sygnalizacyjng zaangazowang w tworzenie i1 dojrzewanie
synaptyczne. Reguluje wzrost neurondéw i tworzenie aksonow w catym uktadzie nerwowym
[79]. Badania przekrojowe wykazaly znaczaco niski poziom NGF we krwi pacjentow
z cukrzycg typu 2, zwlaszcza tych z zaawansowang neuropatia [45,46]. Podejmowano roéwniez
proby dotyczace wykorzystania NGF w leczeniu cukrzycy, w ktorych wykazano korzystne
oddziatywanie NGF u pacjentdéw z neuropatig. Mechanizm dziatania ochronnego polegat na
ztagodzeniu stresu oksydacyjnego wywotanego hiperglikemia, ktory inicjuje i sprzyja
rozwojowi neuropatii cukrzycowej [80]. Nie wiadomo natomiast, czy NGF moze by¢ markerem
ryzyka i przebiegu neuropatii u dzieci z T1D.

PAF produkowany zarowno w komorkach krwi, jak i w narzadach i tkankach
obwodowych (miocyty, komorki §rodbtonka, komorki $rddmigzszowe i mezangialne nerek)
prawdopodobnie odgrywa znaczaca role w patogenezie T1D. Wywiera silny wptyw na wiele
komorek [81,82] regulujac m.in. reakcje zapalne i nadwrazliwosé [83]. Wykazano, ze stezenie

19



PAF we krwi pacjentow z T1D jest najwyzsze u 0s6b ze §wiezo rozpoznang chorobg. Nie
stwierdzono ro6znic w st¢zeniu PAF u dzieci chorujacych od 3 miesigcy do 5 lat oraz tych, ktore
chorowaty powyzej 5 lat. We wszystkich grupach stezenie PAF bylo istotnie wyzsze niz
u dzieci zdrowych [49]. Uwaza sie, ze zwickszone stezenie PAF wigze si¢ z rozwojem
powiktan mikro- i makronaczyniowych [48,84] jednak obserwacje u dzieci z T1D wymagaja
potwierdzenia.

UMOD jest biatkiem wydzielanym przez komorki dystalnych kanalikow nerkowych.
Wystepuje zar6wno w moczu, jak i we krwi. Jest to najobficiej wystepujace biatko w moczu
ludzi zdrowych. Jest gtownym sktadnikiem wateczkoéw szklistych w osadzie moczu. Tworzy
zel przy niskim pH. Uwaza si¢, ze dzigki tej wihasciwosci reguluje gospodarke wodno-
elektrolitowa w petli Henlego. Ma réwniez silne wlasciwosci antybakteryjne i przeciwzapalne
[85]. Wraz z zaburzeniami czynno$ci nerek zwigksza si¢ stezenie uromoduliny w moczu
I maleje w surowicy krwi. Stezenie tego biatka w surowicy 0sob zdrowych wynosi $rednio 200
ng/ml i silnie koreluje z eGFR. Zwigzek migdzy stezeniem uromoduliny a nefropatig
cukrzycowg u pacjentow z T1D jest przedmiotem ostatnich badan [51].

I-FABP jest rozpuszczalnym w wodzie biatkiem o niskiej masie czasteczkowej (14—15
kDa) nalezacym do rodziny biatek wigzacych kwasy ttuszczowe [86]. Biatko to ulega ekspres;ji
w komorkach nablonkowych btony §luzowej jelita cienkiego, a w przypadku uszkodzenia
nabtonka obserwuje si¢ jego zwigkszone st¢zenie we krwi [87,88]. Ocena stgzenia I-FABP jest
postulowana jako dodatkowy biomarker rozpoznania i monitorowania CD. CD jest jedng
z najczestszych chordb wspotistniejacych z T1D. Srednio od 2 do 16% pacjentéw z T1D
choruje jednoczesnie na CD, przy czym u zdecydowanej wigkszosci chorych CD rozwija si¢
w ciggu pierwszych 5 lat trwania T1D [89]. Chociaz badania przesiewowe w kierunku celiakii
obejmujace oceng swoistych przeciwciat skierowanych przeciwko tranglutaminazie tkankowej
(anty-tTg Ab) obecnie sg zalecane zarowno przez ekspertow w zakresie gastroenterologii
dziecigcej [90,91], jak i diabetologow [92] poszukuje si¢ jednak wczesnych markerow celiakii,
ktore umozliwityby wprowadzenie diety bezglutenowej celem zahamowania procesow
autoimmunizacyjnych indukowanych glutenem. I-FABP wydaje si¢ dobrym kandydatem,

jednak brak jest badan w tym zakresie.
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Cel rozprawy doktorskiej

Glowny celem rozprawy doktorskiej bylo poszukiwanie potencjalnych wczesnych

biomarkeréw zaburzen metabolizmu w T1D u dzieci.

Cele szczegbélowe:

W publikacji: Could I-FABP Be an Early Marker of Celiac Disease in Children with
Type 1 Diabetes? Retrospective Study from the Tertiary Reference Centre (Ochocinska i wsp.,
Nutrients, 2022) oceniano, czy jelitowe biatko I-FABP moze by¢ wczesnym markerem celiakii
(CD) - choroby autoimmunizacyjnej o wspdlnej patogenezie genetycznej z T1D, w ktorej

potwierdzono uposledzong funkcj¢ bariery sluzéwkowe;.

Celem pracy Selected Serum Markers Associated with Pathogenesis and Clinical
Course of Type 1 Diabetes in Pediatric Patients — The Effect of Disease Duration (Ochocinska
i wsp., J. Clin. Med., 2023) byta ocena st¢zen wybranych substancji czynnych (IAPP, prolAPP,
CST, ChgA, I-FABP, NGF, PAF, oraz UMOD), ktorych udziat w patogenezie i przebiegu T1D
oraz jej powiklan jest znany lub postulowany oraz skorelowanie stezen tych wskaznikow z

czasem trwania T1D, jak rowniez poro6wnanie ze st¢zeniami u 0s6b zdrowych.
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Material i Metody

Pacjenci

Badaniem objg¢to pacjentdéw chorujacych na T1D, hospitalizowanych w Klinice
Endokrynologii i Diabetologii Instytutu ,,Pomnik - Centrum Zdrowia Dziecka” w Warszawie
oraz zdrowe dzieci bez rozpoznania T1D w wywiadzie. Z badania wykluczono dzieci
z chorobami wspétistniejgcymi o innych przyczynach, objawami obecnego stanu zapalnego,

Klinicznie istotng anemig i z oznakami hipoksji.

Publikacja Could I-FABP Be an Early Marker of Celiac Disease in Children
with Type 1 Diabetes? Retrospective Study from the Tertiary Reference Centre (Ochocinska
I wsp., Nutrients, 2022) dotyczy badania przeprowadzonego u 156 pacjentow z T1D, 51
pacjentow z T1D i aktywna postacig CD (T1D-CD) oraz 38 pacjentow z aktywng CD bez T1D,
ktorzy zostali losowo wybrani sposrod pacjentow hospitalizowanych. Unikatowa grupe
stanowito 22 pacjentow z T1D, z ujemnymi markerami serologicznymi CD w chwili
rozpoznania, u ktorych dzigki corocznemu przesiewowi zdiagnozowano CD. Ponadto wsrod
pacjentow (T1D-CD) oraz u pacjentow z aktywng CD wyodrgbniono podgrupe pacjentow,
ktorzy stosowali GFD przez co najmniej 6 miesigcy (36 osob z CD-GFD i 39 os6b z T1D-CD-
GFD).

Do badania wtaczono rowniez 55 dzieci bez rozpoznania T1D, chordb wspoétistniejacych o
innych przyczynach, objawow obecnego stanu zapalnego, klinicznie istotnej anemii i oznak
hipoksji stanowiacych zdrowa grupe kontrolna (HC).?

Publikacja Selected Serum Markers Associated with Pathogenesis and Clinical
Course of Type 1 Diabetes in Pediatric Patients — The Effect of Disease Duration (Ochocinska
i wsp., J. Clin. Med., 2023) odnosi si¢ do badania przeprowadzonego w grupie 156 pacjentow
z T1D. Do tego badania wlaczono réwniez 55 dzieci bez rozpoznania T1D, stanowigcych HC.
Z grupy pacjentow z T1D wyodrgbniono 30 dzieci z nowo rozpoznang T1D oraz 126 pacjentow
z T1D trwajaca ponad 3 lata. Pacjentow dlugo chorujacych (>3 lat) podzielono dodatkowo
wedtug czasu, jaki uptynal od rozpoznania T1D wyodrgbniajac tych bez spodziewanych
powiktan (pierwsze 3-5 lat choroby), pacjentow z prawdopodobienstwem wykrycia
pierwszych wczesnych biochemicznych markerow powiktan (67 lat choroby) oraz pacjentow,

u ktérych subkliniczne powiktania mogtyby by¢ wykryte (>7 lat choroby). Zaden z pacjentow

2 Szczegbtowa charakterystyke grupy badanej zawarto na str. 33 w Tab. 1 publikacji Ochociriska i wsp.,
Nutrients, 2022
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wiaczonych do badania nie miat powiktan w postaci neuropatii, nadci$nienia ani retinopatii

w dniu wykonania analizy biochemicznej.?

Metody

Wszystkie substancje czynne oceniono za pomocg testdOw immunoenzymatycznych
ELISA (IAPP, prolAPP, NGF, ChgA, PAF — Cloud Clone Corp, Katy, USA; CTS — RayBio,
Norcross, Stany Zjednoczone; UMOD — BioVendor, Brno, Czechy; I-FABP — Hycult
Biotech Inc., Wayne, Stany Zjednoczone) zgodnie z instrukcjami producentow testow.

Badania biochemiczne, m.in. HbAlc oceniano rutynowymi metodami laboratoryjnymi
na analizatorze Alinity ci-series firmy Abbott w Laboratorium Badan Podstawowych Instytutu

,,;omnik — Centrum Zdrowia Dziecka”.

Badania serologiczne niezbedne do diagnostyki T1D i CD wykonano w Zaktadzie
Biochemii, Radioimmunologii i Medycyny Doswiadczalnej (anty-GAD, anty-1A2, ICA) oraz
Zakladzie Patomorfologii (anty-tTg Ab). Autoprzeciwciata anty-GAD i anty-1A2 oceniano
metodami radioimmunologicznymi (Medipan GmbH, Dahlewitz, Niemcy), ICA metoda
immunoenzymatyczng ELISA (Medipan GmbH, Dahlewitz, Niemcy), anty-tTg Ab testem EliA
na analizatorze Phadial00 firmy Thermo Scientific.

Analiza statystyczna

Minimalng wymagang wielko$¢ proby oszacowano na 86 uczestnikOw za pomoca

oprogramowania Epi Info ™ 7 dostepnego na stronie https://www.cdc.gov/epiinfo/index.html .

Dane analizowano przy uzyciu oprogramowania Statistica v.10.0 (StatSoft, Inc., Tulsa, OK,
USA).4

3 Szczegdlows charakterystyke grupy badanej, w tym status biochemiczny (Tab.l.) zawarto na str. 42
w podrozdziale Material and Methods publikacji Ochocinska i wsp., J. Clin. Med., 2023
4 Zastosowane narzedzia statystyczne opisano nas str. 33 (Ochociriska i wsp., Nutrients, 2022) oraz str. 43
(Ochocinska i wsp., J. Clin. Med., 2023).
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Abstract

In the pathogenesis of type 1 disbetes (T10) the causative process is the immunological de-
struction of pancrestic beta cells (Bcells) by autoreactive cytotoxic lymphocytes and macro-
phages. Thesa changes ane reflected in the blood of patients &5 eutoentibodies directed against
|Bcell antigens. Antibodies ageinst the following are measured: unidentified cytoplasmic f-cells
{ICA), glutamic ecid decarbomylase (GAD), tyrosine phosphatase {14-2), endogenows insulin (LAA4)
and zinc transparter 8 (ZnT8). The complete destruction of pancreatic beta cells stops the pro-
duction of autcantibodies. it is therefore believed that the determingtion of amtibodies associe-
ted with T1D is of major importance in the early stages of the disezsa. The |AA test must be
performed prior 1o inftigting insulin therapy. As in the case of ICA, GADA and |A-2A, & positive
144 result in & patient who is not taking insulin confirms the presence of T10. The latest in T1D
diagnastics is ZnTE, an ideal comphement to the cument tests. About 25-20% of patients who do
et have GAD, LA2A of ICA antibodies have ZnTE antibodies. Moreover, in some clinical cases of
T1D with negative specific antibodies, the isolated presence of ICA is observed, which indicates
aother, hitherto unknown entigens. Along with routine amibody measurerments, optimising sam-
pling and test development in terms of relisbility and cost-effectreness continues. This summarny
describes the present utility and future prospects for T1D prediction and diagnosis using the
measurement of autcantibodies.

Keywords: autoamtibodies, GAD, [A-2, 184, ICA, T1D.ZnTE

Streszczenie

Przyczyng cukrzyey typu 1 (T1D) jest immunologiczne zniszczenie komdrek beta trzwstki
(komorki B) przez autoreaktywne cytowksyczne limfocyty | makrofagi. anm_.lteznqﬁn
mm‘mhmpaqenmmlmum amnpmmﬁduamm

transporterowi cynku B (ZnTE) Calkowite zniszczenie komdrek beta trzustki zatrzymje
produkcje ewoprzecivwciat Lhweza sie zetem, 22 oznaczenie przecivwcist zwigzenych z cukrzycy
typu 1 ma duZe znaczenie we woaesnych stadiach choroby. Test |44 nalezy wykonad przed
rozpoczeciem insulinoterapii. Podobnie jak w przypadku ICA, GADW i 1A-2A dodetni wynik
|44 u pacjenta nieprzyjmujecego preparstow insuliny potwierdze obecnost cukrzycy typu 1.
wad&mﬂﬂmm%ﬂﬂ&hﬂamwm
dotychezasowej diagnozy. Okolo 25-30% pecjentow, kidrzy nie majg preeciwciad GAD, 1AZA
i ICA ma przeciwciala ZnTE. Ponadio w niektorych przypadkech kinicznych T1D z ujemnymi
przeciwciatami swoistymi obserwuje sie izolowang dodatnig obecnosc ICA, co wskazule na
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INTRODUCTION

In 2022, there were B .73 million individuals worldwide with type
1 diabetes mellites {T10) (119,995 in Poland); 1.52 million of
therm were younger than 20 years (13,220 in Poland). One in five
(1.9 million) fived in low-income and lower-middl e-income coun-
tries. Looking &t wordwide date, 330,000 new cases of T10 were
diagnosed across all ages, including 201,000 patients under the
age of 20. Sathe scale of the problem is very large [1].

T1Dis a chronic disease that results from the autoimmune de-
struction of insulin-producing Bcells in the islets of Langerhans
inthe pancreas. Childhood onset is most often acute with a rapid
increase in symptoms. Typical symptoms inchede increased thirst,
pohyuria, weight loss despite excessive appetite and weakness.
In some cases, there may be remission. Ketoacidosis — the un-
controlled production of ketone bodies that cause a metabaolic
acidosis which results in 2 blood pH value below 735 — and ke-
tonuria (30%), severe hyperglycaemia (90%) and - in extreme
CA%ES, COME — are common. Symptoms become clinically ap-
parent only after the Bcell mass has been severely damaged
{approximatehy 910%), reducing the body's ability to maintain ghy-
caemic control and metabolic function. Since prevention and
therapy strategies are aimed at a return to normaghycaemia, it
becomes necessany to have methods to maonitor this process.
Although lifelong exogenous insulin administration may help to
some extent in balancing glucose homeostasis in T1D patients,
there are currently no effective therapies for the disease. I left
untreated, the disease leads to death [2].

The diagnastics of T1D includes a tharough history and assess-
ment of glucose levels (plasma glucose and HbATc), as well as
ketosis detection. The measurement of certain antibodies — anti-
glutamic acid decarboxylase (GAD), antityrosine phosphatase
{14-2), cytoplasmic and surface anti-islet antibodies (JCA), ant-
zinc transporter antibodies (ZnTE) and anti-Hnsulin antibodies
{1A4) — is mot recommended for a T1D diagnosis, but is used
for differential diagnosis. In some cases itis also necessany to
determine the concentration of C-peptide and the human leuko-
cyte antigen (HLA) genotype [3. 4] In the Caucasian population,
genetic predisposition is determined by specific combinations
of the DR and 40 alleles of the HLA genes, indicating higher
ar lower risk [3]. The highest risk haplotypes are DRE1*03:01-
DiOAT*05071-DOBT*02:010 and DRET*04 -DOAT*03:0N-DOB1*03:02
{also referred to by previous serology as DR3/DRA or DOEZ TOE).
The protective haplotypes for T10 are DRE1*1 5:01-D0AT*01:02-
OB 10602, DRBT*14:01-D0AT*01:01-D0E*0 5:03 and DRET*
07:01-D0AT*02:01-D0B1*03:03 [5). Performing genetic testing
shortly after birth can estimate the risk of developing diabstes
and can identify people at a higher risk of developing T10 Peo-
ple with genetic or immunalogical markers of T1D detected in
screening should be given access to appropriate counselling
and information [7]

o far, no reports have been published on the relationship between
& specific genetic background and the presence of selected auto-
antibodies. The presence of autoantibodies to anly one of the four

antigen groups is associated with only & marginal increase in risk,
while the risk iz markedly higher when islet autoantibodies to two
or more of the antigen groups are found. T1D0 risk can wary in re-
lation to which of the ishet autoantibodies is present. In particular,
the presence of antibodies to 14-2 is associated with highest risk.
‘Similar to the number of islet autoantibodies, greater titre, affinity
and broadness of epitope reactivity are features of islet autoant-
beodies that are associated with high T1D risk [BL

The same antibodies as in children and adolescents with T1D
are detected in people with latent sutoimmune diabetes in adults
{LADA). Therefore, the current classification of diabstes does
not differentizte LADA diabetes, which is considered one of the
clinical forms of T10 9.

ANTIBODIES AGAINST BETA-CELL
ANTIGENS

Antibodies 1o pancreatic islet antigens are strongly associated
witth the development of T10. As a result of the cytotoic interac-
tion of macrophages and T lymphocoytes with B-call antigens, the
islets are damaged and intracellular antigens are released. A lack
of tolerance to the body's own islet proteins, homology in their
structure with the sequences of certain virrses and the generation
of cross-reactions leads to the immune system’s invobement and
the production of swtoantibodies. It is hypothesised that the loss
of tolerance to a key antigen may induce an immune responss
against other Bcell antigens of the pancreatic islets [31. Thus, the
appearance of antibodies directed to one or more autoantigens
indicates the presence of an autsimmune process that destroys
Bcells. The degree of islet destruction may be reflected by the
type of antibodies that appear, their subtypes and isotypes and
their specificity for antigen epitopes [10, 11]. Understanding the
factor that inftiates an awtoimmune reaction is therefore impor-
tant in understanding the mechanism of the disease and trying o
intervens in its course. Islet antibodies are detectable many years
before the onset of the first disorders of glecose metabolism or
abnormmal responses to glucose loading tests, making them an
extremely valuable and diagnostically evailable indicator of the
autoimmune process in the pancreas [2, 12].

Anti-islet antibodies

Islet antibodies are the primary and best known indicator of the
hurmnoral response. They were described for the first time by Bot-
tazzoin 1974 in & polyendocrine syndrome, including T1D [13],
thus confirming the autoimmune nature of the dissase.

AntiHslet antibodies are & heterogensous group of G-class immu-
noghobulins [14], some af which have the ability to fix complement
[13]. The group of antiHslet antibodies includes all antibodies di-
rected ageinst the pancreatic iskst antigens GALDL [A-2 ICAGSY and
ZnT8, as well as those not yet discovered [16,17].

(Over the years, ICA has been measured by indirect immunofivo-
rescence using the hurnan pancreas as the source of all antigens.
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Two types of fluorescence are observed in microscopic imageny:
restrictive, [CA binding to antigens on the periphery of the islet,
and non-restictive, ICA binding to all antigens of islet cells and
visible as homologous fluorescence. In order to standardise the
methodology of ICA determinations and the technigue of evalu-
gtion, attempts have been made to harmonise the ICA detection
method. The imternational unit JOF (Juvenile Diabetes Founda-
tion) was created to express the quantitative value of the anti-
bodies present. Modifications to the methodology for determin-
ing anti-islet antibodies made the test a sensitive and specific
miarieer of T1D[18, 19

Islet artoantibody assays have improved significantly over the
pasttwo decades and "biochemical” autnamtibodies are measured
for maost purposes, while the ICA cytoplasmic assay remains im-
portant for specialised research and for specific research groups.
The islet cell antibody immunofiuorescence test is still usedin
some cemtres, bt should be replaced as itis operator-dependent
and nonspecific, detecting interspecies antigen-antibody binding.
The intemational antibody standardisation programme also pro-
vided data indicating that the immunofivorescence technigueis
not sensitive enough to detect positive antibody results [20-232].

Although the clinical practice guidelines suggest but do not
recommend antibody testing in high-isk individuals in order to de-
tect prechinical T10 binchemical detection of ICA s sometimes
still used. The testis most useful inthe comext of analysing pop-
ulations where the expected frequency of positive results is low,
such as screening in women with gestational diabstes or testing
in patients clinically classified with type 2 diabetes for specific au-
toantibodies indicative of LADA In this case, the test should be
treated as supporting the differential diagnosis. Measuring unde-
fined autoantibodies against islet cell antigens is less useful in
& population where the expected frequency of positive outcomes
is high, such as children with newdy diagnosed T1D [23]. As a con-
sequence, clinical laboratonies are using ICA less and less in row-
tine diagnostic tests (determined both by immunofluorescence
and biochemical measurements). At the time of T1D diagnosis,
antibodies are found in about 70-80% of patients [24, 23] During
the course of the disease, the ICA reaction is gradually suppressed,
which is likely related to the progressive destruction of Bcells
[26, Z7]. Many years of observations hawve shown the prassnce of
ICA evenin the 10th year of clinical disease in one third of children
[28]. Moreover, among family members of children with T10 ICA
is found in 3-3%, whereas in the general population anti-Hslet anti-
bodies are found with a fraguency of 0.1-0.3% [20]. ICA is also de-
tected inother autcimmune diseases, such as celiac disease, au-
toimmune thymoid disease, autoimmune hepatitis and stiff-person
syndromee [30-33]. However inthese cases, the anti-islet response
pocurs with a much kower frequency and intensity of the humoral
response directed against pancreatic antigens [271

Antibodies against glutamic acid decarboxylase

The 64 kD swtoantibody was discovered in 1982 by Baekkesov,
while the antigen to which it is directed {glutamic acid de-
carbaxylase [GAD]) was anly identified in 1990 [34, 33]. GAD,

the enzyme involved in converting glutamate to glutaminobu-
tyric acid is present in GABAgrgic neurons and in pancreatic
p-cells. In humans, there are two isoforms - 63 kD (3AD6T) and
67 (GADET) — encoded by two separate genes located on chro-
masomes 2 and 10, respectively. The proteins hawve structures
that are 3% similar, with GAD &5 kD showing greater immuno-
genicity in diabetes [36].

This enzyme regulates the level of gammaaminobutyric acid
(GABA) in the cytoplasm of the isket cells. tis believed that GABA
inhibits the secretion of glucagon and somatostatin and partick
pates in the secretion of insulin [37]. Mareover, this compound
is & key substrate for the energy transformations in the Krebs
cycle and the respiratory chain in B-cell mitochondria [36]. kis
known that high blood glucose levels stimulate ATP synthesis
in the mitochondrial membrane, which in turn determines insulin
secretion and GABA transport to synaptic vesicles [37). Consid-
ering the role of GAD inthe pathogenesis of T10L it is indicated
that the abnormal action of the respiratory chain enzymes not
only disturbs the energy balance of Bcells, but also blocks GABA
transformations in the mitochondria [36]. This leads to the ac-
cumulation of glutamate in the cytoplasm of cells, which intum
stimulates the synthesis of GAD, catalysing the conversion of
glutamic acid to GABA [33]. Cellular owerexpression of GAD can
lead to the presentation of this antigen on the surface of fcells
and the development of an autoimmune response,

At the ime of T1D diagnosis, the presence of anti-GAD antibod-
ies is detected in about 70-80% of patients (regardless of the age
groups). Among relatives, anti-GAD occurs in about 10% of sub-
jects. In the general population, this marker is detected in 2-3%
of people [41

Antibodies against tyrosine phosphatase

Insulinoma-associated antigen-Z (1A-Z) is a transmembrans
protein in the family of protein tyrosine phosphatases (FTPs).
FTPs play a central role in modulating the trensduction of cellular
signals, including the cells of the immune system. Based on the
current understanding of FTPs, it is clear that they impact ant-
gen receptor signalling and cytokine signalling. This impact likely
comtributes to the development and progression of sutcimmuni-
ty throwgh multiple mechanisms, including failures of cemtral and
penipherzl tolerance and the promiotion of proinflammatony T cell
responses [3B]. Protein tyrosing phosphatase has two isoforms:
14-2 and 1A-2R (phogrin) [281 1A-2 antibodies are mare sensitive to
T they are found in 353-73% of patients, whike antibodies against
the A28 protein ocour in only 20-30% [23]. Among children with
diabetes, antiA-2 is found in 530-80% of people. and mare often
and in higher titres in school-aged children (=7 years old) thanin
younger patients. Among relatives of children with T10, amti-HA-2
is obsened in 2-4% of people. In the generl population, anti-A-2
antibodies are detected, similarly to antHGAL in 2-4% of humans.
Anti{A-2 antibodies indicate a high risk of developing the disease,
and this risk is greater when they are accompanied by 14-20 an-
tibodies. Both markers are detected relatheely late, and are there-
fore a factor that signals a high riskof developing the disease [23].
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Antibodies against endogenous insulin

Insulin, proinsulin and C-peptide are the only B-cellspecific ant-
gens. Insulin is produced as a result of the conversion of prepro-
insufin imio prainsuling, which in turn, under the influence of endo-
peptidases, is converted imto insulin and C-peptide in a equirnolar
ratio. In the case of pancreatic islet destruction, they all stirmu-
late the production of autoantibodies [39]. 1AA antibodies were
identified by Berson and Yalow in 1856-1957. Among patients
with T10, at the time of diagnosis, the presence of avtoantibodies
directed against insulin is found in about £0-50% [40]. 1AA an-
tibodies are much more comman in younger children: they are
found in over 80% of patients under 5 years of age, in abaout 70%
af children aged 310 and in about 50% of older children and
adolescents [41]. Among adults, |A4A is observed in 10-20% of
patients. The coexistence of 1AA antibodies and ICA as well as
the child's age at the time of lAA detection are factors that pre-
dict earlier appearance of the clinical form of the disease [23).
It i= worth noting that 144 should be measured within 2 weaks
of starting exogenous insulin therapy; after this time, antibodies
may be produced in response to exsgenous insulin, which pre-
cludes their use in confirming diagnoses.

Antibodies against zinc transporter 8

Studies from the last decade or 50 have resulted in the detection
and identification of another antigen which are specific for f-cells
and which induce a specific humaoral reaction M2). ZnTB isa 369
amino acid transmembrane endoplasmic reticulum protein con-
taining six domains and & histidinerich loop betwean domains IV
and V. ZnTE plays an impartant role in regulating Zn™ concentra-
tion in secretory granules and insulin secretion [43].

At the time of T1D diagnosis, antibodies against ZnT8 are de-
tected in 60-B0% of patients (in 26% of patients with no other
marker of the humoral rezction [idiopathic T109). Evaleating the
response against the ZnTH protein reduces the number of pa-
tients without & confirmed autoimmune disease background
from 3.8% to 1.5%. The use of the simultaneous measurement
of ZnT8, GAD, [A-2 and insulin antibadies increases the detect-
ability of T1D by oreer 98% [42].

There is a correlation between the occurrence of antibodies
and the age of the patient. Antibodies against ZnT3 are rarely
found in children under 3 years of age; the incidence rises to
BD% in adolescents, but drops to abouwt 60% in adults. Duwring
prediabetes, the frequency and titre of antibodies increase with
the age of the child. ZnTE antibodies are detectable in children
ower 2 years of age, and their level increases significantly in chil-
dren over B. They appear |ater than ant-GAD and 1AA, at around
the same time as anti-lA-Z. The presence of these antibodies
strongly comelates with anti-lA-2 antibodies, making them a pa-
rameter of late-onset humaral response and thus of a poor prog-
nosis (pragression from prediabetes to diabetes). However, the
presence of only ZnTE antibodies is associated with a low prob-
ability of developing diabetes, while the coexistence with ather
markers of the humaoral reaction increases the risk of developing the

disease from 13% to 40% for & Jyear period. In as many as 40%
of patients at the time of diagnosis, ICA antibodies are detected
along with ZnTE antibodies.

ZnTA antibodies appear o be a specific marker of B-cell dam-
age. In diseases coexisting with T1D, it is detected in 20% of pa-
tients, but without clinical symptoms of diabetes. In Addison's
disease, ZnT8 antibodies are found in B.6% of subjects, and in
celiac disease without clinical symptoms of dabetes in 25 many
a3 30.8%. However, they are not observed in systemic connective
tissue diseases [42 43]

New antigens waiting to be characterised

The current, publicly evailable tests for the assessment of an-
ti-islet antibodies appear insufficient to confirm all cases of
T1D, as there is a subset of patients who do not have routine
antibodies assessed at diagnosis [44]. This may be due to in-
sufficiently sensitive tests or to the potential of different types
af Bcell destruction mediated by autoantigen in these T1D pa-
tients, and therefore due to the existence of other, as yet undis-
covered antibodies [43].

Tatal proteome measurements and bicinformatics expression
analyses have shown that there are many new, rare awtoantigens
and associated antibodies that may potentially be useful in the
diagnosis and monitoring of T10: tetraspanin-7, heat shock pro-
teins (HSP), carboxypeptidase E (CPE), islet-specific glucose-
-G-phosphatase-related protein (IGRF). islet amyloid polypeptide
{IAPF) and imagen 38 [46, 47). Among these new markers, the
mast imiportant is tetraspanin-7 [48-32]. Currently, these new pro-
teins are only being reseanched; there are no tests available on
the market for in vitro diagnostic purposes.

Methods for T1D autoantibodies

The guality of the assays used to measure autoantibodies has
improwed significantly in the past decade thanks to the efforts
of the Islet Autoantibody Standardization Program (IASF) [33].
The sensitivity and specificity of sutoantibodies in the event of
Brcell damage varies considerably depending on the method of
measurement. Although highly specific, enzyme immunoassays
{ELISA) have poor sensitivity compared to liquid-phase redioim-
munoassays (gold standard). This difference is due to the weaker
binding capacity at the boundary of the solid surface coated with
the antigen than in the liguid phase [34]. Some manufacturers
have also introduced tests that use electrochemiluminescence
{ECL) or chemiluminescencea (CLIA) for detection [33]. Ideally,
laboratories should use the most sensitive and specific tests
available. Research shows that ECL tests are better at identifying
high affinity antibodies that are more likely to predict progression
to T1D [33. In addition, ECL tests identify LAA antibodies much
earlier than isotopelabelled tests, which is weny important for
the prevention of diabetic ketoacidosis in young children. When
this type of amtibady is present, insulinlAAb complexes form and
prevent insulin from appropriately binding to its receptor post-
prandially, resulting in hyperglycaemia and leading to the severe,
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lifethreatening condition of ketoacidosis. In addition, this eari-
er detection of islet wtoimmunity onset is important in finding
potential environmental causes of diabetes and in our under-
standing of the aetiology of T10 [56). Now, when autoantibody
mieasurement tests offer the possibility of detecting T1D in the
preclinical stage and awoiding disbetic ketoacidosis, scientists
are focussing on developing gensral population scresning strat-
egies for islet autoimmunity [37, SB]. There are also attempts
to optimise sampling, £.9. by using & dry blood drop or capillary
blaod samples instead of routinely wsed blood serum [39, 60,
Maost laboratories testing for pancreatic islet cell autoantibodies
offer all five commercially evailable antibodies.

CONCLUSIONS

As mentioned above, the T1D avtoimmune markers are islet
autoantibodies (ICA, GADA, 1A-2A and ZnTAA) and anti-insulin
artibodies {[AA). Clinical T1D is defined by the presence of twao
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Abstract Patients with type 1 diabetes (T1D) are at higher risk of celiac disease (CDY). Becently,
intestinal fatty acid binding protein (FEABF) has been shown to be a serological biomarker of
impaired intestinal barrier in CD. Thus, the aim of this study was to verify whether I-FABF could be
an early marker of CD in pediatric TID patients. FFABF was measured in sera of patients with T1D
I:I‘I! = 158), active CD'in = 33}_. TID with active C.Dm LD, m= 51, and alqe-mabchd ]‘m&lﬂ‘l_v children
(1= 55). Additicnally, I-FABFP was determined in T1D patients with negative CD serology at keast one
year befor CD diagnosis (TID-CDAL, n= 22, in CD patients on a ghoten-free diet (CD-GFD, 1= 35),
and TIDXCD patients on GFD (TID-CD-GFD, 1= 39). Sera wem tested wsing imomunoe ey matic
assay. Significantly increased levels of FEABF were found in the T1D, active CD, and TID-CD
grouaps (1153 £ 665, 1104 + 916, and 1208 + 878, espectively ) in comprarison bo healthy with controls
(485 =+ 414, p < 05). GFD induced a significant decrease in [-BABF kevels i CD and TID-CD groups
(510 + 492 and 548 + 4%, mspectively). Interestingly, in TIDCCD-1 and T10, FFABP levels wene
comparable (B33 £ 36% va. 1153 + 665), and significantly increased in nelation to healthy controls amd
TID-CD values on GFD. The results indicate that the e pithelial barrier is disrupted in T1D patients
independently of CD deve lopment; therefone, I-FABF cannot serve as an early marker of CDin T1ID
patients. Although GFD can improve epithelial recovery, the question remains as to whether GFD
could exert bene ficial effects on the intestinal barrier in eary stages of TID.

Keywords: type 1 diabetes; celiac disease; biomarker; intestinal fatty acid binding protein; impaired
epithelial barrier; I-BA BF; gluten-free diet; intestinal barrier

1 Introduction

Type 1 diabetes (T1D) is a multifactorial and complex autoimmune disease. Its comor-
bidity with other autoimmune diseases, including celiac disease (C13), is well established.
The co-diagnosis of CI affects from 2 to 16% of diabetic patients worldwide [1]. According
to the latest Polish reports, the frequency of C1Y among T11 patients is now much higher
than ten years ago (8.3% va. 57%) and higher in girls (13.9%) than boys (£9%), which is in
line with previous meports by Cerutti et al. about the higher risk of having both diseases for
girls than for boys [2,3).

Mutrients M2 14, 414 hitps// doiorg, 103390,/ nul 4030414
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The relationship between T11 and CI is being intensively studied [4]. The human
leukooyte antigen (HLA) analysis showed that haplotypes occurring in almost all patients
with O (HLA-IDXQZ and HLA-DXJ8) exist in the majority of patients with T1D, which
confirms the hypothesis concemning the common genetic pathogenesis of both diseases [5,6].
Common genetic features of T11 and CIY were also documented in the genome-wide
association study (GWAS), suggesting the role of impaired mucosal barrier function in the
etiopathogenesis of both diseases [7]. In the altered gut barrier, non-competent intercellular
junctions allow antigens, derived from the food or intestinal microbiota, to enter the
circulation and activate the immune system into upregulated autoimmune esponses [5].

Although the coexistence of CIDand T11} is well known, the diagnosis of CID among
diabetic patients 'emains a clinical challenge due to the fact that 60 to 70% of T11D chil-
dren present with asymptomatic or non-classical CD [2]. Prompt diagnosis is necessary
because untreated CID disrupts the absorption of nutrients by damaging the small intestine,
therefore resulting in an inceased risk of hypoghlycemia. Undiagnosed CD in T1D patients
may result in poor ghycemic control, keading to more complications and, in consequence,
insufficient treatment of retinopathy, nephropathy or dyslipidemia. This is why all experts
agmee that screening tests for CI should be performed for all T1D patients [9]. Due to the
high frequency of CD-spedific HLA haplotypes in T10, genetic HLA-IX(:2 and HLA-D(8
testing, as a first-line screening, suggested by the European Sodiety for Pediatric Gastroen-
terology Hepatology and Nutrition (ESPGHAM) [10], is questionable. For this reason,
I serological markers are recommended by the International Society for Pediatric and
Adolescent Diabetes (ISPATY for all T1D patients, independently of symptomatology [11].

MNevertheless, new biomarkers are still being sought to enable the detection of intestinal
epithelial damage at earlier stages. Recently, intestinal fatty acid binding proteins (I-
FABP) were presented as novel serclogical biomarkers of active C17 [12-14]. Elevated
concentrations of - FA BI were observed in patients with untreated CD. Momeover, teatment
with a ghuten-free diet (GFD) induced the rapid normalization of FFABP levels [14-16].

[-FABF is described as a low-molecular-weight (14-15 kDa) water-soluble extracellular
protein, a type of fatty acid binding protein [17]. This protein is expressed in the epithelial
cells of the mucous layer of the small intestine, and, in cases of epithelium damage, its
increased concentration is observed in the blood [18,19].

Thus, the aim of our study was to assess whether FFABF could be an early marker of
CIin children with T11.

2 Materials and Methods
21. Patients and Study Design

We performed an analysis of a retrospective research group collected prospectively as
part of screening and subjected to post hoc analysis after the onset of celiac disease.

The study involved children with T1D and /or CD hospitalized in the Children's
Memaorial Health Institute in Warsaw (Poland) in the period between 2012 and 2018, A case-
control study was performed on patients with T1D (n = 158), with T1D and active CI
(TID-CD, n = 51), and with active C1¥ only (n = 38), who were randomly chosen from this
database. The patients’ characteristics are presented in Table 1. T1D patients who displayed
no CI serological markers at diagnosis were annually serologically screened for CI3, and
a subgroup of patients who were eventually diagnosed with C13 but had only T113 one year
prior to diagnosis (T12-CI1 group, n = 22) were selected. In addition, among patients
with TIDCDand C13, a subgroup of patients who had been following GFI for at least
& months was distinguished (CIGFI, n = 36; TIDNCIGFD, n= 39). Healthy children
formed the control group (HC, n = 55).

T1D'was diagnosed according to the recommendations of the ISPATY [11,20], and CD
according to the ESPGHAN criteria [10]. Routine serological tests necessary to perform a
diagnosis wene performed in Department of Biochemistry, Radioimmunology and Experi-
mental Medicine, and Department of Pathomorphology at The Children’s Memorial Health
Institute (for T1: anti-glutamic decarboxylase (ant-GAD), anti-tyrosine phosphatase
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(anti-1A2), anti-isket cell (1CA) antibodies, and for CI: serum anti-tissue transglutaminase
antibody (anti-tTg Ab)). Patients and control group with current inflammation, hypoxia,
and coexisting diseases of other causes wem excluded from the study. All healthy controls
had negative serlogical screening test.

Table 1. Characteristics of main study group: type 1 diabetes (T10), type 1 diabetes with celiac disease
(TIDCDY, celiac disease (CD). Separate subgroups: celiac disease on gluten-free diet (CD-GFDY,
type 1 diabetes with eliac disease on gluten-foee diet (TID-CDVGED), and healthy controls (HC).

Slulﬂ.}' Grﬂup in= 245) Ctmt:\:;l ;:.;THP
TID-CD

Cohert o mpcoGry o0 CD-GHD HC

Sample size 154 51 (39) = (36) =
Gander

Female 83 26 (20) 122 =

Male 73 23(19) 14 (1) %

Mean age in years 1z 700 B (8) 10

Mean age of TID o ci6) A ) -

onesel In years

ype tes, bes an ac ase, == ase, ase
on gluen-free diet, 'l'.I.D-CD-Gl-'D—I.}rPe 1 diabetes and celiac disease on gloten-foe diet, ]'[C—ha:]&l.y conftrols,
NA—nat applicable.

12 LFABP Measurement

I-FABP was measured in the sera of patients and control group using an enzyme-
linked immunosorbent assay (ELISA) kit (Hycult Biotech Inc, Wayne, PA, USA) according
to the manufacturer’s instructions. Absorbance values were measured using a BioTek
PowerWave Microplate Spectrophotometer at a wavelength of 450 nm. Results were
expressed as mean =+ standard deviation (513 in picograms,/ milliliters (pg/mL).

13 Statistical Analyas

Data were analyzed using Statistica v.10.0 software (StatSoft, Inc,, Tulsa, OK, USA).
Standard dewviations of means weme used as descriptive statistics. Mormal distribution
was checked using the Shapiro-Wilk test and revealed non-normal distribution of data.
Differences between two groups were tested by U Mann-Whitney test, and between three
or more subgroups by Kruskal-Wallis ANOWVA by Eanks for independent groups. If differ-
ences were significant, post hoc analysis using Dunn-Bonferroni test was then performed.
Reweiver operating characteristic (ROC) curves wem used to obtain the specificity and sen-
sitivity of serum I-FABP to distinguish diabetic patients with CIY from those without CI.

Analysis of parameters in two time peints were performed using Wilcoxon signed-rank
test for dependent samples. In all tests, pvalues =< (.05 were considered significant.

24 Ethical Approval

The study was approved by the Local Ethics Committee from the Childen’s Memorial
Health Institute with written informed consent obtained from participants over 16 years of
age and/ or their legal representative, as appropriate.

3. Results

1. FFABF Levels in Sera of T1D Patients without CD, Patimts with Active CI0, ana Patients
with T1DM and CD

There was a significant difference in FFABF levels between the three study groups
(T11, active 10, and T1-CD) and healthy controls: 1153 + 665, 1104 + 916, 1208 + 878 va.
485 = 416 pg/mL, espectively; (p < 0.001) (Figure 1).
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Figure 1. Boxplot chart illustrates the distribution of I-FABP concentrations in T1D, CD, TID-CD,
and HC. TID—type 1 diabetes, CD —oeliac disease, TID-CD—type 1 diabetes and celiac disease, HC-
healthy controls; p values were caleulated by Kruskal-Wallis test.

However, the statistical analysis did not show statistically significant differences
between the groups (T1D, active CI, and T1D-CIY patients). The ROC curve to detect CI
in T1I) patients revealed an area under curve (AUC) of 0L557 (95%: confidence interval,
CE 0.485-0.628, p = 0.05) for FFABE A serum FFABF concentration of »965 pg/mlL was
associated with the coexistence of both diseases, with a sensitivity of 51.7% and specificity
of 50.7% (Figume 2).

cat=aff poivt = 955 [0.403=0.517]

BUC=0557 [15% 2104851628

0 b2 0 0z 0.1 1
A-mpasificity

Figure 1. Diagnostic value of FFABP as a marker of CD in T1D patients. AUC—area under eurve,
Cl—confidence mterval.

3.2 The Effect of GFI? on I-FABP Concentrafions

The serum level of FFABP wem substantially diminished in patients on GFD {Figure 3)
and in both study groups (CD and T1DCD), it reached values similar to those of the healthy
control group. At least & months of GFIYin TID-CDD patients induced a decrease in [-FABP
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concentration by 54.6%, (from 1208 + 878 to 548 + 439 pg/mL). There were significant
differences between patients with T1D0-CD without dietetic treatment and on GFD (1208 +
878 and 548 + 439, respectively) as well as between the T1ID-CD group and controls (1208
= 878 pg/mL and 485 + 416 pg/mL, respectively) (Figure 3A ). In the case of CI} patients,
GFD resulted in a decrease in I-FABT concentration by 53.8%, (from 1104 + 916 to 510 £ 402
pg/mL). The differences between patients with active CD), before and after GFIY treatment,
as well as the control group, were statistically significant (1104 + 916 vs. 510 & 492 and 485
+ 416 pg/ mL, respectively ) (Figure 3B).
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Figure 3. Boxplot chart illustrates the distribution of FFABP concentrations in TID-CT), TID-CDHGFD,
and HC patients (A) and CD, CD-GFD, and HC patients (B); pvalues wem caleulated by Wileoxon
sigred-rank test; * p—TID-CD{A) er CD (B va. HC, ** p—TID-CD{A) or CD (B} va TID-CD-GFDY
(A} or CD-GFD (B). TID-CD—ty pe 1 diabetes and oeliac disease, TID-CDHGED—type 1 diabetes and
celiac disease on gloten free diet, HC—healthy controls, CD—eliac disease, CD—celiac disease on
gluten-free diet

13 FFABF Concemtrations Prior fo CIY Diagnosis m Pafients with Type 1 Dinbetes

Mean value of FFABF in the subgroup of patients with negative CIJ serology one year
before CIY diagnosis (T1D-CD-1) was not statistically significant different from that of T1D
patients (B33 + 369 vs. 1153 + 665 pg/ml, respectively). However, it differed significanthy
from the control group and T1CD patients after GFY treatment (833 + 369 vs. 485 £ 416
and 548 + 439 pg /ml, respectively) (Figume 4).
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Figure 4. FEABP concentrations i TID2CDHL growp in relation to T1D, HC, and TID-CDAGFD
patients; p values were calculated by Wileoxon signed-rank test; colors of p value fonts cormspond
to bars of study groups; * p—TID-CD-1 ar TIDvs. HC, ** p—T1D-CD-1 or TID va TID-CD-GFDL
TID-CD—#ype 1 disbetes and celiac disease patients with ne gative CD serology one year before (T
diagnosis, TID—type 1 diabetes, HC —healthy controls, TIDFCD-GFD—ty pe 1 diabetes and celiac
disease on gluten-free diet, FFABP—intestinal fatty acid binding protein
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4, Discussion

The early detection of CI may be of crucial importance for patients with T1D, as
numerous studies indicate that the treatment with GFD of patients with T1D and CI
improves blood glucose control [21].

International experts on CI and T1D (ESPGHAN, ISPADY) agree on the necessity
of screening diabetic patients with T1D for CID, but there is no consensus on the length
of follow-up, testing frequency, and type of testing [10,11]. Due to the fact that HLA
genotyping in patients with T1D is not sufficient to identify patients with an increased risk
of 1, and that serological screening for C1 allows the detection of the disease process onlby
at an advanced stage, when severe histological changes are present in the small intestine, as
well as the fact that the spontanecus normalization of celiac specific antibodies is observed
in some T1D patients, the search for new, early CI biomarkers in order to detect potential
cases of (1Y is of key importance [22,23].

For this reason, we evaluated the utility of -FABP—a recognized serological marker of
intestinal epithelium damage in CI}—as an early marker in T11 patients. To our know led ge,
this is the first study describing such a relationship in a pediatric cohort.

The current study shows that the concentration of FFABP is significantly elevated both
in CIY and T1D patients in comparison to healthy individuals, indicating small intestinal
epithelium damage in both patient cohorts. However, there were no differences between
the study groups, suggesting that the gut leakage, measured by FFABF concentration, can
be an independent predictor of CD development. This result was confirmed by the analysis
of the ROC curve, based on which it can be concluded that I-FABF is not a good diagnostic
marker of C1Y in T1D patients. This biomarker offers no ability to separate the two clinical
conditions. The statistically determined optimal cut-off value of FFABP for active CD at the
level of 965 pg/mL produed sensitivity and spe dficity of only 51.7 and 59.7%, respectivehy.
The analysis of the FFABF concentrations in T1ID-CD-1 in relation to T11 showed that
even in the period preceding the onset of CID, its levels were elevated. This result clearly
indicates that damage to the intestinal epithelial barrier is independent of the presence
of CT

These results support the previous hypothesis of the loss of intestinal barrier integrity
in T1D} resulting in low-grade chronic inflammation as well as increased diffusion of
bacterial components into the blood. Previous studies showed intestinal barrier dysfunction
assessed by measuring blood markers of intestinal damage or bacterial translocation other
than FEABP [24-26] Elevated levels of zonulin [27-29], grtokeratin 18 caspase-cleaved
fragment [30], lipopolysaccharides [28], and peptidoghycans [31] indicate both increased
paracellular permeability and a profound damage to the intestine, allowing bacterial
components toenter the bloodstream. Vaarala pointed out that the concentration of zonulin,
the protein regulating the functioning of epithelial tight junctions, correlated with increasing
intestinal permeability measured by the functional lactulose /mannitol test [26,27,32).

It is known that GF is an effective treatment for celiac patients, inducing clinical
recovery, the normalization of histopathological changes in the small intestine, and the
normalization of serum autcantibody levels [33,54). In this study, we found that GFIY used
for a minimum of & months decreased the concentration of F-FABP in CI? and T1DM-CD
patients by at beast 50%. This finding indicates that gut barrier integrity can be significantly
improved with proper dietary management. Interestingty, GFD in TID-CD patients in-
duced a I-FABF decrease, achieving the level observed in healthy controls. However, this
observation does not answer the question of whether GFD) may be effective in T11D patients
without CT) The hypothesis that gluten is harmful not only to patients with C17 but also to
those with other autoimmune diseases was suggested recently [33,35). Researchers suggest
that GFID may offer the potential to reduce the risk of T1D [36], and a few studies indicate
that GFD), when applied to older children with T11), may protect beta cells from destruc-
tion to some extent. Undoubtedly, various factors determine the impact of GFD on the
autoimmune response of pancreatic iskets detected at the time of C1D diagnosis: adherence
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to GFIY and its duration, the type and concentration of anti-diabetic autoantibodies, and
the asymptomatic clinical picture of CI [37].

While GFD can improve the intestinal epithelium in diabetic patients with C13, it is
still an open question whether GFD could exert beneficial effects on the intestinal barrier in
the early stages of T11), protecting patients from the development of other autoimmune
disorders, including CI), or impacting the clinical course of T11.

5 Limitations and Strengths

We recognize some limitations of our study. First of all, itwas limited by the relatively
small number of patients. Secondly, we did not perform a sample size estimation. This
is why when we found no difference between the study subgroups, it was difficult to
determine whether this lack of difference was caused by the sample size. However, we
believe that it is worth highlighting in our research that, due to access to such a broad dlinical
database (mver a six-year period), it was possible to identify T1D patients who developed
(C17 as a comorbid disease during this period. Thus, it was possible to retrospectively assess
the concentration of I-EABP in the period of T1D only; one year before the appearance of
1 serological markers (T1D-CI-1 group) and after classification in the T1D-CD group
(after (I diagnosis). Moreover, the strength of this study is that all the T1D patients were
serologically screened for celiac disease.

& Conclusions

In summary, the evidence from this study suggests that [-FABP cannot serve as a poten-
tial early biomarker for diagnosis of CI3 in T11 patients, but it can be used as a serological
marker indicating epithelial damage in pediatric T113

Author Contributions: Conceplualization, B.C. and AO; methodobogy, B.C, LBE; softwane, AO.;
validation, A.Q., B.C. and MS5;; formal analysis, B.C; iwestigation, ACQ., EX, LBB. and LT;
regounces, MW-M, AG; AR data curation, EEK, LT, AQ. and AG; wriling—origmal draft
preparation, A.O.; writing—review and editing, B.C; visualization, A/O; supervision, B.C, M5 and
MW.-M.; funding acquisition, AQL, B and A G All authors have read and agreed to the published
version of the manuscript

Funding This mesearch was funded by The Children's Memeorial Health Institute, grant mumbers
S147 /2016, 5156,/2017, 259,/ 2018, M41,/12.

Institutional Review Board Statement The study was conducted according to the guidelines of
the Declaration of Helsinki and approved by Ethics Commities of The Children's Memorial Health
Institule (protocol code: 62/ KBE/2016, date of approval: 14 December 2016, 47 /KBE/2017, date of
approval: 6 Sepember 2007, 51/ KBE/ 2018, date of approval: 21 November 2018, 18/ KBE/ 2019, da
of approval: 24 April 2019).

Informed Consent Statement: Informed consent was obtained from all subjects involved n the
study. Writbens informed consent has been obtained from the patient(s) to publish this paper

Data Availability Statement: The data presented in this study are available on request from the
corresponiding author. The data ame not publicly available due to privacy protections.

Conflicts of Interest The authors declans no conflict of intenest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscrpt, or
it the decigion bo publish the mesults.

1 Pham-Short, A ; Donaghoe, K.C; Ambler, G; Phelan, H; Twige, 5; Craig, MLE. Sereening for Ce liac Disease in Ty pe 1 Diabetes
A Systenatic Review. Pediatrics 2015, 136, e170-e176. [CrossRef]

1 Ceruiti, F; Bruno, G.; Chiarelli, F; Locini, B; Meschi, F; Saechetts, C. Diabe bes Study Group of the Ilalian Socsety of Pediatoic
Endocrinology and Diabetology. Younger age at cnset and sex predicts celiae disease in childeen and adolescents with ty pe 1
diabetes: An ltalian multicenter study. Diabetes Care 2004, I7, 1204-1298. [CrossBef] [Pubhiad]

37



Mutrimits 2022, 14, 414 Bofd

10.

1L

12

14

14.

15

16,

17.

18,

19,

2L

t#

Wedny chowice, A Minasyan, M.; Pietraszek, A.; Centkowski, |.; Strek, M.; Ridanska, |.; Chelmecka, K ; Zdzierak, B.; Wilk, M.;
Caekanska, F; et al. Increased prevalence of eeliac disease and ibs clinical picture among patients with diabetes mellitus bype
1—Observations from a single pediatric center in Central Furope. Padiatr. Exdooinol. Dichetes Meiab 2021, I7, 1-6 [CrossEet)
Lettee, G; Rioux, |2 Auteimmurne diseases: Insights from genomewide association studies. Hiom. Mal. Genet. 2008, 17, 116-121
[CrossRef] [PubMed]

Achury, [.G.; Romanos, |.; Bakker, SF; Komag, V.; de Haas, EXC; Trynka, G.; Ricafwo-Fonee, L; Steck, A; Type 1 Diabetes Genetics
Consortium; Chen, W.M,; et al Contrasting the genetic background of ty pe 1 diabetes and celiac disease autoimmunity. Dighetes
Care 2015, 38, 3744, [CroasFef] [PubMed]

Smyth, D] Flagnol, V.; Walker N.M; Cooper, |1 Downes, K; Yang, [H.; Howson, [M.; Sevens, H; McManus, B;
Wijmenga, C;etal Shared and distinet genetic variants in type 1 diabetes and celiac disease. N. Engl. | Mead 2008, 355,
Irb7-Er77. [CroasFef] [FubMed]

Zhernakova, A Withoff, 5.; Wipmenga, C. Clinical implications of shaned genetics and pathogenesis in autoimmune diseases. Nat.
Rew. Emdocrinol 2013, 8, 646-659. [CrossFef] [Pubhbed]

Cukrowska, B; Sowitaka, A Beeda, [B; Czamowska, E; Rybak, A; Greybowska Chlebowezyk, UL Intestinal epithelium,
intraepithelial lynphocytes and the gut microbiota—Key players in the pathogenesis of celiac disease. World | Gastrootteral. 2017,
23, 7505-7518. [CrossHef] [FubMed]

Akirow, A_; Pinhas-Hamiel, O. Co-occurmnce of type 1 diabetes melitus and celise disease. World [. Disbetes 2015, 6, 707714,
CrossRef

E‘IL:H}_V, S.;]Knletzjw, 5.; Korponay-Seabd, LE.; Mearin, MLL.; Phillips, A ; Shamig, B ; Troncons, B; Giersiepen, K; Branski, D;
Catassi, C; et al. European Society for Pediatric Gastroenteralogy, Hepatology, and MNutrition guidelines for the diagnosis of
cowliae disease. [. Pedinfr. Gestroentarol. Nutr. 2002, H, 136-160. [CrossFef] [PubMed]

Mahimud, EH.; Elbarbary, N.5.; Frohlich-Beitere, E.; Holl, RW.; Kondeourd, O.; Kaip, M.; Sinvnoas, K; Craig, ME. ISPAD

Clinical Practice Congsensus Guidelines 2018 Other complications and associated conditions in children and adolescents with
type 1 diabetes. Pediafr. Dighetes 2018, 19, 275-286. [CrossRef] [PubMed]

Oldenburges, LB; Wolters, V.M. ; Kardol-Heefnagel, T; Howwen, RH]; Otten, HG. Serum intestinal fatty acid-banding probein in
the meminyv asive diagnosis of celiac disease. APMIS 2018, 126, 186-190 [CrossBef]

He, 55.C; Keenan, |.L; Day, A5 The role of gastrointestinal-related fatty acid-binding proteins as biomarkers in gastrointestinal
diseases. Dig Dis. Sa. 2020, &5, 376-290. [CrossRef]

Adrisanse, MPM.; Mubarak, A.; Riedl, BG; Ten Kake, FLW,; Damoiseaux, [JGM.C; Buurman WA, Honwen, BEH];

Vreugdenhil, A CE ; Celiac Disease Study Group. Progmess towands non-invasive diagnesis and follow-up of celiac disease in

children; a prospective nrulticente: study to the usetulness of plasna [-FABE. 54. Rep. 2017, 7, 8671 [CrossRet]

Derikx, LE; Voeugdenhil, A C; Van den Neucker, A M.; Grootjans, [; van Bgnen A A ; Damedseauws, G van Heam, LW.;
Heineman, E; Buurman, WA A pilot study on the noninvasive evaluation of inkestinal damage in celiac disease using FFABP
and L-FABE. . . Gastroenteral. 2008, 43, 727-733. [CrossBef]

Adriaanse, ME; Tack, G.]; Passos, V.L.; Damoiseaux, LG Schreurs, MW, van Wijck, K.; Riedl, B.G.; Masclee, AA;
Bunrian, WA ; Mulder, C]; et al Serwm I-PA BP as marker for enterocyte damage in coeliae disease and its e lation to villous
atrophy and circulating autcantibodies. Alimet. Fharmecol Ther 2013, 37, 482490 [CrossBef] [Pubbded)

Hotamishigil, G.5.; Bernlohr, DAL Metabolic functions of FABPs—Mechanizms and therapeutic implications. Nat. Ren Endocrinol

N5, 17, 592-605. [CrossFef] [PubMed]

Lau, E; Manques, C; Pestana, D Santoalha, M.; Carvalho, D; Freitas, B; Calhau, C. The role of FFABF as a biomarker of infestinal

barrier dysfunction driven by gut microbiota changes in obesity. Niudr. Matah. 2006, 13, 31. [CrossBef] [PubMed)

Pelsers, MM.; Namiot, Z.; Kisielewski, W.; Mamiot, A ; Januszkiewicz, M.; Hermens, W.T; Glatz, LE Intestinal-type and liver-type
fatty acid-binding protein in the intestine. Tissue distribution and clinscal utility. (k. Biocher. 2006, 36, 529-535. [CrossBef]

Clinical Diabetology. 318 Guidelines on the management of diabe tic patients. A position of Diabetes Poland. (in. Dicher. 2018,

7, 1. [CrossRet]

Sun, 5; Puttha, K ; Ghezadel, 5.; Skae, M.; Cooper, C; Amin, B ; Morthwest England Paediatric Diabetes Network. The effect of

biopsy-positive silent coeliac disease and treatment with a gluten-free diet on growth and gy caemic controd in childeen with

Type 1 diabetes Dinbet. Mad. 2000, 26, 12501254 [CrossFef] [PubMed]

Sud, 5; Marcon, M.; Assor, E; Palmert, MLE.; Daneman, D.; Mahomuwd, EH. Celiac disease and pediatric type 1 diabetes Diagnostic
and treatment dileowmas. Inl. [ Pedietr. Endocrinol. 2000, 3000, 161285, [CrossHef] [PubMaed)]

Unal, E.; Demiral, M.; Baysal, B; Agm, M; Devecioglu, EG,; Demirbilek, H; Ozbek, MN. Frequency of meliac disease and
spontane ous nonmalization rate of celiac serology i childeen and adolescent patients with type 1 diabetes. | Clin Res. Pediatr.

Endocrinol 2021, 13, 72-79. [CroasBe f] [PubMed]

Mensted, M.GY; Falck, N.D.; Pedersen, K.; Buschand, E; Holm, L].; Hawpt-Jorgensen, M. Intestinal permeability in type 1 diabetes

Anupdated comprehensive overview. [ Awtammen. 2021, 123, 102674, [CrossFed)

Li, X.; Atkinson, MLA. The ol for gut permeability i the pathogenesis of type 1 diabetes—A solid or kaky concept? Padiafr.

Dighetes 2015, T6, 485-492 [CrossFef] [PubMead]

Vaarala, 0. Leaking gut in type 1 diabetes. Cwrr. Opin. Gastroenterol 2008, M4, 701-706. [CrossRef]

38



Nutrimits 2022, 14, 414 of

9 8 @E 2 F

Sapone, A ; de Magistris, L.; Pietzak, M.; Clemente, M.G.; Tripathi, A; Cucca, F; Lampis, B; Kryseak, D; Carteni, M.;

Generoso, M; et al. Zonulin upnegulation is asseciated with increased gut permeability in subjects with type 1 diabetes and their
relatives. Diinbetes 2006, 55, 1443-1449. [CrossBef] [Pubbed]

Leiva-Gea, L; Sanchez-Alcoholado, L Martin-Tepdor, B; Castellano-Castille, [; Moreno-Indias, L; Urda-Cardona, A ; Tmahones,
E[.; Fermnéndez-Garcia, |.C; Qeeipo-Ortuito, ML Gut microbiota differs in composition and functionality bebween children with
type 1 diabetes and mody2 and healthy control subjects: A case-control study. Diigbetes Care D08, 41, 2385-2395. [CrossRed]

Wood Heickman, LK ; DeBoer, MLD; Fasano, A. Zonulin as a potential putative biomarker of risk for shared bype 1 diabetes and

celiac dise ase autoimnrnity. Dichetes Metab Res. Rem 2020, 36, e 3309, [CrossHaf]

Hoffmanowvs, L; Sénchez, [; Hibowd, V.; Andal, M.; Tutkovd, L; Tlaskalové-Hegenovd, H. Serclogical marckers of enterocyte
damage and apopbosis in patients with celiae disease, sutoimmune diabetes mellitus and diabetes mellitus bype 2 Thysial. Bes

2015, 64, 537546, [CrossRef]

Dhaan, Y.; Pragad, B; Feng, D.; Beli, E; Li Calzi, 5; Longhini, A LE; Lamendella, B_; Floyd, |L; Dupont, M. ; Noothi, SK; et al.
Brome marrow -derived cells restore functional integrity of the gut epithelial and vascular barriers in a model of diabetes and ACEZ
deficiency. Circ. Res. 2019, 125, 960088, [CrossHed]

Bosi, E; Molteni, L.; Radaelli, M.G.; Folini, L.; Fermo, 1; Bazzigaluppi, E.; Pemonti, L.; Pastors, MLE.; Paroni, B Increased
intestinal permeability precedes clinical onset of type 1 diabetes. Dishelologic 2006, 49, 26242027, [CrossBef] [PubMed]

Aljada, B.; Zohni, A ; EFMatary, W. The gluten-free diet for celiac disease and beyond. Nudrients 2021, 13, 3993, [CrossBedf]
Pubded

Et'mmf, 5.]; Makharia, G.K Evolving therapy for celiac disease. Front. Pediatr. 2009, 7, 193, [CrossBef] [FubMed]

Lemer, A.; Freiee de Carvalho, | Kotrova, A Shoenfeld, Y. Gluken-free diet can ameliorate the symptoms of non-celiac
autoimmune diseases. Nudr. Rem 1021, mmab09, [CrossRef]

Haupt-Jorgensen, M.; Holm, L]; Jesefsen, K.; Buschand, K. Possible prevention of diabetes with a gluben-free diet. Nutrients N18
10, 1746, [Cros=Reof] [PubMed]

Kaur, F; Agarwala, A ; Makharia, G.; Bhatnagar, 5.; Tandon, N. Effect of gluten-foee diet on metabolic control and anthropometric

parameters in bype 1 diabetes with subclinical whac diseagse A randomized comtrolled trial Endocr. Prock. 2020, 26, 660-667.
[CrossRef] [PubMed]

39



Journal of
Clinical Medicine

ey

Artide

Selected Serum Markers Associated with Pathogenesis
and Clinical Course of Type 1 Diabetes in Pediatric
Patients—The Effect of Disease Duration

Agnieszka Ochocifiska 10, Marta Wysocka-Mincewicz 20, Jolanta Swiderska 2 and Bozena Cukrowska 30

chieck for
updates

Citakioa Ochosificha, & ;

Wy sk Miseswics, WL; Seideraba,
1 Cuberormaiia, B Sehected Serum
Mok s A seociaked wilh
Pathogenesis and Clinical Course of
T pee 1 Db in Reudiaieic
Patiorde— The Effect of Diwae
Dhoraticen. [ Clie Mad 323,12 7151
Wit/ s o 103090 e 12067151

Academic Bditor: Maron Meos

Hswivent 14 January 2073
Reviud M Febvuay 2073
Ao plad: & March 2023
Publsahd 3 Masch 20173

@ )

Copyright & 2023 by the authods
Ligeiswe MIDPL Basel, Switeserland
This artich is an ofen acoess artick
dlistrdeaknd  wieler e o and
conditions af the Carative Cosnaons
Attrdetion (00 BY) hoense (hatpe//
chaativeomrss ofg Do’ by /
dof)y

1 Depm'tmu'l.t of Eindtm'l.ﬂ:.y_. Radjmmlngl and Et'p-ﬂ:in':nlz] Medicine, The Childen's Memiorial
Health Instifute, Alsjs Diriec Polsbdch 200, 04-730 Warsaw, Poland

T Clinic of Endocrinclogy and Diabetology, The Children's Memarial Health Institute, Alsja Dizieci Palskich 20,
-7 30 Warsaw, Paland

= Department of Pathomorphalogy, The Children’s Memorial Health Institute, Aleja Dwied Polskich 20,
-7 30 Warsaw, Paland

- Em'neq_:m'-d.uu:: a.n-chn-ci:ns'k.sﬂiptzip'l:'[c'l.: +4E2-R1ETR00

Abstrack Biochemical abnormalities in the course of type 1 diabetes (T1D} may cause the poo-
duction; activation of various probeins and peptides influencing teeatment and causing a risk of
complications. The aim of this study was to assess concentrations of selected serum substances in-
volved in the pathogenesis and course of TID and to cornelate their concentrations with the duration
of TID:. The study included patients with T1D {1 = 156) at the age of 3-17, who we e divided according
b the duration of the disease into those newly diagnesed it = 30, diagnosed after 3-5 (1 =77), 67
(n = 25, and over7 (1= 24) years from the onset of TID, and age-matched healthy controls (1 = 30).
Concentrations of amylin (IAPF), proamy lin (prol AFF), catestatin (C5T), chromogranin A (CheA),
nerve growth factor (INFG), platelet-activating factor (PAF), uremodulin (UMODY), and intestinal fatby
acid binding protein (I-EABF) were meagured in sera using immuncenzymatic tests. There wene
gignificant differences in concentrations of all the substances eccept UMOD and NGF between T1D
patients and healtly childmes, The duration of the disease afiectd conentrations of C5T, ChgA,
PAF, and NGE, ie., proteins/ peptides which could have an impact en the course of TID and the
development of complications. In leng-term patients, a decrease in concentrations of C5T and Chgh,
and an increase in PAF concentrations wene found. In the case of NGE a decrease was observed
after the initial high values, followed by an increase over 7 years after TID diagnosis. Concluding,
the resulls show that concentrations of selected senam indicators may change in the course of T1D.
Further studies am needed to establish whether these indicators could be used in the context of
predicting lomg-term complications.

EKeywonds: markers; type 1 diabetes; disease duration; metabolic memorny

L Introduction

Type 1 diabetes mellitus (T1D}—one of the most widespread diseases of our time—is a
chronic disease that results from the autoimmune destruction of insulin-producing f-cells
in the iskets of Langerhans in the pancreas [1). By 2022 there wene 875 million individuals
worldwide with T1D (119,995 in Poland), 1.52 million (15,220 in Poland) were younger
than 20 years of age [2]. Looking at worldwide data, 530,000 new cases of T1D were
diagnosed across all ages, of which 201,000 weme under the age of 20. Therefore, the scale
of the problem is very large [2]. The discovery and development of more physiologically
active insulins applied together with continuous subcutanecus infusion pumps, and the
improvement of T11Y care contributed to a significant extension of T1D patients” life span
and quality. However, untreated or improperly treated disease causes many complications,
both acute and chronic [3,4]. Pathogenesis of T11) has not been fully elucidated so far,
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and factors inducting the disease are still the subjects of many studies [5]. It is already
known that great importance in the pathogenesis of diabetic complications is not only the
current metabolic control but also the careful and intensive treatment of the disease from
the moment of its diagnosis [&].

It is proven that changes in metabolic control, in any of the stages of the diabetes
oourse, influence complication risks in the future, even after 20-30 years of the duration of
the disease. This phenomenon, called “metabolic memory”, is probably the consequence of
an increase in oxidative stress factors caused by hyperglycemia, is partly irreversible, and
persists even after normalization of glycemia [7].

Abnormal glucose concentrations and metabolites generated as a result of excess
hormones activate many unfavorable metabolic processes (non-enzymatic glycation of
proteins, changes of the polyol and hexosamine pathways, activation of protein kinase C,
oocidative stress, and tissue hypoxia). These pathological pathways lead to the failure of var-
ious organs, especially the eyes, kidneys, nerves, heart, and blood vessels. Disturbances in
growth (short height or overgrowth) and puberty (premature or delayed puberty) can also
be other types of T1D complications in children [£]. Late complications in the first 5 years of
diabetes in both pediatric and adult patients are sporadic, but their number increases with
the duration of the disease. Macrovascular changes usually manifest themse bves clinically
after the onset of microangiopathic changes, especially in diabetic nephropathy. However,
before the clinical manifestation of structural changes in the vessels, functional changes in
the microcirculation occur first. These changes are reversible, and therefore early markers
are being sought to identify the early stages of biochemical disorders preceding endothelial
dysfunction [&,8].

There are still no tools for diagnosing these early stages of the development of late
complications, but only for the stages of functional changes preceding the appearance of
permanent structural changes visible in imaging tests. Despite the availability of high-
performance omics technologies, data inconsistency and a lack of unambiguous, highly
promising protein markers are observed [9,10]. Postulated glycemic control refers to keep-
ing blood glucose levels as close to the normal range as possible in order to prevent acute
and chronic complications that wiould result from living with glucose levels significanthy
above or below the desired range. In practice, it can be achieved by measuring fasting blood
glucose or using glycated hemoglobin (HbA 1c), a measurement of average blood glucose,
over about three months. Currently, HbAlc has also been presented to play the role of an
indicator of disease progression in diabetes. HbA 1c has been shown to be directly related
to the survival of patients with an approximately 30-year history of T1ID [11] However, it
is known that HbAlc is not an ideal indicator of metabolic control [12-14].

Therefore, the aim of our study was to assess concentrations of selected active sub-
stances such as proteins, peptides, hormones, and others, the participation of which in
the pathogenesis and course of diabetes and its complications is known or postulated,
and to correlate concentrations of these indicators to the duration of T1D, as well as to
compare these concentrations to those of a healthy population. We analyzed the levels of
islet amyloid polypeptide/ amylin (14 FF) and its prohormone—proamylin (prolAFP—
substances influendng the mechanisms of carbohy drate metabolism [15-18]; chromogranin
A (ChA }b—a supposed autoantigen in T11 [19-21); and the product of its proteclysis cates-
tatin (CST') [22,23], intestinal fatty acdd binding protein {I-FABP}—a protein responsible for
increased permeability of intestinal epithelial cells, showed to be increased in children with
T1D [24). We also included in cur analysis substances potentially evaluable as indicators of
late complications, neurological—nerve grow th factor (NGF) [25], and vascular—platelet-
activating factor (PAF) [26,27]. Finally, we assessed uromodulin, a protein secreted by the
cells of the distal nephron tubules, strongly correlated with eGFE, which could be related
to diabetic nephropathy in T11Y patients [25].
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2 Materials and Methods
21. Patrents and Study Design

The study included 156 patients with TID whose median age was 11 years of age
(range: 3-17); 60 (46.6%:) boys and &6 (52.4%) girls that were hospitalized at the Clinic of
Endocrinology and Diabetology of the Children’s Memorial Health Institute in Warsaw.
T1D was diagnosed according to the recommendations of the International Society for
Pediatric and Adolescent MHabetes [29,30]. Routine serological tests wene performed in The
Central Laboratory (glucose, HbAlc) and in The Department of Biochemistry, Radioim-
munclogy and Experimental Medicine (peptide-C, anti-glutamic decarbooylase (anti-GADY),
anti-tyrosine phosphatase (anti-1A2), and anti-islet cell (ICA) antibodies) at the Childen's
Memorial Health Institute. At least 2 autoantibodies (anti-GAD), anti-1A 2, or ICA) were
positive in T11 patients. T112 patients with current inflammation, hypoxia, and coexisting
diseases were excluded from the study. A detailed biochemical status of the T11D patients
is presented in Table 1. We have not observed the relationship of presented biochemical
parameters with selected active substances assessed in this study (the analysis of the value
of all r indicators in Spearman’s correlation analysis was <0.2).

Table 1. Biochemical status of T1D subgroups depending on the T1D duration.

Parame bers

TiD im =156} %

Newly Diagnosed Disease Duration (in Years)

i =304 F5in=TN¢ &7 (=254 7 in=124)%
Blood glucose (mg/dL) 266 (75.6-792) 337 (153-792) 243 (119-640) 221 (144560) 311 (75.6-512)
Gl—""cat""'lrh,;]m””]”bm 7.80 (5.00-18.8) 128 (660-188)  7AD(RI0-143) TA0(S90-105)  AO0{5-1LS)
&Tﬁf}:?ﬂ{ 1,50 {0L06-3.7E) 051 (030-222) 054 (020-376)  049(019-215) 038 (0060186
Serum insulin (mIU/L) 414 (200-219) 190 (339219) 387 (200-119) 434 (200734) 356 (200-6.89)
5"“““;;::'{,‘:;?““‘“' 158 (85.0-323) 156 (110-210) 150 (85.0-257) 168 (117-260) 159 (105-323)
&m‘?j;:fgﬁﬁ*’ 700 (33.0-24) 86.0 (40.0-150) £1.0(33-244) TFOMO-NY  TAO(E9.0-194)
Semum ﬁtgﬁk“‘m' BL6 (21.5-115) dE0(H5995)  BA5(2E3-965) 628404003  6L7ikrr-115)
Serum ﬁ;ﬂﬁk“’”“" 825 (32.5-474) BAS(459-152)  B22(325-145)  900@EAI1-163) 763 (407-7d)
Serum non-HDL - - \ -
o) 9.5 (41.9-267) 108 (57.9-168)  O46(419-186)  105(55.1-194) 9.7 (50.5-267)
Sarum CRF {mg/dL) (04 {0.03-41.53) (L0 {00301 45) 004 (03-053) 008 (0030150 (od (o3-011)
&mﬁ‘w‘”ﬁ‘]‘“‘ o 2.9 (10.1-66.1) W5(115423)  M5(155661)  153(101-397) 262 (13.0-419)
5“1:1:?;{"]“’“ (057 (0.23-1.08) 047 {0230 85) 056 33101 066 (0351050 072 (h&r-1.08)

TlD—I.]rp-e 1 diabefms, n—sa.mple sime, HD—high d:n:il}r I:ipn'pu'ntin, LDL—lew dn:n.u'l.}r li.pcrpu'clzin, CRP-
creactive protein. Results am v:xp're::ed. as median and range (in brackets). Differences in the concentrations
of the tested parameters between the Froups siEri.E:ant atp< 005 blood glucose: * va E, Pys 7, and boym ‘J;
Fﬂymtd hemoglobire * vs h, bys ’_.k VE. ‘J, and © va ®; serum insulinc ®* va ®, ¥yw €, and byg = HI:® ys. E,E
va <, Boym ']_. and ® vs. = sen.lmh'iﬁl}rneri.d.c: ym Pandbys, F; merum coratinine: ® vs. E_.E va <, LR ']_. Bym E,
and © vs. ",

The T1D group consisted of 30 patients (17 girls and 13 boys) with newly diagnosed
T1D (duration of diabetes < 3 months, at least one week after cormecting the acid-base
imbalance, Le., normalization of blood gas results), and 126 patients (66 girls and 60 boys)
with T11? lasting mome than 3 years (median duration—5 years, range: 3-14). The group of
long-term patients was divided according to how long it had been since onset in the follow-
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ing way: patients with no expected complications (first 3-5 years of disease;n = 77; 15 girls
and &2 boys), patients with expected first biochemical changes indicating complications
(67 years of disease, n = 25; 13 girls and 12 boys), and patients in which complications are
highly probable (patients = 7 years of disease, n = 24; 13 girls and 11 boys). All of the pa-
tients included in the study had no documented neuropathy, hypertension, or retinopathy
on the day of performing the binchemical analysis.

The control group consisted of 30 apparently healthy children (14 girls and 16 boys) at
a median age of & years (range: 4-17 years) with no history of diabetes diagnosis and with
the same ecclusion criteria as the study group (no comorbidities of other causes, no signs
of present inflammation, no clindcally significant anemia, and no signs of hypoxia).

212 Methods

All active substances were assessed using the enzyme immunoassay ELISA (IAPE
prolAPT NGE ChgA, PAF—Cloud Clone Corp, Katy, USA; CT5—RayBio, Morcross, USA;
UMOPD—BioVendor, Brno, Ceech Republic; I-FABP—Hycult Biotech Inc, Wayne, PA, USA)
according to the test manufacturer’s instructions. The remaining biochemical tests, indud-
ing HbAlg were assessed by routine laboratory methods (Abbott Alinity ci-series assays).

13 Statistical Analysis

The minimum sample size was estimated at 86 participants using Epi Info 7 (available
at: hitps:/ fwwwoode.gov fepiinfo, index. html; accessed on 1 February 2023). Data were
analyzed using Statistica v.10.0 software (StatSoft, Inc, Tulsa, OK, USA). Standard dewvia-
tions of means wene used as descriptive statistics. Mormal distribution was checked using
the Shapiro-Wilk test and revealed a non-normal distribution of data. Differences between
two independent groups were tested by the Mann-W hitmey U test and between three or
mome subgroups by Kruskal-Wallis ANOVA by Ranks for independent groups. Cormelation
analysis was done with the use of the Spearman rank correlation test. If the differences
wene significant, post hoc analysis using the Dunn-Bonferrond test was then performed. In
all tests, pvalues < (L05 were considered significant.

24 Ethical Approval

The study was approved by the Local Ethics Committee from the Children’s Memorial
Health Institute (18/ KBE/ 2019, date of approval: 24 April 2019) with the writlen informed
consent obtained from participants over 16 years of age and/or their legal representative,
as appropriate.

3 Results
11. Patient Characteristics

The subgroups distinguished on the basis of the duration of the disease statistically
differed significantly (p < 0.05) in terms of biochemical parameters reflecting carbohy drate
metabolism (glucose, HbAIC, insuling, lipid metabolism (HDL cholesterol and trighyc-
erides), as well as reflecting kidney function (creatinine).

In the case of blood glucose and HbA1C, the highest concentrations were observed in
new |y diagnosed patients. With the duration of the disease, as a result of the implemented
teatment, their concentrations decreased. However, after 7 years after the T1D diagnosis,
an increase in the concentrations of both parameters was observed. Statistically significant
differences between individual groups are listed in Table 1. Despite statistically significant
differences between insulin conentrations in individual subgroups, all values were within
the reference range of 416 mIU/ L.

Lipid profiles, regardless of the T1I) duration, were within the target values rec-
ommended in the current recommendations [29]. In the case of HDL cholesterol and
trighyerides, the values changed among T1D subgroups reaching a statistically significant
difference, but without clinical significance.
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Similarly, in the case of creatinine, statistically significant changes between the sub-
groups were not clinically significant.

3.2 Concentrations of the Selected Active Substances in T1D Patients and Healthy Controls

Except for UMOD and NCF levels, concentrations of tested substances were statisti-
cally significantly higher in the T1D group compared with the control group (Table 2). In
the case of NFG, the differences between T11 and control groups were not significant, but
the p-value was at the level of the statistical trend (p = 0.056). This trend was confirmed by
a later analysis in more detailed subgroups {new cases vs. patients with long-term disease)
(Figure 1).

Table 2. Concentrations of selected active substanaes in T1D patients and healthy controls.

TID TiD—Newly Ti1D > 3 Years
o = 156) Diagnosed from Diagnosis HC (2= 30)
. @ =30) (n=126)
Ak 60.1(17.3-148) 650 (5.16-499)
IAPP [pg/ml] 2 <0.000001 P < 0.0000001 p=0000005  335(169-49.1)
*p=0697
_—_ 906 (348-258) 926 (42.10-958)
prolAPP[pg/ml] 70 avoot p < 0.0000001 p=0.000021 57.6 (19.5-82.3)
*p=0513
S 352 (0.001-70.1)  20.1 (0.001-305)
be? A =0.003 =0.617
CST [ng/mL] 7 < 0.000001 P P 20.2 (0.003-21.5)
*p=0516
S A 745(40.5-985) 745 (40.5-985)
ChgA [ng/mL] 9 < 0.000001 p= 0005 p=0123 345 (11.5-88.0)
* p < 0.000001
s20msy 127 0G45179) 495280
NGF [pg/mL] ke ) p=0.000004 p=0.0% 430 (3.03-37.9)
p=0.05
*p=0.003
e 0.20 (0.11-043)  0.25(0.12-5.18)
11-5. = 0.588 =0.194 B
PAF ng/mL] 7<0.000001 P P 0.19 (0.11-1.83)
* p=0.00001
B 305 (WL5-610) 297 (39.0-575)
UMOD [ng/mL] PR p=07% p=0440 278 (51.0-555)
5 pP= 0.847
*p =0.601
_— 1015 (280-2000) 955 (130-4560)
;s g 30-4560) = 0.000005 = 0.000001 s
I-FABP [pg/mlL] HEAS 1 P : uss: 485 (170-2730)
00000 =

T1D—type 1 diabetes, HC—healthy mntml, lAP!'—-amvl.m/ islet amyl I\‘Cﬁ:mem' prolA PP—proamylin/ pro-
ket amylaid poly peptide, CST- ChgA g'uvnh factor, PAF—phhhr
activating factor, UMOD— dulin, FFABP—& ‘fa acid“ ding L P bability value
between T1D) patients and healthy ¢ ls, * p—probability valv.: ncwly dizgp d T]D : and
T1D patients treated >3 years, and p < 0.05 was statistically significant; results are expressed nmednnwnnm
(in brackets).
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Figure 1. Selected active substances in T1D patients with different disease duration and healthy con-
trols. 1A PP—amylin/islet amyloid polypephde prolAPP—proamylin/ proislet amyloid poly peptide,
CST—catestatin, ChgA—h 5 A, NGF—nerve growth factor, PAF—platelet-activating fac-
tog, UMOD—uromodulin, FFABP—intestinal fatty acid binding protein, yrs.—years, * p—probability
value < 0.05, ** p—probability value < 0.001, and *** p—probability value < 0.000001.
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When the levels of tested substances in children with newly diagnosed T112 were
compared with the group of children with T1D treated for at keast 3 years, it was shown
that the duration of T11Yaffected the levels of NGF, ChgA, and PAF.

The levels of PAF were significantly lower in newly diagnosed T1D compared with
patients with T1D duration = 3years: 0.20 (0. 11-043) ws. 0.25 (0.12-5.18) ng/ml. In contrast,
MGF and Chg levels werme significantly higher in newly diagnosed patients than in those
treated over 3 years: 127 (3.45-17.9) ws. 460 (0.52-804) pg/ mL for NGF and 745 (40.5-98.5)
va 525(15.5-104) ng/mL for ChgA, respectively).

13 The ?frd of Disease Duration on the Selected Active Substances’ Concenfrafions i
T1D Children

Aswe observed differences in T11 subgroups with shorter and longer disease duration,
the whole T1I) group was divided into three smaller ones (35 years, 67 years, and
=7 years) and then reanalyzed. Figure 1 illustrates the differences between concentrations
of active substances in these subgroups, the healthy control group, and the newly diagnosed
patients. Detailed numerical data (median and range) and exact p-values are presented in
the Supplementary Table 51.

Mo effect of disease duration on IAPE, prolAPF, and I-FABF levels was observed, but
concentrations of each substance statistically differed significantly between the T1D patients
(in each subgroup) and the control group, except for UMOD. In contrast, concentrations of
ST, Chga, PAF, and NGF were statistically significantly influenced by the time that had
passed since the diagnosis, but the direction of changes depended on the type of biomarker.

In the case of ChgA—the highest concentrations were observed in patients just after
the diagnosis of T1D (median 74.5 ng/mL, range 40.5-98.5) and they statistically differed
significantly both from the control group (345 ng/ml p= 0.005) and the groups of patients
treated for 3-5 years (52.5 ng/mL, p = 0.0001), &7 years (54.5 ng/mL, p = 0.0005, and
=7 years (503 ng/mL, p= 0.000009). With the duration of the disease, ChgA conentration
decreased, and ineach time interval, it was statistically significantly lower compared to
newly diagnosed patients.

Although serum C5T concentration did not differ between newly diagnosed T1D
patients, with a median of 35.2 ng/ml (range 0.001-70.1), and those treated > 3 years, with
a median of 20.1 ng/mL (range 0.001-305), the detailed analysis in subgroups of long-
term patients showed the possible effect of disease duration. The highest concentrations
of CST wemne observed in patients with newly diagnosed T1D; CST levels decreased in
patients treated for 3-7 years, but 7 years after diagnosis, high values of the biomarker were
observed again (Table 51). Statistically significant differences were observed between newly
diagnosed patients and those treated for 3-5 years: p= (L0008, median 35.2 ng/ mL (range
0000-70.1) vs. 197 ng,/mL (L007-95.6), patients treated for 3-5 years and patients treated
for =7 years: p= 0.0008, median 19.7 ng/mL {0.007-95.6) vs. 27.0 ng/mL {1.45-92 3), and
the group treated for 67 years and those treated for =7 years: p= (0.019, median 200 ng,/mL
(0.005-305) ng/mLvs 27.0 (145-92.3) ng/ml.

In the case of PAE, patients with longer disease duration had higher concentrations
of this substance (Figune 1, Table 51). A statistically significant difference (p < 0.05) was
observed in the subgroups treated for 3-5 years (median 0.24 ng/ml, range 0.12-5.18),
&7 years (median (.25 ng,/ml, range 0.18-2.67), and >7 years (median 0.29 ng/ mL, range
112-3.9) in relation to those with newly diagnosed T1D (median 0.20 ng/ml, range
i 11-0.43).

The highest NGF concentration was observed in new ly diagnosed patients: 127 pg/mlL
(3.45-17.9), followed by a decrease of values for patients treated for 3-5 years: 4.49 pg/mL
(1.09-804), &7 years: 4.49 pg/ml (0.52-37.5), and after 7 years from diagnosis: £.21 pg/mlL
(L5245.8). A statistically significant difference was observed only in patients newly
diagnosed—in relation to the control group (p = 0.000004) and those who had been ill for
&7 years (p= (L002).
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4, Discussion

In a number of studies, selected biologically active substances weme indicated as
contributing to the etiology (IAFF [16,31-36], prolAPF [17,18,37], FEABF [24]), course
(CST [38,39], Chgh [40-42]) or the development of various complications (neuropathy—
NGF [4345), cardiovascular complications—PAF [26,46,47], and cardiovascular complica-
tions and nephropatia—UMOT [25,48,49]). In the current study, we assessed the diagnostic
usefulness of these indicators present in T1D patients” sera and confirmed statistically
significant differe nces between their concentrations in the group of children with T1IY
and healthy children, but only some of them (NGE ChgA, C5T and PAF) were affected by
disease duration. To the best of our know ledge, no one has analyzed concentrations of JAPE,
prolAPF, C5T, Chgd, NGE PAF, UMOD, and I-EABP in the context of T1D duration. Cur
study showed that among the selected indicators, only UMOD did not show statistically
significant differences between children with T11? and healthy children, but we found
that UMOD levels in T1D patients were associated with serum creatinine concentration
(r= —0477, p < 0.005). Thus, this could suggest that UMOD should be rather assessed in
urine than in the sera of T1D patients.

Disease duration had no effect on IAPP and its precursor—prolAPT, as well as FFABE
although the levels of these indicators were significantly higher in the sera of T1D patients
compared to healthy children. An increased level of mature TAPP in the T1I group is
oppasite to esults presented by Courtade et al [17], but, like this researcher, we observed
an elevated ratio of prolAPF to mature [AFPE, which clearly indicates impaired prolAFP
processing. It seems likely that IAPP aggregates, by inducing islet inflammation, may
be a trigger or accelerator of autoimmunity in T11. It is known that early prefibrillary
aggregates that are difficult to observe histologically, may be present in the early stage of
the disease, and the inflammatory properties of JAPP aggregates may play a role in the
pathology of T113 [17,33,36,50].

Significantly elevated I-FABP levels in T11) patients, independent of disease duration,
confirm our pevious reports on epithelial damage in pediatric T1I and the utility of
I-FABP as a serological marker of intestinal barrier dysfunction [24]. It is notew orthy that
those substanoes whose concentration was not affected by the duration of the disease (IAFE
prolAPT, and FFABF) are markers described as taking part in the pathomechanism of T1D.

Contrary to this observation, the concentrations of CST, ChgA, PST, and MGF varied in
patients at different times since the onset of T112. We did not cbserve one specific trend for
all the indicated substances. This finding confirms previous reports showing that these sub-
stances could be associated with the T112 course and various late complications [26,358-47].

Crur data on Chgd are consistent with the reports identifying ChgA as an autoantigen
in T11¥ [19,51], and suggesting that altered ChgA levels may reflect changes in f—aell
integrity [52]. Auto-reactive T cells targeting f-cell antigens are known to play a key role
in f-cell destruction in T11 [53]. In this context, ChgA as an autoantigen localized in
f—cell granules seems to be an attractive target for autoimmune reactions. Determination
of ChgA concentration in patients’ sera may therefore potentially serve as an important
biomarker of prediabetes. The highest concentration of ChgA observed by us in children
with newly diagnosed T1D was also indicated by Xu et al in adult T1D patients [52].
They reported that regular oral administration of verapamil in adult patients with T1D
resulted in a decrease in Chga levels, which remained at lower levels during treatment,
and elevated levels of Chgh at the onset of the disease did not change in people from the
control group who did not take verapamil Chr results in the group of healthy children are
also consistent with their report, in which the kevel of Chgd in the serum of the healthy
control group was about two fimes lower compared to those with T1D. Results opposite
to our observations were obtained by Herold et al. [40], but it is worth noting that the
mesearchers showed only a small but constant increase (p= 0.0410) in the kevel of Chgi
depending on the duration of T1I. However, it should be noted that in this study, the
duration of T1I in included patients was markedly longer (average 13.5 years) than in
patients involved in our analysis. In addition, T1D patients with high levels of ChgA had
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enterochromaffin-like cell hyperplasia or autoimmune gastritis, ie., conditions that were
not found in the T11 children analyzed in our study We speculate whether the lower
concentrations observed in patients treated for more than 3 years are due to the breakdown
aof ChgA into protein cleavage products. The conditions under which ChgA decomposes are
not fully known and described. Therefore, it would be worth assessing the concentration
of other biologically active peptides, the precursor of which is ChgA: pancreastating WE-14,
serpinin, and chromofungin [54,55]. Beta granule proteins (like ChgA) should not normally
elicit an immune response, thus aberrant post-translational modification of the peptides is
a possible hypothesis for how f—ell self-antigens are generated.

Unlike Chg, there are no clear data on C5T in T1D. It is known that CST is critical
to maintaining metabelic and immune homeostasis by regulating immune cell infiltration
and macrophage differentiation [56]. In addition, according to Ying et al, C5T may be able
to control hepatic glucose production, improve sensitivity to insulin, and have direct anti-
inflammatory effects [57]. In our study, CST concentrations were statistically significanthy
higher in T1DD patients than in the group of healthy people. Thus, this is in contrast
to the observation of decreased CST levels in T21D patients previously reported by the
researchers [57-59]. It should be emphasized, however, that the pathomechanism of both
types of diabetes is different, and T1D should rather be compared with other autoimmune
diseases. In this context, our results on C5T concentrations during T1D are consistent
with those shown in other autoimmunology diseases—inflammatory bowel disease [60].
In our study, the highest concentrations of C5T were observed in patients with newly
diagnosed T113 and those treated for more than 7 years. In patients who had been ill for
mome than 3 years but less than 7 years CST concentrations decreased. Itwould be desirable
to imvestigate mome closely whether the observed elevated levels in children with T1D are a
compensatory mechanism for disturbances in ghy cemic homeostasis.

In the case of PAF, we showed that its coneentrations were significantly higher in T1D
patients who were ill for over 3 years compared to newly diagnosed patients, and this
result is in line with other authors indicating that an increased level of PAF may indicate
vasoular complications in T10) patients. Cawvallo-Ferinet al. observed elevated PAF levels in
patients with T113 and microalbuminuria, ie, a manifestation of extensive vascular damage,
and they suggested that PAF can be an indicator of micro- and macroangiopathy [46].
Mathan et al. indicate that elevated PAF levels may perpetuate hyperglycemia and promote
or exacerbate micto- or macrovascular complications in T1D patients [26]. Ersoy et al.
also emphasize that the high level of PAF detected in their study in T1D patients with
long-term diabetes, compared to the group of healthy people, may be associated with
vascular complications [47]. Since vascular complications are observed after many years
of diabetes, and our pediatric patients did not present clinical vascular complications we
suggest that PAF could be useful as a marker of early micro- and macrovascoular changes in
the course of T1D in children. However, further studies on T1D in children are needed to
confirm this relationship.

We also presented that the concentrations of NGF are influenced by T1I duration.
The high NGF levels in newly diagnosed children can be explained by a stress-induced
increase [61], and this result is in line with the observations of other researchers [62].
However, it should be emphasized that the observed decrease in NGF levels in the course of
diabetes cannot be clearly interpreted. Many authors show that neurological complications
induce a drop in serum NGF concentration [43—45]. It was shown that patients with
T2} and neurological complications had lower levels of NGF compared to those without
complications [63]. Moreower, there is no clear position on the MNGF reference ranges for a
healthy population. The concentrations described in the literature range from a few [64,65]
to several dosen pg/ mL [61,66,67 ). Therefore, it is important to establish the norms of NGF
for children and further research on this peptide.
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5 Limitations and Strengths

To the best of our know ledge, this is the first study analyzing concentrations of LATT,
prolA PP, C5T, Chga, NGE PAE, UMOD, and I-FABP in relation to diabetes duration in a
pediatric population.

However, we amre aware that results should be interpreted with caution due to the
melatively small amount of data on the concentrations of selected substances in the popu-
lation of a healthy population. Pue to the lack of these data, it is difficult to compare the
obtained concentrations in the group of patients, especially since the literature ®ports are
often contradictory. Evidenthy further studies ae necessary in order to confirm the role of
study indicators in the pathophysiology and course of T11,

We recognize that the presented results would be more accurate if we were able to
observe patients over a longer period of time. In order to confirm our suggested condusions,
we plan to follow the patients partidpating in this study and perform the same tests again
before our patients are 18 years of age.

Exciting new questions and new answers may arise when we additionally analyze the
tested substances in relation to ghycemic control or biochemical parameters.

& Conclusions

The current study presented that concentrations of selected serum substances such as
5T, Chga, NGE and I-FABE prohormones, hormones (LAPF, prolAPT), and other active
substances (PAF) differ between T11Y patients and healthy controls. The level of some of
them (C5T, Cha, PAE and NGF) have been shown to be dependent on the duration of
TI1I. However, further research is needed to confirm the role of these indicators in clinical
practice, in particular in terms of using them as biomarkers in the course of diabetes in
children and predicting long-term complications.
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Omowienie wynikow

W pracy pogladowej Autoantibodies against islet cell antigens - current diagnostic
possibilities/ Autoprzeciwciala przeciwko antygenom komorek wysp trzustkowych — aktualne
mozliwosci diagnostyczne (Ochocinska i wsp., Diag Lab, 2022) podsumowano aktualny stan
wiedzy na temat diagnostyki T1D w oparciu o pomiar autoprzeciwcial przeciwko antygenom
komorek wysp trzustkowych (ICA, anty-GAD, anty-l1A-2A, ZnT8A), jak roéwniez
autoprzeciwciat przeciwko insulinie (IAA). Podkreslono wskazania do wykonania oznaczen
zgodnie z aktualnymi wytycznymi praktyki klinicznej.

Zwrocono rowniez uwage, na aktualnie dostgpne w sprzedazy testy do oceny
autoprzeciwciat przeciwko antygenom komoérek wysp trzustkowych, ktoére wydaja sie
niewystarczajace do potwierdzenia wszystkich przypadkéw TI1D ze wzgledu na brak
wystepowania autoprzeciwciat u czesci pacjentdow w chwili rozpoznania. Ponadto, odniesiono

si¢ do doniesien na temat istnienia innych, jeszcze nieodkrytych przeciwciat.

W pracy oryginalnej Could I-FABP Be an Early Marker of Celiac Disease in Children
with Type 1 Diabetes? Retrospective Study from the Tertiary Reference Centre (Ochocinska
i wsp., Nutrients, 2022) w pierwszym etapie analiz oceniano st¢zenia I-FABP w surowicach
pacjentow z T1D, pacjentow z T1D i aktywna CD oraz pacjentow z aktywna CD bez T1D.
Zaobserwowano istotne statystycznie roznice w st¢zeniach I-FABP pomiedzy zdrowymi
i chorymi uczestnikami badania. Analiza statystyczna nie wykazala jednak istotnych
statystycznie r6znic pomiedzy grupami pacjentow z: T1D, T1D-CD, CD bez T1D. Znaczenie
biatka I-FABP w wykrywaniu CD u pacjentow z TI1D oceniono analiza krzywej ROC
otrzymujgc pole pod krzywa (AUC) na poziomie 0,557. Dla stezenia I-FABP w surowicy
wynoszacego >965 pg/ml (oszacowanego jako zwigzane ze wspotistnieniem obu chordb)
wykazano czuto$¢ i swoisto$¢ na poziomie 51,7 i1 59,7%.

W drugim etapie oceniono wplyw stosowania diety bezglutenowej (GFD) na stezenie
biatka I-FABP u pacjentow z T1D i aktywng CD oraz u pacjentow z aktywna CD bez T1D.
Wykazano, ze stezenie |I-FABP w surowicy bylo istotnie statystycznie nizsze u pacjentow
przebywajacych na GFD, bez wzgledu na jednostke chorobowsa, w poréwnaniu z pacjentami
niestosujacymi GDF i osiggalo wartosci zblizone dla grupy kontrolnej dzieci zdrowych.
Szczegotowa analiza czasu stosowania w/w diety wykazata, ze stosowanie GFD przez co
najmniej 6 miesigcy u pacjentow z T1D-CD wywoluje obnizenie stezenia I-FABP o ponad
50%.
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W etapie trzecim analizowano stezenia I-FABP przed rozpoznaniem CD u pacjentow
z rozpoznang T1D. Srednia warto$¢ I-FABP w podgrupie pacjentéw z ujemnym wynikiem
serologicznym CD na rok przed rozpoznaniem CD (T1D-CD-1) nie réznila si¢ istotnie
statystycznie od pacjentow z T1D. Roznita si¢ jednak istotnie od grupy kontrolnej i pacjentow
z T1D-CD po leczeniu GFD. Opisane wyniki badan pokazaty, ze |-FABP nie moze by¢
wczesnym markerem CD u chorych z T1D, gdyz uszkodzenie bariery nablonkowej jelita

u pacjentow z T1D wystepuje niezaleznie od rozwoju CD.

Ocena stezen I-FABP w konteks$cie stosowanej GFD pozwala sugerowaé, ze gluten
moze by¢ szkodliwy i indukowaé procesy autoimmunizacyjne nie tylko u pacjentow z CD, ale
takze u chorych z innymi chorobami autoimmunizacyjnymi, w tym T1D. Otwartym pozostaje

pytanie czy GFD moze by¢ skuteczna u pacjentow z T1D bez CD.

Szczegotowa dyskusje wynikow przestawiono na str. 36.

W pracy oryginalnej Selected Serum Markers Associated with Pathogenesis and
Clinical Course of Type 1 Diabetes in Pediatric Patients — The Effect of Disease Duration
(Ochocinska 1 wsp., J. Clin. Med., 2023) w pierwszym etapie dokonano wnikliwej
charakterystyki grupy badanej. Wyodrebnione na podstawie czasu trwania choroby podgrupy
roznity  si¢ istotnie  Statystycznie pod wzglgdem parametréw  biochemicznych
odzwierciedlajagcych metabolizm weglowodandéw (glukoza, HbA1C, insulina), metabolizm
lipidéw (cholesterol HDL 1 trojglicerydy), jak rowniez parametru odzwierciedlajacego
czynnosc¢ nerek (kreatynina). W przypadku glukozy i HbA1C najwyzsze stg¢zenia obserwowano
u nowo zdiagnozowanych pacjentoéw. Wraz z czasem trwania choroby ich st¢zenie obnizato
si¢, jednak po 7 latach od rozpoznania T1D, zaobserwowano wyrazny wzrost stezen obu
substancji. Mimo, ze zaobserwowano statystycznie istotne r6znice migdzy st¢zeniami insuliny
w poszczegolnych podgrupach, wszystkie wartoSci miescily si¢ w granicach wartosci
referencyjnych. Profile lipidowe, niezaleznie od czasu trwania T1D, mie$city si¢ w zalecanych
w aktualnych wytycznych wartosciach docelowych. W przypadku cholesterolu HDL
I triglicerydow, warto$ci zmieniaty si¢ pomi¢dzy podgrupami T1D osiagajac statystycznie
istotne roznice, ale bez znaczenia klinicznego. Podobnie w przypadku kreatyniny zmiany
istotne statystycznie pomiedzy podgrupami nie byly istotne klinicznie.

W dalszym etapie analizy oceniano stgzenia wybranych substancji czynnych
u pacjentow z T1D i w grupie HC. Z wyjatkiem stgzenia UMOD i NGF, st¢zenia badanych
substancji byly istotnie statystycznie wyzsze w grupie T1D w poréwnaniu z HC. W przypadku
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NFG roznice miedzy grupg T1D a HC nie byly znaczace, ale warto$¢ p byta na poziomie trendu
statystycznego (p = 0,056). Tendencje t¢ potwierdzila m.in. pdzniejsza analiza w bardziej
szczegotowych podgrupach (nowe przypadki vs. pacjenci z chorobg przewlekta). Porownujac
stezenia badanych substancji u dzieci ze S$wiezo rozpoznang T1D w poréwnaniu z grupg dzieci
z T1D leczonych przez co najmniej 3 lata wykazano, ze czas trwania T1D wptywatl na poziomy
NGF, ChgA i PAF. Poziomy PAF byly znacznie nizsze w nowo zdiagnozowanej T1D
W pordéwnaniu z pacjenci z T1D trwajaca > 3 lata.

W ostatnim etapie przeanalizowano szczegoétowo wpltyw czasu trwania choroby na
stezenia wybranych substancji czynnych u dzieci z T1D. Poniewaz zaobserwowano rdznice
w podgrupach TID z krotszym i dluzszym czasem trwania choroby, cala grupe T1D
podzielono na trzy mniejsze (3-5 lat, 67 lat i >7 lat), a nastgpnie ponownie przeanalizowano.
Nie zaobserwowano wpltywu czasu trwania choroby na poziomy IAPP, prolAPP i I-FABP, ale
stezenia kazdej substancji roznily sie istotnie statystycznie pomig¢dzy pacjentami z T1D
(w kazdej podgrupie) i HC, z wyjatkiem UMOD.

Natomiast na stezenia CST, ChgA, PAF i NGF istotnie statystycznie wptywat czas, jaki
uptynal od rozpoznania, ale kierunek zmian zalezat od rodzaju biomarkera. W przypadku
ChgA najwyzsze stgzenia obserwowano u pacjentdw tuz po rozpoznaniu T1D i roznily si¢ one
istotnie statystycznie zarowno od HC i grupy pacjentow leczonych przez 3-5 lat, 6-7 lat
I >7 lat. Stezenie ChgA zmniejszato si¢ w czasie (W kazdym przedziale czasowym bylo istotnie
statystycznie nizsze w porownaniu z nowo zdiagnozowanymi pacjentami). Chociaz stezenie
CST w surowicy nie roznito si¢ miedzy pacjentami z nowo rozpoznang T1D oraz leczonymi
>3 lat szczegotowa analiza w podgrupach pacjentdw wykazata mozliwy wptyw czasu trwania
choroby na st¢zenie biomarkera. Najwyzsze st¢zenia CST obserwowano u pacjentow z nowo
rozpoznang T1D. Poziomy CST byly nizsze u pacjentow leczonych przez 3-7 lat, ale po
7 latach od rozpoznania zaobserwowano ponowne wysokie warto$ci biomarkera.
Zaobserwowano statystycznie istotne roéznice pomig¢dzy pacjentami nowo zdiagnozowanymi
I leczonymi przez 3-5 lat, pacjentami leczonymi przez 3-5 lat i leczonymi >7 lat, a takze
pacjentami leczonymi przez 6-7 lat i >7 lat. W przypadku PAF u pacjentow z dluzszym czasem
trwania choroby zaobserwowano wyzsze stgzenia biomarkera. Istotng statystycznie roéznice
zaobserwowano w podgrupach leczonych przez 3-5 lat, 6-7 lat i >7 lat w stosunku do 0s6b
z nowo rozpoznang T1D. Najwyzsze stezenie NGF zaobserwowano u pacjentow z nowo
rozpoznang T1D. Nastepnie odnotowano spadek wartosci u pacjentow leczonych przez 3-5 lat,
67 lat i >7 lat. Istotng statystycznie réznice zaobserwowano jedynie u pacjentOw nowo

zdiagnozowanych — w stosunku do HC oraz chorych leczony przez 6-7 lat.
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Sposroéd wybranych wskaznikéw tylko UMOD nie wykazata istotnych statystycznie
réznic miedzy dzie¢mi z T1D a HC, ale poziomy UMOD u pacjentéw z T1D byty skorelowane
dodatnio ze st¢zeniem kreatyniny w surowicy. Moze to zatem sugerowaé, ze UMOD powinna

by¢ raczej oceniana W moczu anizeli w surowy.

Pomiar stezen wybranych markeréw w roznych stadiach rozwoju choroby pozwolit
spojrze¢ na problem szerzej i potwierdzil wczesniejsze przypuszczenia dotyczace roli
wybranych markerow w T1D. Badania jednoznacznie potwierdzaja, ze substancje, na ktorych
stezenie nie mial wpltywu czas trwania choroby sg zaangazowane w patomechanizm T1D
(prolAPP, IAPP, I-FABP), natomiast biomarkery takie jak CST, ChgA, PST i NGF - ktorych
stezenia byly zroznicowane w zalezno$ci od czasu rozpoznania T1D, sg zwigzane
z przebiegiem T1D i moga odzwierciedla¢ biochemiczny poczatek pdznych powiktan, co

wymaga dalszych badan okreslajacych ich wartos¢ diagnostyczng.

Szczegotowa dyskusje wynikow przedstawiono na str. 47.
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Whnioski

Na podstawie analizy wynikow badan potwierdzono udziat wytypowanych substancji

czynnych w przebiegu T1D i wyciagnigto nastgpujace wnioski:

1. Ocena stezenia I-FABP w surowicy pacjentow z T1D moze by¢ wykorzystywana
jako niezalezny marker przepuszczalnosci jelitowej, jednak marker ten nie moze by¢
wykorzystywany do przewidywania zachorowania na CD, gdyz problem
nieszczelnosSci bariery nabtonkowe;j jelita wystepuje u chorych z T1D niezaleznie
od rozwoju CD.

2. Stezenia w surowicy krwi niektoérych z badanych substancji (CST, ChgA, PAF
I NGF) zaleza od czasu trwania T1D, co moze wskazywacé na ich przydatnosc¢
W procesie prognozowania ewentualnych powiktan w trakcie przebiegu TI1D,
jednak niezbedny jest dluzszy czas obserwacji pacjentow ze wzgledu na brak
powiktan w grupie badanych dzieci z T1D.

3. Dla potwierdzenia uzytecznosci praktycznej wskazanych biomarkeréw nalezy
kontynuowac¢ badania w zakresie ustalenia ich warto$ci referencyjnych w populacji
dzieci zdrowych oraz analiz korelacji badanych substancji w odniesieniu do kontroli

glikemii i innych parametrow biochemicznych.
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Tabela 1. Charakterystyka grupy badanej: pacjenci z cukrzyca typu 1 (T1D),
pacjenci z cukrzyca typu 1 i celiakiag (T1D-CD), pacjenci z celiakia (CD).
Wyodrebnione podgrupy: pacjenci z celiakig na diecie bezglutenowej (CD-
GFD), pacjenci z cukrzyca typu 1 i celiakia na diecie bezglutenowej (T1D-CD-
GFD) i grupa kontrolna (HC).

Rycina 1. Wykres pudetkowy ilustrujacy rozktad stezen I-FABP w T1D, CD,
T1D-CD i HC. T1D - pacjenci z cukrzyca typu 1, CD — pacjenci z celiakig, T1D-
CD — pacjenci z cukrzyca typu 1 i celiakig, HC- grupa kontrolna; wartosci p
obliczone testem Kruskala-Wallisa.

Rycina 2. Wartos$¢ diagnostyczna I-FABP jako markera CD u pacjentow z T1D.
AUC - pole pod krzywa, CI — przedzial ufnosci.

Rycina 3. Wykres pudetkowy ilustrujacy rozktad stg¢zen I-FABP u pacjentow z
T1D-CD, T1D-CD-GFD i HC (A) oraz pacjentow z CD, CD-GFD i HC (B);
Wartosci p obliczone testem Wilcoxona dla par obserwacji; * p — T1D-CD (A)
lub CD (B) vs. HC, ** p — T1D-CD (A) lub CD (B) vs. TID-CD-GFD (A) lub
CD-GFD (B). T1D-CD — pacjenci z cukrzyca typu 1 i celiakiag, TID-CD-GFD
— pacjenci z cukrzycg typu 1 i celiakig na diecie bezglutenowej, HC — grupa
kontrolna, CD — pacjenci z celiakia, CD — pacjenci z celiakiag na diecie
bezglutenowe;j.

Rycina 4. Stezenia I-FABP w grupie T1D-CD-1 w odniesieniu do pacjentow z
T1D, HC i T1D-CD-GFD; wartosci p obliczone testem Wilcoxona dla par
obserwacji; kolory czcionek wartosci p odpowiadaja shlupkom dla
poszczegolnych grup badawczych; * p — T1D-CD-1 lub T1D vs. HC, ** p —
T1D-CD-1 lub T1D vs. T1ID-CD-GFD. T1D-CD — pacjenci z cukrzyca typu 1
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i celiakig z uyjemnym wynikiem serologicznym CD rok przed rozpoznaniem CD,
T1D — pacjenci z cukrzyca typu 1, HC — grupa kontrolna, T1D-CD-GFD —
pacjenci z cukrzyca typu 1 i celiakia na diecie bezglutenowej, I-FABP —

jelitowe biatko wigzace kwasy ttuszczowe.

Ochocinska, A.; Wysocka-Mincewicz, M.; Swiderska, J.; Cukrowska, B. Selected Serum

Markers Associated with Pathogenesis and Clinical Course of Type 1 Diabetes in Pediatric
Patients — The Effect of Disease Duration. J. Clin. Med. 2023, 12, 2151.
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Tabela 1. Charakterystyka biochemiczna podgrup T1D z uwzglednieniem czasu
trwania T1D.

Tabela 2. Stezenia wybranych substancji czynnych u pacjentow z T1D 1 w grupie

kontrolnej.

Rycina 1. Wybrane substancje czynne u pacjentéw z T1D o réznym czasie
trwania choroby i w grupie kontrolnej. IAPP — amylina, prolAPP — proamylina,
CST — kastatyna, ChgA — chromogranina A, NGF — czynnik wzrostu nerwow,
PAF — czynnik aktywujacy plytki krwi, UMOD — uromodulina, I-FABP —
jelitowe biatko wigzace kwasy thuszczowe, * — warto$¢ p < 0,05, ** — warto$¢ p

<0,001 i *** — warto$¢ p < 0,000001.

Tabela S1: Wybrane markery u pacjentéw z T1D o rdéznym czasie trwania

choroby i w grupie kontrolnej — stezenia i istotno$¢ roznic.
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Zgoda Komisji Bioetycznej

KOMISJA BIOETYCZNA

przy Instytucie Pomnik-Centrum Zdrowia Dziecka”
Al. Dzieci Polskich 20

04-730 Warszawa-Migdzylesie

T.(22) 815-16-03

UCHWALA nr 18 /KBE/2019

OPINIA KOMISJI BIOETYCZNEJ
przy INSTYTUCIE _POMNIK-CENTRUM ZDROWIA DZIECKA®

Komisja Bioetyczna przy Instytucie Pomnik-Centrum Zdrowia Dziecka’ na posiedzeniu w dniu
24.04.2019 rozpatrzyta badanie pt: Znaczenie wybranych peptydow i bialek biologicznie
czynnych w przebiegu cukrzycy typu 1 u dzieci : wplyw przestrzegania i nieprzestrzegania
écistej kontroli glikemii

Gt Badacz: mar Agnieszka Ochocinska

\Whniosek oraz Streszczenie protokoiu badania

Cele naukowe projektu (praca doktorska):

. ccena wplywu &cistego przestrzegania normoglikemii na stgzenie we krwi wybranych
substancii biochemicznych {wymienionych w protokele),

. ocena zwiazku scistego przestrzegania normoglikemil z obnizeniem ryzyka wystapienia
powiktan cukrzycowych u dzieci/miodziezy chorych na cukrzyce typu 1

. ocena potencialnej przydatnosci diagnostyczne, i prognostycznej wybranych do badan biatek
| peptydow biclogicznie czynnych.

Czas trwania projektu: 2019-2021

Grupa badana: N=150
Dzieci i miodziez w wieku od & do 18 lat

. Grupa 1 (N~120) — dzieci z rozpoznana cukrzyca typu 1., czas trwania choroby > 3 lat:
podziat na 2 podgrupy (przed- | pokwitaniowa), W kazdej po 30 chtopcow i 30 dziewczat,

. Grupa 2 (N~30) — dzieci z nowo rozpoznana cukrzycq typu 1., czas trwania choroby <3
miesiecy

Grupa kontrolna: (N=30)
Dla wszystkich grup okresiono kryteria wigczenia | wytaczenia,
Materiat i metoedy:
Jednorazowe pobranie 2,7 mL krwi obwodowej na skrzep (na czczo) od pacjentéw z cukrzyca | z
grupy kontrolnej. Po ~30 min krew zostanie odwirowana W odpowiednich warunkach; surowica
zostanie podzielena na porce | zmrozona w temp. -20°C. Stezenia badanych substancji zostana
oznaczone metodg ELISA.

Analiza statystyczna z wykorzystaniem odpowiednich narzgdzi
Korzyéci i ryzyko wynikajace Z prowadzenia badania
Udzial w badaniu wigze sig z pobraniem 2,7 mL ml krwi zylnei na skrzep.
Korzyéci bedg sig wigzaly z poszerzeniem wiedzy lekarzy na temat znaczenia &cislej kontroli
glikemii dla zapobiegania powiktaniom w przebiegu cukrzycy typu 1 Z uwagl na charakter choroby i
liczbe oséb w populacii nia dotknietych wyniki badan moga istotnie przyczyni¢ si¢ do poprawy
metod diagnostyki i leczenia
Kwalifikacje osrodka prowadzacego badanie | do$wiadczenie badacza
Kompetencie kierownika projexiu, pod kierunkiem ktérego diagnosta przeprowadzi badanie, jak
rowniez pozostatych wykonawcow gwarantuja realizacie przyjetych zalozen

Informacja o prowadzenym badaniu dla pacientéw i ich opiekunow prawnych, formularz $wiadomej
zgody na uczestniczenie W badaniu

71



s

Badacz dostarczyl informacje pisemne dia Rodzicow / Przedstawicieli prawnych dziecka oraz
uczestnikdw badania, jak rowniez formularze Swiadomej zgody wyszczegéinione w pkt, 3 i 4.
Poufnesé danych osobowych pacjenta

Informacja o poufnym traktowaniu | przetwarzaniu danych osobowych (anonimizacja probek) —
zostata uzupeiniona.

Do zespotu badaczy naleza:

Prof. dr hab. n med. Bozena Cukrowska
Dr n med Marta Wysocka —Mincewicz

Przediozone dokumenty:

1 1 Whiosek do Komisji Bioetycznej o zaopiniowanie zglaszanego badania z dnia 01.04.2019
(Zatgcznik nr 5 do Regulaminu Komisji Bioetycznej przy IPCZD)

2 Streszczenie protckotu badania

3. Formularze informacji pisemnej o badaniu (identycznej treéci) dla uczestnika badania —

pacjenta oraz dla uczestnika badania z grupy kontrolnej. w dwéch wersjach dla:

. Rodzicow / przedstawicieli ustawowych dziecka

. Pacjenta w wieku 16-18 lat

4. Formularze $wiadomej zgody na udziat w badaniu naukowym (identycznej tresci) dla
pacjentdw z grupy badanej i grupy kontroingj, w trzech wersjach (jw.):

. dia Rodzicow / przedstawicieli ustawowych dziecka
. dia Pacjenta ponizej16 r.z.
. dia Pacjenta w wieku 16-18 lat

5.0pinia Eksperta

Na podstawie przediozone] dokumentacji, dodatkowych wyjasnien przedstawionych przez mar
Agnieszke Ochociriskg oraz dyskusji i wyniku tajnego glosowania Komisja Bioetyczna przy IPCZD
wyrazita zgode na przeprowadzenie badania. Skiad i dziatanie Komisji zgodne z GCP oraz
wymogami lokalnymi. Tekst uchwaly zostat sporzadzeny w 2 jednobrzmiacych egz. po jednym dla
wnioskodawcy | Komisji Bioetycznej. Lista czlonkéw Komisji bioracych udzial w posiedzeniu stanowi
zatgcznik do niniejszego dokumentu.

!.L,"’-u.m lguN_——

Z-ca PRZEWODNICZACEJ KOMISJI BIOETYCZNEJ

przy Instytucie ,Pomnik-Centrum Zdrowia Dziecka"
Mar praw. Marcjanna Debska
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KOMISJA BIOETYCZNA

Przy Instytucie ,,Pomnik- Centrum Zdrowia Dziecka”
Al. Dzieci Polskich 20

04-730 Warszawa- Migdzylesie

e-mail : komisja.bioetyczna@ipczd.p!
Tel:(22)815-16-03

posiedzenie w dniu

240l 41

LISTA OBECNOSCI
Lp. zawod - E . 8131k, FE B A
1. | Prof. dr hab n hum Pawet Luk b
Etyk : /7 —
2. | Mgr praw. Marcjanna Dgbska \
Adwokat s %,../\-
3. | Ks. Pawel Smierzchalski

Teolog, Duszpasterstwo Stuzby Zdrowia

Dr hab., prof. APS Irena Jelonkiewicz-
Sterianos

psycholog

Prof. dr hab. n. med. Rafat Paluszkiewicz
Lekarz ( chirurg, transplantolog Kliniczny)-
WUM, Okregowa Rada Lekarska w Warszawie

8. | Mgr. Piel Ewa Szkiela 7
Pielegniarka
7. Mgr. farm. Bozena Tondys 2 LA
8. | Dr n. med. Ludmita Bacewicz G y -
Lekarz chirurg- IPCZD o/ : 'Ma/ (21
S. | Prof. dr hab. n med. Krystyna Chrzanowska ((4
Lekarz ( pediatra, genetyk Kliniczny) - IPCZD U d—
10.| Prof. Dr hab. n. med. Katarzyna Kotulska-

| Lekarz (neurolog, neurolog dziecigcy)- IPCZD

Joézwiak “

1.

Prof. nadzw dr hab. n med. Katarzyna
Dzierzanowska-Fangrat IPCZD

12.

Dr n. med. Matgorzata Lyszkowska
Lekarz ( pediatra, transplantolog Kliniczny) -
IPCZD

13

Prof. nadzw dr hab. n med. Wiestawa
Grajkowska
IPCZD

14

Dr hab. n med. Sylwester Prokurat, prof.
nadzw . |
Lekarz ( pediatra, nefrolog, transplantolog
Kliniczny)- IPCZD

15.

Prof. zw dr hab. n med Andrzej Piotrowski
IPCZD
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Oswiadczenia wspolautorow

OSWIADCZENIE WSPOLAUTORA
O INDYWIDUALNYM WKLADZIE PRACY W POWSTAWANIE ARTYKULU

TUTUL: Autoantibodies against islet cell antigens - current diagnostic possibilities/
Autoprzeciwciata przeciwko antygenom komorek wysp trzustkowych — aktualne mogliwosci
diagnostyczne

AUTORZY: Ochociriska Agnieszka. Wysocka-Mincewicz Marta, Cukrowska Bozena
czasopismo lub wydawca, rok wydania, tom, strony: Diagn Lab. 2022; 58 (3): 114-119
AUTOR: Wysocka-Mincewicz Marta

Oswiadezam. ze moj wklad w powstanie pracy polegal na merytorycznej recenzji artykutu.

Wkiad w powstanie pracy wynosi: 5 %

Wyrazam zgode. zeby publikacja ta byla czeicia rozprawy doktorskiej mgr Agnieszki
Malgorzaty Ochocinskiej.

\
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Autoprzeciwciala przeciwko antygenom komdrek wysp trzustkowych — aktualne mozliwosci
diagnostyczne
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czasopismo lub wydawca, rok wydania. tom. strony: Diagn Lab. 2022; 58 (3): 114-119
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Malgorzaty Ochocinskiej
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OSWIADCZENIE WSPOLAUTORA
O INDYWIDUALNYM WKLADZIE PRACY W POWSTAWANIE ARTYKULU

TUTUL: Couwld I-FABP Be an E urly Marker of Celiac Disease in Children with Type 1
Diabetes? Retrospective Study from the T ertiary Reference Centre

AUTORZY: Ochocinska Agnieszka, Wysocka-Mincewicz Marta. Groszek Artur, Rybak
Anna, Konopka Ewa. Bierla Joanna Beata, Trojanowska llona, Szalecki Mieczyslaw,
Cukrowska Bozena

czasopismo lub wydawcea, rok wydania. tom, strony: Nutrients, 2022, 14, 414
AUTOR: Wysoeka-Mincewicz Marta

Odwiadezam, ze méj wklad w powstanie pracy polegal na pozyskaniu danych do pracy oraz
merytoryeznej recenzji artykuty,

Wklad w powstanie pracy wynosi: 10%,

Wyrazam zgode, zeby publikacja ta byla czgseig rozprawy doktorskie] mgr Agnieszki
Malgorzaty Ochocinskiej.
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TUTUL: Could I-FABP Be an Early Marker of Celiac Disease in Children with Type |
Diabetes? Retrospective Study from the T ertiary Reference Centre

AUTORZY: Ochocinska Agnieszka, Wysocka-Mincewicz Marta. Groszek Artur, Rybak
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Wyrazam zgodg. zeby publikacia ta byla czescia rozprawy doktorskiej mgr Agnieszki
Malgorzaty Ochocinskiej.
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