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WYKAZ STOSOWANYCH SKROTOW

AITD: autoimmune thyroid disease — choroba autoimmunizacyjna tarczycy
aTg — przeciwciata przeciw tyreoglobulinie

aTPO — przeciwciata przeciw peroksydazie tarczycowej

EUGOGO: European Group of Graves’ Ophthalmopathy - Europejska Grupa
ds. Orbitopatii Gravesa

FT4: wolna tyroksyna

GD: Graves’ disease — choroba Graves’a i Basedowa

GO: Graves’ orbitopathy — orbitopatia Gravesa

HDL: high-density lipoproteins - lipoproteiny o wysokiej gestosci

HLA: human leukocyte antigen — ludzki antygen leukocytarny

IQR: interquartile range - rozstgp kwartylny

LD: linkage disequilibrium - nierdwnowaga sprzezen

LDL: low-density lipoproteins — lipoproteiny o niskiej gestosci

MCV: mean corpuscular volume — $rednia objetos$¢ erytrocytu

MHC: major histocompatibility complex — glowny kompleks zgodnosci
tkankowej

NGS: next-generation sequencing — sekwencjonowanie nowej generacji

OR: odds ratio - iloraz szans

PLT: platelet count — liczba ptytek krwi

QoL.: quality of life — wskaznik jako$ci zycia

RAI: radioactive iodine — jod promieniotworczy

ROS: reactive oxygen species — reaktywne formy tlenu

SD: Standard Deviation — odchylenie standardowe

SLEs - stressful life events — stresujace wydarzenia zyciowe

SSP-PCR - Single Specific Primer-Polymerase Chain Reaction — tancuchowa
reakcja polimerazy z zastosowaniem sekwencji specyficznych primeréw

TC: total cholesterol — cholesterol catkowity

TG: triglycerides — triglicerydy

TRAD: TSH-receptor antibodies — przeciwciata przeciw receptorowi dla TSH
TSH: thyroid stimulating hormone (thyrotropin) — tyreotropina

USG - badanie ultrasonograficzne

25(0H)D: 25-hydroxycholecalciferol — 25-hydroksycholekalcyferol



OMOWIENIE CYKLU PUBLIKACII

Zatozenia i cele pracy wraz z uzasadnieniem potaczenia publikacji w cykl.

Choroba Gravesa i Basedowa (GD) jest chorobg autoimmunizacyjng tarczycy
(AITD) zwigzang z wytwarzaniem swoistych przeciwcial przeciwko receptorowi
dla tyreotropiny (TRAD), ktore zazwyczaj stymulujg receptor tyreotropiny (TSH),
powodujac nadmierng produkcj¢ hormonoéw tarczycy. Choroba Gravesa jest najczestsza
przyczyna nadczynnosci tarczycy [1] w panstwach z prawidtowa podaza jodu, do ktorych
nalezy Polska. Chorobowo$¢ wynosi ok. 1-1,5 %, z zapadalno$cig w przedziale 20-30
nowych przypadkow/100 tys./rok [2].

Przeciwciata przeciwko receptorowi TSH mogg wykazywac powinowactwo
nie tylko do tarczycy, ale rowniez do tkanek oczodotow, skory, kosci czy migsni.
Orbitopatia Gravesa (GO) jest najwazniejszg pozatarczycowa manifestacja GD.
Wystepuje ona stosunkowo rzadko, szacowana czgsto$¢ wystepowania wynosi 0,54-0,9
przypadkéw/100 000/rok u mezczyzn, 2,67-3,3 przypadkoéw/100 000/rok u kobiet [3].
GO stanowi zesp6t objawdéw wynikajacych z zapalenia tkanek migkkich oczodotu
I powodujacych niejednokrotnie znacznie obnizong jako$¢ zycia (QoL), do ktorych
naleza m.in. wytrzeszcz, obrzgk, zaczerwienienie, tzawienie czy bole gatek ocznych.
GO moze prowadzi¢ do ciezkich powiktan, w tym do neuropatii nerwu wzrokowego
czy uszkodzenia rogowki [4]. Do rozwoju GO dochodzi zwykle w trakcie nadczynnos$ci
tarczycy, ale moze takze wystapi¢ w okresie eutyreozy czy niedoczynnosci tarczycy.

Postepowanie w GO zalezy od aktywnosci zapalenia (faza GO aktywna lub
nieaktywna zapalnie) oraz stopnia zaawansowania klinicznego (ciezkosci) — GO tagodna,
umiarkowana do ci¢zkiej lub zagrazajaca utratg wzroku — biorgc pod uwage rowniez
QoL pacjenta [5]. Najczgsciej wystepuja przypadki tagodnej GO, posta¢ umiarkowana
do cigzkiej rozwija si¢ w 5-6 % GO [3].

Objawy oczne zwigzane z nadczynnoscig tarczycy opisano juz wiele wiekow
temu. Wedtug dostepnych doniesien, Ismail ibn al-Husayn al-Jurjani juz w 1110 roku
opisal przypadek pacjenta z wolem, wytrzeszczem i kolataniem serca w swojej perskiej
encyklopedii medycznej [6]. W XV wieku, przy frontowej bramie Kolegium Swictego
Jana Uniwersytetu w Cambridge, gdzie odbywa si¢ sympozjum okulistyczne tegoz
uniwersytetu, wyryto w kamieniu wizerunek twarzy mezczyzny z wytrzeszczem. Kolejne

opisy dotyczace orbitopatii tarczycowej pochodzg z XIX wieku. Caleb Parry w 1825 r.



zaprezentowal przypadek pacjentki po porodzie z wolem, wytrzeszczem i kotataniem
serca oraz odnotowal wystapienie podobnych objawOw po narazeniu na Stres [7].
On wiasnie stat sie w ten sposob jednym z pierwszych autorow, ktorzy opisali potencjalne
czynniki ryzyka rozwoju GO. Robert James Graves w 1835 roku powigzal wystepowanie
nadczynnoS$ci tarczycy z wytrzeszczem, a W 1840 roku Karl Adolph von Basedow
z Merseburga opisat doktadnie chorobg charakteryzujaca si¢ wolem, wytrzeszczem
i tachykardig — tzw. trojca merseburska [7].

Mimo obecnosci od wielu wiekoOw w historii medycyny opisow wspoétistnienia

nadczynno$ci tarczycy i wytrzeszczu, wcigz trwajg badania nad patogeneza zarowno GD,
jak i orbitopatii tarczycowej. Podobnie jak wigkszo$¢ chorob autoimmunizacyjnych,
GD jest wywolywana przez czynniki $rodowiskowe u oséb predysponowanych
genetycznie. Podloze genetyczne moze mie¢ istotny wptyw na rozwoj chorob tarczycy
oraz naich przebieg. W ostatnich latach udowodniono, ze ryzyko wystgpienia podostrego
zapalenia tarczycy oraz przebieg tej choroby i ryzyko jej nawrotu sg zalezne
od haplotypow HLA (ludzkie antygeny leukocytarne) [8,9]. W aspekcie GD,
postulowano wczes$niej zwigzek pewnych antygenow i alleli HLA (m.in. —B*46,
-DRB1*08:03, -DRB1*09:01, -DRB1*14:03, -DRw8, -DQw4, -B5, -Dwl2, -All)
z wystepowaniem tej choroby w populacji azjatyckiej [10-12], cho¢ wyniki réznych
autorow byly sprzeczne, prawdopodobnie wskutek matej liczebnosci grup badanych
i stosowanych metod o niskiej rozdzielczo$ci, w tym gtownie metod serologicznych [10-
11]. Ponadto, wynikow dla populacji azjatyckiej nie mozna odnosi¢ do populacji
kaukaskiej, gdyz grupy etniczne r6znig si¢ pod katem obecnosci poszczegdlnych alleli
HLA.
W odniesieniu do populacji kaukaskiej postulowano znaczenie m.in. HLA-DRB1,
-DQAL, -DQBL1, -A*68 i -B*08 jako mozliwych czynnikow ryzyka rozwoju i hawrotu
GD [13], jednakze wyniki te rowniez nie byty powtarzalne. Roéwniez w tym przypadku
najbardziej prawdopodobng przyczyna rozbieznosci wynikow byty niedostatecznie liczne
grupy pacjentOw oraz zastosowanie metod o niskiej rozdzielczosci. Dotychczas
nie stwierdzono, czy ktorykolwiek z alleli HLA wptywa na przebieg GD i potencjalnie
moze by¢ zwigzany z wigkszym ryzykiem rozwoju GO.

W chwili rozpoczecia badan w ramach prezentowanego projektu, dane
w zakresie zalezno$ci miedzy HLA a GO byly skape, nawet dla populacji azjatyckiej
[11,14-18], a w odniesieniu do populacji kaukaskiej w dostgpnej literaturze nie byto

takich doniesien. Wérod badan dotyczacych populacji azjatyckiej dominowaty prace



przeprowadzone z zastosowaniem mato doktadnych metod serologicznych, ktoére obecnie
nie sg rekomendowane z uwagi na wysokie ryzyko btedu [19]. Wnioski z tych badan
serologicznych byly sprzeczne [11, 14-15]. Przeprowadzone badania w wigkszos$ci
cechowaly si¢ niska rozdzielczoS$cig metody badz mala liczebnoscig grupy. Pojedyncze
badania zostaty wykonane metoda wysokiej rozdzielczo$ci w populacji azjatyckiej [17-
18], ale tylko jedno z nich obejmowato adekwatnie duza grup¢ pacjentow [18].
Podsumowanie wynikéw uzyskanych we wczesniejszych badaniach oceniajacych

potencjalne allele ryzyka GO w populacji azjatyckiej przedstawiono w Tabeli 1.

Tabela 1. Podsumowanie wynikéw uzyskanych we wczesniejszych badaniach oceniajgcych
potencjalne allele ryzyka GO w populacji azjatyckiej

Autorzy Ref. Populacja Metoda Liczba Liczba Liczba Wynik —zwiazek
0s6b w 0s6b W 0sob w HLA z ryzykiem GO
grupie grupie grupie
GO GD kontrolnej

bez
GO
Inoue [11] Azjatycka serologiczna 42 88 186 -DQwW4 (+) i -A31 (-)
i wsp. (japonska) -B5 (+) i-Dwl2 (+)
-All (+) i -DPwW2 (+)

Inoue [14] Azjatycka serologiczna 23 88 186 -DQw3 (+), -DPQ2( +)

i wsp. (japoniska)

Ohtsuka [15] Azjatycka serologiczna 48 94 767 -DR14 (+), -DQ1 (+)

i Nakamura (japonska) -B35 (-), -B54 (-),

-DR4 (-), -DQ4 (-)

Mehraji [16] Azjatycka SSP-PCR 45 80 180 Brak zwigzku

i wsp. (japonska)

Shin [17] Azjatycka NGS 35 71 142 -C*03:03 (+)

i wsp. (koreafiska) -B*54:01 (-)

Huang [18] Azjatycka NGS 82 272 411 -B*38:02 (+)

i wsp. (chinska) -DQA1*01:02 +

-DRB1*16:02 (+)
-DQA1*01:02 +
-DQB1*05:02 (+)

NGS, sekwencjonowanie nowej generacji; SSP-PCR, fancuchowa reakcja polimerazy z zastosowaniem specyficznych

primeréw (metoda niskiej rozdzielczo$cei); GD, choroba Gravesa i Basedowa; GO, orbitopatia Gravesa

Wobec braku miarodajnych danych, pochodzacych z badan w populacji

kaukaskiej, przeprowadzonych metoda wysokiej rozdzielczosci, glownym celem
biezacego cyklu badawczego stalo si¢ wykazanie z zastosowaniem metod ultraczutych
(ang. next generation sequencing, NGS), czy obecno$¢ konkretnych alleli HLA wigze si¢
ze zwigkszonym lub zmniejszonym ryzykiem rozwoju GD oraz GO w tej populacji.

Jak wspomniano powyzej, na podstawie dotychczas opublikowanych badan
wiadomo, ze GO rozwija si¢ czgsciej u osob, u ktorych istniejg pewne kliniczne czynniki

ryzyka, ktore wyzwalajg chorobe u osdéb z podatno$cig genetyczng. Dotychczas



potwierdzone czynniki ryzyka GO to palenie tytoniu, wysokie stgzenia TRAD
w surowicy, leczenie radiojodem, nickontrolowana nadczynno$é¢ lub niedoczynno$¢
tarczycy, a rowniez podwyzszone stezenie cholesterolu catkowitego (TC) i lipoprotein
o niskiej gestosci (LDL) w surowicy [4, 20]. Ponadto inne parametry kliniczne, takie jak
wiek, stres czy niedobor witaminy D [21-24], byly postulowane jako czynniki ryzyka
GO. Wielu czynnikow, w tym parametréow laboratoryjnych, nigdy nie poréwnywano
u pacjentow z GO i pacjentow z GD bez GO w grupach o odpowiedniej liczebnosci.
Drugim celem biezacego cyklu badawczego stala si¢ zatem ocena rowniez innych
niz genetyczne czynnikow ryzyka wystapienia GO.

Hipoteza badawcza zakladala zatem, ze podtoze genetyczne wynikajace
z obecnosci konkretnych alleli HLA oraz wystepowanie niegenetycznych czynnikow
ryzyka wiaza si¢ ze zwigkszong czgstos$cig rozwoju GD i GO, a niektore allele HLA moga
potencjalnie mie¢ dziatanie protekcyjne, chronigc przed wystgpieniem GD i/lub GO,
niezaleznie od innych czynnikow ryzyka.

Celem catosci projektu byto zatem wykazanie znaczenia nowych czynnikow
ryzyka rozwoju GD oraz GO oraz zweryfikowanie znaczenia czynnikow opisanych
dotychczas. Wyodrebnienie konkretnych genetycznych i niegenetycznych czynnikow
ryzyka stworzy mozliwos¢ indywidualnej oceny ryzyka oraz personalizacji profilaktyki
I leczenia, co pozwoli zapobiec obnizeniu jakosci zycia oraz wystgpieniu cigzkich,
zagrazajacych utratg wzroku, powiktan.

Do grupy badanej we wszystkich pracach cyklu wilaczeni byli pacjenci
z rozpoznang GD, przebiegajaca z GO lub bez GO. Chorob¢ Gravesa i Basedowa
rozpoznawano w oparciu o nastepujace kryteria [25]: biochemiczne cechy nadczynnosci
tarczycy (rozumiane jako obnizone stezenie TSH i podwyzszone st¢zenie wolnych
hormonéw tarczycy), podwyzszone stezenie TRAb i charakterystyczny obraz badania
ultrasonograficznego (USG). Orbitopati¢ Gravesa rozpoznawano na podstawie obecnos$ci
retrakcji powiek i wytrzeszczu oraz zajgcia tkanek migkkich oka (zaczerwienienie,
obrzgk), zgodnie z wytycznymi European Group on Graves’ Orbitopathy (EUGOGO) [4,
26].

Pacjenci z GD 1 bez GO zostali wlagczeni do prospektywnego ramienia tego
badania, w ktorym zastosowano obserwacj¢ dlugoterminowa (3 lata) w celu
potwierdzenia przynalezno$ci pacjentow do grupy. Wszyscy pacjenci, u ktorych

wystapily objawy GO podczas obserwacji, zostali przeklasyfikowani do grupy GO.
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Od wszystkich pacjentow uzyskano §wiadomg zgode na udzial w badaniu,
po pelnym wyjasnieniu celu i zatozen projektu. Badanie zostato zatwierdzone
przez Komisje¢ Bioetyczng ICZMP w Lodzi.

Wyniki wszystkich analiz zebrano i opublikowano w postaci cyklu publikacji —
trzech prac oryginalnych, ktore wzajemnie si¢ uzupetniaja i tworza logiczny ciag nowych,
oryginalnych wnioskow.

Za potaczeniem prac w cykl publikacji przemawiat fakt, ze ich tematyka jest
ze soba Scisle powigzana, poniewaz dotycza one czynnikow ryzyka GD oraz GO.
Wszystkie trzy badania przeprowadzone zostaty w grupach chorych z GD, przy czym
w pierwszej publikacji cyklu grupe z GD analizowano jako jedna kohortg, natomiast
w nastgpnych badaniach, chorych z GD podzielono na pacjentow z GO i bez GO. Oba
badania analizujgce znaczenie HLA miaty t¢ samg grupe kontrolng, obejmujaca 2217
zdrowych dawcow komodrek hematopoetycznych. Tak duza grupa byta konieczna,
by uzyskac reprezentatywna dla populacji czesto$§¢ wystepowania poszczegolnych alleli.
Poza zwigzkiem merytorycznym, publikacje laczy podobny zespot wspotautorow
zaangazowanych w ich tworzenie oraz zblizona metodologia, zarowno laboratoryjna,
jak i statystyczna.

Cykl obejmuje:
1) publikacje identyfikujaca zalezno$ci miedzy obecnoscig alleli HLA a ryzykiem
rozwoju GD
2) artykut opisujacy znaczenie alleli HLA w rozwoju GO

3) publikacj¢ obejmujaca oceng hiegenetycznych czynnikoéw ryzyka GO.

11



Omowienie osiggnie¢ badawczych kandydata opisanych w cyklu publikacji,
na tle aktualnego stanu wiedzy.

CykKl publikacji otwiera praca, ktorej gtownym zalozeniem byto wyodrebnienie
alleli HLA zwiagzanych z ryzykiem wystapienia GD u o0sob rasy kaukaskiej oraz alleli
HLA, ktére mozna uznaé za protekcyjne. Jak juz wspomniano powyzej, wczesniejsze
prace dotyczace alleli HLA potencjalnie zwigzanych z GD, odnosity si¢ glownie do rasy
azjatyckiej, a ponadto byly czesto przeprowadzane metodami serologicznymi, ktore
cechujg si¢ znacznie nizsza dokladnoscig niz metoda NGS, ktora charakteryzuje sig
wysoka rozdzielczoscia, pozwalajaca uzyskaé specyficznos¢ alleliczng. Ponadto symbole
poszczegolnych alleli oceniane wedlug wczesSniej dostepnych metod roznig sie
od obecnie stosowanych i niektore antygeny, poprzednio oznaczane jednym symbolem,
podczas oceny metoda NGS rozdzielane sg jako kilka odrebnych alleli, co wywiera
istotny wptyw na doktadnos¢ i spdjnos¢ wynikow. Starsze metody zapewniajg WynikKi
dla catej grupy allelicznej, a nie dla konkretnego allelu HLA, co moze powodowac biedne
wnioski i rozbiezno$ci w wynikach badan w zalezno$ci od metody.

W trakcie projektu przeprowadzono typowanie HLA przy uzyciu metody NGS
(Illumina platform, Illumina, USA) u tacznie 159 pacjentow z GD. Uzyskane wyniki
droga analizy statystycznej porownano z wynikami dla zdrowej populacji ogdlnej,
obejmujacej — jak wczeSniej wspomniano — 2217 zdrowych dawcéw komorek
hematopoetycznych (juz wczesniej przeprowadzone typowanie HLA grupy kontrolnej
metodg NGS). Typowaniu zostaly poddane geny HLA-A, -B, -C (MHC klasy I) oraz
-DQB1i-DRB1 (MHC klasy II).

Niniejsze badanie obejmowalo najwigksza z dostepnych w momencie
publikacji pracy grupe pacjentow z GD rasy kaukaskiej, u ktorej zastosowano metode
NGS do analizy alleli HLA obu klas MHC.

Na podstawie przeprowadzonej analizy wykazano istotny zwigzek miedzy
ryzykiem GD i allelami: HLA-B*08:01, -B*39:06, -B*37:01, -C*07:01, -C*14:02,
-C*03:02, -C *17:01, -DRB1*03:01, -DRB1*11:01, -DRB1*13:03, -DRB1*01:03,
-DRB1*14:01, -DQB1*03:01, -DQB1*02:01.

Allele HLA-B*39:06, -B*37:01, -C*14:02, -C*03:02, -C*17:01, -DRB1*14:01
stanowia calkowicie nowe, wczesniej nieopisywane czynniki ryzyka rozwoju GD. Kazdy
z nich stanowi niezalezny czynnik ryzyka, gdyz nie istnieje miedzy nimi, ani mi¢dzy nimi

a wczesniej raportowanymi allelami, zjawisko nierownowagi sprzezen (ang. linkage
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disequilibrium, LD), zwigzane z wigksza czgstoscig wystepowania konkretnych alleli
Z powodu ich bliskiego sgsiedztwa na chromosomie 1 czestszego tacznego dziedziczenia.
Dzigki temu, ich znaczenie dla patogenezy GD jest szczegolnie istotne.

Omawiane badanie wykazalo silny zwigzek GD z obecnoscig kilku alleli
nalezacych do obu klas MHC. Fakt, iz kazdy z nich moze by¢ traktowany jako silny
niezalezny czynnik ryzyka potwierdzaja moje obserwacje, iz obecno$¢ nawet tylko
jednego z nich jest wystarczajaca do rozwoju GD. Do alleli wysokiego ryzyka, ktore
w analizowanej grupie pacjentow z GD byly obecne jako pojedynczy allel naleza:
HLA-B*39:06, -C*03:02, -C*07:01, -C*14:02, -DRB1*14:01 i -DQB1*03:01.

Nalezy podkresli¢, iz w oparciu o uzyskane wyniki zaobserwowatam silng
korelacje miedzy GD a kombinacja trzech alleli: HLA-B*08:01, -DRB1*03:01
i -DQB1*02:01 (wspotistnienie tych 3 alleli odnotowano u 22 % pacjentéw z GD, a wiec
4 razy czesciej niz wspotobecnosé tych trzech alleli w grupie kontrolnej — 5,87%). Tak
bliski zwigzek miedzy HLA-B*08:01 (allel MHC klasy 1) i allelami MHC klasy II byt
wczesniej postulowany w populacji kaukaskiej [27]. Obecne badanie potwierdzito ten
fenomen i po raz pierwszy wykazato jego znaczenie u pacjentow z GD. To odkrycie rzuca
nowe $wiatlo na mozliwa nierdwnowage sprzezen migdzy allelami z r6znych klas MHC
1 wymaga dalszych badan populacyjnych.

W mojej grupie pacjentow tylko u 4 osob wystapienie GD byto poprzedzone
przez przewlekte autoimmunizacyjne zapalenie tarczycy (typu Hashimoto) i u wszystkich
byt obecny allel HLA-DQB1*02:01 (obecnie opisany przez nas jako jeden z alleli
wysokiego ryzyka GD), ktory pozostaje w nierownowadze sprz¢zen z -DRB1:03:01 -
allelem typowym dla autoimmunizacji tarczycy. Wspotwystepowanie tych dwoch alleli
stwierdzono u wszystkich pacjentow z wspotistnieniem GD i autoimmunizacji
pozatarczycowej (tj. u dwoch pacjentow z chorobg Addisona i dwoch pacjentow
z cukrzyca typu 1). To zjawisko z pewnoscig wymaga dalszych badan, poniewaz
opisywane w badaniu podgrupy byly zbyt male, aby uzyska¢ wyniki istotne statystycznie.

W obecnym badaniu ujawniono rowniez allele HLA o charakterze ochronnym
w odniesieniu do GD, ktorych czgstos¢ wystepowania byla istotnie nizsza
w grupie z GD w poroéwnaniu z osobami zdrowymi. Naleza do nich: HLA-B*07:02,
-C*07:02, -C*03:04, DRB1*07:01, -DQB1*02:02 oraz -DQB1*03:03. Sposrod
wymienionych alleli, potencjalnie ochronne znaczenie pierwszych trzech zostato po raz

pierwszy opisane w wynikach biezacego badania.
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W zaprezentowanej publikacji przedstawiono zatem, iz istnieje Scisty zwigzek
pomiedzy ryzykiem rozwoju GD a obecnoscig konkretnych alleli HLA, ktore zwigkszaja
to ryzyko, badz je redukujg. Dane te pozwalaja na opracowanie wiarygodnego narzedzia

do spersonalizowanej oceny ryzyka GD, opartego na profilu HLA danego pacjenta.

Celem drugiej publikacji z omawianego cyklu prac byto poréwnanie czgstosci
wystepowania alleli HLA u pacjentow z GD w dwdch grupach: bez orbitopatii
i z towarzyszaca GO. Grupy pordwnywano do siebie nawzajem oraz do grupy kontrolnej,
obejmujgcej zdrowych dawcow komorek hematopoetycznych (jak opisano powyzej). Jak
juz wspomniano w zatozeniach rozprawy, dotychczas nie uzyskano wiarygodnych
wynikow dotyczacych alleli HLA potencjalnie zwigkszajacych lub obnizajacych ryzyko
GO dla populacji kaukaskiej.

W ramach projektu przeprowadzono typowanie HLA przy uzyciu metody NGS
(Mlumina platform, Illumina, USA) u 91 pacjentow z GD bez orbitopatii oraz 70
pacjentow z towarzyszacg orbitopatia (facznie 161 pacjentow z GD). Wczesniej
przeprowadzono rowniez typowanie HLA metoda NGS dla zdrowej populacji ogdlnej,
obejmujacej 2217 zdrowych dawcow komodrek hematopoetycznych. Jak juz opisano
w przypadku pierwszego badania, tak i w tym badaniu typowaniu zostaly poddane allele
HLA-A, -B, -C (MHC Kklasy 1) oraz allele -DQBL1 oraz -DRB1 (MHC klasy I1).

W oparciu o poréwnanie grup z GO i bez GO stwierdzono, ze z istotnie wyzszym
ryzykiem rozwoju GO wigze si¢ obecnos¢ alleli HLA-A*32:01, -B*39:01 i -C*08:02,
nalezacych wylacznie do MHC klasy I. Z drugiej strony, obecno$¢ alleli HLA-C*04:01
I -DRB1*15:02 wigzata si¢ z istotnie nizszym ryzykiem rozwoju GO u chorych z GD.
Zestawienie wynikow w zakresie alleli zwigkszajacych badz obnizajacych ryzyko GO

wraz z przedstawieniem sity oddziatywania (iloraz szans) podsumowano w Tabeli 2.
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Tabela 2. Podsumowanie wynikéw dotyczacych korelacji alleli HLA z ryzykiem GO

Allele OR Allele obnizajace OR
zwiekszajace ryzyko GO

ryzyko GO

A*32:01° - C*04:012° 0.4
B*39:012° 2.8 DRB1*15:022

C*08:02? 6.9 C*03:04° 0.1
A*01:01° 18 C*07:02° 0.2
B*37:01° 4.5

B*42:01° 2.8

C*03:02° 8.3

DRB1*14:01° 6.2

DRB1*03:01° 1.9

DQB1*02:01° 1.9

2 _w odniesieniu do grupy z GD bez GO; ® — w odniesieniu do zdrowej grupy kontrolnej;
OR - iloraz szans

Poréwnujac grupe pacjentow z GO z grupg kontrolng, allele o wyzszej
czestotliwosci w GO stwierdzono zarowno w MHC klasy I, jak i klasy II. Roznice byty
statystycznie istotne dla alleli HLA-A*01:01, -B*37:01, , -B*39:01, -B*42:01,
-C*03:02, -DRB1*14:01, -DRB1*03:01, -DQB1*02:01. Z kolei czegsto$¢ wystgpowania
HLA-C*04:01,-C*03:04 i -C*07:02 byla istotnie nizsza w grupie z GO,
w poroOwnaniu z grupg kontrolng (Tabela 2).

Jak wynika z przeprowadzonych analiz, najwigksze ryzyko wystapienia GO byto
zwigzane z obecnos$cig HLA-B*37:01, -C*03:02, -C*08:02, i -DRB1*14:01 (iloraz szans
odpowiednio 4.5; 8.3; 6.9 oraz 6.2).

Allelami o istotnie wyzszej czestosci w grupie pacjentow z GD bez orbitopatii
w poréwnaniu do grupy kontrolnej byty z kolei: HLA-B*08:01, -B*39:06, -B*51:01,
HLA-C*03:02, -C*07:01, -C*14:02, C*16:02, -C*17:01, -DRB1*01:03, -DRB1*03:01,
-DRB1*15:02, -DQB1*03:01, -DQB1*02:01. Korelacje migdzy obecnosciag wigkszosci
z wymienionych alleli, a ogélnym ryzykiem GD wykazano w poprzedniej publikacji,
jednak znaczenie HLA-B*51:01 i -C*16:02 nigdy wczeSniej nie zostalo odkryte.

W obecnym badaniu potwierdzono zaobserwowane juz w pierwszej — omowionej
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powyzej — publikacji zwigkszone ryzyko GD u nosicieli alleli HLA-B*08:01, -C*07:01
i -DQB1*03:01. Rowniez w aspekcie alleli o potencjalnie ochronnym dziataniu
w stosunku do GD bez orbitopatii, w obecnej pracy potwierdzono pionierskie obserwacje
odnotowane w publikacji poprzedniej, dotyczace takiego dziatania HLA-B*07:02
I -C*07:02. Spojnos¢ wynikow uzyskanych po wyodregbnieniu grup z GO i bez GO
z wynikami pierwszego badania $wiadczy dodatkowo o wysokiej wiarygodnosci

stosowanej metody i adekwatnej wielko$ci grup.

Kolejna, ostatnia juz z omawianego cyklu publikacji, praca dotyczy
niegenetycznych czynnikéw ryzyka GO. Do badania wilaczono 161 pacjentow,
obejmujacych grupe z GO (70 os6b) i bez GO (91 oso6b), analogicznie jak opisano
powyzej. Z badania wykluczono pacjentow z innymi niz GD chorobami, ktére mogty
mie¢ wplyw na wyniki badan laboratoryjnych. W ramach tego etapu projektu
przeanalizowano wyniki badan laboratoryjnych uzyskanych w badanej grupie pacjentow,
oraz dane demograficzne i kliniczne, pochodzace z wywiadu dostarczonej dokumentacji
pacjenta (m.in. dotyczace leczenia jodem promieniotworczym lub wykonania zabiegu
tyreoidektomii). Probki krwi od wszystkich pacjentow pobrano w momencie postawienia
diagnozy. Jako osoby palace kwalifikowano palaczy aktywnych w momencie
rozpoznania GD. Wydarzenia stresujace oceniano na podstawie kwestionariusza skali
stresu Holmesa-Rahe'a (z wynikiem >150 uznanym za pozytywny dla wydarzenia
stresujacego) [28].

Palenie tytoniu postulowano jako czynnik ryzyka GO w wielu pracach, w tym
w aktualnych wytycznych EUGOGO [4,20]. Moje analizy potwierdzity silny zwigzek
miedzy GO a paleniem papierosow (p<0.001). Palenie silnie indukuje stres oksydacyjny,
a — jak wykazano — reaktywne formy tlenu (ROS), ktorych podwyzszone st¢zenia
stwierdzono we krwi i moczu pacjentow z GO, stymuluja w oczodotach proliferacje
fibroblastow, syntezg¢ glikozoaminoglikanow i mediatorow stanu zapalnego [29]. Stad
korzystne jest antyoksydacyjne dziatanie selenu u pacjentow z GO [29].

W wielu badaniach wykazano istotnie wyzsze st¢zenic TRAb u pacjentow z GO
niz u pacjentoéw z GD bez GO, co réwniez potwierdzitam w obecnym badaniu. Lantz
I wspotpracownicy wykazali zwigkszone ryzyko GO u pacjentow z TRAb > 6,3 1U/1
w momencie rozpoznania GD [30]. W omawianym badaniu roznica stezen TRAb byta
istotna, ale $rednie stezenia TRAb byty znacznie wyzsze niz 6,3 1U/L w obu grupach

(tj. 17,59 vs. 13,65 IU/L odpowiednio dla grupy z GO i bez GO). Dlatego rzeczywisty
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prog stezen TRAD dla ryzyka rozwoju GO nalezy podda¢ dalszej ocenie, poniewaz moze
by¢ znacznie wyzszy niz poprzednio postulowano [30].

W biezacym badaniu, potwierdzitam roéwniez obserwacje, iz starszy wiek jest
czynnikiem ryzyka rozwoju GO, a osoby w grupie bez GO s3 istotnie statystycznie
milodsze. Niestabilna nadczynno$¢ tarczycy jest uwazana za czynnik ryzyka GO [4].
W obecnym projekcie nie udato si¢ zaobserwowac tej korelacji, poniewaz zdecydowana
wigkszo$¢ pacjentow zarowno w grupie GO, jak i bez GO w momencie rozpoznania miata
nasilong nadczynno$¢ tarczycy. Wynikato to z doboru grupy, gdyz byli to przede
wszystkim pacjenci wymagajacy opieki osrodka referencyjnego. W mojej grupie
chorych z GO odnotowatam istotnie mniej nasilong tyreotoksykoze niz u chorych bez
GO. Juz poprzednio byly obserwowane nizsze stezenia wolnej tyroksyny (FT4)
u pacjentow z GO [31]. Powszechnie wiadomo, ze tyreotoksykoza zwigzana z GD jest
zwykle znacznie cigzsza u mtodszych pacjentow. Jak wspomniano, opisywane badanie
potwierdzito, ze starszy wiek poczatku choroby jest czynnikiem ryzyka GO. Biorac pod
uwage powyzsze ustalenia, zalozylam, ze mniejsze nasilenie tyreotoksykozy w grupie
GO moze potencjalnie wynika¢ ze starszego wieku pacjentow, wymaga to jednak
dalszych badan.

W omawianym badaniu zaobserwowano rowniez kilka nowych, wcze$niej nie
opisywanych, a w obecnych analizach istotnych statystycznie, r6znic w wynikach badan
laboratoryjnych u chorych z GO i bez GO. Pierwszym z nich jest stezenie glukozy
w surowicy, ktore bylo wyzsze w momencie rozpoznania w grupie bez GO, co moze
mie¢ zwigzek z wigkszym nasileniem tyreotoksykozy w tej grupie.

Profil przeciwcial przeciwtarczycowych w GO jest przedmiotem wielu badan.
W obecnym badaniu stwierdzono, ze w grupie z GO st¢zenie przeciwcial przeciw
tyreoglobulinie (aTg) byto istotnie nizsze, niz w grupie bez GO, co potwierdza
poprzednie doniesienia [31], w ktorych odnotowano rdéwniez obnizone stezenie
przeciwcial przeciw tyreoperoksydazie (aTPO) [31]. W aktualnym projekcie rowniez
uzyskano nizsze stgzenia aTPO w surowicy w grupie GO, jednak
nie osiggnieto istotnosci statystyczne;.

Ponadto w obecnym badaniu wykazano istotnie wyzsze stezenia kreatyniny
w surowicy w grupie GO w porownaniu z chorymi bez GO. Przypuszczatam, ze ta
obserwacja wynika glownie ze starszego wieku pacjentow, jednak stgzenia mocznika
W surowicy nie roznity si¢ znaczaco miedzy grupami, @ wreez $rednie stezenie mocznika

byto nizsze w grupie GO (chociaz rdznice nieistotne statystycznie). Dlatego opisana
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obserwacja moze wskazywac, ze wyzsze st¢zenia Kreatyniny (cho¢ nadal w zakresie
warto$ci referencyjnych) moga stanowi¢ nowy czynnik ryzyka GO. Jednak konieczne sa
dalsze badania, aby potwierdzi¢ te zalezno$¢ i ewentualnie zaproponowaé warto$¢
odciecia stgzenia kreatyniny, ktorg mozna byloby potencjalnie uzna¢ za zwigkszajaca
ryzyko rozwoju GO. Jesli dalsze badania potwierdza taki zwigzek, poszukiwanie jego
przyczyny bedzie z pewnoscia procesem ztozonym, a nie mozna wykluczy¢, ze posrednie
oddzialywanie np. stresu oksydacyjnego zwigzanego z czgstszym zjawiskiem palenia
papierosoOw W tej grupie, przyniesie dalsze dowody konieczno$ci podejmowania
profilaktyki GO.

Ponadto, w obecnym badaniu, u pacjentow z GO stwierdzono istotnie wyzsza
warto$¢ wskaznika MCV ($Srednia objetos¢ erytrocytu) w poréwnaniu do grupy bez GO.
W opublikowanych w ostatnich latach badaniach wykazano, ze u pacjentow
z tyreotoksykoza stwierdzano nizsza wartos¢ MCV (wzrastajaca podczas leczenia
nadczynnos$ci tarczycy), ponadto postulowano odwrotng korelacje poziomu MCV
ze stezeniem hepcydyny [32, 33]. Podobnie, rowniez zaobserwowatam nizsza warto$¢
MCYV u pacjentow bez GO, u ktoérych tyreotoksykoza byta ciezsza. Jednakze, wyzsza
warto$¢ wskaznika MCV u pacjentow z GO moze wynikaé ze stresu oksydacyjnego,
ktory wg dotychczasowych doniesien jest zwigzany z wyzszymi wartosciami MCV [34].

Dotychczas nie analizowano ste¢zenia kreatyniny oraz warto$ci MCV jako
potencjalnych czynnikow ryzyka GO, dlatego potwierdzenie tej zalezno$ci wymaga
dalszych badan.

Catkowicie nowg obserwacja pochodzacg z obecnego badania jest rowniez fakt,
iz w grupie chorych z GO liczba ptytek krwi (PLT) byla istotnie nizsza niz u pacjentow
z GD bez GO. Istnieja doniesienia o autoimmunizacyjnej etiologii matoptytkowosci
zwigzanej z chorobg Gravesa 1 Basedowa i nakladaniu si¢ autoimmunizacji tarczycy
i ptytek krwi [35], co potwierdza znaczna poprawa liczby ptytek w matoptytkowosci
opornej na dozylne leczenie immunoglobulinami i steroidami w trakcie leczenia choroby
Gravesa i Basedowa [36]. Zatem, jednym z mozliwych wyjasnien patomechanizmu
istotnie nizszej liczby ptytek krwi u pacjentow GO jest znacznie wyzsze st¢zenic TRAbD
w surowicy w tej grupie chorych oraz wigksze nasilenie procesu autoimmunizacyjnego.

W ostatnich latach stwierdzono, ze niezaleznymi czynnikami ryzyka GO sg
wysokie stezenia cholesterolu catkowitego (TC) i cholesterolu LDL w surowicy [4,37].
Nie obserwowano korelacji miedzy GO a stgzeniami lipoprotein o wysokiej gestosci
(HDL) i triglicerydow [38]. W obecnym badaniu potwierdzono te doniesienia
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tj. wykazano wyzsze stezenia cholesterolu catkowitego i LDL w surowicy
w grupie pacjentdéw z GO w poréwnaniu do pacjentow z GD bez GO, bez istotnych roznic
w stezeniach cholesterolu HDL i triglicerydow. Opisane dane potwierdza fakt, ze leczenie
obnizajace stezenia cholesterolu poprawito skutecznos$é dozylnej steroidoterapii (ivGC)
u pacjentow z GO [38]. Dlatego aktualne wytyczne EUGOGO zalecajg leczenie
obnizajace poziom cholesterolu u chorych z GD [4]. Cenng obserwacja pochodzaca
z obecnego badania jest fakt, ze nawet nieznaczne podwyzszenie stezenia LDL, a by¢
moze nawet wysoki prawidtowy poziom LDL, sg juz czynnikami ryzyka rozwoju GO.
Dlatego wyniki biezgcego projektu dostarczajg dalszych dowodow potwierdzajacych
istnienie wskazan do terapii obnizajacej poziom cholesterolu u chorych z GD.

W ostatnim czasie postawiono hipotezg, ze niedobor 25(OH)D
(25-hydroksycholekalcyferolu) w surowicy jest niezaleznym czynnikiem ryzyka GO
[21]. W moim badaniu nie zaobserwowatam takiej korelacji, mimo podobnej liczebnosci
analizowanych grup. Co ciekawe, zaobserwowatam wyzsze stezenia 25(OH)D w grupie
z GO, ale ro6znica nie byta istotna statystycznie. Jednak w zadnej z analizowanych grup
nie odnotowano ci¢zkiego niedoboru 25(OH)D (<10 ng/ml). Wydaje si¢ zatem,
ze w przypadku wystepowania jedynie nieoptymalnego zaopatrzenia w witaming D,
t.j. stezenia 25(OH)D >20 ng/ml, parametr ten nie wptywa na ryzyko rozwoju GO.
Mozliwy wpltyw ciezkiego niedoboru witaminy D na ryzyko rozwoju GO wymaga
dalszych badan.

Dotychczas stwierdzono istotnie wigksza liczbe stresujacych wydarzen
zyciowych (SLES) u pacjentow z GD w poréwnaniu z grupa kontrolng [23]. Ponadto
czestos¢ leku i depresji w grupie GO byta istotnie wyzsza niz u 0séb zdrowych [24],
jednak nie ma pewnosci, czy lek i depresja poprzedzaty GO, czy tez byly jej skutkiem.
W obecnym badaniu SLEs wystepowaly u 70 % pacjentow z grupy z GO i u 63 %
pacjentow bez GO i réznica ta nie byla statystycznie istotna. Ta kwestia wymaga
z pewnoscig dalszych badan.

Jak powszechnie wiadomo, GD wystepuje czgsciej u kobiet (co potwierdzaja
rowniez analizy w ramach opisywanego projektu), jednak dotychczasowe badania
dotyczace zwigzku migdzy GO 1 plcig dostarczyly niespdjnych wynikow. W wielu
pracach postulowano wyzsza czesto$¢ wystepowania GO u kobiet [3], jednak réznice
zwigzane z plcia zmieniajg si¢ wraz z ciezkos$cia GO: posta¢ umiarkowang do ciezkiej
udokumentowano w podobnych proporcjach u kobiet i me¢zczyzn, natomiast wsrod

pacjentow z cigzkg GO wiekszy odsetek stanowili mezczyzni [24]. Obecne badanie
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przeprowadzono w osrodku referencyjnym, zatem wiekszo$¢ pacjentow z GO stanowig
chorzy z GO stopnia umiarkowanego do cigzkiego |1 — rzeczywiscie -—
nie zaobserwowatam wsrdd chorych istotnej korelacji miedzy picia a ryzykiem GO.
Poréwnanie wynikéw badan laboratoryjnych, dla ktéorych uzyskano istotng
statystycznie réznice pomiedzy grupg pacjentow z GO i bez GO, a wigc tych, ktore moga
by¢ potencjalnie uwazane za czynniki ryzyka GO, podsumowano w Tabeli 3. W Tabeli
uwzgledniono réwniez oméwione powyzej parametry, dla ktorych nie odnotowano
istotnosci statystycznej (w pracy oryginalnej zawarta jest tabela prezentujaca wyniki

dla wszystkich badanych parametrow).

20



Tabela 3. Podsumowanie najwazniejszych danych dotyczacych poréwnania wynikéw badan laboratoryjnych u pacjentéw z GD: z GO i bez GO.

mezczyzni 82-94 1)

Parametr (wartoSci GO GD bez GO Warto$é p
referencyjne i jednostki)
srednia + SD (N) mediana/IQR srednia + SD (N) mediana/IQR
TSH (0,27-4,2 nlU/ml) 0.18+0.59 (59) 0.01/0.04 0.10+0.48 (83) 0.01/0.01 0.049*
FT3 (2.0-4.4 pg/ml) 9.59+8.89 (56) 4.85/10.55 12.85+8.06 (79) 11.63/11.95 0.003*
FT4 (0.93-1.7 ng/dl) 2.64+2.09 (57) 1.80/1.86 3.58+1.96 (82) 3.15/2.86 <0.001*
aTPO (<34 1U/ml) 182.57+195.05 (58) 77.50/268.85 211.54+204.57 (71) 170.40/236.50 0.23
aTg (<115 IU/ml) 347.22+£894.99 (58) 25.45/218.22 406.41+640.99 (67) 250.00/484.30 <0.001*
TRAD (<1.75 IU/) 17.59£13.79 (68) 13.72/26.95 13.65+13.52 (88) 9.20/13.25 0.021*
Glukoza (60-99 mg/dl) 94.10+24.76 (59) 89.00/11.50 98.26+18.74 (52) 96.00/11.00 0.006*
Mocznik (19.3-42.3 mg/dl) 31.56+10.25 (48) 31.00/11.00 32.40+7.49 (45) 32.00/10.00 0.65
Kreatynina (0.66-1.25 mg/dl) 0.68+0.20 (58) 0.66/0.23 0.53+£0.16 (54) 0.50/0.21 <0.001*
PLT (150-400 x 10"3/uL) 238.37+59.11 (62) 235.00/79.25 270.11+72.74 (65) 259.00/89.00 0.02*
MCYV (kobiety 78-93 fl, 86.21=6.35 (58) 86.95/7.25 82.93+5.27 (60) 82.55/7.67 <0.001*

IQR, rozstep kwartylny; SD, odchylenie standardowe
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Podsumowanie i wnioski.

Choroba Gravesa i Basedowa jest najczestsza przyczyna nadczynnoS$ci
tarczycy, a zwigzana z nig orbitopatia w wielu przypadkach stanowi powazne wyzwanie
terapeutyczne. W prezentowanym cyklu badawczym wykazano istnienie silnej
predyspozycji genetycznej zwigzanej z allelami HLA do rozwoju GD i GO.
Poza wyodrebnieniem alleli wysokiego ryzyka, okre$lono réwniez te, ktore wykazuja
dzialanie ochronne przed wystapieniem GO 1 GD. Majac §wiadomos$¢, ze na opisang
predyspozycj¢ genetyczng, musza zadziala¢ rOwniez niegenetyczne czynniki ryzyka
rozwoju GD i GO, w ostatniej publikacji cyklu wskazano na istnienie potencjalnych
nowych klinicznych czynnikéw ryzyka oraz dokonano weryfikacji znaczenia czynnikow
poprzednio opisanych. Uzyskane wyniki pozwalaja na udoskonalenie dotychczasowych
zasad profilaktyki i leczenia, a takze stwarzajag mozliwo$¢ indywidualizacji tych dziatan
w oparciu o profil czynnikow ryzyka i czynnikow ochronnych u danego chorego.
Wydaje si¢ zatem, ze cato$¢ cyklu dostarcza cennego narze¢dzia dla rozwoju precyzyjnej
medycyny spersonalizowanej u chorych z GD. Zdaj¢ sobie sprawe, ze wraz z dalszym
rozwojem metod badawczych odkryte zostang z pewno$cig roOwniez inne — W tym
genetyczne — istotne czynniki ryzyka rozwoju GD i GO. Mam nadzieje, ze przedstawiony
cykl publikacji bedzie juz teraz pomocnym narzgdziem w indywidualizacji profilaktyki
I leczenia GD i GO, w tym m.in. wyboru metody leczenia radykalnego GD,
czy tez sposobu profilaktyki i terapii GO. Ponadto, lekarze, majac §wiadomos$¢ ryzyka
rozwoju GO w oparciu o obecno$¢ czynnikow tego ryzyka, moga podjac¢ dziatania
diagnostyczno-terapeutyczne juz w momencie pojawienia si¢ pierwszych objawow,
a pacjenci maja szans¢ unikng¢ narazenia na rozwoj i/lub progresje GO i uzyskac

optymalnie dostosowane leczenie.
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STRESZCZENIE W JEZYKU POLSKIM

Tytul: ,,Nowe czynniki ryzyka rozwoju choroby Gravesa i Basedowa oraz orbitopatii
Gravesa, ze szczegdlnym uwzglednieniem czynnikéw genetycznych”

Wstep: Choroba Gravesa i Basedowa (GD) jest najczestszg przyczyna nadczynno$ci
tarczycy w Polsce. Najwazniejsza pozatarczycowa manifestacja GD jest orbitopatia
Gravesa (GO), mogaca nie tylko istotnie pogarsza¢ jako$¢ zycia pacjenta, ale takze
zagrazaC utratag wzroku. Podobnie jak inne choroby autoimmunizacyjne, GD i GO sa
zwykle wywolywane przez czynniki $rodowiskowe u oséb predysponowanych
genetycznie. Postuluje si¢ znaczenie alleli HLA w rozwoju GD/GO, jednak dla populacji
kaukaskiej nie potwierdzono dotychczas jednoznacznie takiej zaleznos$ci dla ryzyka GD
przy pomocy wiarygodnych metod genotypowania i na duzych grupach pacjentow.
Natomiast, w przypadku GO, w populacji kaukaskiej takich badan do tej pory praktycznie
nie wykonywano. Istnieje rowniez potrzeba poszerzenia wiedzy dotyczacej
niegenetycznych czynnikdw ryzyka, zard6wno w zakresie odkrycia nowych,
jak 1 potwierdzenia znaczenia juz znanych, czy ostatnio postulowanych. Znajomos¢
genetycznych 1 niegenetycznych czynnikow ryzyka jest kluczowym warunkiem
skutecznej profilaktyki, jak rowniez wlasciwego dostosowania leczenia GD,
a szczegolnie GO.

Cele: Celem cyklu prac byto znalezienie nowych, genetycznych i niegenetycznych,
czynnikow ryzyka GD 1 GO oraz weryfikacja znaczenia czynnikoéw juz opisywanych.
W zwigzku z brakiem publikacji dotyczacych znaczenia HLA w rozwoju GO,
najwazniejszym celem bylo udokumentowanie istnienia alleli HLA zwigzanych
z ryzykiem GO i potencjalnie chronigcych przed rozwojem GO.

Materialy i metody: Do grupy badanej w kazdej z prac projektu wiaczono pacjentow
z GD, w tym chorych z GO oraz bez GO. Grupy kontrolne stanowili zdrowi potencjalni
dawcy komorek hematopoetycznych. U wszystkich badanych przeprowadzono
genotypowanie HLA (HLA-A, -B, -C, -DQB1, -DRB1) przy uzyciu metody
sekwencjonowania nowej generacji (NGS). Ponadto u wszystkich pacjentow z GD/GO
przeprowadzono panel badan laboratoryjnych oraz przeanalizowano dane z wywiadu
i dokumentacji medycznej.

Wyniki: W pierwszym badaniu zaobserwowatam istotny zwigzek ryzyka GD
z nastgpujacymi allelami: HLA-B*08:01, -B*39:06, -B*37:01, -C*07:01, -C*14:02,
-C*03:02, -C*17:01, -DRB1*03:01, -DRB1*11:01, -DRB1*13:03, -DRB1*01:03,
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-DRB1*14:01, -DQB1*03:01, DQB1*02:01. Odnotowano rowniez, ze ochronne
znaczenie w odniesieniu do GD ma wystepowanie HLA-B*07:02, -C*07:02, -C*03:04,
-DRB1*07:01, -DQB1*02:02, -DQB1*03:03.

W drugim badaniu udokumentowano, ze genetycznymi markerami zwigkszonego ryzyka
GO s allele HLA-A*01:01, -A*32:01, -B*37:01, -B*39:01, -B*42:01, -C*08:02,
C*03:02, -DRB1*03:01, -DRB1*14:01 i -DQB1*02:01. Ponadto stwierdzono, ze
obecnos¢ HLA-C*04:01, -C*03:04, -C*07:02 i -DRB1*15:02 moze dziata¢ protekcyjnie
w odniesieniu do GO.

W trzeciej czeSci obecnego projektu potwierdzono takze zwigzek GO z paleniem tytoniu,
starszym wiekiem, wyzszymi st¢zeniami TRAbD w surowicy oraz z hipercholesterolemia,
nawet w sytuacji nieznacznie tylko podwyzszonego st¢zenia cholesterolu LDL.
Wykazano ponadto, ze wsrod nowych, potencjalnie uzytecznych markerow ryzyka GO,
znaczenie moga mie¢: wyzsze stezenia kreatyniny w surowicy, wyzszy wskaznik MCV
1 nizsza liczba ptytek krwi.

Whioski: Identyfikacja grup alleli HLA zwiazanych ze zwigkszonym ryzykiem GD/GO
i chronigcych przed tymi chorobami, stanowi wazny krok w rozwoju medycyny
spersonalizowanej opartej na ocenie podatnosci genetycznej. Calo$¢ badan zawartych
w omawianym projekcie dostarcza szeroki panel czynnikéw ryzyka, ktore moga
stanowi¢ wiarygodne narz¢dzie do indywidualnej oceny ryzyka GO, co moze istotnie
poprawi¢ profilaktyke i leczenie GD/GO, poprzez precyzyjne ich dostosowanie

do zindywidualizowanego wyniku oceny ryzyka dla danego pacjenta.
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STRESZCZENIE W JEZYKU ANGIELSKIM

Title: “Novel risk factors of Graves’ disease and Graves’ orbitopathy with special

emphasis on genetic susceptibility markers”

Introduction: Graves' disease (GD) is the most common cause of hyperthyroidism
in Poland. The most important extrathyroidal manifestation of GD is Graves' orbitopathy
(GO), which may not only significantly worsen the patient's quality of life, but can also
be a sight-threatening condition. Similarly to other autoimmune diseases, GD and GO are
usually triggered by environmental factors in genetically predisposed individuals.
The importance of HLA alleles in the development of GD/GO was postulated before,
however, in the Caucasian population, such a relationship was not unequivocally
confirmed using reliable genotyping methods and on large groups of GD patients. In the
case of GO, no such studies were performed before. There was also a need to broaden
the knowledge on non-genetic risk factors, in terms of both discovering new ones and
confirming the importance of the already known or recently postulated ones. Knowledge
on genetic and non-genetic risk factors is a crucial condition for effective prevention,

as well as proper adjustment of GD treatment, especially GO.

Aim: The purpose of the presented series of articles was to find new genetic and
non-genetic risk factors of GD and GO and to verify the significance of the factors already
described. Due to the lack of studies on significance of HLA in GO development,
the main aim of the study was to evaluate correlation between HLA alleles and increased

or decreased risk of GO.

Materials and methods: Study groups included GD patients with or without GO. The
control group consisted of healthy potential donors of hematopoietic cells. HLA
genotyping (HLA-A, -B, -C, -DQB1, -DRB1) was performed in all subjects using
a next-generation sequencing (NGS) method. In addition, laboratory tests were performed

in all GD/GO patients and data from a medical history were analyzed.

Results: In the first study, | observed that GD was significantly associated with the
following alleles: HLA-B*08:01, -B*39:06, -B*37:01, -C*07:01, -C*14:02, -C*03:02,
-C* 17:01, -DRB1*03:01, -DRB1*11:01, -DRB1*13:03, -DRB1*01:03, -DRB1*14:01,
-DQB1*03:01, -DQB1*02: 01. In addition, | found that alleles HLA-B*07:02, -C*07:02,
-C*03:04, -DRB1*07:01, -DQB1*02:02, -DQB1*03:03 may play a protective role.
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In the second study, | demonstrated that genetic markers of increased GO risk are the
alleles HLA-A*-01:01, -A*32:01, -B*37:01, -B*39:01, -B*42:01, -C*08:02, -C*03:02,
-DRB1*03:01, -DRB1*14:01 and -DQB1*02:01. | also observed that the presence
of HLA-C*04:01, -C*03:04, -C*07:02 and -DRB1*15:02 may be protective against GO
development.

In the third part of the project, I confirmed the association of GO with smoking, older
age, higher serum TRAb concentrations and hypercholesterolemia, even in the case
of only mild LDL elevation. | also showed that higher serum creatinine concentrations,
higher MCV and lower platelet count may constitute new potentially useful markers
of GO risk.

Conclusions: Identification of HLA alleles associated with increased and decreased risk
of GD/GO is an important step in the development of personalized medicine based on the
assessment of genetic susceptibility. All studies included in the project provided a wide
panel of risk factors that can constitute a reliable tool for individual GO risk assessment,

which can significantly improve personalized management of patients with GD/GO.
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Abstract: The association between HLA and the risk of Graves' disease (GDY) has been analyzed for
many years. However, the fesulls wete often meonsstent and mostly fegarded Asian populations
The purpose of cur shedy was to perform HLA genotyping using a next-gene ralicn sequencing
(MNGS) method 1n Cancasians, to find out whach alleles are eventually cormelated wath GIY morbad-
ity as well ag whach of them can be conswdeted protectve. HLA-A, -B, -C, -DBI, -DRET wene
genotyped wang a nex-generation sequencing method m 2376 persons, mcluding 159 GD patents
and 2217 healthy controls. We have demonstrated a significant association between the risk of G
and the following alleles: HLA-B*08:01, -B*38:08, -B*37:01, -C*07:01, -C*14:02, -C*03:02, -C*17:01,
-DRBI*03:01, -DREI*11:01, -DREI*13:03, - DREI01:03, -DEEI*14:00, -DQB1*03:01, DQBI*0201. The
alleles HLA-B*39:06, -B*37:01, -C*14:02, -C*03:02, -C*17:00, -DRBI*14:40 are novel GD-associated,
previously nob-feported mndependent ones wath ne hnkage disequibibeim with ether hagh-rsk alleles.
On the other hand, the frequencies of HLA-BYF:02, -C*07:02, -C*03:04, DRBI*07:01, -DOEBI"02:02,
-DOEBI03:03 were significantly lower in GIY compared to controls. This study demonstrated the
actual relationships between HLA and GD based on the NGS method and provided a novel set of
alleles as a reliable tool for an mdividual personalized rsk assessment

Keywords Graves' disease; human keukocyte antigen; HLA; susceptibility alleles

1. Introduction

Graves” disease (GD) is an autoimmune thyroid disorder characterized by the pro-
duction of specific antibodies against the thy rotropin (TSH) receptor These TSH-receptor
antibodies (TRAbB) most frequently stimulate thy roid hormone production resulting in
hyperthyroidism. However, TEAb may also block the TSH-receptor or have an ambivalent
character [1]. The prevalence of GD in the Caucasian population is about 0.5-2.0%: [1,Z].
Similar to other autoimmune diseases, GGIY is usually triggered by ervironmental factors
in genetically predisposed individuals [23]. Among genes associated with the immune
mesponse, human keukocoyte antigen (HLA) genes have been found to be associated with
autoimmune thyroid diseases (AITDY), including G [4]. Cther genes such as oytotoxic T
Iymphocyte-associated factor 4 (CTLA-4), thyroglobulin (Tg) or COM0 genes can also be
associated with an increased risk of GD [5,6]. However, taking into account the relevance
of the major histocompatibility complex (MHC) for immune responses and high polymor-
phism of HLA region, it seems to play a prominent role as a molecular background of
GD[4].

[ Qi Med 2002, 11, 2452 hitps/ /doi g/ 10,3390, jem11002402
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Previous studies on HLA-melated susceptibility to GD indicated the existence of sig-
nificant ethnic differences [2,3,7-12]. Furthermore, the obtained results in either Asian
or Caucasian populations are not consistent [5,7-12]. Most of the previously published
studies applied much older methods, especially serological ones, which had significantly
lower accuracy than the high-resclution next-generation sequencing (NGS) method used in
our study. Moreover, the symbols of particular alleles assessed by the previously applied
methods differ from those currently used, and some antigens previously denoted by one
symbol are separated as several individual alleles when assessed by the high-resolution
method. This fact undoub&edly has an important impact on the accuracy and consistency
of the already published results.

Several studies conducted in the Asian population postulated the importance of the
presence of HLA-E 46 in the development of GD [7-9], while others indicated a possible
relationship with HLA-DREwS, -DCw4, -B5, Dw12 and -A11 antigens [13]. On the other
hand, a Chinese study showed that the relationship between GD and HLA-B*46 concerned
only men [14]. The same study found that the risk of GDY was higher in patients with
HLA-A®2, -Cw1, -DEBI*1&:02, DEEI 0301, DRE] *14:05, - DRBS*02, -DOBI*05:02, while the
presence of -DRE1*15:01 and - DJE1*03:01 played a protective role [14]. Another study
of Chinese patients observed the melationship between HLA-DE? and -DOBET*03:03 in
males [15]. Protective effects of HLA-DR12, previously described as an increased risk
antigen, and of HLA-DQAT*M:] were also postulated [15]. In tum, Japanese authors
showred that the most important factor in the development of GD was the presence of
HLA-DFPE]*05:41 and/ or HLA-A"2, with the risk being the highest in carriers of both of
them [16] In a Taiwanese study, HLA-A"0247 was found to be a GD risk factor [17],
while other Taiwanese authors showed that there was a correlation between GD and
HLA-B 601, -DPBEI*05:01, -DOB10%02, -DRE1*15:00 and -DRB1*16:02 [18]. Despite
the appament discrepancies, the results of a number of studies conducted on the Asian
population are consistent in terms of the melationship between GIY and the presence of
alleles such as HLA-A®0207, -B*46, -DRE1*08 or -DPBE1 *05:01 [6,17,18]

In Cancasians, studies are more scaree. Their results are consistent only with regard o
the increased risk of GD in people with HLA-DREI*03 and alleles mmaining in linkage dise-
quilibrium with HLA-IXREI*03 for this population, ie, -DOAT5: 01, -DOBT02:07 [3,11,15,20]
However, it is well known that HLA-DEB1*03 is associated with an increased risk of all thy-
roid autoimmune diseases, not exclusively with GI. In regard to other alleles, Heward et al
postulated a possible role of HLA-DQE!"03:01/4 and -DQEI*02 in GD ocourrence [2]. More
recently, Vita et al demonstrated significantly higher frequency of HLA-C%0F, -C*17 and
-DRB1*(4 in patients with GD as compared to controls [2].

The small amount of data for the Caucasian population and the inconsistency between
the results of individual studies, related mainly to different methods used and the size
of the groups, left the HLA-mlated genetic basis of (G for the Caucasian population not
satisfactorily explained. Therefore, there was a need to re-analyze and to compare HLA
profiles in large groups of patients with G and healthy controls using a modern high-
resolution NGS method. By application of this method, our research group has recenthy
demonstrated nowvel strong correlations between HLA and subacute thyroiditis (SAT),
including not only the risk of SAT but also its clinical course [21-25]. It can be supposed
that the relationship between GD and HLA is also much more complicated and includes
more alleles than it was previously repored.

The purpose of the study was to re-evaluate class | and class [1 MHC alleles in
159 patients with GD and 2217 healthy controls, and to clarify which HLA alleles are
eventually associated with GDVin the Caucasian population. Identification of an actual set
of GD+related and GD-protective alleles would provide a novel reliable tool for the individ-
ual risk assessment and would constitute a great step in a development of personalized
medicine.
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2. Materials and Methods
2.1. GD Group and Congrol Group

A total number of 2376 persons wem included into the study, with 2217 healthy Polish
hematopoietic stem cell donors with no medical history of thyroid disease, and 159 patients
who were diagnosed with GI in the Department of Endocrinology and Metabolic Diseases,
Polish Mother's Memorial Hospital—EResearch Institute, Lodz, Poland, as well as in the
Department-assodated outpatient clinic. The size of the control group should be large
enough to avoid any bias related to potential diseases which may appear in some members
of this group in future, as well as to aveid any bias associated with random increased or
decreased frequency of some alleles in a smaller control group.

2.2. HLA Typing Procedures

HLA-A, -B, -C, -DM)B] and -DEEB] were genotyped using a high-resolution MGS method.
DMNA was isolated from whole blood collected to the anticoagulant (EDTA }containing
tubes. Further sample preparation consisted of several steps, including long-range I'CR,
genomic library preparation, and sequencing. Amplicons were quantified by fluorescence
detection method, balanced, pooled and enzymatically fragmented. Afterwards, end
repair and A-tailing of DNA fragments was performed followed by index adapter ligation.
Genomic library was cleaned up and denatured prior to loading on NGS llumina Flatform
(MextSeq). We analyzed sequencing data with NGS HLA Genotyping software MLA FORA.
The data were considered sufficient whenever the coverage reached 40

2.3. Statistical Analysis

Allele frequencies weme reported as absolute values and in percentages. The statis
tical significance of the differences between groups was evaluated by the chi-square test
and by binomial logistic regression analysis, with p values < (L05 considered significant.
The statistical analysis was carried out using Statistica v 13.1 software (Statsoft Polska,
Krakow, Poland).

24, Inclusion Criteria

In all patients included into the study, I was diagnosed on the basis of standard
criteria [1], including hyperthyroidism, elevated TRAbD level, as well as typical ultrasound
(US) pattern.

2.5. Biochemical and LS Procedures

Serum levels of TSH, free triicdothyronine (FT3), free thyroxine (FT4) and TRAb were
measured by the electrochemiluminescence immunoassay (ECLIA) with Cobas 601 ana-
lvzer (Koche Diagnostics, Indianapolis, [N, USA). Ultrasound examinations (US) were
performed in every patient, using a 7-14 MHz linear transducer (Toshiba Aplio XG;
Toshiba, Japan).

2.6, Ethics Procedures

Informed consent for all performed procedures was obfained from all of the patients
after a full explanation of the purpose and nature of all procedurnes used. The study was
approved by the Ethics Committee of the Polish Mother's Memorial Hospital—FResearch
Institute, Lodz, Poland (approval code—108 /2018).

3. Results

The mean age of patients at diagnesis of GD was 43.88 + 17.44 years, with a male to
female ratio of 1:4.48. The diagnosis of GD was based on the laboratory results (Table 1)
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Table 1 Laboratody charactenstics of the Graves' dsease (GD) group.

Parameter (Re ference Range and Umnits) Mean + 5D Median
TSH (02742 pIU/ mL) 0.14 + 043 005
FT4 {(0.9-1.7 ng/dL) 335+ 239 233
FT3 (2044 pg/ml) 1L07 + 838 7.8a
TRADR (<17 IU/L) 1504 + 13.62 1012

Abbreviations: F13, fres tr':jndn:t‘l'l_).r:\min:; P14, froe rl'qrrcncu'-e, S0, standard deviation; TRAbL, ToH receptor
antibodies; TSH, thy mtropin.

Statistically significant differences in the frequency of HLA alleles between patients
with GIYand control group were found with several alleles having higher frequency and
others having lower frequency in GD as compamed to controls.

3.1. Alleles with Higher Frequendes in GD

The alleles of higher frequency in GD as compared to controls were found in both
MHC class [ and class II. The differences werme statistically significant for the following
alleles of MHC class I HLA-B*08:00 (12.5%: vs. 9.0%), -B*3%:06 (1.56% vs. 0.41%), -B*37.01
(219% vs. 0.83%) (Figure 1a), -C07:00 (18.13% vs. 13.49%), -C714:02 (2199 vs. 0.95%),
-CT03:02 (3. 4% ws, 0L50%), -C*17:00 (2.50% vs. (L50%) (Figure 1b).

p=LOz

P g0l aoe - e 001 P00
Fe3006 atanm HLA ANeles C*O701 1402 0307 c*17:01

Dkealthy L L=te]

(a} (b)

Figure 1. Frequences () of human keukocy be anbigen (HLA) over-represented alleles wath stabisti-
cally sagraficant difference bebwveen control (open bars) and Graves' disease (D) pabents (sold bars)
for mapor histocompatibility comples (MHC) clags 1 alleles: HLA-F (a) and HIA-C (b).

For the MHC class II, significant differences in the frequencies were found for the
following alleles: -DEBI03:(1 (16.25% ws. 9.83%), -DREBI"11:01 (11.56% vs. 7.49%),
-DREBI713:03 (3.44% ve. 1.87%), ~-DEBI*01:03 (947 vs. 0.20%), -DEB1*14:01 (1.56% vs.
0.36%) (Figure Za), -DOB170301 (23.13% vs. 18.83%), DOBI0201 (16.25% vs 972%)
(Figure 2b).
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3.2 Alleles with Lower Fregquencies in G

On the other hand, the frequencies of the following alleles were significantly lower in
GID as compared to controls: HLA-B*07:02 (5.94% vs. 105 -CHO702 (4.38% ws. 11.41%)
-C*03:04 (156% vs. 5.19%), -DRBI"07:01 (8.75% vs. 12.97%), -DOQB1 "02:02 (5.63% vs. 9.47%,),
-DQBIT0303 (219% ve, 4.74%) (Figume 3).

14.00

Lro0 p=0.001

10.00 p=0.02

800

6.0

frequency (%)

p=0.004

4.00

.00

0.00
HLA Alleles  B*07:02 T o702 C*03:04 DRE1*07:01 DQB1*02:02 DOQB1*03:03

O healtly BGD

Figure 3. Frequencees (%) of human keukocoy be anbgen |
diffesence between controls (open bars) and Graves'

HLA) undernepresented allebes with statisbical
disease (D) patents (solid bars) for both maor
|'|.i.-th.\c.l|:|'|;'l..1t:||.‘::|]i.l".-' I.'\.:II:I'I;'II.E'\G (MHC) class [ and class 11 alleles.
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3.3. Significance of a Single High Risk Allde and of Co-Presence of Alldes

In 26 patients (16.4%:), only one of the alleles described above as correlated to a high
risk of GDwas found. Among this group, the following alleles were found: HLA-B*38:06,
-C*03:02, -C*07:00, -C*14:02, -DRB1"14:01 and -DOQBI*03:01 in two (7.7%), three (11.5%), six
(23.1%), one (3.8%), one (3.8%) and thirteen (50°%) patients, respectively.

In 33 patients (20.8%), two of the high-risk alleles were present. Among this group
the co-presence of HLA-DEED *11:01 and -IDE]*03:01 was observed the most frequenthy
(45%). The co-presence of alleles which are not in linkage disequilibrium was observed
in % patients (27.3%). Among this group, the most frequent was the combination of HLA-
C14:02 with -DQBI*0300 (22.2%).

Interestingly, allele HLA-B*08:01 was most frequently present with -IDEB1*03:01 and
-DOBT*02:01. A combination of the three alleles, -B508:01, -DRB1*03:01- and D{E] *02:01,
occurred in 36 of 159 GI patients (229%), while the co-presence of these three alleles was
found only in 5.87%. of the control group. In only three patients (1.99%), the HLA-B*0801
allele ocourred with other alleles (Table 2). In none of the patients did - B*08:01 occur as the
only high-risk allele.

Table 2 Frequences and nkage disequibbrium of three-locus HLA-B-DREEI-DQET haplotypes in
Graves' dhssagse (GDY) patents depending on the pressnce of the HLA-B*08:01 allele.

HLA Haplotype Haplotype Frequency
B*05:01- DRBT*03:01- DOBI*02:01 22% [n = 36]
E*XX:XX- DRBI03:01- DORI*02:01 B.6% [n=11]

B*08:01- DRBI"XX: XX- DOBI"XX: XX L9% [n= 3]
€ DRET XXX~ DO XX ¥—alies other than -DRET-IEN - DOET0Z0T

4. Discussion

In the recent years, it has become more and mome clear that G is triggered by en-
wvironmental factors such as infections, stress, smoking, etc., in genetically predisposed
individuals [5,7]. This genetic susceptibility plays a critical role in the pathogenesis of GD
and has been previously demonstrated to be HLA-dependent. Moreover, in both A sian and
Caucasian populations, this genetic background was demonstrated to include MCH class
and class II. Therefore, the identification of alleles specifically related to GD seems to be a
crucial step in the development of personalized medicine in regard to thyroid disorders.
Howeever, the results that have been reported for the last two decades in both populations
are not consistent. Significant discrepancies in the esults obtained by various authors
can undoubfedly depend on the applied method. The use of high-resolution methods can
change the results obtained with older methods, Genotyping methods of resolution that
allow the achievement of allelic specificity is currently a gold standard of research that is
expected to demonstrate high reliability, and to avoid methed-dependent errors. Older,
less accurate methods provide results for the entire allelic group, not for a particular allele.
This may result in erroneous conclusions and discrepancies in the results of the studies
depending on the method. According to the results obtained in a strictly controlled group
of HLA typing performed for the purposes of bone marrow transplantation between 1996
and 2011, 29.1% discrepancies wene found between older methods and NGS method [26]
which was applied in the present study Another important example of the significance
of the genotyping method is HLA-BE"2Z7 test commonly used to genetically confirm a di
agnosis of ankylosing spondylitis. It has been recently demonstrated that HLA typing
methods used so far gave insufficiently precise results, and two alleles, HLA-B*27:06 and
HLA-BE*27:1, are probably not associated with the disease [27]. These examples clearly
present the importance of the method and a possible role of a method-dependent factor in
the inconsistency of the previous results,

To date, to the best of our knowledge, the present study included the largest Cau-
casian cohort to whom a modern high-resolution method was applied to analvze both
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MCH classes. Thus, this study can summarize and clarify the actual HLA-related genetic
background of GO,

The present study has confirmed a strong correlation betw een GD and HLA-B*08:01,
DREB1"03:01, -DOBI"02:01 (Figures 1a and 2ab). Cur observation is consistent with the pre-
vious reports [2,5,11,12,1%,20]. Interestingly, in our study, HLA-B*08:01 was accompanied by
these two alleles in most cases of its presence although it belongs to a different MCH class
(Table 2). The co-presence of these three alleles in GD group was 4 times more frequent than
in controls. Additionally, HLA-DREI*03:01 and -DQB1*02:01 were rarely present without
HLA-B*08: ({Table 2). Such a close unexpected association between HLA-B*08:01 and
MCH class IT alleles was previously postulated in the Caucasian population [25], but the
present study has confirmed it and demonstrated its strength for GD patients for the first
time. This finding sheds a new light on the possible linkage disequilibrium between alleles
from different MCH classes. Moreover, it indicates the existence of specific mechanism of
impact augmentation between these alleles in GI.

The curently discussed group of linkage disequilibrium  includes also HILA-
DA 0501 [27,29,30], previously reported as GI2 high risk allele [2,3,19]. We did not perform
comparison of frequencies of HLA-DQA %0501 between our groups because HLA-H1A1
alleles ame not eported for transplantation purposes and results performed using NG5S
method are unavailable either for our control group or for any other epresentatively large
cohort in Poland. Comparison with any population with available lower resolution results
could introduce unacceptable bias, as the main strength of the present study is the appli-
cation of the most reliable method. However, a strong linkage disequilibrium between
HLA-INAT1%05:01 and DRE1*03:01, DQEBL "0, as well as other alleles demonstrated as
high-risk ones in the present study, Le., DREI®01.03, IQBI*03:0] and DRED*13:03 (Figure 2)
seems to confirm previous findings of HLA-DOA1*05:01 being a GD risk allele [2,3,19]. The
potential role of HLA-DQBI*03:01 was previously postulated by Heward et al. [3]. Similar
to our study, Martin et al. observed significantly higher frequency of HLA-DEBE1*11:01 and
-DRE1"13:03 [31]. Our study has confirmed the role of these alleles as well as has further
supported the role of HLA-DOAT*05:01 because of linkage disequilibrium between either
HLA-DEE1"11:01 or -DRE1%13:03 and HLA-DQAT®05:01 [29]. Both of these HLA-DRE]
alleles are also in linkage disequilibrium with HLA-DQEI*03:01 which has been confirmed
in the present study as high-risk allele. To the best of our knowledge, this is the first report
presenting strong susceptibility to G related to HLA-DRE] *01:03—the allele that is also in
linkage disequilibrium with HLA-DQAT*05:01 and -DED*03:00 [29].

Our study also demonstrated that the risk of GD is significantly increased in patients
with a presence of HLA-C*(7:01, being in linkage disequilibrium with previously discussed
-Be(8:01 [32,33]. It is worth mentioning that the importance of HLA-B*08:01 and -C*07:01
was previcusly postulated in the literatune, mostly as-B%08 and - C*0F with application of
lower resolution methods and two-digit results [2,34]. Cur study has confirmed this asso-
ciation for HLA-B*0&0] and -C*07:01 (Figure 1a,b). When analyzing the above-described
associations, one should keep in mind that susceptibility associated with alleles being in
linkage disequilibrium cannot be considered as fully independent. However, the single
presence of any of them can be cormelated with the risk of GD.

This study has confirmed the correlation of GD with HLA-C*17:00 postulated befone by
Vita et al [2]. Our study based on NGS5 method has demonstrated even stronger statistical
significance than previoushy reported (Figure 1b). Mo linkage disequilibrium has been
reported between HLA-C*17:01 and other high-risk alleles [32,33], s0 HLA-C*17:01 should
be considered an independent one.

The most important finding of our present study is the significance of novel alleles
which have been reported here as G related for the first time. This group includes HLA-
B*37:0, -B"3%06, -C03:02, -C14:02, and -DEE1"14:00 (Figure la,b and Figure Za). These
alleles belong to both [ and [ MCH classes and are not in linkage disequilibrium either
with each other or with any previously discussed GD-related alleles [27,32,33]. Thus, their
significance for the pathogenesis of GD is particularly relevant.
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Similar to Vita et al. [2], we have not confirmed a higher frequency of HLA-DRB1*08
previously postulated in North American and British Cavcasians [34,35]. The specificity of
the applied method may have played the most important role in these differences.

(Chr study has demonstrated strong association of G with the presence of several
alleles belonging to both MCH classes. Strong impact of any of them on the risk of GD
can be additionally supported by our finding that the presence of a single allele from
the high-risk group is sufficient to induce GI2. In the present study, alleles HLA-E*359:06,
-CH03:02, -CH07:00, -C*14:02, -DEBD *14:00 and -DOBED *03:01 were present as a single allele in
G patients. Most of them, ie., HLA-B*35:06, -C°03:02, -C*14:02, -DRE1*14:01, have been
reported for the first time as high-risk alleles in the present study. [t is worth underlining
that among patients with two high risk alleles, the co-presence of HLA-DEE1"11:01 and
-DOET*03:40, being in linkage disequilibrium was the most common. However, in 27.3%,
of the patients, the co-present alleles were totally independent, with HLA-C*14:02—newly
reported in the present paper—being the most frequent independent allele.

Predisposition for autoimmune disorders other than GD can also be HLA-related.
Hashimota's thyroiditis (HT) and GD shame a variety of common etiological and pathophys
inlogical factors, including HLA-based predisposition, a trend to aggregate in the same
families or even to coexist in the same gland [36]. Moreover, several reports suggested the
existence of a continuum between HT and GD [37-35]. In our GD group, only four patients
had preceding Hashimoto's thyroiditis, and in all of them HLA-DQBT*02:01 was present.
This allele was demonstrated in cur results as one of the alkeles related to high risk of GD
and it is in linkage disequilibrium with - DREL:03:01—an allele typical for thyroid autoim-
munity. Interestingly, the co-presence of these two alleles was found in all patients with
coexistence of G and non-thyroidal autoimmunity (Le., in two patients with Addison’s
disease and two patients with diabetes type 1). These subgroups were too small to obtain
any statistical results, but this phenomenon requires further analysis.

It was previously postulated that the presence of some HLA alleles may play a protec
tive robe against GI Similar to the results on high-risk alleles, most of the papers published
so far regard the Asian population. Yinetal postulated that HLA-B*33 can protect against
G [440], while Mehraji et al demonstrated that HLA-DOB] *02:01 and -DOAT%02:01 play
the protective roke [41]. The results of studies in the Komean population did not confirm the
previous findings and revealed that alleles HLA-DRE1*01:01, DRBI-*07:1, -DRE1"1 202
and -D'EB1 “13:02 were the protective ones [42] On the other hand, other Korean group con-
firmed the protective role of HLA-DOAT*02:00 and - DOBED *02:01 as well as HLA-DREI*12,
and additionally postulated the significance of -DQA1*06:01 and -DQEI*0X01 [43]. In the
Chinese population, Cavan et al postulated the significance of -D0A1*04:07 and confirmed
previously reported protective role of HLA-DRE1*12 and -DQB1*03:01 [15]. The results
obtained by the different research groups were inconsistent and it is difficult to unam-
biguously distinguish the actually protective alleles. The main candidates in the Asian
population seem to be HLA-DREBL*12:02, -DQEI*02:01 and DOQED"03:00.

A similar situation of inconsistent results regards the Caucasian population, and in
addition, the results are more scarce. Therefore, our present study aimed also to compare
G and control cohorts with regard to potentially protective alleles. We confirmed the
previously reported significantly less frequent presence of HLA-DEB1*07:01, [12,34,35] and
-DJET 0202 [34] in patients with GD as compared to healthy controls (Figure 3). However,
in the last study, the significance of -INJE] 02 was postulated in two-digit presentation [34].
We have refined and clarified this finding using the NGS method. Our study revealed also
lower frequency of HLA-DQBI*03:03 in G individuals (Figure 3). It has to be underlined
that HL A-DOET*02:02 and -DOE1*053:03 are in linkage disequilibrium with -DREET 0701,
together with the previously postulated -DQAT*02:07 [12,37].

The presence of these protective alleles can play a very important role in GD develop-
ment. Proteins related to HLA-DEB1*03:01 and its linkage disequilibrium alleles differ from
those related to -DRED07:01 and its linkage disequilibrium-related alleles at position 574,
a crucial site in the binding pocket of the HLA allele, the residue being arginine and glu-
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tamine, respectively [2,34]. It has been hypothesized that in patients with the co-presence
of these two alleles, HLA-DEEI*07:00 can cancel out the GD-susceptibility associated with
-DREB1*03:01 [2.34].

Similar to our findings on novel high-risk alleles, we have also demonstrated novel,
previously not reported, protective associations. In the present study, the frequencies of
HLA-B*07:02 and -C*0F 12 were significantly lower in the G cohort than in the control
group (Figure 3). These alleles cannot be considered independent as there is also a linkage
disequilibrium between them. However, as it was previously underlined, the presence of
any of them can potentially be suffident as a protective factor Moreover, another novel
independent allele was revealed as protective, ie., -HLA-C*03:04, with a high statistical
significance of p = 0.4 (Figure 3). This allele is not in linkage disequilibrium with amy
other potentially protective allele.

The differences in the results between Caucasian and Asian populations with regard
to the MCH class II alleles, which are in linkage disequilibrium with HLA-IDN2A1*05:01 can
be considered unexpected. Among all of these alleles, only -DREE] *03:01 was proved to
be GDrelated in the Asian population [14]. However, all of the above-described linkage
disequilibrium-based correlations are common not exclusively for the Caucasian population
but for all analyzed populations, including Asians [29]. Therefore, the question arises
why the correlations present in Caucasians are absent in Asians, in whom completely
different alleles ame considered as high risk of GD. Furthermore, taking into account our
present results and the literature data, we can observe a phenomenon of entirely opposite
roles of HLA-DQB1*02:01 and -DOBE1"03:01 in these populations. These alleles have been
demonstrated as high risk in Caucasians in the present study and in some previous ones [3]
However, they are eeported as profective in Asian studies [15,42,43]. Therefore, although
HLA-DREET*03:01 has been demonstrated to be a high-risk allele in both populations, -
DOEBET03:01 being in linkage disequilibrium with -DEE1 0301 in both populations, is a
high-risk allele in Caucasians and a protective allele in Asians, This fact demonstrates the
impact of other factors influencing G risk in the Asian population and points out the
necessity for further analysis of this phe nomenon.

5. Conclusions

The present study has demonstrated the actual associations between HLA haplotype
and GD. The application of the NGS method to genoty pe both MCH 1 and 11 classes in large
groups of patients and controls has darified many discrepancies present in the previous
results possibly due to a lack of allelic specificity and/ or the size of the groups being
too small. A significant association was found between the risk of GIY and the follow ing
alleles: HLA-B*08:01, -B*35%:06, -B*37:00, -C07:00, -C*14:02, -C*03:02, - C*17:01, -DRE1703:01,
-DREBI*11:01, -DRET *13:03, -DRB1 0103, -DREB1°14:01, -DQB1703:01, DQBI"02:01. Among
these alleles, -B*3%06, - B*37:01, -C*14:02, -C*03:02, -C*17:01, -DRE1*14:01 are novel, previ-
ously not-reporied, independent alleles with no known linkage disequilibrium with other
high-risk alleles. Umn the other hand, the frequencies of HLA-B*07:02, -C°07:02, -C*03:04,
-DRET07:01, - DB "02:02, -DQB1*03:03 were significantly lower in G compared to con-
trols, with the first three alleles being reported as protective for the first time. These alleles
can be considered protective. This study has provided a novel set of alleles as a meliable
tool for individual risk assessment. The identification of alleles which in a particular popu-
lation ame associated with GI? and which play a protective role is an essential step in the
development of personalized medicine.

Author Contributions: Coneplualzabon, K.2Z-5 and M5 ; data curabon, K2 -5, and M5, ; formal
analyas, KZ-5, BS and M.5,; funding acquisition, A L. and M.5.; investigation, K.Z-5. and B.T;
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Abbreviations

AITD autoamumurne thy roid diseases

ATA American Thyroad Assocation

CIM0  cluster of differentiation 40

CTLA-4  cytotexac T lymphocy te-associated factor 4
EDTA ethylenediamineletraacetic acid (anticoagulant)

FT4 fnee vy foecane
G Graves' disease

HLA human keukocyte anbigens
MHC miajor histocompabibality complec
NGS5 nex bgreneration sequencng

SAT subacube thy roidits
Tg thy rosglobulin
TRAb TSH-receplor antbodws
TsH thy read stumulating hormone (thy rotropan)
us ultrascund
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Significance of HLA in the development of Graves' orbitopathy
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Graves’ disease (GD), similarly to mod autoimmune disease, ks triggered by environmental fctors in genstically predisposed
imdividuals. Particular HLA alleles increase or deorease GD risk. No such comrdati on was demonstrated for Graves” orbito pathy (500
im Caucasian population. HLA-A, -B, -C -DQBT and -DRET genotyping was performed using a high-resolution method in a total
number of 2378 parsons including 70 patients with GO, 91 patients with non-G0 GD and 2217 healthy controls to compare allzle
frequencies between GO, non-G0 and controls. Significant associations between GO and HLA profile were demon st rated, with HLA-
AR0T:01, -A"32:00, -B*3701, -BH0:01, -BA00, (0802 CH02, DRET03:01, DRET*14:07 and DORT*0201 being genetic markers of
imcreased risk of GO, and HLA-C'0401, -CR030d, -C0702 and -DRET*15:02 being protective alleles. Moreover, comelations between
HILA alleles and increased or decreased risk of mon-GO GO, but with no impact on risk of GO development, were revealed.
Identification of these groups of GO-related and GO-protective alleles, as well as the alleles strongly rdated to non-G0 GO,
constitutes an important step in a development of personalized medicine, with indhvidual risk assessment and patient-tailored

treatnent.

Genes & immunity; httpz//dolorg/10.1038/541435-023-001932

INTRODUCTION

Graves’ disease (GD) i an autolmmune thyrold disorder caused by
production of spedfic antibodies against the thyrotropin (TSH)
receptor (TRAB) [1] leading mainly to hyperthyroldism. The
prevalence of GD in the Caucadan population k& about 0.5-2.0%
[1. 3. Graves' orbltopathy (0] is the major extrathyroldal
manifestation of GD, ocoumring more frequently in women, with
the estimated incdence of 05409 cases/ 100 000/ year in men
and 25733 cases,100 000 year in women [3]. GO has significant
impact on quality of life (Qol) and may even constitute a sight-
threatening condition [3]. The knowledge an nisk factors which are
assodated with GO occumrence seems crucial for the prevention
and management of GO. Smoldng, severe/unstable hyperthyroldd-
t=m a5 well as high serum TRAbL leves are well known risk factors
of GO development and progresion [3]. However, it seems dear
that these factors act on some specific genetic background which
s pvotal for the disease development Autoimmune diseases,
induding GO, are typically triggered by environmental factors in
genetically predizposed individuals [2 4] Among genes asso-
clated with the immun e response human leukooyte antigen (HLA)
genes seem to play a prominent role as a molecular background
of GD [5, 6] Many different HLA alleles were postulated as GD nisk
factors. However until recently, the data regarding Caucasian
population were not consistent, most probably due to small study
groups as well as different methods applied by the authors,
induding low resolution or serological methods [5]. We have
previously demonstrated that application of next generation
sequendng [MGS] methods allowed to reveal actual HLA-related
susceptibility for subacute thyrolditis, which appeared to indude

much more alldes than just HLA-B®S5, influendng the disease
course [7-11] Recently, our research team applied the same NGS
methods to demonstrate that GD ks strongly HLA-dependent in
Caucasian population. We have proved significant assodation
between the risk of GD and the presence of the following alleles:
HLA-B®0&OT, B*3908 -B*3701, -COF01 -OT4a@, -C0303,
L1701, -DRBT*0301, -DRET®11:01, -DRET*73:03, -DRBT%01:03,
-DRET™14:01, -DOBT03:07, DOBTW07. We have ako demon-
strated the protective role of HLA-BROR02, -C"0002, -C0304,
DRBT%0F01, -DOBT 0202, -DOBT*03:03 [5].

There ks currently no clear HLA-related susceptibility for GO
confirmed in Caucadan population. Previously published studies
on the rdationship betwsen HLA alleles and the occumence of GO
concemed almost exdusively Aslan population and revealed
highly inconsistent results. Usng serological method in lapanese
cohor, Inoue et al observed that GO was assodated with the
following three HLA pairs: HLA-DOwa without presence of -A31,
HLA-A11 without presence of -DPw2, and a co-presence of HLA-BS
and -Dw 12 [12]. Howewver, ina study published a year ear ier, Inous
et al found only DOw3 as a GO risk factor [13]. Ohtsula and
Makamura used the same methods, also in Japanese population,
and obtained completely different results [14] They postulated
that HLA-DR14 and DN antigens may be genetic markers of
predisposition to severe GO, while HLA-B35, B54, DR4, and D04
may play protective role [14]. In 2017 Mehraji et al. reported lack
of any differences in allelic distribution between GO and non-GO
patients in lranian cohort [15]. On the other hand, in Korean study,
HLA-C*03:03 was found more frequently in &0 as compared to
non-G0 patients [5]. In a wery recent Chinese study, the HLA alleles
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Table 1. Summary of the reults of previows studied

Aurtheor s Faek. Popul ation Mt hod Mo. of GO Mo. of GD Mo. of healthy Rt - HLA redsted to
patients patients eontrols GO sk
lrwciee &t &l na Asian semlagical 42 a8 185 Dwel (] and -A31 H
Uapan sl 85 {+) and -Dw1 2 {+]
A (+) and -DPw2 ()
Inowe o al na Adian semlogical 23 a8 186 DOwa (). DPOX + )
Uapanese)
Ohtsuka and I Adian semlogical G4 T DE14 (+ 1 D1 {(+)
M ke U apaneas) $35 (4, B54 (4,
DRd ), D04
Mehraji et al ns Asian {lranian) SSP-PCR 45 8 18:y e
Shin &t al na Adian |Korean) NGS 35 b 142 LM ()
H5d0 (4
Husang et al na Asian (Chinese) NGS5 a2 v 411 3802 [+
DOAT*0T02 +
-DRET* 1602 (+)
DOAT0T02 +
DOET 502 )

MNGES - next generation sequending.

S5F = single spedific primer - pofymemsse chain reaction o to inbermediate resodution method).

including HLA-B*38:02, -DRE 1°16:02, -DOA T *07 402 and -DOBT*05:02
were postulated as risk factors for GO [16] The results of the
previous studies were summarized in Table 1. Taking into account
the inconsistency of the results, unambiguous conclusions are not
possble to be drawn even in Asian population.

There are almost no consistent reparts indicating the relationship
between HLA and GO in the Caucadan population. Yin 2 al did not
demonstrate the esstence of HLA-related susceptibility to GO in
the group of patients with GD' and postulated the importance of
environmeantal or epigenetic factor only [17]. However, the authors
of that study focused only on the frequency of HLA-DR3, without
assesdng the frequencies of other alleles

The purpose of our study was to perform HLA genotyping
using the NGS method inCaucasians, to find out which alleles are
eventually comelated with high risk of GO, as wdl as which of
them can be considered protective. ldentification of a group of
GO-rdated and GO-protective HLA alleles would constitute a
great step in a development of personalized medidne as it
would provide a new predse diagnostic tool for the individual
risk assessment.

SUBJECTS AND METHODS

GD group and comtrol group

A otal number of 2378 persons wene included inh the sudy, with 2217
haatthy Paish hematopaetic stem cull pontisl danom who did not have
ary el histosy of Sy dissass oroebitogethy oontnal group), snd 161
wrrelated patents with GD disgrosed b the Departrent of Dndoainaoogy
and Metsbol: Diseases, Polsh Mothers Memaorial Hos pital-fless asch Institets,
&% well & in the Department-aisocited outpatient dinic The GD goup
included 70 patients with GO {GD group) and 91 patients without GO jnon-
GO group). The large size of the contral group wa s requined to swad any biss
avocised with potental disesies which might ocour in cumenty heshthy
meribers of this grupin future, and - sdditionally — to avaid any b relsed
o mndom changes (incresse or decmase) in feguendies o some allsles in a
smaller contml group.

Inclusion eriteria

In all patients included into the GD study group, the disgnods of GO was
msde on the basi o standard eriteria [11 inclufing by perthy midiem
aevated TRADL level, & well a3 fypical ult@sound {US) pattern The
disgnois of GO, a5 well 25 the msewument of GO activity and sevedty, wa
perdormed on the basis of the EUGDGD guidsfines actual st the time of
disgnaiis, ie. 2021 vension [3] or 2016 version [18] the Latter verdion used

SPRINGER NATURE

for pafents disgnosed before the Bme when 2021 version was svailable.
Patients with other dieases which may heve influenced the obtained
results were excluded from e study, exoept for two patients with Latent
autirmune disbetes in aduts [LADAL who wer not excluded fom the
GO group &5 no potential enor relsted to heir HLA results was expected
LADA i associated with the pesence of HLA-DRE 1*03 and -DOET*0207 &
wedl & HA-DRETYM and -DOET*0302 [19] Alledes HLA-DRETYW and
-DQET*03:02 were not found &5 more frequent in our GO group, whils HLA-
DRET030T is & we lHd nown marker of many sutoimmune disestes, and it is
in linkage disequilibrium with DOB 1*02:01 . The refore, N account
the Lack of any potential biss caused by LADA in these two patients, they
wene not excluded from the study.

Diagnostic procedures

Serurm leves of TSH, fee thyradne [FT4), fee triodathyronine (FT3) and
TRAL wem measured by the dedrochemiluminescence immunoes sy
{ECLIA] using Cobas =501 analyzer (Roche Diagnostics, Indianapais, 1N
USAL In all patients, ultrasound e xaminations. {U5) were performed wsing a
7-14 MHz linear trandducer (Tashiba Aplio XG; Toshiba, lapan). In all GO
paBants, matpne tic redonande imaging (MR wa perfomed 1 whambigu-
owsdy confirm GO disgnosis and 1o exclude any other arbital or intracranial
pathological prcess

HLA typing procedures
DMA was isoated from whae blood samples collected to the antic-

oagulant {EDTA}containing tubes. HLA-A, -E -, -DOBl and -DRET
genotyping wat pedormed using & standard high-resoluon NGS5 method
[20] with application of MIA FORA NG5 FLEX 5 HT HLA Typing Kit [21]
{imimueor T Diagrestics, Inc 35 Technodogy Drive South Wamen,
Mew Jarsey 07059, USA) that supplies reagents for up 1o 1152 samples
Howewver, during one mn o high-msolution typing we pedormed
ganotyping of 576 samples The MIA FORA NGS FLEX 5 HT HLA tyging
protocel wies lang-range POR e captune the clinieslly mbevant Clas | and 1l
HLA genes The com kit incudes each of the Olais | genes, HLA-A, HLA -B
and HIA -C & wiell a8 the Olass Il genes, HLA-DRET and HLA-DOR 1. HLA-A,
HLA-E, and HLA-C are sequendaed in ther enfrety. We padormed sample
preparaBon divided into thres distine sections long-rangs POR, lbrary
preparabon, and sequencing During the first section we pepared 4 PCR
mines per sample Each gene wad amplified & one lange piece in its
enfirety, except for DRE, which was amplified a3 two ov erlapping segments
dhue 1o its Large iz Within e MLA FORA gy stem, these are miened to 5
DRE-S and DRB-L Falowing gene amplificaton amplicons wene quanti-
tated by flurescence detection using PicolGresn™ resgert and &
flucrescent plate reader. The POR produck per samphe were balanced
and pobled befos proceeding with enrymatic fmgmentation, end repair
A-siling, and cheansd with magnetic basds Index adaptor ligation: each
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Kit contsing two do13 of & individual index adaptor plaes with 96
adapior par plate Thede indes sdapiord ontain indes sequanced
{barcodes) and Mlumina-compatible sdapbor sequences that albow or
Sequending in a muliplex format. Inde Adaptors from identicliy-named
Inches Aclapior Plates cannot be combined into the same lbrary. Each 96
wiedl sample plate wa 3 consolidated into a single micocentrifuge tube and
gire-gedacted with the Pippin Prep before hinal PCR amplhication. The
ibrary wai quantitsted by OQubit and concent@Bon wal adjsted
according to the lumina MeiSeq library preparation protocol This
protoce] describes. semi-automated sample processing for high through-
put saquending, from long rangs PCR throuwgh Bbrary pre paration, pior 1o
daruending on an luming instasment {lluomina 5200 Mheming Way San
Diego, California 92122 LLSA) Genormic lbrary wee cles ned with magnetic
beads and denatred by 02N NaDH before koading on NGS llumina
Platfarm. All sutam ated sample proces sing was perfonmed on the Biom ek
i7 Liguid Handler. Sequencing data were analyzed by MiaFora NGS
softwam v 45, IPDIMGT/HLA database werdion 340, The dats wena
congdewd wfficen whenever e ocoversge reached 400 We wmead
advanced NGS HLA Genotyping Saltware MIA FOR A, a trademark owmed
by Sirona Genormics, Inc Genotypes wene computed fom massve, paired-
end sequencing reads derived fom the Duming Next Genestion
Sequending NGS5 platfarm. The results of HLA-typing ane sl able a3
Supplementary Matedal

Satistical analysis

St tical caloulations wene pefanmed for all alleles in all lod regandlles of
the frequeency of their accumence in the population. Regandess of whether
patients or controd group individuals wene homozygous or hetenody gous,
each of them wad courted once only. To make the requlls moe readabls,
we predented redull only for these allded for which the dmtitically
significant differences wene achieved. Allele frequendces wene reparted in
pexentaged The dtatistical sgnificance of the differences betwesn groups
wias evaluated by the chi-square st and by binamial logistic regrestion
analysis, with p values <0005 andidened Sonificant. For small geowps, the
atatistical Sgnificance of the differences betwesn the gmoups wal
evaluated by Fisher sxact test with o values = 005 consderned Sgnifiant
Oulicks. ratio J0R) was caloulated for all comparisonds in which a given allele
wias présent in both o the compared groupd. The statisteal analysis was
carfied out using Statistica v 13 software (Sanoft Polika, Krakdw, Poland)

Ethics procedures

All patients geve their informed consent for all procedurnes perhorrm éd
churiineg the: studly. The consents were obtained after full explanation of the
purnpode and nature of all the procedunes. wSed in the study. The study was
approved by the Ethics Commitee of the Polith Mothers Memaorial
Hospital—Rese arch lratitube, Lods Poland approval oode—108/2018).

RESULTS

The mean age of the patients at the time of diagnosis of GO was
4363 £1759 years, with a male to female ratio of 1:4.75
Statistically significant differences in the frequency of HLA alleles
between patiemts within GO and non-GO groups as well as
between either of them and the control group were found, with
several alleles of higher frequency and others of lower frequency
gither in GO or nonGO group. The deviation of genotypic
frequendies from the Hardy-Weinberg Equilibrium at each HLA
locus was analyzed forthe control group. The p value results from
GEMEPOP vs. 4.75: Hardy-Weinberg test were as follows: HLA-A -
044 28, HLA-B - 0.9008, HLA-C - 09482, HLA-DRB1-0.5317, HLA-
DORT-03980.

Comparison of GO and non-GO groups

The alleles of higher frequency in GO as compared to non-GO
group were found in MHC dass | only. The differences were
statistically significant for HLA-A 3200 [7.14% vs UM, p =0001),
-B*39:07 [B.57% vs. (L0%, p=0.006) and -CR08AE [7.14% s, 100,
o= 004, OR 6.9) [Fig. 1). On the other hand, the frequency of HLA-
CR0807 and DRBI®IS502 was significantly lower in GO as
compared to non-GO group (11.43% v 2418%, p=004, OR
O4.and 0.0% vs. 6.59%, p=0.03, respectively) (Rg. 2).
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Fig. 1 Frequendes (%] of human leukocyte antigen (HLA] ower-
represented alleles with statistically significant difference between
non-G0 jopen bars) and GO patients (solid bars)
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Fig. 2 Freguencies (%) of human leukocyte antigen (HLA) under-
represenited alleles with statistically significant difference between
non-G0 jopen bars) and GO patients (solid barsl
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Fig. 3 Frequendes (%) of human leukocyte antigen [HLA) owver-
represented alleles with statistically significant difference between
healthy fopen bars) and GO patients (solid bars).

Comparison of GO and control group

The alleles of higher frequency in G0 as compared to the controls
were found in both MHC dass | and class I The differences were
statistically significant for the following alldes of MHC dass & HLA-
A"D101(3854% vs. 25.89%, p=002, OR 1.8), -B"3701 [F.14% vs.
167, p <0001, OR 4.5), -B*39:07 [B.57% . 3.30%, p= 001, OR
28), -BM207 [286% ws. 00005, p=0005 OR 28] and 0302
(F.14% vs, 0L99%, p< 0001, OR &3) Fig. 3). For the MHC class |1,
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Fg. 5 Frequendes %) of human leukocyte antigen (HLA] over-
represented alleles with statistically significant difference betwesn
healthy jopen bars) and non-GO patients Eolid bars) for major
histecompatibility complex (MHC) dass | alleles.

the frequendes of the following alleles were higher in GO as
compared to the controls: HLA-DRBT*05:07 (34.29% vs. 1967%,
p=0003, OR 1.9), -DRET *14:07 [4.20% vs 0.7 2%, p= 0,001, OR 6.2),
DOBTAEOT (34.29% vs. 19.44%, p=00002, OR 1.9} (Fig. 3).

On the other hand, the frequendes of HLA-C®04:01, -C*03:04 and
00702 were significantly lower in GO as compared to the
controks {11.43% vs. 23.73%, p=002, OR 0.4; 1.43% vo. 1037%,
p=00Z OR 01; and 1286% ws. 2292%, p=005 OR 0.2
respectively) (Hg. 4.

Comparison of non-G0 and control group

The alleles of higher frequency in nonG0 a3 compared to the
controls were found in both MHC dass | and dass IL The
differences were statistically significant for the following alleles
of MHC dass | HLA-B*08:01 (2747% vs. 18.0%, p =002, OR 1.7),
-B*30:08 [4.40% vs. 0B1%, p < 0001, OR 5.8), -B*57:07 (1 538% vs.
9.0X%, p=>0,04, OR 1.8) [Fig. 5, HLA-C"03:02 (7.60% ws. .90,
p= 0001, OR 7.7), -C"07.01 {3B.46% vs. 2697%, p= 0103, OR 1.6,
SO (5495 ws 1.80%, p= 0002, OR 3.00, -C*16:02 [4.40% vs.
1,08%, p= 0,005, OR 4.2}, -C"1701(4.40% vs. 0.9%%, p= 0.002, OR
48] (Ag. 5). For the MHC class Il, the frequendies of the following
alleles were higher in non-G0 as compared to the controls: HLA-
DRE1*01:03 (330% vs. 0.41%, p<0001, OR 84), -DRET*03:01
(31.87% vs. 1944 %, p =0.004, OR21), -DRBT*15:02 (650% vs.
226%, p=0.008 OR 3.1). -DOB10307 [4835% vs. I7.66%,
p=0.04, OR 1.5), -DOBT"02:07 {31 87% v=. 19.44%, p= 0004, OR
22) (Fig. 8. No age-related difference in high risk allele
frequency was found (data not presented). Comparison of high
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Fig. 7 Frequendies (%) of human leukooyte antigen (HLA) under-
represented alldes with statistically significant difference between
healthy (open bars) and non-G0 patients (solid bars).

risk allele frequendes between males and females was not
performed because of the incomparable sizes of males and
females subgroups.

O the ather hand, the frequencies of HLA-A "12:07, -B*0F:02 and
-C*07 02 were significantly lower in non-G0 as compared to the
controls (0.0% vs. 5.37%, p=001; 9.89% vs. 21.06%, p= 001, OR
04 and 6.59% ve J28M%, p< 0001, OR 05, respectively] [Rg. 7).

The summary of the relationships between HLA and GO
development as well as between HLA and nonGO GD are
presented in Table 2.

Frequencies of a single high risk allele and of co-presence of
alleles

In 15 patients with GO (21 43%], only one of the alleles desaibed
above as comelated to a high risk of GO was found. These alleles
were HLA-A%01:01, -A"32:01, -B"30:07, -C"03:02, -C"08:02 with
HLA-A®01:07 and -B*32:07 being the most commonly present
Each of them occumred as a single high nisk allele in 4 patients
with GO (5.7%).

In11 patients {15.71%), two of the high-risk alleles were present.
Among this group, the co-presence of HLA-DRB7"03:07 and
-D08T1*0207 was observed the most frequently [27.27%) and
these two alleles are in linkage disequilibrium [LO) [22] The o
presence of different alleles which are not in LD was observed in
the rest of patients among this group. Imterestingly, among the
groupof patients with three high risk alleles, HLA-A®07:07 was most
frequently present with -DRB7T *03:07 and -DOBT*@2:017. A combina-
tion of these three alleles - HLA-A"07:0, -DREI™03:07- and
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Table 3. Summary of relstionships between HLA and GO and non-G0 GD development.

Inoreased OR Increased risk of  OR, OR"  Increased risk of OR  Decreased OR Decreased sk OR
risk of GO GO and mon-E0 but ot risk of GO of non-GO™

G0t
A2 - OV 83; 77 BYad 1.7 O™ a4 Ear0s a4
B 30015 28*  DRErO30T 19:21% BO%E 55  DRE1*1502° - [y in o] as
R a9 DR 10201 19:22*  B*S1an 18 vt a1 AmZ201 -
FLE 1.8 O 15 et a2
Barar Fi3 C* 1 30
B0 ag Cr16A0 FE]
DRE T 4201 %] Cr 17 45

DRET*01:03 a4

DRE1"1502 1

DOE! 0301 15

s mon-G0; Sws heealthy oontrods, alleles not previously reported a5 GO related unbess GO and non-G0 groups wene distinguished ane presented in bodd

G Graves” orbstopathy, O/ odds rato.

DQBT*02:400 — ocoumed in 11 out of 70 GO patients [1537%), while
the copresence of other sets of three alleles was found only in
5.7 of GO patients. Among the group of patients with four nisk
alleles, only patients with the most commaon com bination of three
alleles (e, HLA-A"01A01, -DREI®03:01- and DOQBT"02:07 with
additional presence of HLA-A®I2:01, -B*37:07 or -DRET*714:07 were
found. Mone of the patients had more than four high sk alleles.

DISCUSSION

In the last decades, it has become more and more dear that
autoimmune diseases are triggered by environmental factors such
as infections, stress, smoking etc. in genetically predisposed
individuals [5, 23]. This genetic susceptibility seemis to be crudal
akao in the pathogenesis of GOL Very recenthy, our research group
has demonstrated the com plex comelation betwean HLA alleles and
GO development [5. Those results darnified the previously exsting
discrepancies batween different reports available for Caucasian
population. Significant divergences in the results presented by
varnous authors could undoubtedly depend on the applied method
and the dze of the study group. We previously confirmed in patients
with GO as well as with SAT, that the use of high-resolution methods
can significantly change the results obtained with less specific older
methods. Application of modem methods of genotyping. which
allow to achieve allelic spedficty, is cumently a gold standard of
research because these methods demonstrate high reliability and
allow to avoid method-dependent emors Les specific methods
obtain results for the entire allelic group, not for a particular allele
and - therefore - may lead to emoneous condusions. In a strictly
cantrolled group of HLA typing perfomed for the purposes of bone
mamow transplantation between 1996 and 2011, discepances
between results obtained with clder methods and the MNGS method
were found in as many as 29.1% of cases [24] Therefore the results
of our recent study may be considered highly reliable, as it induded
the largest Caucasian cohort to whom a modem high-resolution
method was applied up to date [5].

Having identified the alleles related to high risk of GD and the
protective ones [5] we made an attempt to fill the knowledge gap
regarding HLA background of GO in Caucasian population. As it
was stated abowve, the data on this issue are available almost
exdusively for Asians but even in that population the results are so
divergent that no dear conclusion is possible to be drawn. In
Caucazians Yin et al postulated lack of any genetic susceptibility
to GO and conduded that environmental and epigenetic factors
played crucial role in GO development [17]. However, taking into
account the fact that some GO patients are practically free from
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environmental and biochemical sk factors (no smoking histary,
slightly elevated TRAb and thyroid hommone levels) the inpor-
tance of genetic factors seems pivotal Recently, several reports on
significance of various gene polymorphizms in GO development in
Caucasians have been published [25-28] Additionally, the impact
of (D2ECTLA-I00S haplotypes on susceptibility to GD and GO
was alko postulated [29] These results strongly support the
significance of genetic background of GO

Our present results further confirmed the mole of genetic
background in GO development by demonstrating the signifi-
cance of HLA for GO risk in Caucasians, with the application of
NG5S method. As it was stated abowve, other results on HLA-related
susceptibility for GO are lacking in Caucasians, so our results
cannot be directly compared to other studies, espedally those
which uzed the zame method. Contrary to ¥in et al [17], we have
confimed a strong comelation betwsen GO and HLA, induding
identification of both high-risk and protective alleles

In the present study, we hawe demonstrated that HLA-A"32:07,
-B*30:01, -CU0802, -A"01:07, -B*3F01, B2:01 and DRBT*1401 are
assodated with increased nisk of GO while they are not assodated
with non-G0 GO course. On the basis of OR obtained for our study
the highest risk of G0 was assodated with the pressnce of HLA-
C08:02 [OR 6.9) and -B*37:07 [(OR 4.5). This is a very important
finding, espedally considering the fact that HLA-A®3201, -B*39:01,
0802 alleles were strongly GO-related as compared to non-GO
group. HLA-A"01:07 is a wvery common allele in Caucasian
population, thersfore the difference between GO and nonGO
was not statistically significant. however the significance was clear
when G0 group was compared to the healthy controls. There is no
LD betwesn these three alleles [30, 31] so the presence of any of
them constitutes independent high rnisk factor. k should be
stressed that HLA-DRBT®14:07 was previously postulated & GO-
related in Japanese patients [14] (Table 1) and this is the only
similarty betwesn owr results in Caucasians and cumenthy
published data for the Asian population. However, such a lack of
consistency could be expected, as not only were the results in
Azians highly divergent. but also HLA susceptibility for auto-
immune diseases including GD often differs between the two
populations |5, 12-16]. We havwe previously demonstrated that the
anly GO high nisk allele confirmed for both Asians and Caucasians
was HLA-DRB7"03:07 [5] whose spedficty for GD is quite low,
because it is an allele typical for many autoimmune disorders.

In addition to the novel finding of GO-related HLA alleles, we
have also identified alleles potentially protective against GO, but
not against non-G0 course of GO Among the two of them, the
protective effect of HLAC®(M:07 was demonstrated when GO
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group was compared either to non-G0 or to control group. This
dlele was previously desaibed as SAT high nsk one [7]. The
present finding of its protective role against GO can to some
extent explain the phenomenon of extremely rare co-presence of
SAT and GO. Previously, potential significance of HLA badkground
an the course of AT and GD in patients with co-presence of these
two diseases was postulated [10] The i no LD betwsen HLA-
0407 and the other GO protective alleles - HLA-CE:01, -C07.02
or DRET*15:02 [22, 30, 31], thus each of them can be considered an
independent protective factor. Interestingly, HLA-B*15:02 was
simultanecusly found to be assodated with an increased risk of
non-G0 G0 as compared to control group. Inour cohort, none of
GO patients was HLA-B*15:02 positive. This allele ocoumed
extlusively in non-G0 group. it is worth emphasizing that Chen
et al. postulated a crudal role of this allele in GD development in
thiness cohort [32], however its frequency has never been
analyzed separately in GO and non-GO groups.

All the three alleles related to the high risk of GO as compared
to norG0 e HLA-A"32:01, -B*39:07 and -C"08:02, were not found
to be GD high risk alleles in our previous study [5]. Such
comelation is deary wvisible only if GO group is separated and
comparad to non-G0 group. These three alleles are not associated
with non-GO, thus when the GO group was not analyzed
separately but together with non-GO, as the whole GD' group
[El the difference could not be significant Smilar situation
regards protective effect of HLA-C®04:07 and DRBT*15:07 against
GO which has been observed in the present study but in our
previous repart no comelation between this allele and the overall
risk of GO development was found [5].

On the contrary, all alleles found in the present study as
assodated with GD ather with G0 or without GO, were also
demonstrated as related to the high risk of GD in our previous
study [5], with HLA-C*03:02 being an entirely novel finding there
[5] and HLA-DRE 1*03:07 and -DMJBT *0:07 being eardier postulated
by other authors [2, 4, 33-36] Among this group of three alleles,
HLA-C®3:02 is an independent risk factor not being with LD with
others. HLA-DRET*03:07 is in LD with -DOBT #0207 [22, 37] and it
should be kept in mind that susceptibility asodated with alleles
being in LD cannot be considered fully independent if both of
them are presemt However, a single presence of any of them
constitutes the risk factor of the diseaze. Being aware of this fact
is espedally important in regard to our results in patients with
miulti-allele susceptibility, as in most of the patients with three or
four high nisk alleles the co-presence of HLA-DRB7"05:07 and
-D0BT 0207 was found. In such cases, these alleles cannot be
considered independent risk factors.

The present study has ako identified the alleles which are
assodated with high probability of non-G0O course of GD but not
with GO, Comelation between the presence of most of these
dlleles and the overall GD risk was demonstrated in our previous
study [5]. However, the significance of HLA-B*51:071 and C*16:01
has never been found before, and HLA-DRBT™150? was only
postulated as a high risk factor of GD in Asians as it was stated
abowve. The increased risk of GOV in camiers of any of the rest three
alleles, ie. HLA-B®08:07, -C*0707, and DOBT%8:07, had been
postulated before [2, 4, 34] and confimmed in our previous [5] and
present studies. it should be undedined that the entirely nowel
comelation of norn-G0 GO and HLA-B*51:01, reported here for the
first time, should be considered potentially expected, because of
L between this allele and HLA-C*14:02 reported as a high nisk
factor of GD for the first time in our recent study [5 30, 31
Moreowver, HLA-C*16:02 - the second allele demonstrated as
related to non-GO GD - is in LD with -B*57:07 [30, 31]. Therefore,
cument demaonstration of the significance of HLA-B®571:07 and
1602 complements our previous findings. Among the rest of
the alleles associated with increased risk of GO but not with GO,
HLA-B*08:07 is in LD with C%07:07, while DRET"07:18 is in LD with
-DOET*B:01 [30, 311 Therefore, in this group, only HLA-B*39:06
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can be considered fully independent. while the rest of them is not
entirely independent if alleles being in LD are present together.

In our previous study [5], the protective effect of HLA-B*0702
and <0702 was desoibed for the first time. The present study
has confirmned the protective role of both of these alleles against
nan-G0 GO but only -C®0F:02 against GO. The same role of both of
them in regard to non-GO GO can be further proved by LD
between them in Caucasian population [30, 31]. Therefore, they
cannot be considered independent. Similardy to the previously
discussed alleles, the significant differences between G0 and non-
GO patients with GD' are dearly visible here. Both of these allsles
were described as protective in regard to overall GO development
in our previous study [5]. However, in the present study, when GO
and nor-G0 groups were analyzed separately, the protective
effect of both of thes alldes appeared to concern non-GO group
only. In GO group, the difference did not reach statistical
significance for HLA-B"0702 allele. Interestingly, HLA-A®3207,
demonstrated here as associated with the high risk of GO, was
found in none of non-G0 patients. This fact can further confirm
the role of this allele in GO development and one should not
consider this allele as protective against norn-G0 course of GD, but
rather as a highlly potent GO risk factor. On the basis of our results,
we can speculate that the presence of this allele constitutes such a
strong susceptibility factor that all patients with GD and HLA-
A"3207 will develop GO. Similary, we did not find any patient
without GO and with HLA-B *39:01. The strength of the correlation
between GO and these two alleles may be — therefore — similar.

The present study has demonstrated for the farst time strong
assocations between GO and HLA alleles, with HLA-A"07.07,
-ART00, -BRE0L -BE00T, B0, JCU0R03, C03A0E, DRBTH0.07,
DRET™14:01 and DOBT 0207 being genetic markers of increased risk
of GO, and HLALC*0M:07, -C®09:0M, -C°0F:02 and DRET*1 202 being
the protective alleles. Moreover, we have found which alleles are
assodated with increased and dedreased probability of non-GO GD
but have no corrdation with the nsk of GO development
lentification of thes groups of GO-related and GO-protective
alleles, as well as the alleles strongly related to non-G0 GO fills the
existing gap in the knowledge on genetic background of GO and
constitutes a significant step in the devdopment of personalized
medicine. The present findings provide a precise diagnostic tool for
the individual GO risk assessment, which can significantly fadlitate
tailoring the prevention strategy and treatment modality in an
individual patient

DATA AVAILABILITY
The source data ame induded 25 Supplemen ey Matesials
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Abstract: An assessment of the nsk of Graves” orbitopathy (GO 18 an important challenge in Graves'
disease (GD) management The purpose of this study was o conpare non-gene e paramebers in
GD patients with and without GO m order to find novel nisk factors and to vernfy the factors already
reported. A total number of 161 people, 70with GO and 91 non-GO patents wene mcluded i thas
atudy. GO was confirmed to be assoaated with smoking, older age, hagher TSH teceptor antibodes
(TRAD) and lower thyroglobulin antibody (TgAb) levels and hy percholesterolemia. We demonstrated
the latter cortelationeven for only a nuld menease i LDL cholesterol. Importantly, our study provides
novel potenbial GO nsk factors, mcluding hogher serum coeatinme kevels, lngher MOV and lower PLL
If further confirmed, these new, simple and easily aceessible potential GO markers may constibule
valuable suabary markers i GO risk assesaments. We addibbonally proved that m modarake bo sevare
GO, gender-related differences attenuate. No impact of vitaman D deficency m GO development in
patents with 25-hyd roxyvitaman D [2R0OH)D)] = 20 ng/ ml. was found. The present seport provides a
set of GO nsk factors, whech can be used a8 a poecuse tool for an mdvadual GO nsk assessiment.

Keywords Graves' orbitopathy; Graves' disease; autcimmunity; TSH receptor antibodies; risk
factors; LOL cholesterol; creatinme; ecadabive stress

1. Introduction

Graves' disease (D) is an autoimmune thyroid disorder (AITD), resulting from an
uncontrolled production of antibodies against thyroid stimulating hormone (TSH) receptors
(TRAD). These antibodies usually stimulate TSH receptor, leading to excessive thyroid hor
mone production [1]. A prevalence of G is approximately 1% to 1.5%, with an incidence
ranging from 20 to 30 new cases, 100,000/ year [Z]. TEAb may exhibit a high affinity not
only to the thyroid gland but also to other tissues, including eyes (orbitopathy), skin (der
matopathy) and bone and muscles (acropachy) [2.3]. Graves” orbitopathy (G0, which is
the most important extrathy roidal manifestation of GO, presents with lid retraction, exoph-
thalmos, soft tissue involvement of the eye, spontaneous retrobulbar pain and pain on an
attempted upward or downward gaze [4]. GO results in significantly reduced guality of life
(Qol) and severe complications, including sight threatening conditions, such as optic new-
ropathy and /or corneal breakdown [4]. Chur research team previously demonstrated that
both genetic and non-genetic factors influence the clinical course of thyroid disorders [5].
Cenetic susceptibility to G was proved to be human leukooyte antigens (HLA Frelated,
with HLA-B*08:01, -B*38:06, -B*37:01, -C*07:01, -C*14:02, -C*03:02, -C*17:200, -DREB1*03:01,
-DEBI*11:00, -DRET*13:03, - DEE101:03, -DEB1*14:00, -DOB1°03:01, DOBEI02:01 being GD
high risk alleles [6]. Recently, we have demonstrated that the risk of GO development
is also HLA-dependent [7].Knowledge on genetic the background provides new tools

Int. |. Enciron. Res. Public Health 2023, 19, 16541, https:/ / doi.org/ 103350/ §erph13241 8241
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for personalized patient management in GO prevention and treatment. However, it is a
non-genetic factor that triggers GO in patients with a genetic predisposition. Therefom,
the necessity to broaden the knowledge on factors, which induce GO or worsen its course
is still growing, so as to further personalize the management. Several non-genetic factors
are already known as GO-related, including smoking, higher TEAb levels, radicicdine
therapy, uncontrolled hyper- or hypothymidism and recently demonstrated higher total
cholesterol (T'C) and low density lipoprotein (LDL) cholesterol levels [4,58] However, many
other parameters, such as age, stress or vitamin D deficency were postulated to be GO risk
factors [4] but the results of different studies are inconsistent. Some laboratory parameters
have never been companed between GO and non-GO GD patients in size-matched groups.

Knowledge on the risk factors associated with the onset or severity of (GO can be
fundamental in the prevention and treatment of GO, Thus, the aim of the present study was
to compame clinical and laboratory features of patients belonging to GO and non-GO GD
groups in order to find novel non-genetic GO risk factors and to verify the factors aleady
reported. This analysis aims to provide novel tools for GO prevention and for the further
development of a personalized (0 management

2. Materials and Methods
2.1. GD Rroup and Control Group

A total number of 161 people, 70 with GO and %1 non-CGO patients w ho wemne diagnosed
with I in the Department of Endocrinology and Metabolic Diseases Polish Mother's
Memorial Hospital Research Institute, Lodz, Poland and the Department-associated outpa-
tient clinic were included in this study.

2.2, Inclusion Criferia

In all the patients included in this study, GD was diagnosed using the standard cri-
teria [1], including hyperthy midism, elevated TREAb level and typical ultrasound (US)
patterns. GO was diagnosed on the basis of the presence of lid retraction, soft tissue in-
volvernent of the eye (redness, swelling) and exophthalmos, according to the guidelines [4].
Patients with GD and without GO were included in the prospective arm of this study in
which long term follow up (=3 years) were applied to confirm patients” group affiliation
All patients in whom GO symptoms occurred during the follow up were reclassified and
included in the GO group. Patients with other acute or chronic diseases, which may hawve
influenced laboratory results were excluded from the study.

2.3. Laboratory Procedures

Blood samples from all the patients were collected at the time of diagnosis. The proce-
dure was performed by a single venipuncture, using the vacutainer system technique. Sam-
ples were collected in the moming (6.00-8.00 A.M.) after overnight fasting. Serum levels of
TSH, free triiodothyronine (FT3), free thyroxine (FT4), thyroglobulin antibodies (TgAb), thy
roperoxidase antibodies (TPOAD), TRAb, moming cortisol and 25-hydroxychelecalciferol
were measured by the electrochemiluminescence immunoassay (ECLLA) with a Cobas e601
analyzer (Roche Diagnostics, Indianapolis, IN, USA). The erythrocyte sedimentation rate
(ESE) was determined by Ves-Matic Cube 30 (Diesse, Monteriggioni, Italy). C-reactive
protein {CEFP), total cholesterol, LDL and HDL cholesterol, trighycerides, urea, creatinine,
glucose, alanine aminotransferase (ALT), aspartate aminotransferase (A5T) and bilirubin
levels were determined by the VITROS® 4600 Chemistry System (Ortho Clinical Diagnos-
tics, Raritan, NJ, USA).

2.4, Medical History Analysis

Medical history data regarding radioiodine treatment or thyroidectomy were recorded
on the basis of patients” medical documentation. Active smokers at the time of GD diagnosis
were recorded as smokers. Stressful events were evaluated on the basis of the Holmes—Rahe
stress scale questionnaire with a result > 150 considered positive for stressful event [10,11].
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2.5, Statistical Analysis

Descriptive statistics of the collected data included median, mean, standard deviation
and interquartile ranges. For comparisons between the groups, we used Student’s f-test
for normally distributed variables (ie., age, urea and total cholesterol), the Mann-Whitney
U test for the other realvalued data and the chi-square test for categorical variables.
The normality of data distributions was assessed by the Shapiro-Wilk test. Additionally,
a correlation analysis, including Pearson’'s coefficient and Spearman’s rank correlation
coefficient caloulations between the CAS score and TRAD (both in linear and logarithmic
scale) was performed. For all the tests a p value = 0005 was considered significant. The
sample size was calculated on the basis of the region population size and GD prevalence in
the Polish population with 95% confidence interval. Python statistical libraries (SciPy stats)
were used for all the computations.

2.6. Ethics Procedures

Informed consent for all the performed procedures was obtained from all of the
patients after a full explanation of the purpose and nature of all procedures used. The study
was approved by the Ethics Committee of the Polish Mother's Memorial Hospital-Fesearch
Institute, Lodz, Poland (approval code—108,/2018).

3. Results

The mean age of the patients at the time of GD diagnosis was 41.3 + 17.39 years, with
a malke to female ratio of 1: 457, The diagnosis of GD was based on laboratory results and
the US pattern. For the whole GD group, median,/ QR of TSH, FT4, FT3 and TRAb wene
0,005/ 00015 pIU fml, 248/ 268 ng/dL, 7.95/1343 pg/mL and 10.29/16.16 U/ L, respectively

31, Comparison of GO and Non-GO Groups with Respect to Patimts’ Age and Laboratory Results

A statistically significant difference was found for the mean age at GD diagnosis with
patients in the GO group being older than those in the non-GO group (4425 4+ 1461 vs
39.00 + 1904 years) (Table 1). The mean time lag between a GD diagnosis and the onset of
GO in the GO group was 32 months.

Table 1L Comparison of GO and nen-GO groups motegard to patents” age and laboratory fesults.

Parame ter {Reference la.nF

and Units] GO MNon-G0 p-Value
Mean + 5D [N] Medizn/IOR Mean £ 5D (N) Median/IOR
Age at GD diagnosis (years) 4475 £ 1461 [71) 47.00/21.50 30.00 & 19.04 (91) 4000/ 2800 g
TSH (1.27-4.2 U/ el 018 £ 059 (59) 0.01/10d 110 = .45 (83) nolsaot g
FT3 (20-4.4 pg//eml) 9.50 & B89 {56) L85/1055 12.85 4 B0 [79) 1143/1185 000 *
Fi4 (09317 ngy o) 264 £ 209 (57) 180,186 138 4 1.96 (82) 315/2.86 <000l
TPOAB f=34 IU/mL) 16257 + 19505 (58)  T77.50/268.85 M4+ AMT (7] 17042650 073
TgAb (<115 [U fml) 3727 + 59499 (38) sads /e 40641+ 64099 (&7)  2S0.00/48d30 <no0l
TRAB (<175 IU/L) 17.55 £ 1379 (£8) 1372/26.95 1365 + 1352 (88) 9.20/13.25 oozl
Moening cortisel (10 pgsdL) 1287 £ S.08(15) 1100527 1417 + £ED (18} 14.47/838 .56
R (<12 mm/h} 2140 + 2018 (40) 17.00/73.50 19.00 4 70,38 (30) 15,50/ 2000 034
CRP (<100 mg/dL) 071 £ 056 (54) 0.50/1L10 189 2 1.10 (48) D50/013 0.86
Ghscose (5059 mg/dL) od 10 £ 2476 (39) Fo.00;11.50 9826 + 1874 (52) 96.00/1100 .00+
Unea (18,3423 mg/dL) 3156 + 1075 [48) 3L.m0/11.00 3240 + 7.49 (45) 3200/ 1000 065
Creatinine (0.66-1.25 mg/dL) (.68 £ 020 {58) 0.66/1L23 53 2 0.16 (54) D501 <0001 *
- u,ﬁrllfm <s0U/L) 3022 + 16.90 (58) 4 00/17.50 3227 + 1678 (1) 20,00 2200 0ds
Aﬁg:ﬁ%ﬁ;‘ /L 2671 £ B51 {59) 25.00/9.00 2050 1 1018 (50) 001325 a1l
Bilirubin (0.2-1.3 mg/dL) .62 £ 019 {do) 0.65/1n22 066 < 0.43 (45) A 066
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Table 1L Conl
Parameter (Heference la.ng
and Units) O *™Non-G0 p-Value
Mean -+ SOF (M) Median/IQR Bleanm £+ S0 (N) Median/ TR
WBC {d-10 = 10*/pl} 696 £ 221 (63) Gdafrar £71 & 237 (64) 662302 0.5
RBC (women 38-5.8 » 10°/ul, men -
L5455« 105/ pl) 458 + 051 (62) 449/062 468 4 0.50 (65) 460/ 065 023
HGE (women 12-15, men 13-18 g/dL) 1339 £ 1.59(k2) 1330177 1309 + 200 (65) 13.00/ 170 fuled |
HCT (women 3645, men 40-54%) 3962 + 444 (62) 30,00,/ 497 3858 4 346 (65} 3870/ 3.80 035
PLT (150400 » 107/ ul) 238,37 £+ 5911 (62) IBE00/79.25 7701 + 7274 (65) 25500y 89.00 oo
MCV (women 76-93 fl, men B2-04 £) BAT £ £.35 (58) BLO5,/725 8293 4+ 527 (GO} B2 55/ 7.67 <0001 *
MCHC (32-37 g/dL) 3378 + 1.08(62) 3400/1.10 3373 4 Lo (65) 3370/ 1.00 0.3
TC Total cholesterol (<200 mg/ dL) 102 Bd £ 53,39 [64) 180.00/E275 16196 + 4621 (54) 152,00/ .25 ool =
LIM. cholesterol (<100 mg/dL) 11728 £ 46,53 (64) 10250/ B4.00 9413+ 39.74 (54) B5.004 3175 006 *
HIL cholesterol (=40 mg/dL) 5180 + 15.84 (54) 50.00,21.00 4794 + 1579 (53) 46.00,19.00 alz
trighpee rides (<150 mg/ dL) 17153 4 54,78 (64) 111.50/77.50 106.93 + &7 41 (54) 91,50,/ 5675 01z
I5(0H) (=30 ng/ mL) 706 + 10.37 (31) 35.30,15.80 2524 4+ 1571 (45) 27 .6049.40 alz

* The differnae is statistically significant, with F < L05

Severity of thyrotoricosis was significantly higher in the non-GO group than in the GO
group, with a higher TSH mean and lower mean concentration of FT3 and FT4 in the GO group
than in non-GO group (018 + 0059 vs 010 £ 048 pllU fml, 95% + 8% vs 1285 + 806 pg/ml
and 264 £+ 209 vs 358 + 196 ng/dL, respectively). In the GO group, the mean TRAb
concentration was significantly higher than in the non GO group, while thyroglobulin ane
tibody (TgAb) levels were significantly lower in the GO group than in the non-GO group
(34722 + 89499 vs. 406,41 + 64099} (Table 1). A statistically significant difference was found
for serum glucose concentration with higher levels in the non-GO group than in the GO group
(9826 £ 1874 vs. 9410 £ 24.76 mg,/dL). Creatinine levels were significantly higher in the GO
group than in the non-GO group (068 + 020vs, 053 £ 0.16 mg/dL). Among the blood count
parameters, the mean corpuscular volume (MCV) was significantly higher in the GO group
than in the non-GO group (86.21 + 635 vs. 293 £+ 577 fl), while platelet (PLT) levels wene
lower in the GO group than in the non-GO group (238,570 + 59110 vs. 270,110 £ 72,740/ pl).
Among the lipid parameters, both TC and LDL cholesterol levels were significantly higher
in the (GO group than in the non-GO group (192,84 + 53.39 vs. 161.96 + 48.21 mg/dL and
117.28 = 4653 va. 9413 + 39.74 mg/dL, respectively) (Table 1).

Mo statistically significant differences were found for other laboratory parameters
(Table 1).

3.2, Comparison of GO and Non-GO Groups with Respect fo Gender, Environmental Risk Factors
and Treatment

Smoking was significantly more common in the GO group than in the non-G0 group.
Thy roidectomy was also performed more often in the GO group. No significant differences
were found with respect to gender, stress or radiciodine treatment (Table 2).

Table 1. Comparisen of GO and nen-GO growps in segard to gender, ervironmental risk factors
and treatment.

Farameter GO Nom-GO p-Value
Male/ Ferale ralio 14/57 15/76 .59
Senoking (Yes/ No) aw 13/71 <0001 *
Stieaaful events (Yes/ Ma) 46/20 46,37 0.z
B preatment (Yes/ Ne) 21750 17,72 012
Thy reideclomy (Yes/ Mo) 14/55 2487 <001 *

* The differnae is statistically significant, with f < 0L05

3.3. Correlation Analysis betieen TEAD and CAS Score

The analysis of cormelation between the TRAb and CAS scores revealed a weak, al-
though definitely positive, comelation (r = 0.201, p= 0.161). The logarithm of TRAb showed
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a slightly higher correlation with CAS (r= (.213, p = (L137), while Spearman’s rank correla-
tion coefficient was (. 245, p = (LO85.

4. Discussion

The risk factors of GO are not entirely cdear and include genetic predispositions
and interactions between endogenous and environmental factors [12]. Although genetic
susceptibility seems to play an important role, GO is triggered and modulated by none
genetic factors. In the present study, we companed both clinical and environmental factors
of GO groups and non-GI0 groups in order to find potential, novel and non-genetic GO risk
factors as well as to analyze factors, which were previously postulated to be GO-associated.

Smoking and high TEAbD levels were postulated as risk factors in many papers, in-
cluding the current EUGOGO guidelines [4,8]. Qur results confirmed a strong relationship
between smoking and GO, Smoking is a strong oxidative stress inducer Reactive oxygen
species (ROS) were demonstrated to play a role in GO development. They stimulate orbital
fibroblast proliferation, synthesis of glycosaminoglycans and inflammatory mediators [13].
Increased concentrations of ROS were found not only in blood, but also in the urine of
GO patients [123]. The benefidal effect of selenium supplementation in GOV is related to its
antioxidant properties [13,14]. Tsai et al. also demonstrated the presence of oxidative DNA
damage markers (higher level of 8-0HdG-58-hydroxy-2'-decxyguanosine) in the urine of
GO patients and a positive correlation between oxidative DINA damage and the clinical
activity of GO [15].

TRAD levels weme also, as previously demonstrated [16,17], significantly higher in
GO patients. Since TSHE ovemxpression was confirmed in GO orbital tissues [18,19],
TRADb levels are considered as an independent (GO risk factor and a GO biomarker [5].
Many studies demonstrated higher levels of TRAb in GO than in non-GO GD patients.
Wiersinga et al,, in a prospective observational study on patients with new ly diagnosed G,
postulated TRAb as an independent baseline determinant for the development of GO [20].
[Diana et al. chserved that TRAB levels correlate weell with clinical activity and severity of
GO [21]. MNicoliet al. showed a statistically significant, direct correlation between serum
TRAD levels and CAS in patients with recent onset and untreated GO [16]; our results
also revealed a positive correlation; however, it had not reached the level of statistical
significance. Lantz et al. showed an increased risk of GO in patients with TRAb > 6.3 IU /L
at the time of G diagnosis [22]. In our cohort, the difference was significant but the mean
levels of TRAD were much higher than 6.3 IU/L in both groups (ie., 17.59 vs. 13.65 IU/L in
G0 and non-GO groups, respectively). Therefore, the actual threshold of TRAD for the risk
of GO development should be further evaluated as it may be much higher than previously
postulated [22].

There is a strong correlation between smoking and TRAD kevels. Roos et al. demon-
strated that during treatment TRAb levels normalize faster in non-smokers than in smok-
ers [23]. Several authors reported that GO patients had higher TRAbD levels, were statistically
older and tended to smoke more frequently with the duration of hyperthyroidism being
shorter when comparmed to patients without GO [24,25]. Cur study confirmed these ob-
servations, as our GO group were older, had higher TRAD levels with smoking being
significantly more commen among them.

Unstable hyperthyroidism was also demonstrated as a GO risk factor [4] and the
association between GO risk and the level of stimulatory TREAb was proved to be the most
important. In our cohort, most patients in both GO and non-G0 groups had unstable
by perthyroidism at the ime of diagnosis, so we did not find such a correlation. Moreover,
we observed a significantly less severe thyrotoxicosis in the GO group when compared to
the nom-GO group. A similar finding of lower FT4 levels in GO patients was previoushy
reported by Goh et al. [26]. It is well known that GD-related biochemical thyrotoxicosis
is usually much more severe in vounger patients. As stated abowve, our study confirmed
previous observations [217,25] that an older age at the onset of the disease is a GO risk
factor. (GO patients were significantly older than non-GO patients, and as GO occurred
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in some patients even after a two yvear onset of G, we monitored our non-GO group
during the »3-year follow up period in order to confirm that they were properly included
in the non-GO group. Taking into account the above described findings, we supposed
that the lower severity of thyrotexicosis in the GO group may result from the older age of
GO patients.

Thyroid antibody profiles in GO is a very interesting issue and it has been a subject in
many studies. Expression of not only TSHE but also thy roglobulin (Tg) mEMA were found
in GO orbital fibroblasts [29,30]. These reports suggested that Tg fibrocyte expression is a
result of a substantial Tg promoter activity [29,30]. Although Khamisi et al. reported higher
Tg levels in GO patients when companed to non-G0O patients, they found TgAb levels to be
lower im the GO group [31] We have not anabyzed Tg levels but TgAb concentrations were
significantly lower in our GO patients. However, it should be underlined that the mean
TzAb as well as TPOAD levels were elevated significantly above the reference range in both
GO and non-GO groups. Similarly, other authors reported lower TgAb as well as TPO Ab
in GO patients [26]. We also observed lower TPOAD levels but the difference did not reach
a statistical significance.

Interestingly, we observed that serum glucose concentration was higher at the time
of GD diagnosis in the non-G0O group when compared with GO patients, which may be
associafed with a higher severity of thyrotoxicosis (higher FT3 and FT4 concentrations) in
this group.

In addition, our study indicated significantly higher creatinine serum concentrations
in the GO group than in non-G0 group. We might postulate that this observation resulied
mainly from the older age of the patients [32]. It is a plausible hypothesis but taking into
account that urea levels did not significanthy differ between GO and non-GO groups, and
the mean and median urea values weme actually lower in the GO group (although the
difference were not statistically significant), this hypothesis seems questionable. Thenefore,
as higher creatinine levels in older age is most commonly associated with prerenal factors
and increased urea levels, age does not seem to be the main cause of our finding of higher
creatinine in GO patients. It should be underlined that we did not include patients with
renal insuffidency, as their laboratory results would have been related mainly to renal
disease. Therefore, our observation may indicate that higher (but still within the reference
range) creatinine kevels may constitute a nowvel GO risk factor. Obwviously, further studies are
necessary bo confirm this observation and to find out whether there is any cut-off creatinine
value, which can be considered as GOkrelated.

Moreover, significantly higher MCV in GO patients (when companed to the non-GO
group) was demonstrated in our current study. Thyrotoxicosis was previously found to
adversely affect hematopoiesis [33,34]. Krygier et al. demonstrated that thyrotowic patients
had lower but still normal MCV, which increased during treatment. They postulated that
this phenomenon is imversely correlated with hepcidin levels [35]. Similarly, we observed
lower MCV in our non-GOY patients in whom thy rotoxicosis was mone severe. However,
owidative stress may also play a role in this phenomenon as several authors observed that
oxidative stress is associated with higher MOV levels [36]. Unfortunately, neither creatinine
nor MCV levels had previously been amalyzed as potential GO risk factors; therefore, our
findings require further confirmation.

Our current research indicates significantly lower PLT levels in GO patients than in the
group without GO, The autoimmune etiology of thrombocytopenia associated with Graves
disease and the overlapping of the thyroid and platelets autoimmunity was well explained
by Cordiano et al. [34]. Gill et al. showed that treatment of Graves” disease resulted
in a significant improvement in thrombocoytopenia that was mefractory to intravenous
immunoglobulin and steroid treatment [37]. Thus, a significantly higher serum TEAb
concentration and greater severity of the autoimmune process when compared to the group
without GO may be a possible explanation for a significantly lower platelet concentration
in GO patients.

55



Int. | Enciron. Res Public Health 20232, 19, 16541 7ofll

In recent years, high serum total cholesterol (TC) and LDL cholesterol levels were
demonstrated as an independent risk factors of GO [4,26,535]. Additionally, TC and LDL
cholesterol were positively correlated with the GO CAS result [24,38]. Mo welationship
between GO and high-density lipoprotein cholesterol (HIDL) or triglycerides (TG) was
observed [39]. In our cohort, we also observed higher TC and LDL concentrations in GO
patients, with no differences in HDL and TG levels bebween GO and non-GO groups.
Interestingly, we confirmed that there are significant differences in TC and LDL levels
between GO and non-GO groups, even though in our groups mean and median TC
values were within the reference range, and LDL mean and median values were only
slightly abowe the upper reference value in the GO group. This finding underlines the
significance of TC and LDL in GO development even in only mild LDL elevation. It
was also demonstrated that cholesteroblowering treatment improved the outcome in
GO patients treated with intravenous glucocorticoid therapy (ivGC) [40,41]. Thenefore,
current guidelines recommend cholesterol lowering treatment in all GD patients [4]. Our
present findings confirmed that even mild LD elevation, or possibly even high normal
LDL levels, are risk factors of GO development. Therefore, our study provides a further
strong indication for cholesterol lowering therapy in (GI in all patients even with a slight
LDL elevation.

Recently, Heisel et al postulated that serum 25hydrocyvitamin D (25(0H)DY) de-
ficiency was an independent risk factor of GO [¥]. The sizes of analvzed groups were
similar to ours, but we have not observed such correlation. Interestingly, mean 25(0H)D
concentrations were close to the lower normal limit in both the analyzed groups and in
both studies. However, Heisel et al observed lower levels in the GO group than in the
non-G0 group (248 vs. 294 ng/ml, p = (L006) [8] while we observed even higher levels in
the GO group (27 vs. 25 ng,/mL) but the difference was not statistically significant. Since
both studies did not reveal severe 25(0H)D deficiency in either of the analyzed groups,
we believe that the differences within levels above 20 ng/ mL are not associated with GO
risk. The potential impact of severe vitamin deficiency (<10 ng/mL) on the risk of GO
development requires further studies.

Topou et al. showed a significantly higher number of negative stressful life events
(SLEs) in GI} patients when compared to the control group [42]. Kahaly et al, observed
that six months prior to GO onset, 74 of 102 patients experienced a mean of 4 (range (-13)
SLEs [43]. In addition, patients with optic neuropathy had more stressful events than those
without nerve involvernent [43]. Additionally, the rates of anxiety and depression in GO
wenme significantly higher than in healthy people [43]. However, it is unclear whether the
anxiety and depmession preceded 20, and more evidence is needed to understand the
correlation between anxdety, depression and GO [44]. In our current study stressful events
were commaon in both GO and non-GO groups and occurred in 70% and 63%, respectively
Although stressful events were mome frequent in the GO group, the difference did not reach
a statistical significance.

Although GD is more common inwomen, previous studies on the assocation between
G0 and gender provided inconsistent results. Many studies postulated a higher incidence
in women when compared to men [45,46]. However, genderrelated differences reduce
in severe GO patients, and the patients with severe (G0 were mone frequently men than
women [47]. As our study was performed in a tertiary center, where patients mostly with
moderate to sevene GO are referred, we did not observe any correlation between GO risk
and gender. In our center, we strictly follow the actual recommendations for GO prevention
and radiviodine therapy is not applied in GIY patients with a presence of any GO risk
factor This fact is the most probable explanation of the finding that we did not report
any differences between our GO and non-GO groups with respect to the frequency of
radioiodine therapy Similarly, avoiding radiciodine treatment in patients at risk of GO
resulted in a significantly higher frequency of thy roidectomies in the GO group than in the
non-G0 group.
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The presented research has its strengths and limitations. It should be noted that our
study included a selected group of patients who were referred to the tertiary center and,
therefore, some group selection bias was possible. The statistical analysis was limited to a
binary GO non-GO scenario searching for significant differences between the groups, while
corelation analysis, including CAS scomes would probably reveal some more potentially
interesting details. This direction will be considered im cur future work. The strengths of
the present study, on the other hand, lies in the strict inclusion criteria, long term follow-up
of the mon-G0 group, a large number of analyzed parameters and unified laboratory assays
for all the investigated patients.

5. Conclusions

Our present study confirmed that smoking, older age, higher TEAb and lower TgAb
levels and higher TC and LDL concentrations are risk factors of GO development in patients
with GI. We also further proved that in moderate to severe GO patients, gender-related
differences attenuate. Momeover, our study suggests the existence of novel potential GO
risk factors, including higher serum creatinine levels, higher MCV and lower PLT. These
new, simple and easily accessible parameters may constitute valuable auxiliary markers
in a GO risk assessment; however, their clinical significance for a GO GO course requines
further studies. We did not find any influence of vitamin deficiency on GO development
in patients with 25(0OH)D = 20 ng/ml. The present findings provides a set of GO risk
factors, which can be used as a precise tool for an individual GO risk assessment, which
can improve a personalized GO prevention and management
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Abbreviations

AITD autormmune thyrod dseases
ALT alamune anunotransferase

AST aspartale amunotransferase
CAS chmcal actveity score

CRP C-reactive probein

ESR ery thioeyte sedumentaton rake
EUGOGD Eurcpean Group of Graves” Ophithalmopathy
FT3 firee: triodothy ronane

FT4 firee thy Feodine

G Graves' disease

GO Graves orbatopathy
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HCT hematocrt

HDL high-density Bpoprotein

HGE hemoglobin

HLA human leukocy te anbigens

LOL lonar-density hipoprokein

mBENA messenger KNA

MCHC mean corpuscular hemogloban concentration

MOV mean corpuscular volume
PLT platelet count

Col quality of life

RAI radicactive iodine

ROS Feactive oy geTl Species
SLE= stressful hife events

TC total cholesterol

TG trygly cerades

Ts thy soglebulin

TgAb thyroglobulin antbodies

TPOAD thyroad peroxidase anbbodies

TEAD TSH-receptor antibodies

TSH thyroad sthmulabing hormene (thyrotropin)
us ultrasound

30HAG  B-hydrosy-2'-decoy guanosns

S0OH)D  25hydeoxywitamnan D
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Komisja Bioetyczna
przy Instytucie Centrum Zdrowia Matki Polki
93-338 Lodz, Rzgowska 281/289 tel. {(42) 271 1597

e-mail pnsercagiczmp.cdu.pl

t6di, dnia 20 paidziernika 2020r.

Dr n. med. Magdalena Stasiak
Klinika Endokrynologii i Choréb Metabolicznych
Instytutu Centrum Zdrowia Matki Polki w todzi

Komisja Bioetyczna przy Instytucle Centrum Zdrowia Matki Polki dzialajac zgodnie z zasadami Dobrej
Praktyki Kliniczne na posiedzeniu w dniu 20 pazdziernika 2020 1. rozpatrywata wniosek dotyczacy pracy:

«Czy obecnos¢ okreslonych alleli ukladu HLA mote byé markerem ryzyka wystapienia orbitopatii
Gravesa oraz cigikodci jej przebiegu?”

Zespdt badaczy:

1. Dr n. med. Magdalena Stasiak 3. Pref. dr hab, n. med. Andrzej Lewinski
2, Lek. Katarzyna Zawadzka-Starczewska

Opinia Nr 62/2020

Komisja Bioetyczna przy Instytucie Centrum Zdrowla Matki Polki z3poznala sig z ww projektem
eksperymentu medycznego, przeanalizowata wniosek, wystuchala opinii recenzenta o przedstawionym
projekcle | wyniku przeprowadzonej dyskusji oraz tajnego glosowania, po rozwateniu kryteriow etycznych oraz
celowosci i wykonalnodci projektu pozytywnie zaopiniowata projekt eksperymentu medycznego,

Uchwate pedjeto jednogtosnle.

Uchwate pedjeto przy sprzeciwie .7
Przewodniczjca:

Dr hab. med. Iwona Maroszyriska, prof. instytutu

Zastepca Przewodniczgeej:

Prof. dr hab. n. farm. Daria Orszulak-Michalak ...

Cztonkowie:

Mec. Michat Araszkiewicz

Prof. dr hab. n. med. Tadeusz Biegariski

Dr n. med. Pawet Czekalski

Dr hab. n. med. Piotr Grzelak, prof. instytutu

Mgr Grazyna Korybut

Dr n. med. Michat Krekora

Prof. dr hab, med. Jacek Rysz

Dr n, filozofii Wojciech Sztombka
Ks. dr hab. Jan Wolski

Dr hab. n. med. Marek Zadrozny, prof. instytutu

Prof. dr hab, n. med. Krzysztof Zeman
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Lédz, 02.02.2023

Mgr Bogustaw Tymoniuk
Klinika Immunologii i Alergii

Uniwersytet Medyczny w Lodzi

OSWIADCZENIE WSPOLAUTORA

Odwiadczam, iz wyrazam zgode na wykorzystanie przez lek. Katarzyng Zawadzka-
Starczewska w postepowaniu 0 nadanie tytutu doktora nauk medycznych publikacji ,,Actual
Associations  between HLA Haplotype and Graves' Disease Development” autoréw:
Katarzyna Zawadzka-Starczewska, Bogustaw Tymoniuk, Bartlomicj Stasiak, Lewinski
Andrzej, Magdalena Stasiak, opublikowanej w Journal of Clinical Medicine (2022 Apr
29:11(9):2492. doi: 10.3390/jcm11092492),
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E6dz, 01.02.2023

Dr hab. inz. Bartlomiej Stasiak
Instytut Informatyki
Wydziat Fizyki Technicznej, Informatyki i Matematyki Stosowanej

Politechnika Eadzka

OSWIADCZENIE WSPOLAUTORA

O$wiadczam, iz wyrazam zgode na wykorzystanie przez lek. Katarzyne Zawadzka-
Starczewska w postgpowaniu o nadanie tytutu doktora nauk medycznych publikacji ,,Actal
Associations between HLA Haplotype and Graves’ Disease Development” autorow:
Katarzyna Zawadzka-Starczewska, Bogustaw Tymoniuk, Bartlomiej Stasiak, Lewinski
Andrzej, Magdalena Stasiak, opublikowanej w Journal of Clinical Medicine (2022 Apr
29;11(9):2492. doi: 10.3390/jcm11092492).
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Lodz, 02.02.2023

Prof. dr hab. n. med. Andrzej Lewinski
Klinika Endokrynologii i Choréb Metabolicznych
Instytut Centrum Zdrowia Matki Polki w t.odzi

Uniwersytet Medyczny w Lodzi

OSWIADCZENIE WSPOLAUTORA

Oswiadczam, iz wyrazam zgode na wykorzystanie przez lek. Katarzyng Zawadzka-
Starczewska w postgpowaniu o nadanie tytutu doktora nauk medycznych publikacji ,,Actual
Associations between HLA Haplotype and Graves’ Discase Development” autoréw:
Katarzyna Zawadzka-Starczewska, Boguslaw Tymoniuk, Bartiomicj Stasiak, Lewinski
Andrzej, Magdalena Stasiak, opublikowanej w  Journal of Clinical Medicine (2022 Apr
29:11(9):2492. doi: 10.3390/jcm11092492).
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Lodz, 02.02.2023

Dr hab. n. med. Magdalena Stasiak
Klinika Endokrynologii i Chordb Metabolicznych

Instytut Centrum Zdrowia Matki Polki w Lodzi

OSWIADCZENIE WSPOLAUTORA

Oswiadczam, iz wyrazam zgode na wykorzystanie przez lek. Katarzyne Zawadzka-
Starczewska w postepowaniu o nadanie tytutu doktora nauk medycznych publikacji ,Actual
Associations between HLA Haplotype and Graves'Discase Development” autoréw: Katarzyna
Zawadzka-Starczewska, Bogustaw Tymoniuk, Bartiomiej Stasiak, Lewinski Andrzej,
Magdalena Stasiak, opublikowansj w Journal of Clinical Medicine 2022 Apr 29;11(9):2492.
doi: 10.3390/jem 11092492,
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Laodz, 02.02.2023

Dr hab. n. med. Magdalena Stasiak
Klinika Endokrynologii i Choréb Metabolicznych

Instytut Centrum Zdrowia Matki Polki w Lodzi

OSWIADCZENIE WSPOLAUTORA

Os$wiadczam, iz wyrazam zgode na wykorzystanic przez lek. Katarzyne Zawadzka-
Starczewska w postepowaniu o nadanic tytulu doktora nauk medycznych publikacji
Significance of HLA in the development of Graves' orbitopathy™ autoréow:  Magdalena
Stasiak, Katarzyna Zawadzka-Starczewska, Bogustaw Tymoniuk, Bartlomiej Stasiak, Andrzej
Lewinski, opublikowanej w  Genes and Immunity (2023 Jan 13. doi: 10.1038/s41435-023-

ey
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Lodz, 02.02.2023

Mgr Bogustaw Tymoniuk
Klinika Immunologii i Alergii

Uniwersytet Medyczny w Lodzi

OSWIADCZENIE WSPOLAUTORA

OsSwiadczam, iz wyrazam zgode na wykorzystanic przez lek. Katarzyne Zawadzka-
Starczewska w postgpowaniu o nadanie tytulu doktora nauk medycznych publikacji
~Significance of HLA in the development of Graves’ orbitopathy™ autoréw: Magdalena
Stasiak, Katarzyna Zawadzka-Starczewska, Boguslaw Tymeoniuk, Bartlomiej Stasiak, Andrzej
Lewinski, opublikowanej w Genes and Immunity (2023 Jan 13. doi: 10.1038/s41435-023-
00193-z).
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Lédz, 01.02.2023

Dr hab. inz. Bartlomicj Stasiak
Instytut Informatyki:
Wydziat Fizyki Technicznej, Informatyki i Matematyki Stosowancj

Politechnika Lodzka

OSWIADCZENIE WSPOLAUTORA

Oswiadezam, iz wyrazam zgod¢ na wykorzystanie przez lek. Katarzyng Zawadzka-
Starczewska w postgpowaniu o nadanic tytulu doktora nauk medycznych publikacji
~Significance of HLA in the development of Graves' orbitopathy” autoréw:  Magdalena
Stasiak, Katarzyna Zawadzka-Starczewska, Bogustaw Tymoniuk, Bartlomicj Stasiak, Andrzej
Lewinski, opublikowanej w w Genes and Immunity (2023 Jan 13. doi: 10.1038/s41435-023-
00193-z).
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Lodz, 02.02.2023

Prof. dr hab. n. med. Andrzej Lewinski
Klinika Endokrynologii i Chordb Metabolicznych
Instytut Centrum Zdrowia Matki Polki w Lodzi

Uniwersytet Medyezny w Lodzi

OSWIADCZENIE WSPOLAUTORA

Os$wiadczam, 1z wyrazam zgodg na wykorzystanic przez lek. Katarzyng Zawadzka-
Starczewska w postgpowaniu o nadanic tytulu doktora nauk medycznych publikacji
WSignificance of HLA in the development of Graves’ orbitopathy” autorow:  Magdalena
Stasiak, Katarzyna Zawadzka-Starczewska, Bogustaw Tymoniuk. Barttomiej Stasiak, Andrzej
Lewinski, opublikowanej w Genes and Immunity (2023 Jan 13. doi: 10.1038/s41435-023-
00193-2).
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L6dz, 01.02.2023

Dr hab. inz. Bartlomiej Stasiak
Instytut Informatyki
Wydzial Fizyki Technicznej, Informatyki i Matematyki Stosowanej

Politechnika Eodzka

OSWIADCZENIE WSPOLAUTORA

Oswiadczam, iz wyrazam zgodg na wykorzystanie przez lek. Katarzyng Zawadzka-
Starczewska w postgpowaniu o nadanie tytulu doktora nauk medycznych publikacji ,.Novel
Insight into Non-Genetic Risk Factors of Graves' Orbitopathy” autoréw: Katarzyna
Zawadzka-Starczewska, Bartlomicj  Stasiak, Katarzyna Wojciechowska-Durczynska,
Lewinski  Andrzej, Magdalena Stasiak, opublikowanej w  International Journal of
Environmental Rescarch  and  Public  Health (2022 Dec 16:19(24):16941.  doi:
10.3390/ijerph192416941).
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Lédz, 02.02.2023

Drn. med. Katarzyna Wojciechowska-Durczyniska
Klinika Endokrynologii i Choréb Metabolicznych
Instytut Centrum Zdrowia Matki Polki w Lodzi

Uniwersytet Medyezny w Lodzi

OSWIADCZENIE WSPOLAUTORA

Oswiadczam, iz wyrazam zgod¢ na wykorzystanie przez lek. Katarzyne Zawadzka-
Starczewska w posi¢cpowaniu o nadanie tytulu doktora nauk medycznych publikacji ,.Novel
Insight into Non-Genetic Risk Factors of Graves’ Orbitopathy” autoréw:  Katarzyna
Zawadzka-Starczewska,  Bartlomiej Stasiak, Katarzyna Wojciechowska-Durczyniska,
Lewinski  Andrzej, Magdalena Stasiak, opublikowanej w  International Journal of
Environmental Research and Public Health (2022 Dec  16;19(24):16941.  doi:
10.3390/1jerph192416941).
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Ladz, 02.02.2023

Prof. dr hab, n. med. Andrzej Lewinski
Klinika Endokrynologii i Chorébh Metabolicznych
Instytut Centrum Zdrowia Matki Polki w Lodzi

Uniwersytet Medveeny w Lodz

OSWIADCZENIE WSPOLAUTORA

Oswiadezam, i2 wyrazam zgode na wykorzystanie preez lek. Katarzyne Zawadzka-
Slarczewska w postgpowaniu o nadanie tytulu doktora nauk medycznych publikacji ., Novel
Insight into Non-Genetic Risk Factors of Graves' Orbitopathy” autorow: Katarzyna
Zawadzka-Starczewska,  Bartlomiej  Stasiak, Katarzyna Waojciechowska-Durceyiiska,
Lewinski  Andrecj, Magdalena Stasiak, opublikowanej w  International Journal of
Environmental Rescarch  and  Public  Health (2022 Dec 16;1924):16941.  doi:
10.3390/jerph 19241694 1),
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Lodz, 02.02.2023

Dr hab. n. med. Magdalena Stasiak
Klinika Endokrynologii i Choréb Metabolicznych

Instytut Centrum Zdrowia Matki Polki w Lodzi

OSWIADCZENIE WSPOLAUTORA

Oswiadczam, iz wyrazam zgode na wykorzystanie przez lek. Katarzyng Zawadzka-
Starczewska w postgpowaniu o nadanie tytulu doktora nauk medycznych publikacji . ,Novel
Insight into Non-Genetic Risk Factors of Graves’ Orbitopathy™ autoréw: Katarzyna
Zawadzka-Starczewska, Bartlomicj  Stasiak, Katarzyna Wojciechowska-Durczyniska,
Lewinski  Andrzej, Magdalena Stasiak, opublikowanej w  International Journal of
Environmental Rescarch and  Public Health (2022 Dec 16:19(24):16941, doi:
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Curriculum Vitae

Dane osobowe:

Imi¢ i Nazwisko: Katarzyna Barbara Zawadzka-Starczewska

E-mail: katarzyna.zawadzka-starczewska@iczmp.edu.pl

Data urodzenia: 21.11.1989  Narodowos¢: Polska

Adres: ul. Zaktadowa 87¢/9 92-402 £.6dz Telefon komoérkowy: +48 790 224 274
Numer prawa wykonywania zawodu: 3218976

Adres pracy: Instytut Centrum Zdrowia Matki Polki, Klinika Endokrynologii
i Chorob Metabolicznych, ul. Rzgowska 281/289, 93-338 £.6dz

Do$wiadczenie zawodowe:

Od 05/2021 do chwili obecnej Starszy Asystent
Instytut Centrum Zdrowia Matki Polki
Klinika Endokrynologii i Choréb Metabolicznych
ul. Rzgowska 281/289, 93-338 L.6dz

Edukacja:

2005-2008 Liceum ogodlnoksztatcgce im. Marii Sktodowskiej-Curie
w Rawie Mazowieckiej

2008 — 2014 Uniwersytet Medyczny w Lodzi. Wydziat Lekarski.
Studia na kierunku lekarskim ukonczone z wynikiem
bardzo dobrym. W trakcie studidw corocznie od 2. roku studiow
stypendium za wyniki w nauce.

2015-2021 Specjalizacja w dziedzinie endokrynologii zakonczona
Panstwowym Egzaminem Specjalizacyjnym w kwietniu 2021

0d 12.2022 Specjalizacja w dziedzinie choréb wewngtrznych

Jezyki obce: angielski (poziom B2), niemiecki (poziom podstawowy)
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