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Rozprawa doktorska Katarzyna Sotkiewicz

1. PUBLIKACJE WCHODZACE W SKLAD ROZPRAWY DOKTORSKIEJ

Rozprawa doktorska, stanowigca podstawe do ubiegania si¢ o stopien doktora
nauk medycznych, powstata w oparciu o cykl trzech artykulow oryginalnych
opublikowanych w czasopismach naukowych o zasiggu migdzynarodowym,
indeksowanych w bazie PubMed i uwzglgdnionych na liscie Journal Citation Reports,

o wysokim wspotczynniku wptywu IF.
Na rozprawe doktorska sktadajg si¢ nastepujace artykuty:

1. Variability of serum IgG sialylation and galactosylation degree in women with
advanced endometriosis. K. Solkiewicz, H. Krotkiewski, M. Jedryka, E.M. Kratz. Sci
Rep. 2021 Mar 10;11(1):5586. doi: 10.1038/s41598-021-85200-x.

IF2021: 4,996; MEIN: 140 pkt.

2. The alterations of serum IgG fucosylation as a potential additional new diagnostic
marker in advanced endometriosis. K. Solkiewicz, H. Krotkiewski, M. Jedryka,
A. Czekanski, EM. Kratz. J Inflamm Res. 2022 Jan 13;15:251-266.
doi: 10.2147/JIR.S341906. eCollection 2022.

IF2001: 4,631; MEiN: 140 pkt.

3. O-glycosylation changes in serum immunoglobulin G are associated with inflammation
development in advanced endometriosis. K. Sotkiewicz, M. Kacperczyk, H. Krotkiewski,
M. Jedryka, EM. Kratz. Int J Mol Sci. 2022 Jul 22;23(15):8087.
doi: 10.3390/ijms23158087.

IF2021: 6,208; MEIN: 140 pkt.

Laczna warto§¢ wspotczynnika wplywu (IF) dla powyzszego cyklu artykuldw wynosi:
15,835 oraz 420 punktow wedtug wykazu czasopism naukowych Ministerstwa Edukacji
I Nauki (Komunikat Ministra Edukacji i Nauki z dnia 21 grudnia 2021 r. w sprawie
wykazu czasopism naukowych i recenzowanych materiatbw =z konferencji

miedzynarodowych).

Wszystkie artykuty sg dostgpne w wersji ‘Open Access’.
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2. OMOWIENIE

2.1. Wstep

Endometrioza to  przewlekla  choroba  ginekologiczna,  charakteryzujaca
si¢ wystepowaniem komorek btony §luzowej macicy (endometrium) poza jama macicy
(Johnson & Hummelshoj, 2013). Choroba ta dotyka ok. 10% kobiet na calym swiecie,
a oprocz dolegliwosci boélowych 0 réznym umiejscowieniu i stopniu nasilenia
oraz dyskomfortu, endometrioza ma réwniez istotny wplyw na ptodnos¢ kobiety,
u ktorej wystgpuje to schorzenie. Szacuje si¢, ze od 30% do 50% kobiet w wieku
rozrodczym, cierpigcych na endometrioze, moze mie¢ problemy z zajSciem w cigze,
lecz jest to zwigzane ze stopniem zaawansowania zmian chorobowych oraz ich
lokalizacja (Colinet i wsp., 2018). Pomimo, ze endometrioza nie jest chorobg
nowotworowa, wykazuje cechy charakterystyczne dla procesOw nowotworzenia, takie
jak np. naciekanie otaczajacych narzadow (Berker & Seval, 2015). Zmiany
endometrialne, ze wzgledu na ich umiejscowienie, moga mie¢ posta¢ torbieli jajnika,
implantow otrzewnowych i/lub powierzchownych Ilub endometriozy gleboko
naciekajacej, ktora wywotuje przewlekta reakcje zapalng (Adamson i wsp., 2010).
Zgodnie z klasyfikacja American Fertility Society (rAFS) (Andrews i wsp., 1985),
obecnie American Society for Reproductive Medicine (ASRM) (Canis i wsp., 1997),
W oparciu 0 zaawansowanie choroby i anatomiczne rozszerzenie zmian, endometrioze
dzieli si¢ na cztery stadia: tagodne, umiarkowane, cigzkie i1 rozlegte (odpowiednio: 1, II,
IIT 1 IV stopien). Etiologia endometriozy nie jest w pelni poznana, a wiele czynnikow,
takich jak hormonalne, zapalne czy immunologiczne, moze by¢ zaangazowanych
w rozwoj | progresj¢ choroby (Wang i wsp., 2009; Farland i wsp., 2015). Uwaza sie,
ze patomechanizmy rozwoju endometriozy sa zwigzane z wrodzong odpowiedzig
immunologiczng, lecz nadal nie do konca zostaly one poznane (Vlahos i wsp., 2010;
Czyzyk i wsp., 2017; Ruderman & Pavone, 2017, Patel i wsp., 2018). Zmiany zachodzace
w uktadzie immunologicznym, dotyczace rekrutacji komoérek odpornosciowych, adhezji
komorek 1 regulacji proceséw zapalnych, moga utatwia¢ implantacje 1 ,,przezycie”
komorek endometrialnych (Symons i wsp., 2018). Wykazano, ze kobiety z endometrioza
majg zmienione wartosci parametrow odporno$ciowych, zwlaszcza w zaawansowanych
stadiach rozwoju choroby, z czym moze wigzac¢ si¢ zmniejszony nadzoér immunologiczny,
zmniejszona cytotoksyczno$¢ zalezna od limfocytow T dla autologicznych komorek

endometrium oraz upos$ledzenie rozpoznawania ektopowych komoérek endometrium
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w wyniku nieprawidlowego dziatania komorek NK (ang. natural killers) (Lebovic i wsp.,
2001; Patel i wsp., 2018). Do niedawna ,zlotym standardem diagnostycznym”
W rozpoznaniu endometriozy bylo badanie laparoskopowe z potwierdzeniem
histopatologicznym - badanie inwazyjne, wymagajace podania pacjentce znieczulenia
ogoblnego i hospitalizacji po zabiegu, stwarzajace ryzyko wystapienia powiktan (Horne
I wsp., 2014). W lutym 2022 roku ukazaty si¢ zaktualizowane wytyczne i zalecenia,
opracowane przez Europejskie Towarzystwo Rozrodu Cztowieka i Embriologii (ESHRE,
ang. European Society of Human  Reproduction and Embryology), dotyczace
diagnozowania i leczenia endometriozy, zgodnie z ktorymi rekomendowang metoda
diagnostyki tej choroby jest ultrasonografia transwaginalna i1 obrazowanie
z wykorzystaniem rezonansu magnetycznego. Brak swoistych objawow somatycznych,
bagatelizowanie przez pacjentki niektorych dolegliwosci zwigzanych z rozwojem
choroby powoduja, ze diagnostyka endometriozy nadal stanowi duze wyzwanie dla
lekarzy 1 niejednokrotnie moze trwa¢ latami. Dodatkowym  utrudnieniem
w diagnozowaniu endometriozy jest brak markeréw biochemicznych o wysokiej czutosci
I swoisto$ci, ktore moglyby postuzy¢ do nieinwazyjnych badan przesiewowych,
pozwalajacych na zdiagnozowanie endometriozy na wczesnym etapie rozwoju choroby.
Dlatego tez poszukiwanie nowych czutych i swoistych biomarkerow, ktorych oznaczanie
wspomogloby wspoélczesng diagnostyke endometriozy, jest nadal aktualne i pozadane.

Glikozylacja to proces enzymatyczny, katalizowany przez glikozylotransferazy
i glikozydazy, jest jedna z najczgsdciej wystepujacych potranslacyjnych modyfikacji
biatek wydzielniczych, tj. modyfikacji polegajacej na przylaczeniu tancuchéw
cukrowych o okreslonej budowie do biatek i lipidow za pomoca wigzania N- i/lub
O-glikozydowego (Marth & Grewal, 2008). W zaleznosci od miejsca i rodzaju
przytaczenia pierwszej reszty cukrowej do fancucha polipeptydowego Asparaginy (Asn)
lub seryny/treoniny (Ser/Thr) wyr6zniamy N- lub O-glikoproteiny. N-glikozylacja polega
na przytaczeniu czasteczki cukru N-acetyloglukozoaminy (GICNAC) za pomocg wigzania
glikozydowego do atomu azotu tancucha bocznego Asn, obecnej w sekwencji
Asn-X-Ser/Thr, gdzie X jest dowolnym aminokwasem za wyjatkiem proliny. Grupy
oligosacharydéw przylaczone do bialek wigzaniem N-glikozydowym majg wspolny
rdzen pentasacharydowy sktadajacy si¢ z trzech mannoz i dwoch reszt
N-acetyloglukozoaminy = (Man3GlcNac2), ro6znig  si¢  natomiast  skladem
monosacharydowym oraz rodzajem wigzan jakim monosacharydy sg przylaczone do

czesci rdzeniowej (Bieberich, 2014). O-glikozylacja polega na przytaczeniu czasteczki
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cukru do atomu tlenu reszt Ser lub Thr tancucha polipeptydowego. Ten typ glikozylacji
moze dotyczy¢ dowolnego biatka i jest inicjowany przez ok. 20 transferaz
polipeptydowych  N-acetylogalaktozoaminy (GalNAc), ktére sg odpowiedzialne
za przylaczenie do biatka reszt GalNAc (GalNAcol-O-Ser/Thr; antygen Tn)
(Stanley, 2011). Powstawanie antygenu Tn zapoczatkowuje szlak O-glikozylaciji,
a utworzony O-glikan moze by¢ dalej wydluzany na trzy rézne sposoby: poprzez
przytaczenie kwasu sjalowego wigzaniem 02,6 (antygen sjalo-Tn; sTn), galaktozy
(antygen T - rdzen 1; GalBl,3GalNAca-Ser/Thr) lub N-acetyloglukozoaminy (rdzen 3;
GlcNAcB1-3GalNAca-Ser/Thr) (lwai i wsp., 2005).

Glikozylacja odgrywa wazng rolg¢ w procesach biologicznych, takich jak rozpoznawanie
i adhezja komorek, komunikacja i interakcje na poziomie komorka-komoérka (Cummings,
2019), a takze odgrywa kluczowa rol¢ w funkcjonowaniu przeciwciat (Koztowska i wsp.,
2018). Immunoglobulina G (1gG) to glikoproteina o masie czasteczkowej okoto 150 kDa,
jest najpowszechniejszg immunoglobuling we krwi (stanowi okoto 75% puli
immunoglobulin w surowicy), zaangazowang w patogenez¢ i progresj¢ wielu chorob.
Immunoglobulina G odgrywa kluczowg rolg w obronie gospodarza przed infekcjami
bakteryjnymi i wirusowymi, ale takze uczestniczy w procesach patologicznych
(m.in. w stanach zapalnych) bedacych przyczyna lub nastgpstwem wielu chorob.
Immunoglobulina ta moze aktywowa réozne mechanizmy efektorowe, takie jak
cytotoksyczno$¢ zalezng od dopelniacza (CDC, ang. complement dependent
cytotoxicity), cytotoksycznos¢ komorkows zalezng od przeciwciat (ADCC, ang. antibody
dependent cellular cytotoxicity) oraz fagocytoze (Schroeder & Cavacini, 2010; Quast
& Liinemann, 2014). Glikany IgG sa niezbedne do prawidlowej pracy uktadu
odpornos$ciowego. Najlepiej poznanym i opisanym rodzajem glikozylacji 1gG jest
N-glikozylacja, obserwowana we wszystkich podklasach ludzkich immunoglobulin G,
w ktorej reszty weglowodanowe sg przytaczone do asparaginy 297 (Asn 297) w drugiej
domenie statej CH2 tancucha cigzkiego IgG (ang. second constant domain of the heavy
chain) (Bohm i wsp., 2012; Seeling i wsp., 2021). N-glikany moga wptywac na stabilno$é
przeciwciatl (Mimura 1 wsp., 2000) wigzac si¢ z receptorem Fcy (FcyR) 1 dopetniaczem
(Lee, 2017), w konsekwencji modulujac funkcje efektorowe, takie jak ADCC i1 CDC
(Niwa i wsp., 2005; Chung i wsp., 2014; Lin i wsp., 2015; Wang i wsp., 2017). Typowe
N-glikany obecne na IgG sg dwuantenowymi kompleksami, sktadajacymi si¢ ze statego

heptamerycznego rdzenia zawierajgcego trzy reszty mannozy i cztery reszty
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N-acetyloglukozoaminy (GIlcNAc), do ktéorego dodatkowo moze by¢ przytaczona
zarowno fukoza (tzw. fukoza rdzeniowa), jak rowniez dodatkowa, rozdzielajaca,
GlcNAc. Okoto 10% endogennych glikoform IgG znajdujacych si¢ w ludzkiej surowicy
posiada rozdzielajgcg GlcNAc, ktorej obecnos¢ zwieksza powinowactwo wigzania IgG
do FcyRIlla, powodujac 10-30-krotnie wyzsza aktywnos¢ ADCC (Ruhaak i wsp., 2010).
Dodatkowo, anteny cukrowe (02,6 1 02,3) moga mie¢ zmienny profil glikozylacji
dotyczacy ekspresji koncowej galaktozy i/lub kwaséw sjalowych (Arnold, 2007; B6hm
i wsp., 2012; Kiyoshi i wsp., 2017). Drugie miejsce N-glikozylacji znajduje si¢ na
tancuchach cigzkim i lekkim regionow zmiennych 1gG (odpowiednio: ang. heavy chain-
variable region — VH oraz ang. light chain-variable region - VL). N-glikozylacje
w regionie Fab (ang. antigen-binding fragment) zaobserwowano w 15-25% surowiczej
puli IgG. Obecnos¢ glikanéw w regionie Fab IgG moze przyczyniaé si¢ do wyzszej
stabilnoéci tych przeciwciat i zwiekszaé ich powinowactwo do antygenu (‘van de
Bovenkamp i wsp., 2018; ?van de Bovenkamp i wsp., 2018). Profil i stopien glikozylacji
IgG moze zmienia¢ si¢ w réznych stanach patologicznych, a sktad glikandow moze
zmienia¢ funkcje efektorowe tej immunoglobuliny poprzez modulowanie jej
powinowactwa do ligandow, takich jak receptory Fcy (Schroeder & Cavacini, 2010).
W wielu doniesieniach naukowych opisano zmienno$¢ glikozylacji IgG, zwtaszcza
stopnia ekspresji jej glikanow, zwiazang z wiekiem, plcig oraz cigza. Udokumentowano
udziat zmian glikozylacji regionu Fc IgG w patogenezie chordb autoimmunologicznych
(reumatoidalnego zapalenia stawow, choroby Les$niowskiego-Crohna, tocznia
rumieniowatego) i chorobach nowotworowych (Saldova i wsp., 2007; Huhn i wsp., 2009;
van de Geijn i wsp., 2009; Ruhaak i wsp., 2010; Bones i wsp., 2010; Pucic i wsp., 2011;
Ercan i wsp., 2012). Wykazano, Zze u pacjentow z reumatoidalnym zapaleniem stawow
stopien galaktozylacji i sjalilacji konserwatywnych N-glikanéw (Asn 297) w domenach
CH2 1gG jest obnizony, a obnizona ekspresja koncowej galaktozy wplywa na aktywacje
komorek efektorowych 1 inicjuje odpowiedZ zapalna. Dodatkowo wykazano, ze stopien
agalaktozylacji 1gG jest wprost proporcjonalny do cigzkosci przebiegu choroby (Pasek
1 wsp., 2006; Koztowska 1 wsp., 2018).

Drugim typem glikozylacji 1gG, zdecydowanie mniej poznanym niz
N-glikozylacja, jest O-glikozylacja. Wykazano obecno$¢ O-glikanow w regionie
zawiasowym ludzkich immunoglobulin IgA1, IgD oraz 1gG, lecz brak jest informacji
na temat ekspresji O-glikanow w surowiczej IgG w przebiegu zaawansowanej

endometriozy. Region zawiasowy to fragment przeciwciala, znajdujacy si¢ pomiedzy
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tancuchami cigzkimi fragmentow Fab i Fc, w ktorym znajduja si¢ mostki dwusiarczkowe.
Rézni si¢ on budowg i1 dhugoscia migdzy klasami immunoglobulin, a jego unikalna
struktura i polozenie zapewniajg segmentowg elastyczno$é, ktora jest niezbedna
do prawidlowego funkcjonowania przeciwciat (Takahashi, 1982; Mattu 1 wsp., 1998;
Wada i wsp., 2010). Sposrdod czterech podklas immunoglobuliny G (IgG1-1gG4), 1gG3
ma wyjatkowo wydhuzony region zawiasowy, lecz jego rola w pehlieniu przez
immunoglobuling jej funkcji biologicznych nie jest w pelni poznana. Wykazano,
ze ludzka 1gG3, skuteczniej niz jakakolwiek inna podklasa IgG, aktywuje reakcje,
w ktorych posredniczy dopetniacz i FcyR (Jefferis, 2007; Bruhns i wsp., 2009, Plomp
I wsp., 2015). 1gG3 oprocz N-glikanéw obecnych w regionach Fab i Fc, posiada rowniez
O-glikany w regionie zawiasowym. Uwaza si¢, ze w surowicy krwi okolo 10%
przeciwcial poliklonalnych 1gG3 i okoto 13% przeciwcial monoklonalnych 1gG3 zawiera
O-glikany. Kazdy tancuch ciezki IgG3 zawiera trzy sekwencje powtdrzen tworzacych
region zawiasowy, ktory zawiera szes¢ potencjalnych miejsc O-glikozylacji: trzy reszty
treoniny i trzy reszty seryny, lecz tylko dwa lub trzy z tych miejsc sa zajg¢te przez
O-glikany, ktore zazwyczaj sg przytaczone do treoniny (Plomp i wsp., 2015). Ze wzgledu
na réznorodno$¢ funkcji O-glikanéw w organizmie cztowieka, wszelkie zmiany profilu
I stopnia O-glikozylacji glikoprotein sg istotne, poniewaz wigza si¢ z rozwojem wielu
choréb, w tym progresji nowotworéw (Pinho & Reis, 2015; Stowell i wsp., 2015),
cukrzycy (Zurawska-Ptaksej i wsp., 2016) i choroby Alzheimera (Robertson i wsp., 2004;
Akasaka-Manya & Manya, 2020). Wykazano, ze nadekspresja na glikoproteinach
antygenu Tn bezposrednio indukuje cechy onkogenne, w tym zwigkszong proliferacje
komorek, zmniejszong apoptoze, zwickszong adhezje 1 zdolno$¢ komorek do migracji.
Nieprawidtowa ekspresje skroconych form O-glikanow -antygenow Tn - zaobserwowano
m.in. na nablonkowych komodrkach nowotworowych 1 we wczesnych zmianach
przednowotworowych  nablonka, ktéore poprzedzaja rozwo6j  gruczolakoraka
(Radhakrishnan i wsp., 2014; Hofmann i wsp., 2015; Dong i wsp., 2018; Sletmoen i wsp.,
2018). Zmiany glikozylacji immunoglobuliny G, zwlaszcza te dotyczace stopnia
ekspresji glikanow, sa zwigzane z powstawaniem 1 rozwojem wielu procesow
patologicznych dotyczacych m.in. adhezji komoérek, angiogenezy, zaptodnienia, rozwoju
1 przerzutéw nowotworow ztosliwych, a takze chorob autoimmunologicznych oraz
endometriozy (Saldova i wsp., 2007; van de Geijn i wsp., 2009; Bones i wsp., 2010; Puci¢
i wsp., 2011; Ercan i wsp., 2012; Zhang i wsp., 2015; Chung i wsp., 2020; Soltkiewicz
1 wsp., 2021; Zheng 1 wsp., 2021; Sotkiewicz 1 wsp., 2022).

10
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2.2. Cele i zalozenia badan

2.2.1. Cele badan

Wyodrebniono nast¢pujace gtowne cele badawcze:

Izolacja immunoglobuliny G z kazdej z surowic wchodzacych w sktad danej
grupy badanej: pacjentek z zaawansowang endometriozg, pacjentek
bez endometriozy, lecz cierpigcych na inne schorzenia ginekologiczne (grupa
odniesienia) oraz grupy kontrolnej kobiet zdrowych.

Analiza profilu i stopnia N- i O-glikozylacji, przeprowadzona zar6wno
dla preparatow wyizolowanej IgG, jak i dla IgG w surowicy (bez uprzedniej
izolacji), w kazdej z trzech grup badanych, a nast¢pnie poréwnanie otrzymanych
wynikow oznaczen miedzy grupa pacjentek z zaawansowang endometriozg a tymi
otrzymanymi dla kobiet z pozostalych dwéch analizowanych grup.

Okreslenie charakterystycznego dla zaawansowanej endometriozy profilu
N- i O-glikozylacji surowiczej IgG oraz wytypowanie parametrow glikozylacji
o wysokiej wartosci klinicznej, ktére moglyby stanowi¢ dodatkowy marker
diagnostyczny tej choroby.

Poréwnanie czutosci oznaczen profilu i stopnia glikozylacji 1gG wykonanych
dla wyizolowanych z surowic preparatow IgG, z tymi wykonanymi dla IgG

W surowicy.

2.2.2. Zalozenia badan

Do gtéwnych zatozen zrealizowanych badan nalezato:

Okreslenie charakterystycznego dla kobiet z zaawansowang endometriozg profilu
N- 1 O-glikozylacji surowiczej immunoglobuliny G oraz, w oparciu
0 uzyskane wyniki, wskazanie ewentualnych cech charakterystycznych
w profilu glikanowym 1gG dla tego schorzenia.

Sprawdzenie, czy istniejg roznice w ekspresji N- i O-glikanow surowiczej 1gG
miedzy grupa pacjentek z zaawansowang endometriozg a pozostatymi

analizowanymi grupami kobiet, ktore pozwolityby na roznicowanie tych grup.
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Obliczenie wspotczynnika galaktozylacji dla N-glikanéw surowiczej IgG
(wyizolowana oraz surowicza IgG) we wszystkich analizowanych grupach kobiet
oraz sprawdzenie czy parametr ten pozwoli na odroznienie pacjentek
z zaawansowang endometriozg od pozostatych grup badanych.

Podjecie proby poszerzenia panelu parametrow diagnostycznych stuzacych
do rozpoznania zaawansowanej endometriozy o dodatkowe, nowe biomarkery
pomocne w nieinwazyjnej diagnostyce tego schorzenia.

Sprawdzenie czy czuto$¢ analizy profilu i stopnia glikozylacji IgG w surowicy
jest wystarczajgca na tyle, aby mozna bylo wykorzystac tatwo dostepny material
biologiczny jakim jest surowica do rutynowych oznaczen gliko-markerow
w procesie diagnostycznym zaawansowanej endometriozy, z pomini¢ciem

pracochlonnego i czasochtonnego procesu izolacji IgG.
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2.3. Materialy i metody zastosowane w badaniach

2.3.1. Materialy

Materiat do badan stanowily surowice Kkrwi pochodzace od kobiet
z rozpoznaniem Il i 1V stadium endometriozy (E; n=40, mediana wieku: 34 lata,
z przedzialem migdzy gérnym a dolnym kwartylem [30,5-40,5]) oraz od kobiet bez
endometriozy, lecz cierpigcych na inne, tagodne schorzenia ginekologiczne (NE; n=36,
mediana wieku 39 lat, z przedzialem mi¢dzy gérnym a dolnym kwartylem [33,5-42,0]).
Surowice uzyskano od pacjentek leczacych si¢ w Klinice Ginekologii Onkologicznej
Wroctawskiego Centrum Onkologii. Pacjentki z grup E 1 NE poddano zabiegom
chirurgicznym, gtéwnie laparoskopowym, a po weryfikacji histologicznej i1 ustaleniu
rozpoznania zakwalifikowano do wlasciwej grupy i pobrano krew na aktywator
krzepnigcia W celu uzyskania surowicy stanowigcej materiat do dalszych badan. Kobiety
z endometriozg zaklasyfikowano wedlug rozleglosci i zaawansowania choroby, zgodnie
ze zaktualizowang klasyfikacja Amerykanskiego Towarzystwa Plodnosci (rAFsS,
ang. revised American Fertility Society). W grupie pacjentek bez endometriozy
potwierdzono histologicznie wystepowanie torbieli jajnika, dysplazje - CIN 3
(Srobdnabtonkowa neoplazja szyjki macicy 3. stopnia) lub obecnos¢é migéniakow gradkich.
Grupg kontrolng stanowity kobiety zdrowe (C; n=19, mediana wieku 39 lat, z przedziatem
mi¢dzy gornym a dolnym kwartylem [35,0-48,0 lat]), regularnie miesigczkujace,
bez objawdéw lub historii zwigzane] z endometriozg, niebedace w cigzy, bez chorob
ginekologicznych. Termin uzyskania surowicy do badan nie byt skorelowany z dniem
cyklu menstruacyjnego, w ktorym znajdowata si¢ uczestniczka projektu w dniu pobrania
krwi. Przed rozpoczgciem badan wszystkie kobiety wyrazity §wiadomg pisemng zgode
na udziatl w badaniach, a projekt badan zostal pozytywnie zaopiniowany przez Komisje
Bioetyczng przy Uniwersytecie Medycznym we Wroctawiu (Nr KB-293/2016;
Nr KB-297/2022).

2.3.2. Metody

Pierwszy etap badan obejmowat izolacje IgG z kazdej z badanych surowic, ktora
przeprowadzono z wykorzystaniem kolumny powinowactwa ze zlozem Protein
AJ/G-Sepharose (BioVision Inc., Milpitas, USA). W wyizolowanych i oczyszczonych
preparatach 1gG stezenie biatka (IgG) oznaczono metodg bicynchoninowg (BCA).
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W surowicach st¢zenie IgG oznaczono metoda turbidymetryczng z wykorzystaniem
analizatora biochemicznego Konelab 20i (ThermoScientific, Vantaa, Finland).

Kolejny etap realizacji projektu obejmowal analiz¢ profilu i stopnia
N-glikozylacji 19G, zaréwno w wyizolowanych preparatach IgG jak i w 1gG
W surowicy, za pomoca zmodyfikowanego testu fazy statej lektyno-ELISA
z zastosowaniem specyficznych biotynylowanych lektyn (Vector Laboratories Inc.,
Burlingame, CA, USA). Analiza stopnia sjalilacji oraz galaktozylacji/agalaktozylacji 1IgG
zostala oparta na wzglednej reaktywnosci glikandw IgG z biotynylowanymi lektynami
specyficznymi wobec koncowego kwasu sjalowego (Maackia amurensis agglutinin -
MAA, reaguje z kwasem sjalowym przylagczonym wigzaniem 02,3 i Sambucus nigra
agglutinin - SNA, specyficzna wobec kwasu sjalowego przytaczonego wigzaniem 02,6)
oraz koncowych reszt galaktozy (Gal) i N-acetyloglukozoaminy (GIcNAC),
(odpowiednio: Ricinus communis agglutinin | - RCA-I oraz Griffonia simplicifolia lectin
Il - GSL-II). Do analizy profilu i stopnia fukozylacji 1gG zastosowano biotynylowane
lektyny specyficzne zaréwno wobec fukozy antenowej jak 1 rdzeniowej: Lotus
tetragonolobus agglutinin - LTA, reaguje specyficznie z fukoza przytaczong wigzaniem
al,3 do GIcNAc, Ulex europaeus agglutinin - UEA, specyficzna wobec fukozy antenowej
przytaczonej wigzaniem al,2 do galaktozy oraz fukozy potaczonej wigzaniem ol,3
z GIcNAc, Aleuria aurantia lectin - AAL i Lens culinaris agglutinin - LCA, reagujace z
fukoza przytaczong wigzaniem al,6 do rdzenia cukrowego. Analiz¢ O-glikozylacji 1gG
przeprowadzono z wykorzystaniem biotynylowanych lektyn (Vector Laboratories Inc.,
Burlingame, CA, USA) specyficznych wobec O-glikanéw: Maclura pomifera lectin -
MPL i Vicia villosa lectin — VVL, odpowiednio rozpoznajacych kompletne struktury
O-glikanéw (antygen T) oraz ich formy skrocone do pojedynczej GalNAc (antygen Tn),
a takze Jacaliny rozpoznajacej antygen T. Dodatkowym aspektem badan bylo
sprawdzenie, czy poza obecnoscig typowych dla surowiczej IgG N-glikanow
dwuantenowych w przebiegu endometriozy, w surowiczej IgG obecne sg roéwniez glikany
wielorozgalezione. Oznaczenia przeprowadzono z zastosowaniem biotynylowanej
leukoaglutyniny z Phaseolus vulgaris (PHA-L), specyficznej wobec GIcNAc
przytaczonej wigzaniem 1,6, obecnej na trzeciej antenie N-glikanow. Do analizy
statystycznej uzyskanych wynikéw zastosowano program Statistica 13.3 PL (StatSoft),

a za istotne uznano wyniki, dla ktorych wspoétczynnik istotnosci p<0,05.
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Szczegoty dotyczace aspektow metodologicznych, w tym rodzajow testow
statystycznych zastosowanych do analizy uzyskanych wynikéw oznaczen, opisano

w publikacjach stanowigcych podstawe niniejszej rozprawy doktorskiej.

2.4. Podsumowanie otrzymanych wynikow badan
Ponizej krotko omodwiono najwazniejsze wyniki zrealizowanych badan oraz
przedstawiono ptyngce z nich wnioski, zawarte w artykutach stanowigcych podstawe tej

dysertacji.

2.4.1. Artykul nr 1, pt.: Variability of serum IgG sialylation and galactosylation
degree in women with advanced endometriosis

Wykazano, ze ekspresja kwasu sjalowego przytaczonego wigzaniem 2,3 byta
istotnie wyzsza u kobiet zdrowych, zarowno w przypadku surowiczej IgG, jak 1 jej
wyizolowanej formy (odpowiednio: 0,023+0,013 AU i 0,051+0,0032 AU), w poréwnaniu
z pacjentkami z zaawansowang endometriozg (E, odpowiednio: 0,011+0,012 AU
1 0,0009+0,031 AU) oraz kobietami bez endometriozy, lecz cierpigcymi z powodu innych
chorob ginekologicznych (NE, odpowiednio: 0,016+0,021 AU i 0,004+0,009 AU).
W grupie kobiet zdrowych wykazano takze istotnie wyzsza ekspresje koncowego kwasu
sjalowego przylaczonego wigzaniem 2,6 w wyizolowanych preparatach IgG
(0,546+0,165 AU) w poréwnaniu do grupy E i NE (odpowiednio: 0,263+0,144 AU
1 0,250+0,115 AU). W przypadku surowiczej IgG, istotnie nizsza ekspresj¢ kwasu
sjalowego przylaczonego wigzaniem o2,6, wykazano w grupie odniesienia NE
(0,227£0,098 AU) w poroéwnaniu do grupy kontrolnej kobiet zdrowych (0,301+0,071
AU) 1 grupy z zaawansowang endometriozg (0,288+0,105 AU). Obliczono réwniez
wspotczynnik sjalilacji MAA/SNA (wspdtczynnik wzglednej reaktywnosci glikanow
IgG z MAA do wzglednej reaktywnosci glikanow IgG z SNA), w przypadku surowiczej
IgG istotne rdznice zaobserwowano jedynie miedzy grupa kobiet z zaawansowang
endometriozg, gdzie warto$¢ wspdiczynnika sjalilacji wynosita: 0,042+0,048 AU i byta
istotnie nizsza od wartosci uzyskanych w grupie kobiet zdrowych (0,081+£0,048 AU).
W przypadku izolowanych preparatow IgG warto$¢ wspolczynnika MAA/SNA byta
istotnie nizsza zarowno W grupie E jak i NE w poréwnaniu do grupy kontrolnej. Ponadto
zaobserwowano obnizong reaktywnos$¢ glikanow IgG z lektyna wykrywajaca galaktoze
(RCA-I) w grupie kobiet z zaawansowang endometrioza oraz u kobiet z grupy odniesienia

bez endometriozy, w porownaniu do grupy kontrolnej kobiet zdrowych, a wykazane
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réznice byly istotne zaréwno dla surowiczej IgG jak i dla wyizolowanych preparatow
IgG. Istotne roznice we wzglednej reaktywnosci glikanow IgG z GSL-1I wykazano
jedynie dla IgG w surowicy, a otrzymane wartosci dla grupy kontrolnej byty istotnie
nizsze (0,023+0,018 AU) w poréwnaniu do grupy z zaawansowang endometrioza i grupy
odniesienia, odpowiednio: 0,037+0,041 AU i 0,036+0,028 AU. Warto$¢ wspotczynnika
agalaktozylacji (GSL-1I/RCA-I), obliczonego jako indeks wartoSci wzglednej
reaktywnosci N-glikanow IgG z lektyng wykrywajacag GIcNAc do wzglednej
reaktywnosci N-glikanow IgG z lektyna specyficzng wobec galaktozy, byla istotnie
wyzsza W grupie pacjentek z zaawansowana endometriozg Oraz W grupie pacjentek
z innymi niz endometrioza chorobami ginekologicznymi w poréwnaniu do kobiet
zdrowych, co jest zwigzane z obserwowang obnizong ekspresja galaktozy na glikanach
w IgG w obydwu grupach pacjentek. Ocen¢ wartosci klinicznej oznaczen wzglednych
reaktywno$ci  glikanow IgG z zastosowanymi lektynami oraz obliczonych
wspotczynnikow  sjalilacji - MAA/SNA i agalaktozylacji - GSL-1I/RCA-I,
w roznicowaniu kobiet z zaawansowang endometriozg oraz kobiet z grupy kontrolnej,
przeprowadzono przy pomocy analizy krzywych ROC, ktéra pozwolita na okreslenie dla
badanych parametrow poziomu czuto$ci i1 swoistosci diagnostycznej oraz na
wytypowanie tych sposrod nich, ktore roznicowaty obydwie grupy. Na podstawie
warto$ci pola powierzchni pod krzywa (AUC>0,762) wytypowano 3 parametry
réznicujace, ktorymi byty wartosci wzglednej reaktywnosci glikanow IgG z MAA oraz
wartos$ci wspolczynnikow MAA/SNA 1 GSL-II/RCA, zaréwno dla IgG w surowicy, jak
I dla IgG w izolowanych preparatach, ktére pozwolity na roznicowanie kobiet
z zaawansowang endometriozag od grupy kobiet zdrowych. Przeprowadzona analiza
skupien dla wybranych w analizie krzywych ROC parametréw rdznicujacych obydwie
grupy, dodatkowo potwierdzita, ze dla IgG w surowicy panel tych 3 parametréow

roznicuje grupe E od grupy kobiet zdrowych.

2.4.2. Artykul nr 2, pt.: The alterations of serum IgG fucosylation as a potential
additional new diagnostic marker in advanced endometriosis

Wykazano, ze w grupie kobiet zdrowych reaktywnos$¢ N-glikanow 1gG (zar6wno
w surowicy jak 1 w wyizolowanych preparatach) z lektyng specyficzng wobec fukozy
rdzeniowej (AAL) jest istotnie wyzsza, odpowiednio: 0,056+0,015 AU i 0,140+0,043
AU, niz w grupie pacjentek z zaawansowang endometrioza (E, odpowiednio:

0,029+0,010 AU i 0,055+0,033 AU) oraz w grupie pacjentek bez endometriozy, lecz
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cierpigcych z powodu innych, fagodnych schorzen ginekologicznych (NE, odpowiednio:
0,028+0,014 AU 1 0,093+0,022 AU). Wzgledne reaktywnosci glikanow IgG z LTA,
lektyng swoistg wobec antenowej fukozy przytaczonej wigzaniem ol,3 do GIcNAC, byly
istotnie nizsze w grupie kobiet zdrowych w poréwnaniu do dwoch pozostatych grup
badanych (E i NE), a zalezno$¢ t¢ zaobserwowano zaroéwno dla IgG w surowicy, jak i dla
jej wyizolowanej formy. Jedynie dla 1gG w wyizolowanych preparatach wykazano
istotnie wyzsze wzgledne reaktywnosci jej glikanow z UEA, lektyng swoista wobec
antenowej fukozy przylagczonej wigzaniem al,2, w grupie zdrowych kobiet
w porownaniu do grup E i NE. Analiza krzywych ROC przeprowadzona dla wzglgdnych
reaktywnosci glikanow IgG z fukozo-specyficznymi lektynami w kazdej z trzech grup
badanych, pozwolita na okreslenie wartosci klinicznej dla analizowanych parametrow
oraz poziomu ich czulo$ci i swoisto$ci diagnostycznej, a takze na wytypowanie
parametréw roznicujacych grupy badane. Dla IgG w surowicy warto$ci wzglednych
reaktywno$ci z trzema z czterech zastosowanych lektyn: AAL, LTA i LCA
charakteryzowaty si¢ wysoka wartoscig kliniczng (AUC>0,775), a czuto$¢ 1 swoistos¢
diagnostyczna wynosity odpowiednio: dla AAL 0,950 i1 0,737, dla LTA 0,925 1 0,842
oraz dla LCA 0,825 0,579. Dla 1gG w wyizolowanych preparatach wartosci wzglgdnych
reaktywno$ci ze wszystkimi zastosowanymi fukozo-specyficznymi lektynami byty
istotne klinicznie (AUC>0,923), a wartosci czuto$ci i swoistosci diagnostycznej miescity
si¢ odpowiednio w granicach: 0,875 1 1,000 dla AAL, 0,825 1 0,947 dla LTA oraz 0,950
1 0,947 dla LCA. Przeprowadzona analiza klastrowa, do ktorej wybrano parametry
istotnie roznicujgce pacjentki z zaawansowang endometrioza od kobiet zdrowych,
ktorych warto$¢ kliniczna byla réwnoczes$nie co najmniej umiarkowana (AUC>0,775),
pozwolita na wytypowanie panelu parametrow roéznicujacych obydwie grupy. Zaré6wno
dla 19G w surowicy jak i w wyizolowanych preparatach 1gG, w sktad tego panelu weszta
wzgledna reaktywnos¢ glikanow IgG z lektynami rozpoznajagcymi fukoze rdzeniowa
(AAL i LCA) oraz fukoz¢ antenowg wchodzacg w sktad struktur cukrowych typu Lewis*
(LTA).

2.4.3. Artykul nr 3, pt.: O-glycosylation changes in serum immunoglobulin G are

associated with inflammation development in advanced endometriosis
Przeprowadzone badania pozwolity na wykazanie, ze wzgledna reaktywnosé¢

O-glikanow w IgG w surowicy z lektyng MPL specyficzng wobec antygenu T, byta

istotnie wyzsza w grupie kobiet z tagodnymi schorzeniami ginekologicznymi
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(NE: 0,169+0,111 AU) niz w grupie pacjentek z zaawansowang endometriozg
(E: 0,118+0,045 AU) oraz w grupie kobiet zdrowych (0,103+0,042 AU). Dla IgG
w surowicy wzgledne reaktywnosci jej glikanow z lektyng VVL wykrywajacg skrocone
formy O-glikanéw (antygen Tn) oraz wartosci obliczonego wspotczynnika
O-glikozylacji MPL/VVVL, a takze wzgledne reaktywnosci z Jacaling, reagujaca zarowno
z kompletnymi, jak i skroconymi formami O-glikanow, nie rdznily si¢ istotnie mi¢dzy
badanymi grupami. Brak byto takze istotnych réznic miedzy analizowanymi grupami
kobiet we wzglednych reaktywnosciach glikanow IgG w surowicy z lektyng PHA-L,
specyficzng wobec wielorozgatezionych form N-glikanéw. Wzgledne reaktywnosci
O-glikanow IgG w wyizolowanych preparatach z lektynami specyficznymi wobec
antygenu T 1 antygenu Tn, byly istotnie wyzsze u kobiet z zaawansowang endometrioza
i u kobiet z grupy NE w poréwnaniu z warto$ciami uzyskanymi dla grupy zdrowych
uczestniczek. Wartosci wspotczynnika O-glikozylacji MPL/VVL dla wyizolowanych
preparatow 1gG byty istotnie nizsze w grupie kobiet zdrowych (2,750+5,546 AU)
w porownaniu do grup E (7,465+4,439 AU) i NE (5,885+3,383 AU). Wzgledne
reaktywnos$ci O-glikanow IgG w wyizolowanych preparatach z Jacaling w grupie kobiet
z zaawansowang endometrioza (1,025+0,094 AU) i w grupie NE (1,103+0,138 AU) bytly
istotnie wyzsze niz te obserwowane w grupie kontrolnej kobiet zdrowych (0,106+0,140
AU). Dodatkowo, dla IgG w wyizolowanych preparatach, ekspresja O-glikanow
reaktywnych z Jacaling byta istotnie nizsza w grupie NE niz w grupie E (p=0.006401).
Ekspresja wielorozgalezionych N-glikanow IgG w wyizolowanych preparatach, byta
istotnie wyzsza w grupach E i NE w poroéwnaniu z grupa kontrolng kobiet zdrowych, dla
ktorej uzyskane warto$ci wzglednej reaktywnosci z PHA-L byly bliskie zeru. Oceng
uzytecznosci  klinicznej  oznaczen wzglednych reaktywnosci glikanow  1gG
ze wszystkimi lektynami przeprowadzono przy pomocy analizy krzywych ROC, ktora
pozwolita na okreslenie dla badanych parametréw poziomu czulo$ci 1 swoistosci
diagnostycznej oraz na wytypowanie parametrow roznicujacych grupy badane.
W przypadku wzglednych reaktywnosci glikanow IgG w surowicy ze wszystkimi
zastosowanymi lektynami ich wartos¢ Kliniczna byta niska, natomiast dla 1gG
w wyizolowanych preparatach zastosowany do analizy glikozylacji panel lektyn
specyficznych wobec O-glikanow (MPL, VVL, Jacalina), jak i wobec
wielorozgatezionych form N-glikanow (PHA-L) pozwolit na réznicowanie pacjentek

z zaawansowang endometriozg od grupy kobiet zdrowych (AUC>0,811), a takze
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na roznicowanie pacjentek bez endometriozy, lecz z tagodnymi schorzeniami

ginekologicznymi, od kobiet zdrowych (AUC>0,801).

2.5. Whnioski

Ponizej przedstawiono najwazniejsze wnioski ptynace z przeprowadzonych badan.

1. Panel markeroéw glikozylacji 1gG w surowicy (ekspresja koncowego kwasu sjalowego
przylaczonego wigzaniem 02,3, wartosci wspdlczynnika sjalilacji MAA/SNA
1 wspolczynnika agalaktozylacji GSL-1I/RCA-I) moze by¢ pomocny w réznicowaniu
I diagnostyce zaawansowanego stadium endometriozy. Wykazano, ze analiza sjalilacji
i stopnia galaktozylacji/agalaktozylacji glikanéw IgG w surowicy, niewymagajaca
czasochtonnej i skomplikowanej procedury jej izolacji, moze by¢ uzyteczna jako
marker rdznicujacy kobiety z wysokim ryzykiem rozwoju zaawansowanej
endometriozy.

2. Analiza profilu i stopnia fukozylacji N-glikanow dla IgG w surowicy ma szansg¢ stac
si¢ uzupelniajagcym nieinwazyjnym narz¢dziem diagnostycznym w zaawansowanej
endometriozie. Panel parametrow, ktorymi sa: ekspresja AAL- i LCA-reaktywnej
fukozy rdzeniowej oraz LTA-reaktywnej fukozy antenowej wchodzacej w sktad
struktur cukrowych Lewis*, moze by¢ brany pod uwagg jako uzyteczne narzg¢dzie
w diagnostyce kobiet z zaawansowang endometrioza, jednakze jego kliniczna
uzyteczno$¢ w codziennej praktyce wymaga oceny W kolejnych, szerzej zakrojonych
badaniach.

3. Uzyskane wyniki wskazuja jednoznacznie na obecnos¢ O-glikanéw w surowiczej 1gG,
zardbwno u pacjentek z zaawansowana endometrioza, jak 1 w grupie kobiet bez
endometriozy, lecz z innymi chorobami ginekologicznymi, co wykazano po raz
pierwszy. Wartosci wspélczynnika O-glikozylacji MPL/VVL oraz wzgledne
reaktywnos$ci O-glikanow IgG w wyizolowanych preparatach z MPL 1 VVL, ktore
odzwierciedlaja ekspresj¢ odpowiednio antygenu T i1 antygenu Tn, byly istotnie
wyzsze u kobiet z zaawansowang endometriozg niz u zdrowych kobiet. Analogiczna
zalezno$¢ zaobserwowano miedzy tymi grupami we wzglednych reaktywnosciach
O-glikanow IgG w wyizolowanych preparatach z Jacaling.

4. U pacjentek bez endometriozy, lecz z innymi chorobami ginekologicznymi, wzgledne
reaktywnos$ci glikanow IgG w wyizolowanych preparatach z lektynami swoistymi
wobec O-glikanow, a takze wartoSci wspotczynnika MPL/VVL, byly istotnie wyzsze

niz w grupie kontrolnej kobiet zdrowych.
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5. U pacjentek cierpigcych na schorzenia ginekologiczne inne niz endometrioza
zaobserwowano istotnie wyzszg wzgledna reaktywnos$¢ wyizolowanych preparatow
IgG z Jacaling, w poréwnaniu z grupg kobiet zdrowych oraz pacjentek
z zaawansowang endometriozg, co jest szczegolnie wazne z diagnostycznego punktu
widzenia, poniewaz poszukiwane byty rowniez parametry, ktore moglyby odr6znié
zaawansowang endometrioz¢ od innych chorob ginekologicznych. Takim parametrem
wydaje si¢ by¢ stopien ekspresji  O-glikanéw reagujacych z Jacaling,
najprawdopodobniej typu ‘core 3’, ktorych obecno$¢ manifestowata sie
w wyizolowanych preparatach 19G.

6. Oprocz obecnosci typowych dla surowiczej IgG dwuantenowych N-glikanow,
wykazano rowniez wystepowanie ich wielorozgatezionych form. Istotnie wyzsza
ekspresja wielorozgatezionych N-glikanow surowiczej IgG u kobiet z zaawansowana
endometriozg oraz u pacjentek z innymi niz endometrioza chorobami
ginekologicznymi, w poréwnaniu z grupa kobiet zdrowych, wskazuje, ze obecnosé¢
N-glikanow wielorozgatezionych IgG jest zwigzana ze stanem zapalnym
towarzyszacym rozwojowi chorob dotyczacych kobiecych narzadéw rozrodczych,
niezaleznie od jednostki chorobowe;.

7. Przeprowadzone badania wykazaly takze, ze grupa kobiet bez endometriozy, lecz
cierpigcych na tagodne choroby ginekologiczne, nie jest odpowiednia grupa
poréwnawcza dla kobiet z zaawansowang endometrioza, gdyz zaobserwowane
w obydwu grupach zmiany ekspresji glikanow IgG, istotnie roézne od tych
wykazanych dla kobiet zdrowych, najprawdopodobniej byly zwigzane z rozwojem
stanu zapalnego, ktory zazwyczaj towarzyszy chorobom ginekologicznym. Dlatego
tez w przeprowadzonych badaniach, w przeciwienstwie do doniesien wielu autorow,
ktorych przedmiotem badan byla endometrioza, grupe kontrolng stanowity zdrowe
kobiety, bez jakichkolwiek zdiagnozowanych schorzen ginekologicznych i stanu

zapalnego w obrgbie narzadéw rodnych.

Podsumowujac, uzyskane wyniki badan pozwolity na wytypowanie gliko-markeréw
pomocnych w diagnostyce zaawansowanej endometriozy, co moze ukierunkowac
przyszte badania w tej dziedzinie. Wierze, ze wyniki moich badan przyczynig
si¢ rowniez do lepszego zrozumienia mechanizmow molekularnych towarzyszacych tej
chorobie i w przysztosci pozwola na opracowanie swoistych i czutych algorytmow

diagnostycznych zaawansowanej endometriozy. Markery glikozylacji, analizowane
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dla 19G bezposrednio w surowicy, moga stuzy¢é jako narzgdzie Kkliniczne
do réznicowania kobiet z wysokim ryzykiem rozwoju zaawansowanej endometriozy,
zakwalifikowanych do zabiegu laparoskopowego. Ponadto, uzyskane wyniki mogg
stanowi¢ podstawe do dalszych badan majacych na celu poszukiwanie nieinwazyjnych
markeréw diagnostycznych nie tylko zaawansowanych stadiow rozwoju endometriozy,
ale takze, co szczegdlnie istotne z punktu widzenia pacjentek, wczesnego stadium

rozwoju choroby.
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3. WYKAZ SKROTOW

AAL

ADCC

Asn 297

ASRM

BCA

CDC

CH

CH2

CIN 3

CL

ESHRE

Fab

Fc

FeyR

Aleuria aurantia lectin - lektyna z dziezki pomaranczowej

cytotoksyczno$¢ komoérkowa zalezna od przeciwcial (ang. antibody

dependent cellular cytotoxicity)
asparagina 297

Amerykanskie Towarzystwo Medycyny Rozrodu (ang. American Society

for Reproductive Medicine)
metoda bicynchoninowa (ang. bicinchoninic acid protein assay)
grupa kontrolna kobiet zdrowych

cytotoksycznos¢ zalezna od dopelniacza (ang. complement-dependent

cytotoxicity)

domena stata tancucha cigzkiego przeciwciala (ang. constant domain of

the heavy chain)

druga domena stata tancucha cigzkiego przeciwciata (ang. second constant

domain of the heavy chain)

srodnablonkowa neoplazja szyjki macicy 3. stopnia (ang. cervical

intraepithelial neoplasia)

domena stata tancucha lekkiego przeciwciata (ang. constant domain of the
light chain)

grupa kobiet z zaawansowang endometriozg

Europejskie Towarzystwo Rozrodu Cztowieka i Embriologii  (ang.

European Society of Human Reproduction and Embryology)

fragment zmienny przeciwciata wigzacy antygen (ang. antigen-binding

fragment)
fragment staty przeciwciata, krystalizujgcy (ang. crystallizable fragment)

receptor Fc-y
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Gal

GalNAc

GIcNAC

GSL-1I

LCA

LTA

MAA

MPL

NE

NK

PHA-L

rAFS

RCA-I

Ser

SNA

Thr

UEA

VH

galaktoza

N-acetylogalaktozoamina

N-acetyloglukozoamina

Griffonia simplicifolia Il lectin - lektyna z czarnej fasoli afrykanskiej
immunoglobulina klasy A

immunoglobulina klasy D

immunoglobulina klasy G

Lens culinaris agglutinin - lektyna z soczewicy jadalnej

Lotus tetragonolobus agglutinin - lektyna z gtabigroszku szkartatnego
Maackia amurensis agglutinin - lektyna z makii amurskiej

Maclura pomifera lectin - lektyna z z6itnicy pomaranczowe;j

grupa odniesienia kobiety bez endometriozy, z tagodnymi schorzeniami

ginekologicznymi
naturalni zabojcy (ang. natural killers)
Phaseolus vulgaris leucoagglutinin - lektyna z fasoli zwykte;j

klasyfikacja stopnia zaawansowania endometriozy na podstawie kryteriow
Amerykanskiego Towarzystwa Ptodnosci, ang. revised American Fertility
Society classification

Ricinus communis agglutinin | - lektyna z racznika pospolitego
seryna

Sambucus nigra agglutinin - lektyna z bzu czarnego

treonina

Ulex europaeus agglutinin - lektyna z kolcolistu zachodniego

cze$¢ zmienna tancucha cigzkiego przeciwciata (ang. heavy-chain-

variable region)
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VL

VVL

cze$¢ zmienna tancucha lekkiego przeciwciala (ang. light chain-variable

region)

Vicia villosa lectin - lektyna z wyki kosmatej
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5. STRESZCZENIE PRACY W JEZYKU POLSKIM

Wprowadzenie: Endometrioza, to choroba, u podtoza ktorej lezy rozrost btony §luzowej
macicy (endometrium) poza jamag macicy. Brak swoistych objawow powoduje,
ze endometrioza jest trudna do zdiagnozowania, a obecnie zalecane metody diagnostyki
obrazowej (USG, MRI) moga by¢ niewystarczajace do ustalenia wlasciwego
rozpoznania, zwlaszcza w przypadku zmian zaotrzewnowych i glteboko naciekajacych.
Obecnie brak jest czutych i swoistych markerow, ktore umozliwilyby skuteczng
diagnostyke endometriozy. Dlatego istnieje potrzeba poszukiwania nieinwazyjnych
biomarkeréw charakterystycznych dla tej choroby, ktére moglyby by¢ zastosowane

w rutynowej diagnostyce laboratoryjne;j.

Cel badan: Glownym celem przeprowadzonych badan bylo okreslenie profilu i stopnia
glikozylacji surowiczej immunoglobuliny G (IgG) u kobiet z zaawansowang
endometriozg oraz sprawdzenie czy wystepuja roznice W ekspresji glikanow 1gG migdzy
grupg pacjentek z zaawansowang endometrioza a grupg kobiet z innymi
niz endometrioza, fagodnymi chorobami ginekologicznymi oraz kobietami zdrowymi,
co pozwolitoby na ich rdéznicowanie oraz na okreslenie ewentualnych cech
charakterystycznych dla zaawansowanej endometriozy w profilu glikanowym IgG
obecnej w surowicy. Dodatkowym aspektem przeprowadzonych badan bylo réwniez
porownanie czulosci oznaczen profilu 1 stopnia glikozylacji IgG miedzy oznaczeniami
wykonanymi dla IgG obecnej w surowicy i w wyizolowanych preparatach IgG,
w konteks$cie wykorzystania tatwo dostepnego materiatu biologicznego jakim jest
surowica krwi do rutynowych oznaczen gliko-markerow w procesie diagnostycznym

endometriozy, z pominigciem pracochtonnego i1 czasochtonnego procesu izolacji IgG.

Material i metody: Surowice badane pochodzity od pacjentek z zaawansowang
endometriozg (E; n=40) oraz od pacjentek bez endometriozy, z tagodnymi schorzeniami
ginekologicznymi (NE; n=36). Grupa kontrolna to kobiety zdrowe (C; n=19),
bez jakichkolwiek zdiagnozowanych chordb ginekologicznych. Izolacje 1gG z surowic
przeprowadzono z uzyciem kolumny powinowactwa ze ztozem Protein A/G-Sepharose.
Oznaczenie stezenia 1gG przeprowadzono z wykorzystaniem nastgpujacych metod:
1) dla wyizolowanych preparatow IgG metoda bicynchoninowa, 2) dla surowiczej IgG

metodg turbidymetryczng. Analizg profilu i stopnia glikozylacji 19G przeprowadzono
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z wykorzystaniem testu lektyno-ELISA z zastosowaniem lektyn specyficznych wobec
wybranych N- i O-glikanoéw. Do analizy statystycznej uzyskanych wynikéw zastosowano
program Statistica 13.3 PL, a za istotne uznano wyniki, dla ktorych wspotczynnik

istotnosci p<0,05.

Wyniki: Ekspresja koncowego kwasu sjalowego na glikanach 1gG w surowicy,
jak i w wyizolowanych preparatach IgG, byta istotnie wyzsza w grupie kobiet zdrowych
w porownaniu z pacjentkami z grup E 1 NE. Zaobserwowano takze obnizong ekspresje
galaktozy na N-glikanach IgG (surowica i wyizolowane preparaty) w grupach E i NE
w odniesieniu do grupy C, a warto$¢ wspotczynnika agalaktozylacji (GSL-I1I/RCA-I),
byta istotnie wyzsza w grupach E i NE w poréwnaniu do grupy C. Wartos¢
wspotczynnika sjalilacji (MAA/SNA) byla istotnie nizsza w grupie E w poréwnaniu
do C. Ekspresja fukozy rdzeniowej byta istotnie wyzsza w grupie C w poréwnaniu
do grupy E i NE, zaréwno dla IgG w surowicy jak i dla 1gG w wyizolowanych
preparatach. Natomiast w przypadku fukozy antenowej LTA- i UEA-reaktywnej
zalezno$ci te byly odwrotne. Wzgledne reaktywnosci O-glikandéw w wyizolowanych
preparatach 1gG ze specyficznymi lektynami oraz wartosci wspotczynnika O-glikozylacji
MPL/VVL byly istotnie wyzsze u pacjentek z grup E i NE w poroéwnaniu z grupa
kontrolng kobiet zdrowych. Ponadto dla wyizolowanej IgG w grupach E i NE wykazano
réwniez istotnie wyzsza ekspresje¢ wielorozgatezionych N-glikanow. Wyniki analiz
krzywych ROC i analizy skupien pozwolity na wytypowanie panelu gliko-markeréw
(wzgledna reaktywnos¢ glikanow IgG z MPL, VVL, Jacaling oraz wspdlczynnik
MPL/VVL), ktére moga stanowi¢ pomocne narzgdzie diagnostyczne w réznicowaniu

kobiet z zaawansowang endometriozg od kobiet zdrowych.

Whnioski:  Wartosci  wzglednej reaktywnosci  glikanow  IgG  w  surowicy
I w wyizolowanych preparatach 1gG, ze sjalo-specyficzng lektyng MAA, wykrywajaca
kwas sjalowy przytaczony wigzaniem 2,3, oraz wartosci wspotczynnikow sjalilacji
I agalaktozylacji pozwolity na roznicowanie kobiet z zaawansowang endometriozg
od kobiet zdrowych. Reaktywnos$¢ glikanow IgG w surowicy z panelem fukozo-
specyficznych lektyn AAL, LCA 1 LTA moze by¢ brana pod uwage jako przydatne
narzgdzie diagnostyczne 1 kliniczne do rdéznicowania pacjentek z zaawansowang
endometriozg od grupy zdrowych kobiet. Ponadto wykazano, ze analiza fukozylacji
surowiczej IgG, bez uprzedniej czasochtonnej, pracochtonnej 1 kosztownej izolacji IgG,

jest wystarczajgca do rdéznicowania zaawansowanych stadiow endometriozy od grupy
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kontrolnej zdrowych kobiet. Zmiany profilu i stopnia O-glikozylacji 1gG pozwalaja
na réznicowanie kobiet z zaawansowang endometriozg od kobiet zdrowych. Analiza
ekspresji O-glikanow specyficznie wigzacych sie z Jacaling, najprawdopodobniej typu
‘core 3, obecnych w wyizolowanych preparatach 1gG, moze by¢ pomocna
W réznicowaniu kobiet z zaawansowang endometriozg od pacjentek z innymi chorobami
ginekologicznymi o podlozu zapalnym, co ma szczegdlng warto$¢ diagnostyczna.
Wykazana istotnie wyzsza ekspresja wieloantenowych N-glikanow w surowiczej 1gG
u kobiet z grupy E i NE w poréwnaniu z kobietami zdrowymi wskazuje, ze obecnos¢
wielorozgatezionych N-glikanow w 1gG towarzyszy stanom zapalnym wystepujacym

w wielu roznych chorobach ginekologicznych.
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6. STRESZCZENIE PRACY W JEZYKU ANGIELSKIM

Introduction: Endometriosis is a disease caused by the growth of the lining of the uterus
(endometrium) outside the uterus. The lack of specific symptoms makes endometriosis
difficult to diagnose, and currently recommended diagnostic imaging methods (USG,
MRI) may be insufficient to establish the correct diagnosis, especially in the case
of retroperitoneal and deep infiltrating lesions. Currently, there are no sensitive
and specific markers that would enable an effective diagnosis of endometriosis.
Therefore, there is a need to search for non-invasive biomarkers characteristic of this

disease, which could be used in routine laboratory diagnostics.

Aim of the study: The main objective of the study was to determine the profile and degree
of glycosylation of serum immunoglobulin G (IgG) in women with advanced
endometriosis and to check whether there are differences in the expression of 1gG glycans
between the group of patients with advanced endometriosis and the group of women with
other than endometriosis, mild gynecological diseases and healthy women, which would
allow for their differentiation, and to determine possible features characteristic
of advanced endometriosis in the IgG glycan profile present in the serum. An additional
aspect of the conducted research was also the comparison of the sensitivity
of the determination of the profile and degree of glycosylation of 1gG between
the determinations made in serum and in isolated IgG preparations, in the context
of the use of readily available biological material, i.e. blood serum, for routine
determinations of glycomarkers in the diagnostic process of endometriosis, omitting

the laborious and time-consuming process of IgG isolation.

Materials and methods: The tested sera came from patients with advanced
endometriosis (E; n=40) and from patients without endometriosis with mild
gynecological diseases (NE; n=36). The control group consisted of healthy women
(C; n=19), without any diagnosed gynecological diseases. 1gG isolation from the sera was
performed using an affinity column with Protein A/G-Sepharose. IgG concentration was
determined respectively: 1) for isolated 1gG preparations by bicinchoninic method,
2) for serum IgG by turbidimetric method. The analysis of the profile and degree
of glycosylation of IgG was carried out using the lectin-ELISA test with the use of lectins
specific for selected N- and O-glycans. The Statistica 13.3 PL program was used
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for the statistical analysis of the obtained results, and the results for which the significance

coefficient p<0.05 were considered significant.

Results: Expression of terminal sialic acid on serum IgG glycans and in isolated 19G
preparations were significantly higher in the group of healthy women compared
to patients from groups E and NE. There was also a reduced expression of galactose
on 1gG glycans in groups E and NE in relation to group C, and the value
of the agalactosylation coefficient (GSL-1I/RCA-I) was significantly higher in groups E
and NE compared to group C. The value of the sialylation coefficient (MAA/SNA)
was significantly lower in group E compared to C. Expression of core fucose was
significantly higher in group C compared to groups E and NE for both serum IgG and
IgG in isolated preparations. However, these relationships were reversed in the case
of LTA- and UEA-reactive antennary fucose. The relative reactivities of O-glycans
in isolated 1gG preparations with specific lectins and the values of the MPL/VVL
O-glycosylation coefficient were significantly higher in patients from groups E and NE
compared to the control group of healthy women. In addition, a significantly higher
expression of multibranched N-glycans was also demonstrated for the isolated IgG
in groups E and NE. The results of the analysis of ROC curves and cluster analysis
allowed to select of a panel of glycomarkers (MPL, VVL, MPL/VVL, Jacalina), which
can be a helpful diagnostic tool in differentiating women with advanced endometriosis

from healthy women.

Conclusions: The values of the relative reactivity of 1IgG glycans in the serum and in the
isolated 1gG preparations with the sialyl-specific MAA lectin as well as the values
of the sialylation and agalactosylation coefficients allowed for the differentiation
of women with advanced endometriosis from healthy women. The reactivity of serum
IgG glycans with a panel of fucose-specific AAL, LCA and LTA lectins can
be considered a useful diagnostic and clinical tool to differentiate patients with advanced
endometriosis from healthy patients women. In addition, it has been shown that
the analysis of serum IgG fucosylation, without prior time-consuming, laborious
and costly isolation of 1gG, is sufficient to differentiate advanced stages of endometriosis
from a control group of healthy women. Changes in the profile and degree of IgG
O-glycosylation allow differentiating women with advanced endometriosis from healthy
women. Analysis of the expression of O-glycans specifically binding to Jacalin, most

likely of the 'core 3' type, present in isolated IgG preparations, may help differentiate
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women with advanced endometriosis from patients with other inflammatory
gynecological diseases. The significantly higher expression of multi-antennary N-glycans
in serum 1gG in women from groups E and NE compared to healthy women indicates that
the presence of multi-branched N-glycans in IgG accompanies inflammation in various

gynecological diseases.
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Variability of serum IgG
sialylation and galactosylation
degree in women with advanced
endometriosis

Katarzyna Sotkiewicz*, Hubert Krotkiewski?, Marcin Jedryka** & Ewa M. Kratz®*~
Endometriosis is an inflammatory disease which diagnostics is difficult and often invasive, therefore
non-invasive diagnostics methods and parameters are needed for endometriosis detection. The

aim of our study was to analyse the glycosylation of native serum IgG and IgG isolated from sera of
women classified as: with endometriosis, without endometriosis but with some benign ginecological
disease, and control group of healthy women, in context of its utility for differentiation of advanced
endometriosis from the group of healthy women. IgG sialylation and galactosylation/agalactosylation
degree was determined using specific lectins: MAA and SNA detecting sialic acid «2,3- and a2,6-
linked, respectively, RCA-1 and GSL-Il specific to terminal Gal and terminal GIcNAc, respectively.

The results of ROC and cluster analysis showed that the serum IgG MAA-reactivity, sialylation and
agalactosylation factor may be used as supplementary parameters for endometriosis diagnostics and
could be taken into account as a useful clinical tool to elucidate women with high risk of endometriosis
development. Additionally, we have shown that the analysis of native serum 1gG glycosylation,
without the prior time-consuming and expensive isolation of the protein, is sufficient to differentiation
endometriosis from a group of healthy women.

Endometriosis, defined as the presence of endometrial glands and stroma like lesions outside of the uterus!, has
been diagnosed in 176 million women worldwide?. The disease has a significant impact on women fertility, as it
occurs in more than one-third of infertile women and two-thirds of women with chronic pelvic pain®. Endome-
triosis, although not a malignant disease, invades surrounding organs* and the lesions can appear as ovarian cyst,
peritoneal or superficial implants, or deep infiltrating disease, which induces a chronic, inflammatory reaction?.
According to the revised American Fertility Society (rAFS) classification® and up-to-dated by American Society
for Reproductive Medicine (ASRM)®, based on severity and anatomical extension of changes, endometriosis is
graded into four stages: minimal, mild, moderate and severe (I, II, IIT and IV stage, respectively). The etiology
of this disease remains obscure despite several hypotheses how endometriosis develop. Therefore, many various
factors, hormonal, inflammatory or immunological, may determine whether deposits in the pelvic cavity may
implant and persist”. Endometriosis seems to be associated with antibody self-reactivity and chronic local
inflammation, coexisting also with autoimmune disease, but this does not seem to be a common phenomenon.
The presence of autoreactive antibodies in serum of some endometriosis women may be a natural by-product
of inflammation and local tissue destruction. The finding of antibodies to endometrial and ovarian nuclear
antigens in women with endometriosis supports the hypothesis of endometriosis being a multiple antibody
autoimmune condition'. The ‘gold diagnostic standard’ for endometriosis identification is laparoscopic inspec-
tion with histologic confirmation after biopsy, however, the correlation between clinical symptoms and disease
stage is poor, and invasive testing carries required anaesthesia and surgical skills and produces potential risk of
complications'"12. Many studies focus on searching for biochemical markers with high sensitivity and specificity
for non-invasive diagnostics or screening of endometriosis'-13 as well as aim better understanding molecular
mechanisms responsible for disease development!*6. Proper identification of endometriosis is still problematic
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Relative reactivity with lectins (AU)

GSL-II / GSL-II /

MAA/SNA | MAA/SNA RCA-Iratio | RCA-Iratio
Groups | MAA (s) MAA @) SNA (s) SNA ) ratio (s) ratio (i) GSLII () |GSLII G |RCAI() |RCAIG |G @
E= 0 001120012 | 0.009+0.031 | 0.288+0.105 | 0.263+0.144 | 0.042+0.048 | 0.030+0.09 | 0.037+0.041 | 0.034+0.028 |0.331+0343 | 0.341+0.325 | 0.169=0.200 | 0.145+0.132
NE 0016+0.021 | 0.004+0.009 | 0.227+0.098 | 0250+0.115 | 0.063+0.060 | 0.018+0.034 | 0.036:+0.028 | 0.032+0.014 | 0.232+0.147 | 0.448+0.443 |0.197+0.147 | 0.135+0.120
n=36 1p=0.004 1p=0.047
00230013 | 0.051£0.032 | 0.301+0.071 | 0.546+0.165 | 0.081£0.048 | 0.107+0.087 |0.023+0.018 | 0.025+0.013 | 0.468+0.259 | 0.925+0419 | 0.054+0.058 | 0.035:0.028
g":“{gﬂ 1p=0.0001 | 1p=0.000000 1p=0.000000 | p=0.001 | 1p=0.000000 | 'p=0.026 p=0013 | 'p=0.000000 | p=0.0001 | *»p=0.000001
»=0.004 | 2=0.000000 | 2p=0.001 | 2p=0.000000 2p=0.000000 | p=0.022 2p=0.00007 |2p=0.00007 |2p=0.00002 |2p=0.00001

Table 1. Relative reactivity of s-IgG and i-IgG glycans with specific lectins. The results are expressed in
absorbance units (AU) as mean values + SD. Serum IgG glycan reactivities with lectins were estimated

by direct lectin-ELISA and expressed in absorbance units (AU). MAA: Maackia amurensis agglutinin,
recognizing sialic acid a2,3-linked; SNA: Sambucus nigra agglutinin, recognizing sialic acid a2,6-linked;
GSL-II: Griffonia simplicifolia lectin II, recognizing terminal GIcNAc; RCA-I: Ricinus communis agglutinin I,
recognizing terminal Gal. Significant differences versus groups: 'with endometriosis (E), 2non-endometriosis
(NE). Control —group of healthy women. s-IgG—serum native IgG; i-IgG —serum IgG isolates. Statistically
significant differences were accepted for a p-value of less than 0.05.

in gynaecologic practice, therefore extensive research for new biomarkers give hope for more accurate diagnos-
tics, especially in the advanced stages of the disease.

Glycosylation, one of the most common post-translational modifications of secretory and membrane proteins,
plays an important role in biological processes, such as cell recognition and adhesion, cell-cell communication
and cell—cell interactions!”, and plays a key role in antibodies function'®. Immunoglobulin G (IgG), 150-kDa
glycoprotein, is the most abundant immunoglobulin in blood (represents about 75% of serum immunoglobulins),
involved in the pathogenesis and progression of many diseases. IgG plays a key role in defending the host against
microbial infections, but also in pathological events (inter alia inflammation) being a cause of various diseases.
Immunoglobulin G can activate a variety of effector mechanisms, such as complement-dependent cytotoxicity,
antibody-dependent cellular cytotoxicity and phagocytosis'®®. IgG glycans are essential for the proper activity
of the immune system. The presence or absence of one sugar moiety in oligosaccharide structure of N-glycan
may result in the stimulation or suppression of immune response. The contribution of IgG Fc glycosylation
changes was documented for the pathogenesis of rheumatoid arthritis, Crohn’s disease and lupus erythematosus.
Found in these diseases the decreased IgG galactosylation and sialylation, activates effector cells and initiates
an inflammatory response’®. IgG has one biantennary N-linked glycan attached to asparagine 297'4%, which
consists of a constant heptameric core structure containing three mannose residues and four GlctNAc residues
and may contain additional core fucose, as well as bisecting GIcNAc. Additionally, the branching arms (a-6 and
a-3) may have variable glycosylation pattern consisting of terminal galactose and sialic acids!#?»%. The profile
and degree of IgG glycosylation can vary in various pathological conditions and its glycans composition can alter
the effector functions of immunoglobulin by modulating its affinity for ligands, such as Fcy receptors (FcyRs)®.
Many reports described variations of IgG glycosylation, especially the degree of glycosylation, related to age,
sex, heritability and pregnancy, as well as to autoimmune diseases and cancers*. It is already documented,
that in rheumatoid arthritis patients, serum IgG galactosylation of its conservative N-glycans (Asn-297) in CH
domains of the heavy chains is decreased, and that IgG agalactosylation is proportional to disease severity3'.

In the present study we were interested, if the expression of serum IgG sialylated and galactosylated/agalac-
tosylated glycoforms is characteristic for advanced stages of endometriosis. Another important aspect was the
comparison of native serum IgG glycosylation with glycosylation of IgG isolated from serum, and evaluation the
potential diagnostic suitability of glycan analysis when glycoprotein is not isolated earlier from biological fluid.
The degree of IgG sialylation and galactosylation/agalactosylation was analysed using a modified solid phase
enzyme-linked immunosorbent assay, lectin-ELISA3-34,

Results

The relative reactivities of serum IgG glycans with selected panel of biotinylated lectins, specific to sialic acid
(MAA, SNA), terminal Gal (RCA-I) and terminal GlcNAc (GSL-II) are presented in Table 1 as mean values of
absorbances and standard deviations (SD) for each analysed group. The distributions and median values of IgG
relative reactivities with lectins tested, measured for the control, E and NE groups, are presented in Fig. 1. The addi-
tional Tables and Figures are presented in Supplementary materials (Tables 1S, 25, 3S and Figs. 1S, 25, 35, 4S, 55).

Relative reactivity of IgG with MAA and SNA. The expression of MA A-reactive a2,3-linked sialic
acid in s-IgG was significantly lower in E and NE groups (0.011 + 0.012 AU, median 0.007 AU, p=0.0001 and
0.016 + 0.021 AU, median 0.012 AU, p = 0.004, respectively) than for the control group (0.023 + 0.013 AU, median
0.020 AU). Also the relative reactivities of i-IgG with MAA were higher for control group (0.051 + 0.0032 AU,
median 0.037 AU) than in E and NE groups (0.009 + 0.031 AU, median 0.000 AU, p = 0.000000 and 0.004 + 0.009
AU, median 0.000 AU, p=0.000000, respectively).
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Figure 1. Relative reactivities of serum native IgG (s-IgG)— (a), and isolated serum IgG (i-IgG)—(b) glycans
with specificlectins. GSL-II: Griffonia simplicifolia lectin II, recognizing terminal GIcNAc; RCA-I: Ricinus
communis agglutinin I, recognizing terminal Gal; MAA: Maackia amurensis agglutinin, recognizing sialic acid
a2,3-linked; SNA: Sambucus nigra agglutinin, recognizing sialic acid a2,6-linked. E—endometriosis, NE—no
endometriosis and Control —group of healthy women. The relative reactivities with lectins were expressed in
absorbance units (AU). (¢) —the values of agalactosylation factor GSL-II/RCA-I for IgG glycans. (d) —the values
of MAA/SNA ratio for IgG glycans. MAA: Maackia amurensis agglutinin, recognizing sialic acid o2,3-linked;
SNA: Sambucus nigra agglutinin, recognizing sialic acid a2,6-linked. Significant differences versus groups: 'E,
*NE. Median is indicated as square. A two-tailed p-value of less than 0.05 was considered as significant.

The relative reactivities of s-IgG with SNA-reactive sialic acid a2,6-linked were significantly lower in NE group
(0.227 +£0.098 AU, median 0.222 AU) than those measured for the control group (0.301 + 0.071 AU, median 0.298
AU, p=0.001) and endometriosis (0.288 +0.105 AU, median 0.278 AU, p=0.004) groups. Relative reactivities
of i-IgG with SNA were significantly higher for control group (0.546 + 0.165 AU, median 0.496 AU) than for E
(0.263+0.144 AU, median 0.250 AU, p=0.000000) and NE (0.250+0.115 AU, median 0.240 AU, p=0.000000)
groups. The ratio of MAA/SNA relative reactivities was significantly higher in control group (0.081 + 0.048,
median 0.064 for s-IgG and 0.107 +0.087, median 0.075, for i-IgG) than in E (0.042+0.048, median 0.034,
p=0.001 and 0.030 + 0.099, median 0.000, p = 0.000000, respectively) and NE groups (0.018 + 0.034, median
0.001, p =0.000000 for i-IgG only).

Relative reactivity of IgG with GSL-Il and RCA-l. As shown in Table 1, the relative reactivities of s-IgG
with GlcNAc-specific lectin GSL-II in the E (0.037 + 0.041 AU, median 0.026 AU) and NE (0.036 + 0.028 AU,
median 0.030 AU) groups were significantly higher (p = 0.026 and p = 0.022, respectively) than those observed
for the control group (0.023 + 0.018 AU, median 0.020 AU). However, there were no significant differences
between analysed groups in relative reactivities of i-IgG with GSL-1I (p>0.05).

The relative reactivities of s-IgG glycans with galactose-specific lectin RCA-I in the E and NE groups were
significantly lower (0.331 + 0.343 AU, median 0.292 AU, p =0.013 and 0.232 + 0.147 AU, median 0.195 AU,
p =0.00007, respectively) than those observed for the control group (0.468 + 0.259 AU, median 0.358 AU). Also
the expression of RCA-I-reactive IgG glycans was significantly lower in NE than E group (p = 0.047). The relative
reactivities of i-IgG with galactose-specific RCA-I were significantly lower in E (0.341 + 0.325 AU, median 0.221
AU, p=0.000000) and NE (0.448+0.443 AU, median 0.315 AU, p=0.00007) groups than those measured for
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Table 2. The correlations between relative reactivities of IgG glycans with lectins. Serum native IgG —s- IgG;
serum IgG isolates —i-IgG. MAA: Maackia amurensis agglutinin, recognizing sialic acid a2,3-linked;
SNA: Sambucus nigra agglutinin, recognizing sialic acid a2,6-linked; GSL-II: Griffonia simplicifolia lectin II,
recognizing terminal GIcNAc; RCA-I: Ricinus communis agglutinin 1, recognizing terminal Gal. A two-tailed
p-value of less than 0.05 was considered as significant.

samples from the control group (0.925 + 0.419 AU, median 0.887 AU). The agalactosylation factor (AF), measured
as ratio of GSL-II/RCA-I relative reactivities, was significantly lower in control group (0.054 + 0.058, median
0.038, for s-IgG and 0.035+0.028, median 0.026, for i-IgG) than in E (0.169 +0.200, median 0.088, p=0.0001 and
0.145+0.132, median 0.099, p=0.000001, respectively) and NE groups (0.197 +0.147, median 0.182, p=0.00002
and 0.135+0.120, median 0.083, p=0.00001, respectively).

The Spearman rank correlations, analysed between relative reactivities of lectins used with IgG glycans (s-IgG
and i-IgG) are shown in Table 2 and Fig. 1S. It was a positive high correlation between relative reactivities of
RCA-I and SNA (r=0.743, p = 0.00; r = 0.781, p = 0.00) with glycans of s-IgG and i-IgG. For s-IgG a positive high
correlation was observed between GSL-II relative reactivity and AF GSL-II/RCA-I (r = 0.770; p = 0.00), while a
negative high correlation was observed between RCA-I relative reactivity and the AF GSL-II/RCA-I (r=-0.679;
p=0.00), which were also observed for i-IgG (r = - 0.770; p = 0.00). For i-IgG a high positive correlations exist
between relative reactivities with RCA-I versus MAA and with SNA versus MAA (r=0.509, p =0.00 and r=0.538,
p =0.00, respectively). Full correlations were found for s-IgG and i-IgG between MAA relative reactivities and
ratio MAA/SNA (r=0.927, p=0.00 and r = 0.978, p = 0.00, respectively). The correlations between relative reactivi-
ties of s-IgG and i-IgG glycans with lectins are presented in Table 3 and Fig. 2S. An average positive correlation
in MAA reactivities was observed between glycans of s-IgG and i-IgG (r=0.487, p=0.00).

ROC curve analysis. The results of ROC curve analysis are showed in Fig. 35S and Table 1S. ROC curve
analysis of s-IgG glycans relative reactivities with lectins, and their reactivities ratio, in endometriosis and con-
trol group, identified parameters with a sensitivity and specificity of: MAA 0.795, 0.795 (AUC 0.812—moderate
clinical value); SNA 0.364, 0.842 (AUC 0.575—limited clinical value); MAA/SNA 0.659, 0.895 (AUC 0.762—
moderate clinical value); RCA-10.864, 0.474 (AUC 0.699 —limited clinical value); GSL-I1 0.866, 0.474 (AUC
0.675—limited clinical value); GSL-II/RCA-I 0.750, 0.842 (AUC 0.800—moderate clinical value). For i-IgG
the obtained results were following: MAA 0.886, 1 (AUC 0.970—high clinical value); SNA 0.864, 0.947 (AUC
0.943—high clinical value); MAA/SNA ratio 0.773, 1 (AUC 0.916 —high clinical value); RCA-10.795, 1 (AUC
0.922—high clinical value); GSL-II 0.455, 0.737 (AUC 0.539 —limited clinical value); GSL-II/RCA-I ratio 0.864,
0.842 (AUC 0.886 —moderate clinical value). For the determination of cut-off points, the Youden index method
was used. The clinical value of a laboratory test with AUC can be defined as: 0-0.5—zero, 0.5-0.7—limited,
0.7-0.9 —moderate and > 0.9 high%.

Cluster analysis. The usefulness of s-IgG and i-IgG glycans expression for differentiation of endometriosis
group from group of healthy women, the relative reactivity with MAA as well as MAA/SNA and GSL-II/RCA
ratio were selected from the panel of parameters examined, taking into account the results of ROC analysis
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Correlations between lectins relative reactivity s-IgG vs. i-IgG Spearman rank coefficient (r)
RCA-I vs. RCA-I ;:%‘36

GLS-I vs. GLS-II ;:%.A(I)A(I)%oos

GSL-II/RCA-I vs. GSL-II/RCA-I ;::(())3(,)?)?)2

SNA vs. SNA ;z%f)ﬁ)o )

MAA vs. MAA ;:%.A(I)%Z)ooo

MAA/SNA vs. MAA/SNA ;z%.z(l;(l)?)oos

Table 3. The correlations between relative reactivities of s-IgG and i-IgG glycans with lectins. Serum native
IgG—s-IgG; serum IgG isolates —i-IgG. GSL-II: Griffonia simplicifolia lectin II, recognizing terminal GIcNAc;
RCA-I: Ricinus communis agglutinin I, recognizing terminal Gal; MAA: Maackia amurensis agglutinin,
recognizing sialic acid a2,3-linked; SNA: Sambucus nigra agglutinin, recognizing sialic acid a2,6-linked.
A two-tailed p-value of less than 0.05 was considered as significant.

(AUC 20.762; Figs. 4S, 5S and Tables 2S, 35). The analysis was performed for 59 samples, for which all selected
parameters were determined. The analysis for s-IgG and i-IgG was done separately. In case of s-IgG, the first
cluster could be distinguished as a homogenous group of 3 endometriosis samples (Fig. 4S, Table 2S) at 100%
distance. The next group could be separated at 33% distance (Cluster 2) consists of 12 samples, including 16% of
women from whole healthy group. Next cluster (Cluster 3 at 16% distance) comprised 23 subjects, 14 of which
were healthy women from the control group (74% of the whole group) and 9 samples belonged to endometriosis
patients (22.5% of the whole endometriosis group). Last cluster (Cluster 4) include 21 samples, 19 samples form
endometriosis group (47.5% of the whole group).

In cluster analysis of i-IgG (Fig. 55, Table 3S) first cluster could be separated at distance 92%. This homogenous
group consists of 2 endometriosis samples. The next homogenous group could be separated at 69% distance
(Cluster 2) in which 4 samples from the control group were gathered. Cluster 3 (homogenous, composed of
endometriosis samples) and cluster 4 (gathered 3 control samples and 24 endometriosis samples) were distin-
guished at distance 40% and 24%, respectively. Cluster 5 include 13 samples, 12 from the control group, which
make up 63% of the whole group of healthy women.

Discussion

This is the first study, to our best knowledge, in which the serum IgG sialylation degree and agalacto-glycans
expression was analysed in context of advanced endometriosis. We showed that for native and isolated serum
IgG the significantly decreased galactose expression, a2,3-sialylation and value of MAA/SNA ratio, as well as
increased expression of agalacto-glycans (for s-IgG only) and level of agalactosylation factor GSL-II/RCA-I in
patients with non-endometriosis (for MAA/SNA ratio only for i-IgG) and advanced endometriosis (not for s-IgG
SNA-reactivity) in comparison to the healthy women were observed. However, for s-IgG in NE group significantly
lower SNA-reactivity and galactose expression, and significantly higher agalactosylation factor GSL-II/RCA-I
in comparison to E group were observed. Reduced sialylation and galactosylation is typical for inflammatory
condition and abnormal glycosylation patterns of glycoproteins are associated with various diseases, such as
inflammation or cancer, what was reported in many independent studies?3¥. Also endometriosis is a disease
accompanied by the development of inflammation!®%. Presence or absence in IgG glycan structure of distinct
residues such as sialic acid and galactose, can alter pro- and anti-inflammatory IgG activities®. An absence
of sialic acids and low degree of galactosylation might be linked with pro-inflammatory properties of IgG, by
facilitating the formation of immune complexes and favouring the binding of IgG to activated FcyR (Fc gamma
receptor)®*#1. Moreover, Fc-linked glycans appear to modulate the activation of complement system. Whereas
the classical rout of complement can be triggered by the preferential binding of Clq to fully glycosylated IgG,
the lectin pathway is recruited through the recognition of agalactosylated IgG by mannose-binding lectin®2. In
opposite, the presence of terminal galactose and/or sialic acid residues on Fc glycans can be linked with anti-
inflammatory properties of IgG*. Thus, variations in the glycan structures of IgG Fc can switch the immune
system toward a pro- to anti-inflammatory response, by modulating the interaction of IgG with several immune
components, including FcyR, complement factors and lectins®.

We observed reduced IgG galactosylation in non-endometriosis women, when compared to the control
group, which is probably due to the fact that NE group involved patients treated and operated for benign gynae-
cological conditions and some of these pathologies, e.g. tubal infertility, uterine fibroids or ovarian cysts may be
accompanied by inflammation. Some studies reported that changes in IgG galactosylation are also observed in
physiological conditions and it is known that they are age**> and sex* related. In our study, we did not observe
any correlations between changes in the level of IgG galactosylation and the age of patients in any of the studied
groups (data not shown). Decreased levels of terminal galactose on biantennary IgG glycans may indicate that
the activity of galactosyltransferases responsible for decorating N-glycans with galactose residues is impeded?.
Glycoforms lacking terminal galactose are particularly pro-inflammatory®#47, while galactosylation strongly

Scientific Reports | (2021)11:5586 | https://doi.org/10.1038/s41598-021-85200-x nature portfolio 42


http://www.nature.com/scientificreports/

www.nature.com/scientificreports/

decreases pro-inflammatory function of IgG#. This is confirmed by results of our research, in which E and NE
groups significantly lower reactivities of s-IgG and i-IgG with a specific lectins, compared to the healthy women,
were observed. Another observation we made, is that non-endometriosis group, with benign gynecological
diseases should not be used as a representative control for differentiation with endometriosis, because IgG gly-
cosylation varies with inflammation, which can accompany a wide variety of diseases, not endometriosis only.
In our study the reaction of reduced s-IgG and i-IgG with terminal galactose-specific RCA-I and terminal
GlcNAc-specific GSL-II was reciprocal to each other, because terminal GlcNAc residues are exposed in glyco-
protein oligosaccharides after galactose removal. These reactions were not always exactly reciprocal, what may
be explained in two ways. First of them is more general and is based on the fact that measurements using the
lectins it is not in practice the total amount of a specific glycotope present on a protein, but rather the amount of
this glycotope currently accessible for the lectin. Unfolding of a polypeptide chain, after IgG reduction, strongly
influences this feature. Secondly, it should be taken into account that some oligosaccharide chains may be pre-
sent statistically also in Fab fragment of I[gG*. Like galactose requires the terminal GIcNAc as a substrate, sialic
acid requires galactose moiety*!. Increased sialylation of IgG generally results from the increased galactosyla-
tion, because galactosylated IgG is the substrate for sialyltransferases®. On human glycoproteins, sialic acids
may be bound a2,3 or a2,6 to galactoses and are the most exposed monosaccharides to the outer environment,
participating in many biological processes including inter alia cancerogenesis®. In healthy adults mono- and
disialylated glycan structures of IgG represent about 10-15% of total IgG Fc oligosaccharide structures?. Ter-
minal sialic acids appear to mainly serve as a switch between IgG pro- and anti-inflammatory activity in cases of
homeostasis disturbance, what is in contrast to galactosylation, which seems to represent an interface between
physiological and pathological processes. This is confirmed by the results of our research, in which we observed
a higher reactivity of IgG with sialic acid-specific lectins in the control group. This is in accordance with the
results of Maignien et al.”!, who reported reduced a2,6 sialylation in the peritoneal fluid of women with endo-
metriosis. Authors documented that the IgG reactivity with SNA in the endometriosis group was significantly
lower when compared to the control group. In contrast, they did not observe any difference in the expression
of sialic acid a2,3-linked. Authors concluded, that the mechanisms of altered sialylation during endometriosis
development, especially those affecting the adhesion between endometrial cells and peritoneal mesothelial cells,
are still unclear’®. It has been reported that the glycoproteins levels are increased in peritoneal fluid, serum, and
eutopic endometrium of women with endometriosis®*>2. However, in our previous study we documented, that
IgG concentration was significantly lower in severe endometriosis than in the control group of healthy women®.
In our study, we showed a strong positive correlation between IgG RCA-I reactivity and its reactivity with
lectins specific for sialic acid. RCA-T has a preference for a Galp1,4 rather than GalP1,3 or GalP1,6 terminal
sequences. However, there seems to be no specific requirement for the sub-terminal residue, e.g. Galp1,4GIcNAc,
Galp1,4Glc and GalPB1,4Man have shown similar activities. The presence of sialic acid at the 3-O or 6-O positions
modifies the terminal Gal, significantly reducing the binding affinity to RCA-I. Structurally, the N-linked gly-
cans of human IgGs are typically biantennary chains. The heterogeneous IgG glycans can be classified into three
sets (GO, G1, and G2), depending on the number of galactose residues in the outer arms of biantennary glycans®.
Comparing the lectins relative reactivity of s-IgG and i-IgG glycans in each of the analysed groups, they
are more or less different from each other, what may be due to differences in the availability of sugar residues
for lectins between native s-IgG and i-IgG isolated from serum. On the other hand the significant correlations
between s-IgG and i-IgG reactivity with lectins used were observed (the highest for MAA and the lowest for
RCA-I). Analysing the results obtained and the utility of them to differentiate serum samples in a way that
reflects their clinical characteristics typical for endometriosis, we observed, that the values of agalactosylation
factor and sialylation factor are much better than the values of relative reactivities of IgG glycans with each lectin
separately, with one exclusion —MAA relative reactivity with sialic acid a2,3-linked. The above observation is in
agreement with results of ROC analysis in which both for s-IgG and i-IgG cut-off point for MAA reactivity was
0.014 AU (AUC 0.812) and 0.020 AU (AUC 0.970), respectively, for MAA/SNA factor it was 0.039 (AUC 0.762)
and 0.027 (AUC 0.916), respectively, and for AF it was 0.063 (AUC 0.800) and 0.055 (AUC 0.886). Although
the results of the ROC analysis showed that for i-IgG also the other parameters may be taken into account as
markers of endometriosis (except the value of i-IgG relative reactivity with GSL-II), we selected only three of
them for the cluster analysis, those which for s-IgG had a moderate AUC value. The results of cluster analysis
additionally confirm the utility of the set of three selected parameters: MAA relative reactivity, MAA/SNA ratio
and agalactosylation factor values for advanced endometriosis differentiation from group of healthy women. For
s-IgG of the four clusters formed, cluster 3 differ with regard to the clinical characteristics of women, gathering
74% of samples of healthy women (n = 14) and 9 samples from endometriosis group (22.5%). From 5 clusters
formed for i-IgG, cluster 5 gathered 63% of samples from the control group (n = 12) and 2.5% (n = 1) of serum
samples from women with endometriosis. Taking into account the thesis of our investigations, the aim of which
was to check whether the analysis of sialylation and galactosylation/agalactosylation degree of s-IgG glycans,
without the prior time-consuming, complicated procedure of protein isolation, may be usable as differentiating
marker/markers for endometriosis, our results seem to meet this criterion. It should also be mentioned that in
lectin-ELISA method, glycan-lectin reaction reflect the reactions that occur in living organisms, including the
availability of sugar residues for lectins, which additionally allows to deepen the knowledge about mechanisms
of these interactions.

Materials and methods

Serum samples from women with diagnosed IIl and IV stages of endometriosis (E; n =40, the median age:
34 years [interquartile range (IQR) 30.5-40.5]) as well as from group of women without endometriosis (NE—
non-endometriosis; n=36, the median age: 39 years [IQR 33.5-42.0]), were collected at the Department of
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Oncological Gynecology, Wroclaw Comprehensive Cancer Center, Poland. The study was conducted in agree-
ment with the Helsinki-II-declaration and the protocol was approved by the Bioethics Human Research Com-
mittee of the Wroclaw Medical University (Permission No. KB-293/2016 and KB-719/2018). E and NE groups
underwent surgical interventions, mainly laparoscopic, and after histological verification were classified to the
proper group. Endometriosis women were classified on extend and severity of disease according to the revised
American Fertility Society (rAFS) classification. Serum samples from healthy women (C—control group, n=19,
the median age: 39 years [IQR 35.0-48.0]), were collected at the Department of Laboratory Diagnostics, Wroclaw
Medical University (positive opinion of Bioethics Committee No KB-117/2020). Non-endometriosis group was
histologically confirmed with benign ovarian cyst, with severe dysplasia—CIN 3 (cervical intraepithelial neo-
plasia grade 3) or leiomyoma’s. The control group was consisted of healthy women, with no symptoms or history
connected with endometriosis, non-pregnant, without any gynecological diseases. Before starting the study, all
participants gave a written and informed consent.

The profile and degree of IgG sialylation and galactosylation/agalactosylation was determined using modified
solid phase enzyme-linked immunosorbent assay, lectin-ELISA described by us earlier®-3%. The method was
based on the reactivity of IgG glycan moieties with specific biotinylated lectins: Maackia amurensis agglutinin
(MAA, recognizing sialic acid a2,3-linked) and Sambucus nigra agglutinin (SNA, which recognize sialic acid
a2,6-linked), Ricinus communis agglutinin I (RCA-I) which detect the terminal galactose; Griffonia simplicifolia
lectin II (GSL-II) detecting the terminal GlcNAc (Vector Laboratories Inc., Burlingame, CA, USA).

Lectin-ELISA. The microtiter plates were incubated with 0.01 mg/ml protein G (abcam, USA) solution in
10 mM TBS pH 7.4 for 2 h at 37 °C, next, 4 °C overnight. Then the plates were coated with native/isolated IgG
diluted 10 mM TBS-T (TBS containing 0.1% Tween, pH 7.4) in an amount 500 ng IgG in 50 ul solution per well,
and incubated for 3 h at 37 °C. After the incubation, the reduction with dithiothreitol (DTT) for 70 min at 37 °C
was carried out. Then the plates were incubated with biotinylated lectins (90 min, 37 °C) diluted with 10 mM
TBS-T as follows: MAA: 1:250, SNA: 1:2000, RCA-I: 1:500, GSL-II: 1:400. Next, the plates were incubated with
phosphatase-labelled ExtrAvidin for 1 h at room temperature. After incubation the phosphatase reaction was
developed with p-nitrophenyl-phosphate used as a substrate (37 °C). The reaction was stopped with 100 ul of
1 mM NaOH per well and the absorbance was measured at 405 nm, reference filter 630 nm, with Mindray-96A
microplate reader. After each incubation step the plates were extensively washed with 10 mM TBS-T, pH 7.4.
All samples were analysed in duplicate. Background absorbance was measured for samples in which all reagents
were present, but biological sample was replaced with 10 mM TBS-T. Samples relative reactivities with lectins
were expressed in absorbance units (AU). IgG concentration values in whole sera (s-IgG), necessary for calcula-
tion of IgG amount to lectin-ELISA, were estimated by us previously using turbidymetric method> and those in
IgG isolates (i-IgG) were measured by BCA method (see below).

IgG isolation. Immunoglobulin G was isolated from serum samples using affinity chromatography on Pro-
tein A/Protein G Sepharose column, according to the procedure described earlier by Ey et al.*. The serum
sample (0.5 mL) was diluted 1:1 with 50 mM TBS, pH 8.0, applied on the column (1 mL) and washed using
starting TBS solution. IgG, retained on the column, was eluted with 0.1 M glycine/HCI, pH 2.7 and immediately
neutralized with 1 M Tris to avoid IgG degradation. Elution profile was determined by measuring the absorb-
ance at 280 nm. The fractions containing IgG were pooled, concentrated using Amicon Ultra-15 centrifugal
filter unit with ultracel-100 membrane (Millipore). IgG concentration was determined spectrophotometrically
on a polystyrene 96-well microtiter plate (Maxisorp, Dako, Denmark) using bicinchoninic acid (BCA) colori-
metric micromethod®. Briefly, to the 10 uL of IgG solution, diluted with water if necessary, an aliquot of 200 uL
mixture of stock A and B solutions, in the proportion 50:1, was added and the plate was incubated at 37 °C for
30 min, as a standard the bovine serum albumin (BSA) in the range 0-10 pg/well was used. The absorbances
were measured at 562 nm against blank, and the protein concentrations were read from the standard curve and
expressed in ug/ul.

Statistical analysis. Statistical analysis was performed using the statistical software STATISTICA 13.3PL
(StatSoft). Experimental data were presented as means and standard deviations (SD), and distribution of the
values within analysed groups was presented as box-whisker plots with median and interquartile (25th-75th
percentile) range. According to a Shapiro-Wilk W test, the values did not fit normal distribution, thus the non-
parametric Mann-Whitney U test was used to determine differences among the groups. The correlations with
95% of confidence interval were estimated according to the Spearman rank test. A two-tailed p-value of less than
0.05 was considered as significant. The diagnostic significance of determined parameters was analysed using
receiver operating characteristic (ROC) curves. Moreover, cluster analysis was performed for glycans expres-
sion on serum native IgG and isolated IgG, only for those parameters for which the AUC values, determined in
ROC analysis, simultaneously were moderate or high. In this analysis, the results are presented as a dendrogram,
starting from one cluster in which all subjects (patients and controls) are gathered. Next, the subjects were clus-
tered, with the similar in terms of the values of all analysed traits grouped together and different ones forming a
separate cluster. In general, the greater distance of separation, the greater differences in subject characteristics.
The similarities between samples were calculated using an Euclidean metric on the original data points, with no
reference to the clinical status of the samples. The scheme of statistical analysis of results obtained in the present
study we have adopted is based on our previous experience®.

Ethics approval. The study procedures followed in the study were conducted in agreement with the
Helsinki-II-declaration and the protocol was approved by the Bioethics Human Research Committee of the
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Wroclaw Medical University (Permission No. KB-293/2016 and KB-719/2018). Written informed consent was
obtained from recruited patients.

Conclusion

Endometriosis diagnostics is difficult and often invasive, therefore non-invasive diagnostics methods and param-
eters are needed. Disease development is associated with inflammatory processes, especially in advanced stages of
endometriosis, markers of which can be also detected in peripheral blood serum. In the light of above informa-
tion, the analysis of glycosylation profile and degree one of those markers, IgG, may be very promising in this
context. Thus, the analysis of IgG sialylation and galactosylation/agalactosylation degree could be helpful during
advanced endometriosis diagnostics, and may be used as supplementary parameters for medical interview and
tests. The proposed panel of parameters, the expression of MA A-reactive sialic acid a2,3-linked, values of MAA/
SNA ratio and agalactosylation factor, could be taken into account as a useful clinical tool to elucidate women
with high risk of endometriosis development. However, further studies are needed to evaluate its clinical utility
as a panel of additional markers for endometriosis diagnostics.

Limitation of the study.

1. Lack of representative early-stage endometriosis group, what makes impossible the verification of parameters
analyzed by us and their ability to evaluate as useful biomarkers for early stage of endometriosis.

2. Lack of peritoneal fluid to compare the results of IgG glycosylation analysis with those obtained for serum
IgG.

Strength of the study.

1. The panel of IgG glycosylation markers proposed by us (the expression of MAA-reactive sialic acid a2,3-
linked, values of MAA/SNA ratio and agalactosylation factor) may be helpful in differentiation and diag-
nostics of advanced stage of endometriosis.

2. The analyzed by us IgG glycosylation markers could be used as a clinical tool to differentiate women with
high risk of severe endometriosis development, qualified for laparoscopy procedure.

3. We showed that the analysis of sialylation and galactosylation/agalactosylation degree of s-IgG glycans, with-
out the prior time-consuming, complicated procedure of protein isolation, may be usable as differentiating
markers for advanced endometriosis.

4. The results of our studies can be used as the basis for further studies aimed at searching for noninvasive
diagnostic parameters, with potential utility in women with advanced endometriosis.

5. Our study showed that non-endometriosis group, gathering women suffering from benign gynecological
diseases with accompanying inflammation, seems not to be a proper comparative group to women with
advanced endometriosis, because changes in IgG glycans expression are associated with the development
of inflammation. Therefore in our study as a control group we used serum samples obtained from healthy
women.

Data availability
The data that support the findings of this study are available from the corresponding author upon reasonable
request.
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Fig. 1S. Correlations between relative reactivities of 1gG glycans with lectins (a-r). Serum native 1gG

(s-1gG); isolated 1gG (i-1gG). The correlations were estimated according to Spearman test and a two tailed

p-value of less than 0.05 was considered as significant. The dashed line shows 95% of confidence interval.

For lectins specificity see Materials and methods section.
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Fig. 2S. Correlations between relative reactivities of specific lectins with s-1gG and i-1gG glycans (a-f). Serum native 1gG
(s-1gG); isolated IgG (i-1gG). The correlations were estimated according to Spearman test and a two tailed p-value of less than
0.05 was considered as significant. The dashed line shows 95% of confidence interval. For lectins specificity see Materials and

methods section.

50



MAA ()
Youden Index =0.58 MAA () SNA(S)
Proposed cut off point: 0.014 (AU) Youden Index =0.89 Youden Index =0.21
Proposed cut off point: 0.020 (AU) Proposed cut off point: 0.242 (AU)
10
10 A 10
08 by [0:020
08 08
06
> 06 06
3 s s
2 3 5
& 2 2
04 & &
04 04
02
02 02
00
00 00
00 02 04 06 08 10
00 02 04 08 08 10 00 02 04 08 08 10
1-Specificity
1-Specificity 1-Specificity
SNA () MAA/SNA (s) MAA/SNA ()
Youden Index =0.81 Youden Index =0.55 Youden Index =0.77
Proposed cut off point: 0.352 (AU) Proposed cut off point: 0.039 (AU) Proposed cut off point: 0.027 (AU)
10
08
0.027
L 08 06
z z 2
E H s
2 ] @
H g 2
@ s 5
@
04 04
02 02
00 00
00 02 04 06 08 10 00 02 04 06 08 10 00 02 04 06 08 10
L-Specificity 1-Specificity 1-Specificity
RCA-I (5) RCA-I () GSL-Il (5)
Youden Index = 0.34 Youden Index = 0.80 Youden Index =0.36
Proposed cut off point: 0.424 (AU) Proposed cut off point: 0.365 (AU) Proposed cut off point: 0.016 (AU)
10 ] 10 10
08 08 I 08
0365
06 06 06
2 = 2
£ £ £
H g g
& &
D 04 04 04
02 02 02
00 00 00
00 02 04 06 08 10 00 02 04 06 08 10 00 02 04 06 08 10
1-Specificity 1-Specificity 1-Specificity
GSL-1I ()
Youden Index = 0.19 GSL-IRCA- (5) GSL-IRCA-1 ()
Proposed cut off point: 0.030 (AU) Youden Index = 0.59 Youden Index =0.71
Proposed cut off point: 0.063 (AU) Proposed cut off point: 0.055 (AU)
10
10
08 ==
08 0.055
06
> 06
£ z 2
@ s s
3 2 2
04 & &
04
02
02
00 B
. 00 £
00 02 04 (3 08 10
00 02 04 06 08 10 00 02 04 06 08 10
1-Specificity
1-Specificity 1-Specificity

Fig. 3S. ROC curve analysis of serum native 1gG (s) and isolated serum IgG (i) relative reactivity with lectins. MAA
(Maackia amurensis agglutinin), SNA (Sambucus nigra agglutinin), RCA-1 (Ricinus communis agglutinin 1), GSL-II (Griffonia
simplicifolia lectin I1) and MAA/SNA ratio, GSL-II/RCA-I ratio. The analysis was done for patients with advanced endometriosis

and in control group of healthy women. For lectins specificity see Materials and methods section.
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Tab. 1S. ROC curve analysis of serum native 1gG (s) and isolated serum 1gG (i) relative reactivity with lectins

Lectins/ AUC | AUCwith95% | Cut Sensivity | Specificity p
lectins regctivity C(_)nfidence ngint
ratio interval
MAA (s) %2 0.812 0.705-0.918 0.014 0.795 0.795 0.0000
SNA (s) 3¢ 0.575 0.428 - 0.722 0.242 0.364 0.842 0.3151
MAA/SNA (s) 3% 0.762 0.644 - 0.880 0.039 0.659 0.895 0.0000
RCA-I (s) 3% 0.699 0.559- 0.838 0.424 0.864 0.474 0.0053
GSL-II (s) 0.675 0.520 - 0.830 0.016 0.866 0.474 0.0272
GSL-II/RCA-I (s) ** | 0.800 0.676 - 0.924 0.063 0.750 0.842 0.0000
MAA (i) 3 0.970 0.924 -1 0.020 0.886 1.000 0.0000
SNA (i) % 0.943 0.887 - 0.998 0.352 0.864 0.947 0.0000
MAA/SNA (i) > 0.916 0.847 - 0.986 0.027 0.773 1.000 0.0000
RCA-I (i) " 0.922 0.856 - 0.988 0.365 0.795 1.000 0.0000
GSL-II (i) 0.539 0.393 - 0.686 0.030 0.455 0.737 0.5976
GSL-II/RCA-1 (i)' | 0.886 0.801-0.972 0.055 0.864 0.842 0.0000

MAA (Maackia amurensis agglutinin), SNA (Sambucus nigra agglutinin), RCA-1 (Ricinus communis agglutinin 1), GSL-II
(Griffonia simplicifolia lectin 11) and MAA/SNA ratio, GSL-II/RCA-I ratio in advanced endometriosis and control group of
healthy women. The analysis was done for patients with advanced endometriosis and in control group of healthy women. For

lectins specificity see Materials and methods section. 3Sa-3SI — see Figure 3S.

52



mmmOMmMOMMMMMMAOMOOOOO0O00O0OOOMMMMOOMMMMMMMMMMMMMMMOOMMMMMMMMmm

o
[=}
o
V)
o
~
o
o
o
e
=
o

Case distances

Fig. 4S. Dendrogram of cluster analysis for values of s-1gG MAA relative reactivity, MAA/SNA ratio and GSL-11/RCA-I
factor. E — endometriosis, C — control group. The cluster analysis was done only for parameters for which in ROC analysis the
AUC value was moderate (>0.762). Each serum sample is represented by a vector of three features: MAA relative reactivity,

MAA/SNA ratio, GSL-11/RCA-I factor.

Tab. 2S. Results of cluster analysis for values of s-1gG MAA relative reactivity, MAA/SNA ratio and GSL-11/RCA-I
factor

Group C E
N=19 N=40
The number
Cluster No (percentage participation in whole group)

4 2 19
(10 %) (47.5%)

3 14 9
(74 %) (22.5%)

2 3 9
(16%) (22.5%)

1 0 3
(0%) (7.5%)

E — endometriosis, C — control group. The cluster analysis was done only for parameters for which in ROC analysis the AUC

value was moderate (>0.762). Each serum sample is represented by a vector of three features: MAA relative reactivity,

MAA/SNA ratio, GSL-II/RCA-I factor.
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Fig. 5S. Dendrogram of cluster analysis for values of i-lgG MAA relative reactivity, MAA/SNA ratio and GSL-I1I/RCA-I
factor. E — endometriosis, C — control group. The cluster analysis was done only for parameters for which in ROC analysis the
AUC value was moderate (>0.762). Each serum sample is represented by a vector of three features: MAA relative reactivity,

MAA/SNA ratio, GSL-11/RCA-I factor.
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Group C E
N=19 N=40
The number
Cluster No (percentage participation in whole group)
5 12 1
(63%) (2.5%)
4 3 24
(15%) (60%)
3 0 13
(0%) (32.5%)
2 4 0
(21%) (0%)
1 0 2
(0%) (5%)

Tab. 3S. Results of cluster analysis for values of i-IgG MAA relative reactivity, MAA/SNA ratio and GSL-11/RCA-I factor

E — endometriosis, C — control group. The cluster analysis was done only for parameters for which in ROC analysis the AUC
value was moderate (>0.762). Each serum sample is represented by a vector of three features: MAA relative reactivity,
MAA/SNA ratio, GSL-1I/RCA-I factor.
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Background: Endometriosis is an inflammatory disease leading to the growth of endometrial-
like tissue outside of the uterus, which affects approximately 10% of young women of repro-
ductive potential. The diagnosis of this disease is difficult, often invasive and time-consuming,
therefore non-invasive diagnostic methods are strongly desirable in endometriosis detection. The
aim of our project was to investigate whether any associations exist between the expression of
serum IgG fucosylation and advanced stages of endometriosis. We were also interested in
whether native serum IgG (s-1gG) fucosylation analysis, without prior 1gG isolation, could
provide a panel of parameters helpful in non-invasive diagnostics of advanced endometriosis.
Methods: 1gG fucosylation was examined using a lectin-ELISA test with fucose-specific
lectins: AAL and LCA, specific for core fucose al,6-linked, as well as LTA and UEA which
recognize o.1,3- and al1,2-linked fucose, respectively.

Results: ROC curve and cluster analysis showed s-1gG reactivities with the panel of fucose-
specific lectins AAL, LCA and LTA.

Conclusion: s-1gG reactivity with the panel of fucose-specific lectins AAL, LCA and LTA can
be taken into account as a useful diagnostic and clinical tool to differentiate women with
advanced endometriosis. Moreover, it has been shown that the analysis of native 1gG fucosyla-
tion directly in serum, without prior time-consuming, expensive IgG isolation, is sufficient to
distinguish advanced stages of endometriosis from a control group of healthy women.
Keywords: serum 1gG, 1gG fucosylation, lectin-ELISA, endometriosis

Introduction

Endometriosis, a painful, chronic inflammatory disease, is characterized by the growth
of endometrial-like tissue outside of the uterus. It affects about 10% of young women
of reproductive age. The symptoms of endometriosis are often nonspecific, and thus the
clinical diagnosis of the disease is very difficult.! Laparoscopic visualization is cur-
rently the only way to definitively detect endometriosis lesions, and remains the gold
standard for its diagnosis.>* Endometriosis is divided into four stages based on
anatomic location and disease severity: minimal, mild, moderate and severe - in
accordance with the revised American Fertility Society (rAFS) classification,® which
has been updated by the American Society for Reproductive Medicine (ASRM).5 The
etiology of endometriosis is not fully understood, and many factors may be involved in
the development and progression of the disease.”® The immunological aspects of
endometriosis pathophysiology are thought to be related to the innate immune
response, but the exact mechanisms remain unknown.®* Numerous studies support
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the fact that women with endometriosis have altered immune
parameters, with which may be associated decreased
immuno-surveillance, reduced T-lymphocyte-mediated cyto-
toxicity to autologous endometrial cells, and impaired recog-
nition of ectopic endometrial cells secondary to defective
NK-cell (natural killer) activity.!?* Glycosylation is
a common process of the post-translational modification of
proteins, including antibodies, and produces a variety of
glycan structures that encode a variety of information. Even
slight modification of glycans by the addition or removal of
a single sugar can dramatically alter a protein or antibody’s
structure and function, as well as interactions with the spe-
cific receptors that modulate biological responses.
Immunoglobulin G (IgG) is involved in the recognition,
neutralization and elimination of toxic antigens or pathogens,
and is represented in the highest percentage from all immu-
noglobulins in blood plasma.'® 1IgG molecule consists of two
heavy and two light chains that together form two portions of
antigen-binding Fab fragments and one portion of crystal-
lizable constant fragment, Fc. Two N-glycans are linked to
the heavy chains at Asn297 in the CH2 domain of the protein
backbone (Fc part). These Fc glycans are in part located in
a cavity between the two heavy chains and influence the
conformation of the protein.’®” IgG molecules are glyco-
proteins, and oligosaccharides attached to the 1gG Fc region
are important for antibody functionality such as binding to
cellular Fc receptors and complement activation. The core
moiety consists of a bi-antennary heptameric structure of
mannose and N-acetylglucosamine (GIcNAC), further deco-
rated with terminal and branching residues including galac-
tose, sialic acid, fucose, and GIcNAc. Variation in this
composition influences antibody affinity to FcyR and thus
antibody effector activity.'®2° Although considerable pro-
gress has been made in understanding the structural and
functional consequences of the presence or absence of var-
ious sugar moieties in 1gG Fc carbohydrates, the role of their
glycosylation is not yet fully understood and defined. In
addition to the oligosaccharide core, more than 95% of the
bi-antennary complex type structure of the final 1gG glycan
carries a N-acetylglucosamine on both arms,?*?2 and 85%
are fucosylated.?®> In mammals, the core fucosylation
(al,6-fucosylation) is the attachment of fucose to the inner-
most GICNACc at the reducing terminus of the N-glycans by
al,6-fucosyltransferase, FUT8. Fucosylation is one of the
major glycan modifications and regulates a huge variety of
physiological processes, including immune response, signal
transduction, and cell adhesion. The absence of core fucose
in 1gG1 glycans has been shown to result in increased

binding affinity to FcyRIlla and FeyRIIIb, due to glycan-
glycan interactions between Asn162 found only in FeyRIII
and Asn297.29242 Fycosylation also plays a key role in the
commitment, differentiation, and flexibility of immune cells,
and also in immune processes and diseases.?® Fucosylated
glycans participate in a variety of physiological and/or patho-
logical processes including tissue development, cell adhe-
sion, fertilization, angiogenesis and malignancy,? as well as
in tumor metastasis.?® The discovery how important role
fucosylation plays in immune cell development and func-
tional regulation significantly broadened the scope of fuco-
sylation investigations.?® The alterations in glycans
fucosylation has been observed in variety of inflammatory
conditions, among which there is rheumatoid arthritis
(RA),23% chronic pancreatitis,3* Crohn’s disease®® and
sclerosing cholangitis.® Changes in 1gG fucosylation have
been reported eg in neonatal alloimmune thrombocytopenia,
showing significantly reduced levels of fucosylated I1gG,
which suggests the specific regulation of 1gG fucosylation
and its potential role in autoimmunity.” In recent years,
significant progress has been made in understanding the
mechanisms that regulate the activity of IgG antibodies
in vivo. However, to the best of our knowledge, nothing is
known about the role of serum 1gG fucosylation in endome-
triosis etiology and disease progression, or the utility of this
parameter for disease diagnostics. Therefore, the aim of our
present study was to investigate whether any associations
exist between the expression of serum IgG fucosylation and
advanced stages of endometriosis. We were also interested in
whether native serum IgG fucosylation analysis, without
prior IgG isolation, may reach a panel of parameters which
would be helpful in the non-invasive diagnostics of advanced
endometriosis.

Materials and Methods

Blood sera were collected from women with advanced
endometriosis (stage Ill and 1V) (E; n = 40, median age
34 years, interquartile range (IQR) 30.5-40.5) and from
a group of women without endometriosis (NE: non-endo-
metriosis; n = 36, median age 39 years, IQR 33.5-42.0), at
the Department of Oncological Gynecology, Wroclaw
Comprehensive Cancer Center, Poland. E and NE groups
underwent surgical interventions, mainly laparoscopic, and
after histological verification were classified to the proper
group. One day after the surgery, once the diagnosis was
established, the serum for the study was obtained. Women
with endometriosis were classified by the extent and sever-
ity of disease according to the revised American Fertility
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Society (rAFS) classification. Blood sera from healthy
women (C: control group, n = 19, median age 39 years
IQR 35.0-48.0), were collected at the Department of
Laboratory Diagnostics, Wroclaw Medical University.
The non-endometriosis group, with severe dysplasia —
CIN 3 (cervical intraepithelial neoplasia grade 3) or leio-
myomas, was histologically confirmed with benign ovar-
ian cysts. The control group consisted of healthy,
premenopausal and non-pregnant women, without any
symptoms or history related to endometriosis. All serum
samples used in this study were collected from women on
any day of the menstrual cycle. The study was conducted
in agreement with the Helsinki-Il-declaration and the pro-
tocol was approved by the Bioethics Human Research
Committee of the Woroclaw Medical University
(Permission No. KB-293/2016 and KB-719/2018). Before
starting the study, all participants gave written and
informed consent.

The IgG fucosylation profile and degree was deter-
mined using a modified lectin-ELISA test. The method
was based on the reactivity of 1gG sugar moieties with
four  fucose-specific  biotinylated lectins  (Vector
Laboratories Inc., Burlingame, CA, USA): 1) Aleuria
aurantia lectin (AAL, recognizing fucose al,6-linked to
the N-acetylglucosamine core of N-glycans and with
lower affinity fucoses al,2-, al,3- and al,4-linked of the
outer arms,® 2) Lens culinaris agglutinin (LCA, recog-
nizing sequences containing fucosylated tri-mannose
N-glycan core sites), 3) Lotus tetragonolobus agglutinin
(LTA, specifically reacting with fucose al,3-linked to
GIcNAc, characteristic for Lewis* oligosaccharide struc-
tures, however, it can also slightly react with fucose
typical for Lewis® and Lewis¥ structures. The expression
of terminal sialic acid a2,3-linked in glycoprotein glycan
structures disturb the recognition by LTA of fucose
al,3-linked.3® The fourth lectin was Ulex europaeus
agglutinin  (UEA), specific to antennary fucoses
al,2-linked to Gal and al,3-linked to GIcNAc (Lewis¥
sugar structures), but the presence of UEA-reactive fucose
al,2-linked prevents the formation of sialyl-Lewis* gly-
can structures.*

Lectin-ELISA

The lectin-ELISA test was performed according to the
procedure previously described,* with slight modification.
In short: the microtiter plates were incubated with

0.01 mg/mL protein G solution (Abcam, United States)
in 10mM TBS pH 7.4 (2h, 37°C, and next at 4°C

overnight). Next, the plates were coated with native/iso-
lated 1gG diluted with 10 mM TBS-T0.1% (pH 7.4) in the
amount of 500 ng 1gG in 50 pL solution per well, and
incubated (3h, 37°C). Additionally, in this step, for exam-
ination of LCA and AAL reactivities, the plates bound
with 1gG were reduced with dithiothreitol (DTT) (70
min, 37°C). The plates were incubated for 90 min at
37°C with biotinylated lectins diluted with 10mM TBS-
T0.1% as follows: AAL-1:2000, LCA-1:2000, LTA-1:100,
UEA-1:250. In the next step the plates were incubated
with phosphatase-labelled ExtrAvidin for 1h at room tem-
perature, and then the phosphatase reaction was developed
at 37°C with a substrate, p-nitrophenyl-phosphate. The
reaction was stopped with 100 pL of 1mM NaOH per
well and the absorbance was measured at 405 nm with
a reference filter A=630 nm, using Mindray-96A micro-
plate reader (Shenzhen Mindray Bio-Medical Electronics
Co, China). After each incubation step the plates were
extensively washed with 10 mM TBS-T0.1%, pH 7.4.
All samples were analyzed in duplicate. Blank sample
background absorbance was measured for samples con-
taining all reagents, except biological sample which was
replaced by 10 mM TBS-T0.1%, pH 7.4. The relative
reactivities of samples’ with lectins were expressed in
absorbance units (AU). IgG levels, necessary for the cal-
culation of 1gG amount to lectin-ELISA, in whole sera
(s-1gG), had been previously measured using the turbidi-
metric method,*? and those in IgG isolates (i-1gG) were
estimated by the BCA method (described below).

IgG Isolation

Immunoglobulin G was isolated from blood serum using
affinity chromatography on a Protein A/Protein
G Sepharose column, according to the method described
earlier by Ey et al*® and in our previous study.*

Statistical Analysis

Statistical analysis was performed using the statistical soft-
ware STATISTICA 13.3PL (StatSoft, Poland). Obtained
results were presented as means and standard deviations
(SD), and distributions of the values within the analyzed
groups were presented as box-whisker plots with median
and interquartile (25th-75th percentile) ranges. The values
of examined parameters did not fit normal distribution
according to a Shapiro—Wilk W-test, and thus to determine
differences among the studied groups the nonparametric
Mann-Whitney U-test was used. The correlations were esti-
mated according to the Spearman rank test with a 95%
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confidence interval. A two-tailed p-value of less than 0.05
was considered as significant. The diagnostic significance of
the examined parameters was analyzed using receiver oper-
ating characteristic (ROC) curves. Additionally, cluster ana-
lysis was performed for fucose expression in s-1gG and i
IgG, only for those reactivities with lectins for which the
area under the curve (AUC) values, determined in ROC
analysis, were simultaneously moderate or high, and differ-
entiated the E group from the control group of healthy
women. In this analysis, the results are presented as
a dendrogram, beginning from one cluster in which all
subjects (patients and healthy women) are gathered. The
subjects were clustered, those which were similar in terms
of values of all the analyzed traits were grouped together
and different ones formed a separate cluster. In brief,
a greater distance of separation reflects greater differences
in subject characteristics. Using an Euclidean metric on the
original data points were analyzed and calculated the simi-
larities between samples with no reference to the clinical
status of the samples. The order of statistical analyses per-
formed in the present study was based on our previous
experience.*+#

Results

The relative reactivities of serum IgG glycans with fucose-
specific biotinylated lectins are presented in Table 1 as
mean absorbance values and standard deviations (SD) for
each analyzed group. The distributions of 1gG glycans
relative reactivities with lectins used, measured for the
control, E and NE groups, are shown in Figure 1.

The expression of AAL-reactive core fucose in s-1gG
was significantly lower in E and NE groups (0.029 + 0.010

AU, median 0.027 AU, p <0.000001 and 0.028 +0.014 AU,

median 0.026 AU, p < 0.000001, respectively) than for the
control group (0.056 = 0.015 AU, median 0.054 AU). The
relative reactivities of i-1gG with AAL were significantly
higher for the control group (0.140 + 0.043 AU, median
0.126 AU) than in E and NE groups (0.055 + 0.033 AU,
median 0.045 AU, p < 0.000001 and 0.093 + 0.022 AU,

median 0.090 AU, p = 0.0000026, respectively). The relative
reactivities of s-1gG with LCA were significantly higher for
the E group (0.587 £ 0.124 AU, median 0.563 AU) than
those measured for the NE (0.461 + 0.109 AU, median 0.452
AU, p = 0.000020) and control (0.467 + 0.093 AU, median
0.467 AU, p =0.000677) groups (Table 1, Figure 1).

The relative reactivities of s-1gG and i—1gG glycans with
LTA specific to fucose a1,3-linked were significantly lower
in the control group (0.213 £ 0.293 AU, median 0.114 AU
and 0.185 +0.155 AU, median 0.143 AU, respectively) than
in E (0.421 + 0.149 AU, median 0.397 AU, p = 0.000008
and 0.603 + 0.347 AU, median 0.503 AU, p < 0.000001,
respectively) and NE (0.352 + 0.152 AU, median 0.327 AU,
p = 0.00052 and 0.540 + 0.280 AU, median 0.462 AU,
p < 0.000001, respectively) groups (Table 1, Figure 1).

The relative reactivity of s-1gG with UEA reactive with
fucose al,2-linked was lower in the E and NE groups
(0.048 £0.032 AU, median 0.042 AU and 0.055 + 0.041
AU, median 0.045 AU, respectively) than for the control
group (0.067 + 0.041 AU, median 0.054), however, these
differences were insignificant (p > 0.05). Relative reactiv-
ities of i—1gG with UEA were significantly higher for the
control group (0.193 + 0.097 AU, median 0.172 AU) than
for the E (0.012 + 0.015 AU, median 0.008 AU,

Table | Relative Reactivities of Serum Native IgG and Isolated Serum IgG Glycans with Fucose-Specific Lectins

Groups Relative Reactivity with Lectins (AU)
AAL (s) AAL (i) LCA (s) LCA (i) LTA(s) LTA (i) UEA (s) UEA (i)
E 0.029+0.010 0.055+0.033 0.587+0.124 0.540+0.151 0.421+0.149 | 0.603+0.347 | 0.048+0.032 | 0.012+0.015
n=40
NE 0.028+0.014 | 0.093£0.022 | 046l £0.109 | 0.524+0.110 | 0.352+0.152 | 0.540+0.280 | 0.055+0.04I 0.016+0.010
n=36 p"<0.000001 p"=0.000020 p*=0.004
Control 0.056+0.015 0.140+0.043 0.467+0.093 0.903£0.105 | 0.213+0.293 | 0.185%0.155 | 0.067+0.045 | 0.193%0.097
n=19 p"<0.000001 p"<0.000001 p"=0.000677 p"<0.000001 p*=0.000008 | p*<0.000001 <0.000001
p<0.000001 | pB= 0.000026 p<0.000001 p®=0.00052 | pt<0.000001 p<0.000001

Notes: The results are expressed in absorbance units (AU) as mean values + standard deviation (SD). Serum IgG glycan reactivities with lectins were examined by lectin-
ELISA and expressed in absorbance units (AU). For lectins specificity see Materials and methods section. Significant differences versus groups: Awith endometriosis (E), Bnon-
endometriosis (NE). Control - group of healthy women. Statistically significant differences were accepted for a p-value of less than 0.05.

Abbreviations: s-IgG, serum native IgG; i—IgG, isolated serum IgG; AAL, Aleuria aurantia agglutinin, LCA, Lens culinaris agglutinin; LTA, Lotus tetragonolobus agglutinin; UEA,
Ulex europaeus agglutinin.
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Figure | Relative reactivities of serum native IgG (s-IgG), and isolated serum IgG (i-IgG) glycans with fucose-specific lectins: AAL - Aleuria aurantia lectin, LCA - Lens culinaris
agglutinin, LTA - Lotus tetragonolobus agglutinin, UEA - Ulex europaeus agglutinin (A—D). For lectins specificity see Materials and methods section. Significant differences versus
groups: AE, BNE. Median is indicated as a square. A two-tailed p-value of less than 0.05 was considered as significant (*p < 0.05; **p < 0.001).

Abbreviations: E, endometriosis; NE, non-endometriosis; C, control group of healthy women.

p < 0.000001) and NE (0.016 + 0.010 AU, median 0.013
AU, p <0.000001) groups (Table 1, Figure 1).

The Spearman rank test was used to analyze the correla-
tions between relative reactivities of lectins tested with IgG
glycans (s-1gG and i-1gG), and the results of the analysis
are shown in Table 2 and Figure 2. A high positive correla-
tion between the relative reactivities of AAL and LCA
(r = 0.566, p < 0.000001) with glycans of i—IgG was
observed. Average and weak negative correlations were
also observed between the relative reactivities of s-1gG
and i-1gG glycans with AAL and LTA (r = - 0.350,
p = 0.0005; r = - 0.292, p = 0.004, respectively). High
positive correlations exist between AAL and UEA relative
reactivities with i-lIgG glycans (r = 0.610, p < 0.000001).
For s-1gG relative reactivities with AAL and UEA, the
correlation was average and weaker than for i-IgG
(r = 0.437, p = 0.000009). Average negative correlation

between relative reactivities with LCA and LTA (r = -
0.352, p = 0.0004) of i-lgG glycans was observed.
Positive average correlation between LCA and UEA rela-
tive reactivities (r = 0.475, p = 0.000001) with i—1gG gly-
cans was observed. A weak negative correlation was
observed between i-IgG glycans relative reactivities with
LTA and UEA (r = - 0.270, p = 0.008) (Table 1).

The comparison of s-1gG and i-lgG relative reactivities
with lectins used shows the presence of a high positive
correlation in LTA relative reactivities examined for s-19G
and i-1gG (r = 0.583; p < 0.000001). Average positive
correlations in AAL, as well as in UEA relative reactivities
with 1gG glycans were observed between s-1gG and i-IgG
(r = 0.405; p = 0.000045 and r = 0.465; p = 0.000002,
respectively). The positive correlation between relative
reactivities of s-1gG and i-1gG glycans with LCA was
weak (r = 0.257; p = 0.011) (Figure 2).
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Table 2 The Correlations Between Relative Reactivities of IgG
Glycans with Fucose-Specific Lectins

Correlations Between s-1gG i-lgG
Lectins’ Relative
. Spearman Rank | Spearman Rank
Reactivities
Coefficient (r) Coefficient (r)
AAL vs LCA r=0.566
$<0.000001
AAL vs LTA r=—0.350 r=—0.292
p=0.0005 p=0.004
AAL vs UEA r=0.437 r=0.610
p=0.000009 $<0.000001
LCA vs LTA r=—0.352
p=0.0004
LCA vs UEA r=0.475
$=0.000001
LTA vs UEA r=—0.270
p=0.008

Notes: For lectins specificity see Materials and methods section. A two-tailed
p-value of less than 0.05 was considered as significant.

Abbreviations: s-IgG, serum native IgG; i-IgG, isolated serum IgG; AAL, Aleuria
aurantia lectin; LCA, Lens culinaris agglutinin; LTA, Lotus tetragonolobus agglutinin;
UEA, Ulex europaeus agglutinin.

ROC Curve Analysis

ROC curve analysis of relative reactivities of s-1IgG glycans
with fucose-specific lectins in advanced endometriosis and
control groups identified parameters with a sensitivity and
specificity, respectively: for AAL 0.950 and 0.737 (AUC
0.926 — high clinical value); for LCA 0.825 and 0.579 (AUC
0.775 — moderate clinical value); for LTA 0.925 and 0.842
(AUC 0.862 — moderate clinical value); for UEA 0.600 and
0.632 (AUC 0.631 — limited clinical value). For i-IgG the
obtained results were the following: for AAL 0.875 and 1.0
(AUC 0.953 - high clinical value); for LCA 0.950 and 0.947
(AUC 0.978 —high clinical value); for LTA 0.825 and 0.947
(AUC 0.923 — high clinical value); for UEA 0.975 and 1.0
(AUC 0.997 — high clinical value). For the determination of
cut-off points (Figure 3 and Table 3) the Youden index method
was used. The clinical value of a laboratory test, based on
AUC value, can be defined as: 0-0.5 — zero, 0.5-0.7 — limited,
0.7-0.9 — moderate and > 0.9 high.*

Cluster Analysis

The relative reactivities with AAL, LCA and LTA were
selected from the panel of parameters investigated among
the expression of s-1gG and i—1gG glycans used for differ-
entiation the group of patients with endometriosis from the

group of healthy women. They were taking into account the
values of relative reactivities with those lectins which
simultaneously meet the following criteria: they differenti-
ate the endometriosis women from the control group of
healthy women, as well as having moderate and high
clinical value according to the results of ROC analysis
(AUC > 0.775). The analysis was performed for 59 sam-
ples, for which all three selected parameters were deter-
mined, and was conducted separately for s-1gG and i-1gG.
In the case of s-1gG, the first cluster could be separated as a
group of 1 control sample (Figure 4 and Table 4) at 87%
distance. The next cluster, separated at 50.7% distance
(Cluster 2), consists of 18 samples from which 16 samples
were from women with endometriosis (40% from the
whole endometriosis group). The next cluster (Cluster 3
at 46.7% distance) was separated as a homogenous group
of 16 endometriosis samples (40% of the whole endome-
triosis group). The last cluster (Cluster 4) consists of 8
endometriosis samples and 16 samples from the control
group (84% of the whole control group). For i-l1gG (Figure
5 and Table 5) the first cluster was separated at distance
97.5%. This group was homogenous and consists of 9
endometriosis samples (22.5% of the whole group). The
next cluster (No 2) was separated at 75% distance, in
which all samples from the control group were gathered
(100%). Cluster 2 and 3 (homogenous, composed of only
endometriosis samples) were distinguished at dis-
tance 52%.

Discussion

While the 1gG fucosylation study is not a new field in
glycoimmunology, to the best of our knowledge this is the
first investigation to analyse the human serum 1gG fuco-
sylation profile and degree in endometriosis using lectin-
ELISA. This method, contrary to other methods used for
analysis of the quantitative and qualitative composition of
glycoprotein glycans, enables us to assess the interactions
that occur in a living organism between monosaccharide
residues of glycoprotein glycans and the corresponding
ligands, which are particularly interesting and valuable in
our opinion. We compared the obtained results with those
for isolated serum IgG, aiming to check whether native
serum IgG fucosylation analysis, without prior 1gG isola-
tion, is enough and satisfactory for the differentiation of
advanced endometriosis from the control group of healthy
women.
We demonstrated that for native and isolated serum
IgG, the expression of AAL-reactive core fucose was
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Figure 2 The correlations between relative reactivities of s-IgG and i-IgG glycans with fucose-specific lectins (A-D). For lectins’ specificity see Materials and methods

section. A two-tailed p-value of less than 0.05 was considered as significant.

Abbreviations: s-IgG, serum native IgG; i-IgG, isolated serum IgG; AAL, Aleuria aurantia lectin; LCA, Lens culinaris agglutinin; LTA, Lotus tetragonolobus agglutinin; UEA, Ulex

europaeus agglutinin.

significantly lower in patients with non-endometriosis and
advanced endometriosis when compared to the healthy
women, and AAL-reactivity significantly varied between
E and NE groups only for isolated 1gG. In the case of
the second lectin specific for core fucose, LCA, the
obtained relative reactivity values were significantly dif-
ferent for s-1gG and i—IgG between the endometriosis
group and the group of healthy women, and only for
s-1gG did the expression of LCA-reactive fucose signifi-
cantly differ between NE and E groups, which is particu-
larly important considering the need to differentiate
endometriosis from other gynaecological inflammatory
diseases. On the other hand, only for i—1gG do the relative
reactivities with LCA differentiate NE from the control
group. The observed differences in AAL and LCA relative
reactivities between analyzed groups of s-1gG and i-l1gG

may be caused by unnecessary identical specificity of both
lectins, because AAL, except al,6-linked fucose, may also
detect antennary fucose al,3-linked as a part of Lewis*
oligosaccharide structures, which could influence the
obtained results. Moreover, taking into account the above
information, the most plausible explanation for the
observed differences in s-1gG and i-IgG reactivities with
AAL and LCA may be the slightly different sugar residue
availability for the lectin. Due to the fact that methods of
determination based on the simplest procedures, ie without
the need to carry out complicated and time-consuming
isolation procedures of the glycoprotein from the biologi-
cal material, are the most valuable in terms of their possi-
ble application in the diagnostics of endometriosis, and
other diseases, the comparisons of reactivity with fucose-
specific lectins carried out for native IgG and 1gG isolated
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lectin), LCA (Lens culinaris agglutinin), LTA (Lotus tetragonolobus agglutinin) and UEA (Ulex europaeus agglutinin) was done for women with endometriosis and healthy subjects
(A-H). For lectins’ specificity see Materials and methods section.
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Table 3 Receiver Operating Characteristic Curve Analysis of Serum Native IgG and Isolated Serum IgG Relative Reactivities with
Fucose-Specific Lectins

Reactivity with Lectin AUC AUC with 95% Cut-Off Point Sensitivity Specificity p
Confidence
Interval

s-1gG
AAL 0.926 0.861-0.992 0.044 0.950 0.737 0.0000
LCA 0.775 0.647-0.903 0.470 0.825 0.579 0.0000
LTA 0.862 0.723-1 0.226 0.925 0.842 0.0000
UEA 0.631 0.480-0.782 0.045 0.600 0.632 0.0889

i-1gG
AAL 0.953 0.899-1 0.082 0.875 | 0.0000
LCA 0.978 0.947—-1 0.734 0.950 0.947 0.0000
LTA 0.923 0.838-1 0.273 0.825 0.947 0.0000
UEA 0.997 0.99-1 0.045 0.975 | 0.0000

Notes: For lectins’ specificity see Materials and methods section. The analysis was done for advanced endometriosis and control group of healthy women. The values of area
under the curve (AUC) 20.775 were bolded. AUC value can be defined as: 0-0.5 — zero, 0.5-0.7 — limited, 0.7-0.9 — moderate and > 0.9 high.

Abbreviations: s-IgG, serum native IgG; i—IgG, isolated serum IgG; AAL, Aleuria aurantia lectin; LCA, Lens culinaris agglutinin; LTA, Lotus tetragonolobus agglutinin; UEA, Ulex
europaeus agglutinin.

from the sera are, in our opinion, of particular importance.  only seem to confirm the hypothesis about differences in
The observed strong positive correlations between AAL  sugar moieties availability for lectins between s-1gG and i—
and LCA reactivity (r = 0.566, p < 0.000001) for i-lgG  IgG.
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Figure 4 Dendrogram of cluster analysis for values of serum native IgG (s-IgG) relative reactivities with AAL (Aleuria aurantia lectin), LCA (Lens culinaris agglutinin) and LTA
(Lotus tetragonolobus agglutinin). The cluster analysis was done only for parameters for which in receiver operating characteristic curve analysis the value of area under the
curve was moderate or high (2 0.775), which significantly differentiates endometriosis patients from healthy women. Each serum sample is represented by a vector of three
features: AAL, LCA and LTA relative reactivities with s-IgG.

Abbreviations: E, endometriosis; C, control group of healthy women.
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Table 4 Results of Cluster Analysis for Values of Serum Native
IgG Relative Reactivities with AAL, LCA and LTA

Table 5 Results of Cluster Analysis for Values of Isolated Serum
IgG Relative Reactivities with AAL, LCA and LTA

Notes: E — endometriosis, C — control group of healthy women. Cluster analysis
was performed only for parameters for which in receiver operating characteristic
curve analysis the value of area under the curve was moderate or high (= 0.775),
and which significantly differentiated endometriosis patients from healthy women.
Each serum sample is represented by a vector of three features: AAL (Aleuria
aurantia lectin), LCA (Lens culinaris agglutinin) and LTA (Lotus tetragonolobus aggluti-
nin) relative reactivity.

Despite the fact that endometriosis is a benign disease,
accompanied by the development of inflammation,*¢ its
infiltration of peripheral organs and invasion of distant organs
resembles the metastasis of malignant disease.*”°
Fucosylation of the IgG Fc region is regulated to drive

Group Cc E Group C E
N=19 N=40 N=19 N=40
The Number of Samples (Percentage The Number of Samples (Percentage
Cluster .. Cluster e .
No Participation in Whole Group) No. Participation in Whole Group)
4 (n=24) 16 (84%) 8 (20%) 3 (n=29) 0 (0%) 29 (72.5%)
3 (n=16) 0 (0%) 16 (40%) 2 (n=21) 19 (100%) 2 (5%)
2 (n=18) 2 (10.5%) 16 (40%) I (n=9) 0 (0%) 9 (22.5%)
1 (n=1) 1 (5.5%) 0 (0%) Notes: E — endometriosis, C — control group of healthy women. Cluster analysis
was performed only for parameters for which in receiver operating characteristic

curve analysis the value of area under the curve was moderate (= 0.775), and
which significantly differentiated endometriosis patients from healthy women. Each
isolated serum IgG sample is represented by a vector of three features: AAL (Aleuria
aurantia lectin), LCA (Lens culinaris agglutinin) and LTA (Lotus tetragonolobus aggluti-
nin) relative reactivity.

appropriate pro-inflammatory effector cell functions, and
changes leading to the modification of 1gG Fc glycans are
key regulators of antibody activity in vivo. While Fc sialylation
plays an active role in anti-inflammatory signaling and in the
maturation of adaptive immune responses, fucosylation of the
Fc is regulated to drive appropriate pro-inflammatory effector

Cluster 3

Cluster 2

Cluster 1
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Figure 5 Dendrogram of cluster analysis for values of isolated serum IgG (i—IgG) relative reactivities with AAL (Aleuria aurantia lectin), LCA (Lens culinaris agglutinin) and LTA
(Lotus tetragonolobus agglutinin). Cluster analysis was performed only for parameters for which in receiver operating characteristic curve analysis the value of area under the
curve was higher than 2 0.775, and which significantly differentiated endometriosis patients from healthy women. Each serum i-IgG sample is represented by a vector of

three features: AAL, LCA and LTA relative reactivity.
Abbreviations: E, endometriosis; C, control group of healthy women.
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cell functions. Reduced core fucosylation is typical for inflam-
matory conditions and abnormal glycosylation patterns of
glycoproteins are associated with variety of diseases, such as
inflammation or cancer, as shown in many previous
studies.5*52 Endometriosis induces a variable amount of
inflammatory reactions in the pelvic environment, depending
on the stage and morphologic appearance of disease.>*>* The
inflammatory reaction associated with endometriosis has been
demonstrated both in vitro and in vivo by the infiltration of
immune cells and the presence of a number of primary and
secondary inflammatory mediators in tissues and body
fluids.5>%¢ The molecular mechanism by which fucosylation
affects ADCC has long remained unknown. Studies of
Okazaki et al®” showed that the afucosylated antibody binds
to the FcyRlIlIa receptor with greater affinity than the fucosy-
lated version (31-21 fold). Increased affinity is achieved by
engaging in additional non-covalent (enthalpy driven) interac-
tions. Ferrara et al?® and Mizushima et al?® demonstrated that
the fucose moiety clashes with saccharide units of the
N-glycan of the receptor FcyRIIla, thus imposing steric hin-
drance and thereby explaining the unfavorable interaction in
the fucosylated state. This explanation is consistent with pre-
vious data showing that the N-glycan of FeyRIlla is compatible
with the afucosylated N-glycan of IgG-Fc.%85° In the present
research we showed that the s-1gG and i-1gG glycans, except
for AAL- and LCA-reactivity detecting core fucose, may also
react with LTA and UEA, which may suggest the presence of
al,3-linked, and a1,2-linked antennary fucose, characteristic
for Lewis* and Lewis¥ oligosaccharide structures, respectively.
The relative reactivities of s-1gG and i-IgG glycans with LTA
were significantly reduced in the group of healthy women in
comparison to the endometriosis and non-endometriosis
groups. The antennary fucoses, as part of Lewis*/sialyl-
Lewis* and LewisY oligosaccharide structures, are involved
in eg recognition between cells, embryo development or dis-
ease processes.®%6! The expression of UEA-reactive glycans
of s-1gG and i-1gG was very low and the significant differences
between endometriosis and NE group versus control group,
and between E versus NE group were observed for i-1gG only.
However, as documented in many studies investigating 1gG
fucosylation, 1gG is mainly core-fucosylated.?®?682 In our
previous studies on 1gG glycosylation we reported the presence
of LTA- and UEA-reactive fucose in synovial fluid 1gG
glycans,®® and for glycans of human seminal plasma 1gG.%
Flogel et al®® and Gornic et al% in their study documented that
serum IgG may be also decorated by UEA-reactive fucose.
Zauner et al® reported that in 1gG, fucose can be attached not
only to the first GICNAC residues in the core glycan part (core

fucose) but also to the terminal Gal residues of the glycan
antennas. Therefore, it was not a big surprise for us that
serum 1gG glycans may react also with UEA and LTA,
which are specific to antennary fucose. The observed weak
and strong positive correlation for s-IgG and i-1gG oligosac-
charide structures, respectively, between AAL and UEA rela-
tive reactivities may suggest the simultaneous increased
expression of glycans, not necessarily the same, which are
decorated by core fucose as well as by UEA-reactive fucose
al,2-linked.

Based on the results of our previous study concerning
sialylation of serum IgG in endometriosis** we also
observed the presence of strong positive correlations
between the specific reactivity of s-1gG and i-1gG with
AAL, LCA and UEA, and their reactivity with sialo-spe-
cific lectin MAA (data not shown). The above observation
is in accordance with the fact that highly sialylated 1gG
with a high content of fucose has a protective effect,
because increased expression of fucose in IgG glycans
contributes to a decrease in antibody-dependent
cytotoxicity,% 7! increases the stability of the Fc fragment
of 19gG®? and, together with an increase in sialic acid
expression, enhances the anti-inflammatory properties of
19G.5%2 Comparing the lectins’ relative reactivities in
each of the analyzed groups for s-1gG and i—-IgG glycans,
they more or less differ from each other, which may be due
to differences between native s-1gG and i-lgG isolated
from serum in the availability of sugar residues for
lectins.** It should be taken into account that N-glycans
are present not only in the IgG Fc region. Estimates of the
percentage of Fab-glycosylated 1gG in healthy individuals
range from ~15% to 25%, depending on the method used
for glycans detection and analysis. As for the Fc region,
the amounts and types of Fab glycans can vary under
certain physiological and pathological conditions.”? The
observed higher level of LCA-reactive core fucose expres-
sion in i-1gG, on the contrary to s-1gG, in the group of
healthy women in comparison to the E group, may be due
to the fact that IgG N-glycans may be expressed and
detected in Fc and Fab IgG regions as well, and the
process of IgG isolation may have a positive impact on
the core fucose availability for lectins, especially those
which compose glycans of Fc region. This seems to be
confirmed by the positive correlations observed between
the relative reactivities of s-1gG and i—-1gG oligosacchar-
ides with fucose-specific lectins which, however signifi-
cant, were weak, and strong only for LTA reactivity.
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In our previous study*? we reported that the values of
total serum 1gG concentration were significantly reduced
in women with advanced stages of endometriosis in com-
parison to the healthy controls. We hypothesized that this
phenomena may be associated with the follicular phase of
the patients” menstrual cycle, as well as may be caused by
the treatment of women with glucocorticoids used eg for
allergies. The therapy used may eliminate the inflamma-
tory reaction accompanying endometriosis. Unfortunately,
we have no information about allergic diseases diagnosed
or menstrual cycle phases in the studied groups of
women.*? As in the present study we observed that some
serum samples showed extremely high 1gG relative reac-
tivity with the lectins used, we wanted to check the possi-
ble cause for these results, and we decided to analyse the
concentrations of commonly known and routinely deter-
mined parameters of inflammation CA 125 and hsCRP,
analyzed and discussed in our previous study.*? We
noticed that from nine samples with extremely high reac-
tivity of 1gG glycans with fucose-specific lectins, only
three have CA 125 levels slightly exceeding physiological
level (data not shown), and only one has a slightly
increased hsCRP concentration. This additionally confirms
the complexity of the processes that accompany the devel-
opment of inflammation, the interrelationships of which
are not fully understood, and their course may be influ-
enced by many factors that are not always recognized.
Kokot et al*? also observed significant negative correla-
tions between serum total 1gG concentrations and the
levels of CA 125 and hs-CRP. In the present study, we
observed the presence of significant negative correlations
between total serum IgG levels and IgG relative reactivity
with LTA, specific to al,3-linked fucose of Lewis* oligo-
saccharide structures, and LCA detecting core fucose (data
not shown), which indicates that decreased total serum
IgG levels are accompanied by an increased degree of
IgG fucosylation. On the other hand, significant positive
correlations between CA 125 levels and relative reactiv-
ities of 1gG glycans with LTA and LCA (data not shown)
may additionally confirm that degree of 1gG fucosylation
is closely related to the development of inflammation.

To check the utility of the results obtained for the
differentiation of s-1gG and i—1gG fucosylation in a way
that reflects their clinical characteristics typical for
advanced endometriosis, versus a group of healthy
women, we analyzed the values of core fucose expression
(AAL and LCA reactivity) and the expression of LTA- and
UEA-reactive fucose, using ROC curve analysis. For

s-1gG and i-IgG, the cut-off point for AAL reactivity
was 0.044 AU (AUC 0.926) with sensitivity 95% and

specificity 73.5%, and 0.082 AU (AUC 0.953) with sensi-
tivity 87.5% and specificity 100%, respectively, which
reflects that this parameter has a high clinical value. For
LCA, the proposed cut-off point was 0.47 AU (AUC
0.775) with sensitivity 82.5% and specificity 57.9%, and

0.734 AU (AUC 0.978) with sensitivity 95% and specifi-
city 94.7% for s-1IgG and i-lgG, respectively, which
proves that this parameter has moderate and high clinical
value, respectively. The ROC curve analysis of LTA rela-
tive reactivity shows that for s-1gG the cut-off point was

0.226 AU (AUC 0.862, which shows a moderate clinical
value) with sensitivity 92.5% and specificity 84.2%, but
for i-1gG this parameter has a high clinical value and the
proposed cut-off point was 0.273 AU with AUC 0.923,
sensitivity 82.5% and specificity 94.7%. Although the
results of the ROC analysis showed that for i-1gG, but
not for s-19G, UEA relative reactivity also has high clin-
ical value (AUC 0.997, cut-off point 0.045 AU, sensitivity
97.5%, specificity 100%) and may be taken into account as
a specific marker for endometriosis, we selected only
AAL, LCA and LTA reactivity for the cluster analysis,
taking into consideration only these parameters which
simultaneously differentiate patients with advanced endo-
metriosis from healthy subjects and have at least moderate
clinical value, documented by ROC curve analysis. It
should also be mentioned that ROC curve analysis was
also performed to check the utility of s-1gG and i-1gG
fucosylation determination in a way that reflects their
clinical characteristics, typical for the group of women
without endometriosis (NE group) but with other gynae-
cological diseases, versus the advanced endometriosis
group and the group of healthy women, however, the
results obtained showed no clinical value (data not
shown). Another reason for this selection was the aim of
our study, which was to check whether any changes in the
profile and degree of s-IgG fucosylation could become
additional diagnostic markers enabling the differentiation
of women with advanced endometriosis from the control
group of healthy women. Cluster analysis additionally
confirmed the utility of the values of the AAL, LCA and
LTA relative reactivity with 1gG glycans for differentiation
of advanced endometriosis patients from the group of
healthy subjects. For s-IgG the fourth cluster differed
with regard to the clinical characteristics of women, gath-
ering 84% of samples from the whole group of healthy
women (16 from 19) and 8 samples from the
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endometriosis group (20% from the whole E group). From
three clusters formed for i-1gG, cluster 2 gathered 100% of
samples from the group of healthy women and only 5% of
samples from women with endometriosis .

The aim of our study was to check whether the analysis
of immunoglobulin G fucosylation profile and degree may
be usable as markers differentiating endometriosis from
the physiological state, and the results obtained in the
present study seem to meet this criterion. Especially
important are the findings which inform us that while for
IgG isolates the differences between the E and control
group were more spectacular, the IgG fucosylation analy-
sis directly in serum, without prior 1gG isolation, may also
be diagnostically useful in advanced endometriosis. The
lectin-ELISA method we used for this purpose, which
mimics the interaction between glycan and lectin that
occurs in vivo, including the availability of sugar moieties,
additionally enabled us to deepen our knowledge about the
molecular mechanisms of these reactions. However, we
must remember that most of the lectins used do not have
an absolute specificity and therefore can bind to similar
carbohydrate structures with various affinities. Under
unfavorable conditions, or due to the unavailability of the
most preferred attachment site, lectins may bind to other
structures for which they have a lower affinity.”
Endometriosis has a profound impact on women’s lives,
including associated pain and infertility, which decrease
the quality of their lives. For many women, the road to the
diagnosis of endometriosis is long and full of obstacles,
therefore any additional biomarker which can help with
faster and more accurate non-invasive diagnostics of endo-
metriosis is especially valuable, and searching for them
should be a priority. An additional finding resulting from
our research is the re-confirmation of one from our pre-
vious studies, that in order to be able to draw correct
conclusions about the diagnostic usefulness of the para-
meters determined in the sera of patients with endometrio-
sis, the control group should be composed of completely
healthy women, and not non-endometriosis patients suffer-
ing from other gynaecological diseases.**> Of key impor-
tance here is the inflammation accompanying both
endometriosis and other female disorders, which affects
the expression of many biochemical parameters, including
changes in IgG glycosylation, often regardless of the dis-
ease it is associated with. The current research additionally
confirms our previous observations on this topic.*4
Moreover, the lack of a representative group of patients
with early-stage endometriosis makes it impossible the

verification of analyzed in this study parameters and
further evaluation whether they may be useful biomarkers
the early stages development of endometriosis, which is
a limitation of our study, but also a direction of future
investigations.

Conclusion

Endometriosis has a profound effect on women’s lives,
and in many cases the path to diagnosis of endome-
triosis is long and full of obstacles. The relatively fast,
non-invasive diagnosis of disease should be a priority,
unfortunately the diagnostic process of endometriosis is
difficult, expensive and often invasive, therefore the
search for new patient-friendly diagnostic methods
and parameters is necessary. Based on current knowl-
edge, disease development is associated with inflam-
matory processes, especially in the advanced stages of
endometriosis, markers of which can also be detected
in peripheral blood serum. In light of the above infor-
mation and the results obtained in the present study,
the analysis of the profile and degree of serum IgG
fucosylation may be very promising in the diagnostics
of advanced endometriosis, and may be useful as an
additional parameter for medical interviews and tests.
The proposed panel of parameters which are the
expression in IgG glycans of AAL- and LCA-reactive
core fucose and al,3-linked fucose recognized by LTA,
could be taken into account as a useful clinical marker
to diagnose women with advanced endometriosis, how-
ever, its clinical utility in everyday practice for disease
diagnostics needs to be evaluated in further studies. It
would also be interesting to check whether the deter-
minations of the parameters we selected could be help-
ful in the diagnosis of the early stages of
endometriosis, enabling the detection of the disease at
an early stage of its development, which would be
particularly valuable from the patients’ point of view.
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Abstract: Endometriosis is a gynecological disease, the pathogenesis of which seems to be di-
rectly related to inflammatory processes with an immune basis. Our study aimed to analyze
the O-glycosylation of native serum IgG and IgG isolated from sera of women with advanced
endometriosis, without endometriosis but with benign gynecological diseases, and from a control
group of healthy women, in the context of its utility for differentiation of advanced endometriosis
from the other two groups of women studied. For the analysis of serum IgG O-glycosylation and the
expression of multi-antennary N-glycans, lectin-ELISA with lectins specific to O-glycans (MPL, VVL,
and Jacalin) and highly branched N-glycans (PHA-L) was used. The relative reactivities of isolated
serum IgG O-linked glycans with specific lectins as well as the MPL/VVL O-glycosylation ratio were
significantly higher in patients with advanced endometriosis and those with other gynecological
diseases when compared to the control group of healthy women. We also showed significantly
higher expression of PHA-L-reactive multi-antennary N-glycans in isolated IgG in the advanced
endometriosis and the non-endometriosis groups in comparison to the control group. Addition-
ally, significantly higher expression of Jacalin-reactive O-glycans in isolated IgG was observed in
the non-endometriosis than in the advanced endometriosis group. The results of the ROC curve
and cluster analysis additionally confirmed that the lectin-based analysis of isolated serum IgG
O-glycosylation and the expression of highly branched N-glycans may help distinguish women
with advanced endometriosis from healthy women. Moreover, the analysis of the expression of
Jacalin-reactive i-IgG O-glycans may be helpful in differentiation between women with advanced
endometriosis and patients with other gynecological diseases with an inflammatory background.
In the case of non-endometriosis patients, the observed differences were most probably caused by
increased expression of core 3 type O-glycans.

Keywords: O-glycosylation of serum IgG; multi-antennary N-glycans in IgG; lectin-ELISA; advanced
endometriosis; inflammation

1. Introduction

Endometriosis is an inflammatory disease caused by the dissemination and prolif-
eration of the endometrial glands outside the uterine cavity. The most common sites of
occurrence of ectopic endometrial tissue are the pelvic peritoneum and pelvic organs.
Moreover, endometrial ectopic tissue may also occur in organs and tissues far outside of the
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pelvis. The incidence of endometriosis has been estimated to affect about 10% of women of
reproductive age [1].

Despite many studies, there is still a lack of non-invasive diagnostic markers of en-
dometriosis that could indicate the development of the disease and facilitate its diagnosis
and treatment. Although chronic inflammation and high estrogen concentrations are
well-established characteristics of endometriosis, the etiology of this disease remains un-
clear. One of the theories that could explain the development of the disease is that an
alteration in the immune system in terms of immune-cell recruitment, cell adhesion, and
upregulation of inflammatory processes can facilitate the implantation and survival of
endometriotic lesions [2,3].

Immunoglobulins (Igs) are glycoproteins secreted by lymphocytes B during an adap-
tive immune response. Their characteristic glycosylation patterns may differ in number,
type, and location of oligosaccharides within each Ig isotype and subclass. Sugars play
specific structural roles by maintaining and modulating Igs effector functions. Abnor-
mal glycosylation may contribute to the development of many diseases. Among im-
munoglobulins, immunoglobulin G (IgG) is one of the most abundant proteins found in
the blood serum of healthy subjects, which accounts for approximately 10-20% of all blood
serum proteins [4].

Glycosylation, an enzymatic process catalyzed by a variety of glycosyltransferases
and glycosidases, is a post-translational modification of a protein that links saccharides
with proteins and may be regulated by a range of B cell stimuli, including environmental
factors, such as stress, age or disease [5]. This versatile posttranslational modification
influences proteins’ biological activity, their conformation, and the biological behavior of
cells, including adhesion, molecule trafficking and clearance, receptor activation, signal
transduction, endocytosis, and the interaction between a cell and its environment [6-8],
including immunological and infectious disorders [7,9,10].

N-glycosylation is the most known and well-described type of glycosylation, observed
in all human IgG subclasses, where the carbohydrate groups are attached to asparagine
297 (Asn 297) in the IgG CH2 domain. The N-glycans at this site can influence antibody

stability [11], binding to FcyRs and complement [12], consequently modulating effector
functions, such as antibody-dependent cellular cytotoxicity (ADCC) and complement-
dependent cytotoxicity (CDC) [13-16]. Structurally, human IgG N-linked glycans are
typically biantennary complexes, but about 10% of endogenous human serum IgG glyco-
forms have intersecting GlcNAc residues. The presence of an additional GIcNAc residue

increases the binding affinity to FcyRllla, resulting in a 10-30-fold higher ADCC activ-
ity [17]. The second N-glycosylation site is found in the VH and VL (heavy and light chain
of variable regions, respectively) and has been observed in 15-25% of all serum IgG. The
presence of glycans in the IgG Fab region may contribute to higher antibody stability [18]

and modulate antigen binding. Human IgG3 activates complement and FcyR-mediated
functions more effectively than any other immunoglobulin G subclasses [19,20]. Moreover,
for IgG3, apart from N-glycans present in the Fab and Fc regions, the presence of O-linked
glycans in the hinge region was also observed.

The O-GalNAc glycosylation of proteins is a multi-step process in which monosac-
charides are sequentially added to a growing oligosaccharide chain, which results in the
formation of a core glycan. Next, the core glycan can be branched, elongated, and finally
capped with terminal glycans. The simplest O-glycan is composed of GalNAc residue
linked to a serine or threonine, or less frequently to a tyrosine. The initial GalNAc residue
can be elongated and branched to create eight distinct O-glycan core structures, of which
cores 1, 2, 3 and 4 are the most common [21]. The core 1 structure is found on all cells
and abundant on circulatory glycoproteins produced by the liver [21]. The distribution of
core 2, core 3, and core 4 structures is more selective, and they are predominantly found
on secreted and membrane-bound proteins from epithelial cells covering external and
internal surfaces [22]. The major O-glycan cores are often elongated with longer and
sometimes more complex structures shared among the different types of carbohydrates,
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such as e.g., N-linked glycans. Elongation primarily involves N-acetyllactosamine (Lac-
NAc type 2 chain GalB1-4GlcNAc), often as repeating disaccharides (PolyLacNAc) and
branches (GalP1-4GlcNAcB1-3[GalB1-4GlcNAcB1-6]GalBf1-4GlcNAc), although elonga-
tion with type 1 chains (GalB1-3GIcNAc) is also possible. The O-glycan structures are
finally terminated by the addition of sialic acids, fucose, or blood type antigens (ABO and
Lewis structures), which protect proteins from degradation and immune recognition, or in
other situations serve as important recognition motifs for carbohydrate-binding proteins
involved in some biological functions such as extravasation of immune cells to sites of
inflammation [23].

In blood serum, about 10% of IgG3 polyclonal antibodies and about 13% of IgG3
monoclonal antibodies are considered to contain O-glycans. Each IgG3 molecule can
contain up to three O-glycans linked to threonine residues in the triple repeat regions
within the hinge region [24]. The long hinge region of IgG3 has a high degree of surface
availability, which may facilitate access and detection of the O-glycans present in this
region [25]. Although the function of IgG O-glycosylation is still not fully understood, the
structure of the hinge region is hypothesized to be able to protect the immunoglobulin from
proteolytic cleavage, and may also help maintain the extended conformation and flexibility
of IgG3 [24].

O-glycosylation, like N-glycosylation, is a post-translational modification that occurs
after protein synthesis and consists in attaching a sugar molecule to the oxygen atom
of serine (Ser) or threonine (Thr) residues of the polypeptide chain [26,27]. Mucin-type
(GalNAc type) glycosylation is the best-known type of protein O-glycosylation because
of its high abundance in mucins. It is a diverse form of post-translational modification,
can occur in any protein, and is initiated by the family of up to 20 GalNAc polypeptide
transferases that decorate proteins with GalNAc residues (GalINAcx1-O-Ser/Thr, named
Tn-antigen) [21,28]. Tn-antigen is the initial step in the O-glycosylation pathway and can
be further elongated in three different ways: (1) by addition of ®2,6 sialic acid (formation
of sialyl-Tn-antigen), (2) by addition of galactose and formation of the oligosaccharide
structure GalP1,3GalNAcx-Ser/ Thr, called T-antigen (core 1), or (3) by addition of galactose
to N-acetylglucosamine (core 3) [21]. Changes in immunoglobulin glycosylation, especially
in its degree, have been associated with many pathological processes, including disorders
in cell adhesion, tissue development, angiogenesis, fertilization, malignancy, and tumor
metastasis, as well as autoimmune diseases [9,21,29-38].

The first goal of our research was to check whether O-glycans are expressed in serum
IgG in advanced endometriosis. The present study also aimed to investigate whether
the profile and degree of serum IgG O-glycosylation (both for isolated serum IgG, i-IgG,
and native serum IgG, s-IgG) is characteristic of an advanced stage of endometriosis and
could become a diagnostic marker supporting the diagnosis of this disease, also allowing
for the differentiation of advanced endometriosis from other gynecological diseases with
accompanying inflammation. IgG O-glycosylation was analyzed using a modified lectin-
ELISA method, as previously described [39,40], with specific biotinylated lectins reacting
primarily with complete (Maclura pomifera lectin and Jacalin lectin) and truncated (Vicia
villosa lectin) O-glycans.

We were also interested in whether, additionally to the presence of biantennary N-
glycans, there are also highly branched N-glycans in IgG, and if so, whether the degree of
their expression is characteristic of advanced endometriosis. The analysis was performed
using the lectin-ELISA test with biotinylated Phaseolus vulgaris leucoagglutinin, which
reacts specifically with multi-antennary N-glycans. This analysis aimed to answer whether
the degree of expression of multi-antennary N-glycans in serum IgG makes it possible
to differentiate advanced endometriosis from other gynecological inflammatory diseases.
Another aspect of our research was to compare the results of analyses obtained for IgG
isolated from serum and its native form, without prior immunoglobulin isolation. We
wanted to check whether the glycosylation analysis of native serum IgG, without its prior
isolation, would be sufficient to answer the above questions.
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2. Results

The relative reactivities of s-IgG and i-IgG glycans with lectins used are presented
in Table 1 as mean absorbance values and standard deviations (SD) for each analyzed
group, respectively. The values of relative IgG reactivities with used lectins and trend lines,
measured for E, NE, and the control group of healthy women, are shown in Figure 1. To
see whether the ratio between the complete MPL-reactive and truncated VVL-reactive IgG
O-glycans (T-antigen and Tn-antigen, respectively) could be of importance in differentiating
the group with advanced endometriosis from the rest of the study groups, the MPL/VVL
ratio was calculated based on IgG relative reactivity with these two lectins (Table 1).

The relative reactivities of s-IgG and i-IgG glycans were presented in Table 1. The
relative reactivities of MPL with s-IgG O-glycans were significantly higher in the NE group
(0.169 = 0.111 AU, median 0.136) when compared to advanced endometriosis patients
(0.118 £ 0.045 AU, median 0.108 AU; p = 0.022764) and the control group (0.103 + 0.042 AU,
median 0.102 AU; p = 0.005500). The relative reactivities of s-IgG O-glycans with VVL,
values of the MPL/VVL ratio, reactivities with Jacalin and reactivities of s-IgG N-glycans
with PHA-L were not significantly different between the studied groups (p > 0.05). The
Spearman rank correlations, analyzed between relative reactivities of all lectins used with
s-IgG glycans, are shown in Table 2 and Figure 2. Positive moderate correlations between
relative reactivities of s-IgG O-glycans with MPL vs. VVL, and MPL vs. Jacalin (r = 0.566,
p = 0.000000; r = 0.549, p = 0.000000, respectively) were observed.

The relative reactivities of i-IgG O-glycans with MPL in the E (0.342 = 0.160 AU,
median 0.311) and NE (0.310 + 0.115 AU, median 0.275 AU) groups were significantly
higher (p = 0.000000; p = 0.000000, respectively) when compared to the healthy women
(0.020 £ 0.025 AU, median 0.007 AU). Relative reactivities of i-IgG O-glycans with VVL
in the E and NE groups were significantly higher (0.061 + 0.051 AU, median 0.043 AU;
p = 0.000000 and 0.080 + 0.097 AU, median 0.054 AU; p = 0.000000, respectively) than
those observed for the control group (0.001 + 0.002 AU, median 0.000 AU). The values of
the MPL/VVL ratio were significantly lower in the control group (2.750 * 5.546, median
0.000) than in E (7.465 * 4.439, median 5.530; p = 0.000000) and NE groups (5.885 + 3.383,
median 5.685; p = 0.000317). The relative reactivities of i-IgG O-glycans with Jacalin
in E and NE groups were significantly higher (1.025 + 0.0.094 AU, median 1.018 AU;
p = 0.000000 and 1.103 * 0.1138 AU, median 1.116 AU; p = 0.000000, respectively) than
those observed for the control group (0.106 + 0.140 AU, median 0.064 AU). Additionally,
the expression of Jacalin-reactive i-IgG O-glycans was significantly lower in the NE than
the E group (p = 0.006401). The relative reactivities of i-IgG N-glycans with PHA-L in the
E (0.340 + 0.148 AU, median 0.314) and NE (0.402 + 0.169 AU, median 0.381 AU) groups
were significantly higher (p = 0.000000; p = 0.000000, respectively) when compared to
the control group, in which the absorbances obtained were near zero (0.002 + 0.006 AU,
median 0.000 AU). Moreover, strong positive correlations were observed between the
relative reactivities of i-IgG O-glycans with MPL vs. VVL and MPL vs. Jacalin (r = 0.737;
p = 0.00000 and r = 0.832; p = 0.00000, respectively). Additionally, moderate positive
correlations were observed between the relative reactivities of i-IgG O-glycans with VVL
and Jacalin (r = 0.666; p = 0.000000) (Table 2; Figure 2). There were significant but weak
correlations between s-IgG and i-IgG in relative reactivities with lectins specific to O-glycans
(Table 3).
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Table 1. Relative reactivities of serum native IgG and isolated serum IgG.

Relative Reactivity with Lectins (AU)

Group MPL (s) MPL (i) VVL () VVL (i) s s e acalin () Jacalin () PHA-L (s) PHA-L (i)
R =E3 . 0118 +£0.045 0.342£0.160 0.028+0.031 0.061+0.051  7.361+£5705  7.465+4439  0260£0.076 1.025£0.094 01970235  0.340 £0.148
NE 0.169 + 0.111 1.103 +0.138
0310 +0.115  0.047 +0. .080 +0. 228 +4. 8853 244 0. 263 +0. 402 £0.
ne:2  E o007l 0.047£0076 008020097 62284742  5885£3383  0244%0082 i o 0263£0270 04020169
C 0103+0.042  TE =1 000000 0.001 + 0.002 2.750 +5.546 0.106 + 0.140 0.002 + 0.006
n=19  pME=0005500 P 0.029+0.022  pE=0000000 622746382  pE=0000000  0.246+0.084 pE=0000000 0.180+0.123  pE = 0.000000

Significant differences versus groups: E with advanced endometriosis (E), NE non-endometriosis (NE), C—control group of healthy women. s —serum native IgG, i —isolated serum IgG.

pNE = 0.000000

pNE = 0.000000

pNE =0.000317

For specificity of lectins see Materials and Methods section. Significant differences were accepted for a p-value of less than 0.05.
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Figure 1. Relative reactivities of s-IgG and i-IgG glycans with specific lectins (a-j). MPL —Maclura
pomifera lectin, VVL — Vicia villosa lectin, MPL/VVL —values of the ratio, Jacalin— Artocarpus integrifo-
lia lectin, and PHA-L — Phaseolus vulgaris leucoagglutinin. For specificity of lectins see Materials and
Methods section. E—advanced endometriosis, NE—non-endometriosis, and C—control group of
healthy women. The trend line has been marked in red.
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Table 2. Correlations between relative reactivities of s-IgG and i-IgG O-glycans with specific lectins.

s-IgG i-IgG
Corre.l ations b?hfv.een IgG Spearman Rank Spearman Rank
Relative Reactivities with . . . .
. Coefficient (r) Coefficient (r)
Lectins
0.566 0.737
PLvs. VVL
MPL vs. VV p =0.000000 p = 0.000000
. 0.549 0.832
PLvs. 1
MPLvs. Jacalin p = 0.000000 p =0.000000
. 0.247 0.666
VVLvs. 1
vs. Jacalin p = 0.000000 p =0.000000

Serum native IgG —s-IgG, serum IgG isolates —i-IgG. MPL — Maclura pomifera lectin, VVL — Vicia villosa lectin,
Jacalin — Artocarpus integrifolia lectin. A two-tailed p-value of less than 0.05 was considered significant. For
specificity of lectins see Materials and Methods section.
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Figure 2. Correlations between relative reactivities of s-IgG and i-IgG O-glycans with specific lectins (a—f).
Correlations were estimated according to a Spearman test, and a two-tailed p-value of less than 0.05 was
considered significant. The 95% confidence interval is marked by dotted blue lines. MPL — Maclura pomifera
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lectin, VVL — Vicia villosa lectin and Jacalin — Artocarpus integrifolia lectin. For specificity of lectins see
Materials and Methods section.

Table 3. Correlations of relative reactivities of s-IgG and i-IgG glycans with lectins.

Correlations between
Relative Reactivity of Lectins with
s-IgG vs. i-IgG

Spearman Rank
Coefficient (r)

) 0.260874
MPL (s) vs. MPL (i) p =0.015890
VVL (s) vs. VVL (i)
] 0.255850
MPL/VVL (s) vs. MPL/VVL (i) p =0.018109
Jacalin (s) vs. Jacalin (i)
] 0.279398
PHA-L (s) vs. PHA-L (i) p =0.009610

Serum native IgG —s-IgG, serum IgG isolates —i-IgG. MPL —Maclura pomifera lectin, VVL — Vicia villosa lectin,
MPL/VVL —O-glycosylation ratio, Jacalin — Artocarpus integrifolia lectin and PHA-L —Phaseolus vulgaris leuco-
agglutinin. A two-tailed p-value of less than 0.05 was considered significant. For specificity of lectins see Materials
and Methods section.

2.1. ROC Curve Analysis

ROC curve analysis of s-IgG and i-IgG glycans’ relative reactivities with all four exam-
ined lectins and the values of MPL/VVL O-glycosylation ratio in advanced endometriosis
and non-endometriosis patients versus a control group of healthy women identified pa-
rameters with a sensitivity and specificity shown in Figure 3, Table 4 and Figure 4, Table 5,
respectively. The Youden index method was used for the determination of cut-off points.
The verification of laboratory test clinical value was based on AUC value and can be defined
as 0-0.5—zero, 0.5-0.7 —limited, 0.7-0.9 —moderate, and >0.9 high [41].

Table 4. Values of ROC curve analysis of s-IgG and i-IgG glycans’ relative reactivities with lectins for
women with advanced endometriosis and healthy subjects.

Lectin Coﬁflijfer‘;?eﬂ;ngtz:/voal Cut-Off Point  Sensitivity Specificity p
s-IgG
MPL 0.576 0.414-0.738 0.134 0.353 0.842 0.3580
VVL 0.561 0.393-0.73 0.018 0.559 0.632 04771
MPL/VVL 0.611 0.479-0.744 5.265 0.647 0.684 0.1001
Jacalin 0.565 0.406-0.724 0.324 0.265 0.947 0.4242
PHA-L 0.406 0.254-0.557 0.348 0.265 0.947 0.2215
i-IgG
MPL 1 1-1 0.085 1.000 1.000 0.0000
VVL 1 1-1 0.01 1.000 1.000 0.0000
MPL/VVL 0.811 0.693-0.929 1.854 1.000 0.789 0.0000
Jacalin 1 1-1 0.852 1.000 1.000 0.0000
PHA-L 1 1-1 0.102 1.000 1.000 0.0000

MPL — Maclura pomifera lectin, VVL — Vicia villosa lectin, MPL/VVL—O-glycosylation ratio, Jacalin — Artocarpus
integrifolia lectin and PHA-L — Phaseolus vulgaris leucoagglutinin. For specificity of lectins see Materials and
Methods section. The analysis was performed for patients with advanced endometriosis and a control group
of healthy women. Clinical utility, based on AUC value, can be defined as: 0-0.5—zero, 0.5-0.7 —limited, 0.7-
0.9 —moderate, and >0.9 —high. A two-tailed p-value of less than 0.05 was considered significant.
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Figure 3. ROC curve analysis of s-IgG and i-IgG glycans’ relative reactivities with lectins for women with advanced endometriosis and healthy subjects (a-j).
The reference line is marked in red, the receiver operating characteristics for the parameter in blue, and the cut-off point in green, MPL — Maclura pomifera lectin,
VVL — Vicia villosa lectin, MPL/VVL — O-glycosylation ratio, Jacalin — Artocarpus integrifolia lectin and PHA-L — Phaseolus vulgaris leucoagglutinin. For specificity of

lectins see Materials and Methods section.
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Figure 4. ROC curve analysis of s-IgG and i-IgG glycans’ relative reactivities with lectins for non-endometriosis women and healthy subjects (a-j). The reference line
is marked in red, the receiver operating characteristics for the parameter in blue, and the cut-off point in green, MPL — Maclura pomifera lectin, VVL — Vicia villosa
lectin, MPL/VVL —O-glycosylation ratio, Jacalin — Artocarpus integrifolia lectin and PHA-L — Phaseolus vulgaris leucoagglutinin. For specificity of lectins see Materials
and Methods section.
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Table 5. ROC curve analysis of s-IgG and i-IgG glycans’ relative reactivities with specific lectins for
non-endometriosis and healthy subjects.

Lectin Coﬁflilcfer‘:;ieﬂllngtz:‘/voal Cut-Off Point  Sensitivity Specificity p
s-IgG
MPL 0.737 0.601-0.873 0.118 0.656 0.737 0.0006
VVL 0.544 0.378-0.711 0.035 0.469 0.737 0.6011
MPL/VVL  0.582 0.412-0.753 348 0.813 0.421 0.3450
Jacalin 0.523 0.36-0.686 0.193 0.344 0.789 0.7823
PHA-L 0.546 0.388-0.704 0.23 0.469 0.789 0.5669
i-IgG
MPL 1 1-1 0.126 1.000 1.000 0.0000
VVL 1 1-1 0.015 1.000 1.000 0.0000
MPL/VVL 0.801 0.627-0.975 0.975 1.000 0.789 0.0007
Jacalin 1 1-1 0.72 1.000 1.000 0.0000
PHA-L 1 1-1 0.166 1.000 1.000 0.0000

MPL — Maclura pomifera lectin, VVL — Vicia villosa lectin, MPL/VVL—O-glycosylation ratio, Jacalin — Artocarpus
integrifolia lectin and PHA-L — Phaseolus vulgaris leucoagglutinin. For specificity of lectins see Materials and
Methods section. The analysis was performed for non-endometriosis and a control group of healthy women.
A two-tailed p-value of less than 0.05 was considered significant. Clinical utility, based on AUC value, can be
defined as: 0-0.5—zero, 0.5-0.7 —limited, 0.7-0.9 —moderate, and >0.9 —high.

2.2. Cluster Analysis

The utility of the values of the relative reactivities of s-IgG with specific lectins for
differentiation between study groups was analyzed by cluster analysis. However, due to
their low clinical value, the data are not shown. The usefulness of the values of relative re-
activity of i-IgG with lectins in distinguishing healthy women from patients with advanced
endometriosis, as well as in differentiation between the group of healthy women and
patients with non-endometriosis, was also analyzed by cluster analysis. For the analysis of
the relative reactivities with the panel of lectins used, MPL, VVL, Jacalin and PHA-L meet
the following criteria: they differentiate advanced endometriosis and non-endometriosis
patients from the control group of healthy women as well as having high clinical value
according to the results of ROC curve analysis (AUC = 1). The results obtained for a group
of healthy subjects and women with advanced endometriosis are shown in Figure 5. The
analysis was performed for 53 samples. The first cluster, distinguished at 53.2% distance
(Cluster 1), consists of 22 samples, of which 19 were from the control group (100% of the
control group) and 3 samples were from the advanced endometriosis group (4%). The next
group, homogenous (Cluster 2 at 45.2% distance), was composed of advanced endometrio-
sis samples only. Similarly, cluster analysis was performed for the non-endometriosis and
control groups (Figure 6) for 51 samples. The first cluster could be separated at a distance
of 55.2%. This group was homogenous and consisted of 32 non-endometriosis samples
(100% of the group). Another homogenous group (Cluster 2), in which 19 samples (100%)
were from the control group, could be separated at a 28% distance.
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Figure 5. Dendrogram of cluster analysis for relative reactivities of isolated IgG with lectins in
women with advanced endometriosis and healthy subjects. Cluster analysis was performed only for
parameters for which the AUC value was high (>0.9) in ROC curve analysis, and which significantly
differentiated patients with advanced endometriosis from healthy women. Each sample is represented
by a vector of four features: MPL, VVL, Jacalin, and PHA-L relative reactivities with i-IgG glycans.
E —patients with advanced endometriosis, C—control group of healthy women. MPL —Maclura
pomifera lectin, VVL — Vicia villosa lectin, Jacalin — Artocarpus integrifolia lectin and PHA-L — Phaseolus
vulgaris leucoagglutinin.

85



Int. J. Mol. Sci. 2022, 23, 8087 86 of 22

NE g_'_ Cluster 1
NE
NE

Cluster 2

zZ
m
PR T T T T S T T S T T T T T T T T T T T S T T T T T T T T T T S T T T S T S S N TN T A T T S B 1

000000000000 00000O

0.4 0.6 0.8 1.0 12 14 16 18

o
o
o
(V)

Case distanses

Group C NE
n=19 n=32

The number of samples

Cluster No (percentage participation in whole group)
2 19 0
(n=19) (100%) (0%)
1 0 32
(n=232) (0%) (100%)

Figure 6. Dendrogram of cluster analysis for relative reactivities of isolated IgG with lectins in non-
endometriosis women and healthy subjects. Cluster analysis was done only for parameters for which
the AUC value was high (>0.9) in ROC curve analysis, and which significantly differentiated non-
endometriosis patients from healthy women. Each sample is represented by a vector of four features:
MPL, VVL, Jacalin, and PHA-L relative reactivities with i-IgG glycans. NE—non-endometriosis
patients, C— control group of healthy women. MPL — Maclura pomifera lectin, VVL — Vicia villosa lectin,
Jacalin— Artocarpus integrifolia lectin, and PHA-L — Phaseolus vulgaris leucoagglutinin.

3. Discussion

Endometriosis is considered an autoimmune disease associated with a dysfunction of
natural immunity, because it fulfills most of the classification criteria for such disorders. It
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is manifested by tissue damage, production of autoantibodies (against endometrium, ovary,
phospholipids, and histones), and association with other autoimmune diseases [42]. In the
present work, the profile and degree of O-glycosylation of human blood serum IgG were
analyzed in the context of advanced endometriosis for the first time.

The first aim of our study was to check whether, additionally to biantennary N-
glycans, O-glycans and highly branched N-glycans are expressed in serum IgG in advanced
endometriosis. Our intention was also to check whether there are any changes in the
profile and degree of O-glycans’ exposition and the degree of expression of highly branched
N-glycans in serum IgG, and whether the observed alterations, if present, may be used
as an additional tool differentiating patients with advanced endometriosis from healthy
women and patients with other gynecological diseases with accompanying inflammation.
Moreover, we were also interested in whether the analysis of O-glycosylation profile and
degree as well as the expression of multi-antennary N-glycans in native serum IgG (s-IgG),
without prior IgG isolation, could be helpful in non-invasive diagnostics of advanced
endometriosis. To our knowledge, this is the first analysis of such a type conducted in the
context of advanced endometriosis diagnostics.

It should be underlined that we were first to show the presence of O-glycans in blood
serum IgG in women with advanced endometriosis. The results of our study showed
that the relative reactivities of isolated serum IgG O-glycans with specific lectins were
significantly higher in women with advanced endometriosis and those suffering from other
gynecological diseases with an inflammatory background than in the group of healthy
women. It is also worthy of attention that the relative reactivity of i-IgG O-glycans with
Jacalin significantly differentiated the advanced endometriosis patients from women with
other gynecological diseases, which was most probably caused by increased expression
of core 3 type O-glycans in the group of non-endometriosis patients. Moreover, our study
also showed that the relative reactivities of serum IgG with PHA-L lectin, specific to
multi-antennary N-glycans, were significantly higher in advanced endometriosis and non-
endometriosis patients than in the healthy control group, indicating elevated expression of
multi-branched three and tetra-antennary N-glycans in the E and NE groups. The results
of cluster analysis confirmed the usefulness of the determinations of relative reactivities of
i-IgG glycans with MPL, VVL, Jacalin, and PHA-L for distinguishing healthy women from
women with advanced endometriosis and women without endometriosis but suffering
from other gynecological diseases.

The present study has shown that the values of the MPL/VVL ratio and the rela-
tive reactivities of isolated serum IgG O-glycans with MPL and VVL, which reflect the
expression of T-antigen and Tn-antigen, respectively, were significantly higher in women
with advanced endometriosis than in the healthy control group. We observed a similar
relationship between these groups in the relative reactivities of i-IgG O-glycans with Ja-
calin. Moreover, in non-endometriosis patients, the relative reactivities of i-IgG glycans
with lectins specific to O-linked oligosaccharides, as well as values of MPL/VVL ratio,
were significantly higher than in the control group of healthy women. Interestingly, in
comparison to the group of healthy women and patients with advanced endometriosis,
the presence of significantly higher relative reactivities of isolated IgG with Jacalin was
observed among non-endometriosis patients. The above interrelationship is especially
important from a diagnostic point of view, because we were also looking for parameters
that could differentiate advanced endometriosis from other gynecological diseases. Here
these parameters appear to be the degree of expression of Jacalin-reactive core 3 O-glycans
in i-IgG. To confirm our observations, additional studies on a more representative number
of samples in each examined groups of patients should be provided.

Jacalin is a lectin specific mainly to core 1 O-linked glycans, and binds O-glycosylated
proteins. Although Jacalin’s preferences for sugars that are T/Tn antigens are well un-
derstood, its specificity has not been clarified in detail [43,44]. A study by Tachibana [45]
documented that apart from high Jacalin affinity for the T-antigen and Tn-antigen, this
lectin also showed a significant affinity for glycans composed of core 3 oligosaccharide
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structures and for sialo-T-antigen (ST), but it was unable to bind to glycans forming core 2,
core 6 and sialo-Tn-antigen (STn) oligosaccharide structures. Based on the results of our pre-
vious study [36], in which we analyzed serum IgG sialylation in advanced endometriosis,
we observed the presence of weak negative correlations between i-IgG glycans reactivity
with Jacalin and their reactivity with sialo-specific lectins MAA and SNA (data not shown).
This confirms that in the case of i-IgG, Jacalin reacts mainly with desialylated O-linked
glycans, and additionally that the observed differences between non-endometriosis and
advanced endometriosis groups may be caused by the expression of types of O-glycan
structures other than core 1, most probably core 3, in IgG isolates. Another question is
the availability of O-linked oligosaccharide structures for lectins, which, based on our
observations, seems to be much greater when isolated protein is examined, especially when
glycans are present in hard-to-reach places in the protein molecule.

In the case of s-IgG, the significantly higher expression of T-antigen was only observed
in the non-endometriosis group when compared with advanced endometriosis patients and
healthy women. However, these significances were weak. No other significant differences
between examined groups were observed in relative reactivities of s-IgG O-glycans with
lectins used.

Our findings indicate that in advanced endometriosis and other gynecological diseases
(NE group), the expression of T- and Tn-antigens in i-IgG increases in comparison to healthy
women, which is most probably caused by the accompanied inflammatory condition rather
than gynecological disease. It should be also mentioned that the differences between
examined groups in the expression of O-glycans when native serum IgG was analyzed
are not similar to those observed for i-IgG. As we mentioned above, this may be caused
by insufficient availability of O-glycans for lectins in the native protein as compared to
IgG isolated from biological material, which seems to be confirmed by the observed weak
correlations, or lack thereof, between the relative reactivities of s-IgG and i-IgG O-glycans
with specific lectins. Due to the variety of O-glycans’ functions in the human body, any
changes in glycoproteins’ O-glycosylation profile and degree are important, as they are
associated with the development of many diseases, including tumor progression [46,47],
diabetes [40], and Alzheimer’s Disease [48,49]. IgG O-glycosylation, in contrast to N-
glycosylation, is a poorly understood process. To date, little information is available
about IgG O-glycosylation. The study provided by Plomp et al. [24] proved that there
are O-glycans in the isolated serum IgG3. There are no reports on changes in IgG O-
glycosylation pattern and/or degree in relation to pathological conditions. In our study on
i-IgG, the expression of both T-antigen and Tn-antigen significantly increased in advanced
endometriosis and non-endometriosis patients when compared with healthy women.

MPL, VVL, and Jacalin may react with complete O-glycans as well as with their
truncated form. However, they have different priorities of reactivity with each of these
structures. The observed significant positive correlations between relative reactivities
of MPL, VVL, and Jacalin with IgG O-glycans indicate that in patients with advanced
endometriosis and other gynecological diseases, together with an increase of T-antigen
expression, the expression of truncated forms of O-glycans is also higher in comparison to
healthy women. The above interrelationships are especially visible for IgG isolates.

Advanced endometriosis is often compared to cancer and is a known precursor to
several types of ovarian cancer [50]. This could explain the significantly higher expression
of PHA-L-reactive multi-antennary N-glycans in serum i-IgG in advanced endometriosis
in comparison to healthy women, in whom multi-antennary N-glycans in i-IgG seem to be
absent. On the other hand, in the group of non-endometriosis patients, i-IgG reactivities
with PHA-L were the highest out of all three of the examined groups of women. Based
on our previous examinations of serum IgG relative reactivities with sialo-specific lectins
in advanced endometriosis [36], we observed the presence of weak negative correlations
between i-IgG reactivities with PHA-L and its reactivities with MAA and SNA (data not
shown). Taking the above observations into account, we can conclude that in advanced
endometriosis and other gynecological diseases with an inflammatory background, the
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observed increase in expression of multi-antennary N-glycans in serum i-IgG is accom-
panied by decreased sialylation. However, considering that the sialo-specific lectins we
used for terminal sialic acid detection do not recognize whether sialic acid is a part of N-
glycans or O-glycans, structural studies should be carried out to unambiguously define the
oligosaccharide composition of IgG N- and O-glycans in inflammatory diseases, including
advanced endometriosis and other gynecological diseases. It should be mentioned that in
glycosylation studies with lectin-ELISA, the obtained results do not reflect the exact struc-
ture of oligosaccharides but may indicate their potential bioavailability for specific ligands.
Lectins may be capable of forming less favorable bonds, and steric hindrances resulting in
restricted access to the glycoprotein, especially in the native biological sample, should also
be taken into account. Nevertheless, the undoubted benefit of this type of examination is
that the glycosylation analysis of glycoproteins present in a native biological fluid, using
lectins specific to sugar structures, reflects the sugar-ligand reaction and actual availability
of the analyzed glycoepitopes in the native microenvironment, and thus also their potential
for in vivo interactions [36,38,39,51]. One of our research goals was to establish whether
the analysis of IgG O-glycosylation directly in the serum, without prior protein isolation,
would be sufficient to differentiate the group of patients with advanced endometriosis
from other study groups, and the conducted research helped us answer this question.
Considering the results of the analysis of the degree of serum IgG O-glycans and highly
branched N-glycans” expression presented above, the availability of oligosaccharides for
the lectins used seems to be insufficient in the case of native IgG without its prior isolation.
To check the usefulness of the obtained results for the clinical differentiation of all
three examined groups of women, ROC curve analysis was done. In the case of s-IgG, and
only for non-endometriosis patients versus a control group of healthy women, a moderate
clinical value for IgG MPL-reactive O-glycans expression was demonstrated (AUC = 0.737).
For the remaining parameters, the clinical value was limited. The clinical usefulness of the
examined parameters for the differentiation of women with advanced endometriosis from
healthy women was not demonstrated. In the case of i-IgG, we observed a maximum high
clinical value (AUC = 1) for IgG relative reactivities with all four lectins used, both when
comparing women with advanced endometriosis to healthy women and healthy women
to a non-endometriosis group. The results of ROC curve analysis obtained for the relative
reactivities of i-IgG O-glycans with Jacalin in the E and NE groups showed its limited
clinical utility (AUC = 0.661; p = 0.0106), with a sensitivity and specificity of 0.625 and
0.694, respectively (data not shown). The conducted cluster analysis confirmed the clinical
usefulness of the analysis of i-IgG glycans’ relative reactivities with MPL, VVL, Jacalin, and
PHA-L for the differentiation of healthy women from women with advanced endometriosis
as well as women with gynecological diseases other than endometriosis. While our research
has shown that both the expression of O-glycans and highly branched N-glycans in IgG may
have a potential application in the diagnostics of advanced endometriosis, at the present
stage of research, these conclusions mainly concern IgG isolated from serum. This makes
it difficult to apply this type of determination in routine diagnostics due to the laborious
and time-consuming procedure of protein isolation and purification. Nevertheless, this
direction of research seems to be promising, and the development of a simple and fast
protein isolation procedure would be very helpful.

4. Materials and Methods
4.1. Patient Samples

The study material was blood sera and IgG isolated from serum samples. The serum
samples were derived from patients diagnosed with stages III and IV of endometriosis
(E—advanced endometriosis; n = 34, mean age: 34.5 * 7 years) and from women without
endometriosis (NE —non-endometriosis; n = 32, mean age: 37.5 * 8 years) were collected
at the Department of Oncological Gynecology, Wroclaw Comprehensive Cancer Center,
Poland. The study was conducted in agreement with the Helsinki II declaration and
the protocol was approved by the Bioethics Human Research Committee of the Wroclaw
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Medical University (Permission No. KB-293/2016 and KB-719/2018). E and NE patients
underwent surgical interventions, mainly laparoscopic, and after histological verification
were classified to their proper groups. Women with advanced endometriosis were classified
according to extent and severity of disease according to the revised American Fertility
Society (rAFS) classification. Patients from the non-endometriosis group had histologically
confirmed benign ovarian cysts with severe dysplasia—CIN 3 (cervical intraepithelial
neoplasia grade 3) or leiomyomas. Additionally, at the Department of Laboratory Diag-
nostics, Wroclaw Medical University, serum samples from healthy female volunteers were
collected (C—control group; n = 19, mean age: 40.3 * 8 years, positive opinion of Bioethics
Committee No KB-117/2020). The control group of healthy women had no symptoms
or history connected with endometriosis, were non-pregnant, and did not suffer from
any gynecological or inflammatory diseases. Serum samples examined in this study were
collected from women on any day of the menstrual cycle. Before starting the study, all
participants gave written and informed consent.

4.2. 19G Isolation

Immunoglobulin G was isolated from serum samples using affinity chromatography
on the Protein A/Protein G Sepharose column, according to the procedure described
previously by Ey et al. [52] and Sotkiewicz et al. [36]. In short: after 1:1 dilution in 50 mM
TBS, pH 8.0, the serum sample (0.5 mL) was applied to the column (1 mL) and washed
with the initial TBS solution. IgG was eluted from the column with 0.1 M glycine/HC],
pH 2.7 and immediately neutralized with 1 M Tris to avoid IgG degradation. The elution
profile was determined from the absorbance measurement at 280 nm. An Amicon Ultra-
15 centrifuge filter with an Ultracel-100 membrane (Millipore, Merck, Germany) was
used to combine and concentrate the IgG-containing fractions. IgG concentration was
determined spectrophotometrically on a polystyrene 96-well microtiter plate (Maxisorp,
Dako, Denmark) using the bicinchoninic acid (BCA) colorimetric micro method [53]. The
IgG solution was diluted with water when necessary, and 200 mL of a 50:1 mixture of stock
solutions A and B was added to 10 mL of IgG solution. In the next step, the plate was
incubated for 30 min at 37 °C. Bovine serum albumin (BSA) in concentrations of 0, 2, 4, 6, 8,

and 10 pg/well was used as a standard. The absorbances were measured against a blank
sample at 562 nm, and a standard curve was used to read the IgG concentrations, which

were expressed in pg/mL [36].

4.3. Lectin-ELISA

The profile and degree of IgG O-glycosylation were determined using the previously
described method [39,40]: modified solid-phase lectin-ELISA. The expression of O-glycans
was studied with biotinylated lectins: MPL (Maclura pomifera lectin), VVL (Vicia villosa
lectin) and Jacalin (Artocarpus integrifolia lectin). Additionally, PHA-L (Phaseolus vulgaris
leucoagglutinin), selective for tri- and/ or tetra-antennary N-linked glycans, was used [54]
(Vector Laboratories Inc., Burlingame, CA, USA). For specificity of lectins see Table 6.

Table 6. Specificity of the lectins used in the study.

Lectin Source Specificity for Sugar Structures
T (GalB1,3GalNAc) and Tn antigen
(single GalNAc) [55]

VVL (Vicia villosa lectin) Tn antigen (single GalNAc) [56,57]

MPL (Maclura pomifera lectin)

T antigen (GalPB1,3GalNAc), Tn antigen (single
GalNAc), sTn antigen (NeuAcx2,6GalNAc) [45]
tri/tetra-antennary N-glycans, binds to 1,6
PHA-L (Phaseolus vulgaris lectin) branches of tri- and tetra-antennary
oligosaccharides [54]

Gal — galactose; GaINAc — N-Acetylgalactosamine; NeuAc —N-Acetylneuraminic Acid.

Jacalin (Artocarpus integrifolia lectin)
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IgG concentrations in whole sera (s-IgG) and in IgG isolates (i-IgG), necessary for
the calculation of IgG amount to lectin-ELISA, were determined previously using the
turbidimetric method [58] as well as the BCA method [36] described above, respectively.
The microtiter plates (Maxisorp, Dako, Denmark) were incubated with 0.01 mg/mL pro-
tein G (Abcam, Boston, MA, USA) solution in 10 mM TBS pH 7.4 for 2 h at 37 °C, then
4 °C overnight. The plates were then coated with native IgG diluted 10 mM TBS-T (TBS
containing 0.1% Tween, pH 7.4) in an amount of 800 ng native IgG in 50 YL solution per
well, and incubated for 3 h at 37 °C. For isolated IgG, the wells of microtiter plates were
covered with 800 ng of isolated IgG diluted with 10 mM TBS, pH = 8.5 (total volume: 50 pL
per well), and incubated for 24 h at 24 °C. After washing (TBS-T, pH = 7.5), the plates were
incubated with biotinylated lectins for 60 min, 37 °C, which were diluted with 10 mM
TBS-T as follows: MPL —1:1000, VVL —1:1000, Jacalin—1:5000 and PHA-L —1:250. Next,
the plates were incubated with phosphatase-labeled ExtrAvidin (Sigma Chemical Co., St.
Louis, MO, USA) for 30 min at 37°C. After the incubation, the phosphatase reaction was
developed with a substrate, p-nitrophenyl phosphate. The reaction was stopped with

100 pL of 1 M NaOH per well and the absorbance was read at 405 nm, reference filter
630 nm, with a Mindray-96A microplate reader (Shenzhen Mindray Bio-Medical Electronics
Co., Shenzhen, China). All samples were examined in duplicate. Background absorbances
were measured for samples in which all reagents were present, but the biological sample
was replaced with 10 mM TBS-T. Samples relative reactivities with lectins were expressed
in absorbance units (AU).

4.4. Statistical Analysis

Statistical analysis was performed with the STATISTICA 13.3PL (StatSoft Polska Sp. z
0.0., Warsaw, Poland). All results are presented as mean + SD (standard deviation), and the
differences between the groups were presented as bar graphs. According to a Shapiro-Wilk
W test, the values did not fit a normal distribution, thus the nonparametric Mann-Whitney
U test was used to determine differences among the groups. Correlations with a 95% con-
fidence interval between examined parameters were tested by Spearman’s rank analysis.
For the determination the strength of Spearman’s rank correlations the following clas-
sification was used: 0.0 £ r < 0.2—lack of correlation; 0.2 < r < 0.4—weak correlation;
0.4 <r =< 0.7 —moderate correlation; 0.7 <r < 0.9 —strong correlation; 0.9 <r < 1.0—very
strong correlation. A two-tailed p-value of less than 0.05 was considered significant. The
clinical value of determined parameters was analyzed using receiver operating characteris-
tic (ROC) curves. Additionally, cluster analysis based on divisive hierarchical clustering
was applied to estimate the diagnostic usefulness of measured parameters. For this analysis,
the results are presented as a dendrogram, starting from one cluster in which all subjects
(patients and controls) are gathered. In the next step, the subjects were clustered. Those
with similar values of all analyzed traits were grouped together, while subjects with differ-
ent ones formed a separate cluster. In summary, we observed that the greater the distance
of separation, the greater were the differences in subject characteristics. Euclidean distance
was used for similarity estimation. The scheme of statistical analysis of results obtained in
the present study was adopted from our previous experience [36,38].

5. Conclusions

Endometriosis, due to non-specific symptoms, as well as the lack of sensitive and
specific tests that would be available in routine clinical diagnostics, still remains in the
group of late-diagnosed diseases. Therefore, it is extremely important to define a panel
of diagnostic markers specific to this disease. However, the expression of serum IgG O-
glycans is not very deeply explored. Our results indicate the presence of O-glycans in
serum IgG in advanced endometriosis and other gynecological diseases, and changes in
the profile and degree of serum IgG O-glycosylation between patients with gynecological
diseases compared to the group of healthy women were also observed. Moreover, we
have also shown that, except for the presence in IgG of typical biantennary N-glycans,
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highly branched N-glycans are also expressed, mainly in advanced endometriosis and
non-endometriosis groups. Significantly higher expression of multi-antennary N-glycans
in blood serum IgG in women with advanced endometriosis and with other gynecological
diseases compared to healthy women clearly indicates that the presence of highly branched
N-glycans is linked with pathological conditions accompanied by inflammation. The
results obtained in our study have allowed for the selection of parameters helpful in the
diagnostics of advanced endometriosis and may be used to direct future research in this
field. We believe that the results of this study will also contribute to a better understanding
of the molecular mechanisms accompanying this disease and facilitate the development of
specific and sensitive diagnostic markers of advanced endometriosis in the future.

5.1. Strengths of the Study

1.  Weare the first to show the presence of O-glycans in blood serum IgG in women with
advanced endometriosis.

2. The relative reactivities of isolated serum IgG O-glycans with specific lectins were
significantly higher in women with advanced endometriosis and the group of women
with gynecological diseases other than endometriosis in comparison to the group of
healthy women.

3. The relative reactivity of i-IgG O-glycans with Jacalin significantly differentiates the
advanced endometriosis patients from women with other gynecological diseases,
which was most probably caused by increased expression of core 3 type O-glycans in
the case of non-endometriosis patients.

4. The relative reactivities of blood serum IgG glycans with PHA-L in advanced en-
dometriosis and non-endometriosis patients were significantly higher than in the
control group of healthy women, showing increased expression of multi-branched
three and tetra-antennary N-glycans in the E and NE groups.

5. Cluster analysis confirmed the usefulness of the determinations of relative reactivi-
ties of i-IgG glycans with MPL, VVL, Jacalin, and PHA-L for distinguishing healthy
women from women with advanced endometriosis and women without endometrio-
sis but suffering from other gynecological diseases.

5.2. Limitations of the Study

1. Significant differences in relative reactivities of IgG glycans with the lectins used
were observed only for IgG isolates, which was most probably caused by better
bioavailability of oligosaccharides for lectins when IgG was isolated from biological
material. However, given that the process of isolation and purification of the protein
is long and laborious, the differences observed between the studied groups in the
relative reactivities of IgG glycans with lectins used should be treated as an additional
cognitive aspect that could be difficult to apply in routine diagnostics.

2. The lack of women suffering from early stages of endometriosis made it impossible to
check the utility of lectin-ELISA tests used in the present study for diagnostics of the
early stages of disease development.
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endometriosis. K. Sotkiewicz, H. Krotkiewski, M. Jedryvka, E.M. Kratz. Sci Rep. 2021 Mar
10;11(1):5586. doi: 10.1038/s41598-021-85200-x, moj wudziat polegat na polegat
na wyselekcjonowaniu pacjentek do grup badanych, pobraniu i zabezpieczeniu materiatu
biologicznego do badan, korekcie ostatecznej wersji manuskryptu, pozyskaniu zrodet
finansowania.

The alterations of serum IgG fucosylation as a potential additional new diagnostic marker
in advanced endometriosis. K. Sotkiewicz, H. Krotkiewski, M. Jedrvka, A. Czekanski, E.M.
Kratz. J Inflamm Res. 2022 Jan 13;15:251-266. doi: 10.2147/JIR.S341906. eCollection 2022.,
moj udziat polegat na wyselekcjonowaniu pacjentek do grup badanych, pobraniu i zabezpieczeniu
materialu biologicznego do badan, korekcie ostatecznej wersji manuskryptu.

O-glycosylation changes in serum immunoglobulin G are associated with inflammation
development in advanced endometriosis. K. Sotkiewicz, M. Kacperczyk, H. Krotkiewski,
M. Jedryvka, E.M. Kratz. Int J Mol Sci. 2022 Jul 22;23(15):8087.doi: 10.3390/ijms23158087 .,
moj udziat polegat na wyselekcjonowaniu pacjentek do grup badanych, pobraniu i zabezpieczeniu
materiatu biologicznego do badan, korekcie ostatecznej wersji manuskryptu.

Podpis

/7

4 Q,m/c‘vé

=

100



Rozprawa doktorska Katarzyna Sotkiewicz

Wroctaw, dn. 05.09.2022 r

lek. Andrzej Czekanski

Klinika Onkologii Ginekologicznej,

Katedra Onkologii,

Wydziat Lekarski,

Uniwersytet Medyczny im. Piastow Slaskich we Wroctawiu,
pl. L. Hirszfelda 12, 53-413 Wroctaw

OSWIADCZENIE WSPOLAUTORA

Oswiadczam, ze W pracy:

The alterations of serum IgG fucosylation as a potential additional new diagnostic marker
in advanced endometriosis. K. Sotkiewicz, H. Krotkiewski, M. Jedryka, A. Czekanski, E.M.
Kratz.

J Inflamm Res. 2022 Jan 13;15:251-266. doi: 10.2147/JIR.S341906. eCollection 2022., mdj
udziat polegat ha wspotudziale w wyselekcjonowaniu pacjentek do grup badanych, wspoétudziale
w pobraniu i zabezpieczeniu materiatu biologicznego do badan.

Podpis
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Wroclaw, dn. 14.12.2022r.

mgr Monika Kacperczyk

Zaktad Diagnostyki Laboratoryjnej,

Katedra Diagnostyki Laboratoryjnej,

Wydzial Farmaceutyczny,

Uniwersytet Medyczny im. Piastow Slaskich we Wroctawiu,
ul. Borowska 211A, 50-556 Wroctaw

OSWIADCZENIE WSPOLAUTORA

Oséwiadczam, ze W pracy:

O-glycosylation changes in serum immunoglobulin G are associated with inflammation
development in advanced endometriosis. K. Sotkiewicz, M. Kacperczvk, H. Krotkiewski,
M. Jedryka, E.M. Kratz. Int J Mol Sci. 2022 Jul 22;23(15):8087.doi: 10.3390/ijms23158087.,
moj udziat polegat na wspotudziale w wykonaniu czg$ci oznaczen.

Podpis

Uniwersytet Medyczny we Wroctawiu
Z i»‘«ﬁ
DIAGNOSTYKI LABORATORYJNEJ /
J e _Dsysipnl _’ - "
//. TLY ity N L. ///A

mgr Monika Kacperezyk
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9. OPINIE KOMISJI BIOETYCZNEJ

Badania zostaty przeprowadzone zgodnie z deklaracja Helsinki-II, a protokét zostat
zatwierdzony przez Komisje Bioetyczng przy Uniwersytecie  Medycznym
we Wroctawiu (Zezwolenie nr KB-293/2016 i KB-719/2018), (pozytywna opinia
Komisji Bioetycznej nr KB- 297/2022).
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KOMISIA BIOETYUZNA

prey

Uniwersytecie Medyeznym

we Wrocluwiu

ul. Pasteura 1; 530-367 WROCLAW

OPINIA ROMISH BIOETYCZNEI Nr KB — 293/2016

Komisja Biootyezna przy Uniwersytecic Medyeznym we Wroclawiu, powolana
zarrydzeniem Rektora Uniwersytetu Medycznego we Wrockawin nr 78/XV R/2014 2 dnia
26 listopada 2014 r. oraz dzialajaca w trybic prrewidelanym rozporzadzeniem Ministra
Zirowia i Opieki Spaleemej z dnja 11 maja 1999 1. (Dz.U5. nr 47, poz. 480) na podsiawic
astawy o zawodzic lekarza 7 dnia 5 grudnia 1996 r (D20 nr 28 2 1997 r. poz. 152 ¢
po7niciszymi znmiauami ) w skdadzie:

prof, dr hab. Maciej Buglaj (chirurgia, pediatria)

prol. dr hab. Karel Bal (flozofia}

dr hab. Jacek Dareszewski (codokrynologia, diabetologia)

prof. dr hab. Keeysgtof Grabowski (chirurgis)

dr Henryk Kaczkowski (chirurgia szezekowa, chirurgia stomatologiczna)

mgr frena Knabel-Krzyszowska (farmacia}

prof. dr hab. Jan Kolasa (prawe)

prof, dr hab, Jorzy Liebhant (choroby wewngwzne, alergolopia)

les. dr hab. Piotr Mrzyvgldd (duchowny)

prof. dr hab, Krystyna Orzechowska-Juzwenko  (farmakologiz klinieyna, choraby
wewnetrane)

prof. dr hab. Zbigniew Rudkowski (pediatria)

dr hah. S{awomir Sidarowicz (psychiatria)

Danuta Tarkowska {pofoimictwo)

dr hab. Andrzej Wojnar (histopatologia, dermatologia) przedstawicicl Dolnodlaskie Tzby
Lokarskict)

pod przewodnictwem
prof. dr hab. JTang Komatcla { ginekologia § poloznictwn. onkologin)

Przestrzegajae w deialalnose] zasad Good Clindenl Practice oraz 2asad Deklaraeli Halsifskie,
po zapoZnaniv si¢ 7 projekiom badawezym pt.

~Radanie galakiorylagji surowiczej 1gG. uzyskane] od pacientek z endometriors™
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[

Zgloszonym precz dr Marcina Jgdryke zatrudnionego w Klinice Onkologii
Cinekologicznej Katedry Onkologii Uniwersytetu Medycznego we Wrockawiu oraz
prof. dr hab. Huberts Krotkiewskiego zatrudnionego w Instytucie Immunologii

i Terapii Doswiadczalnci PAN we Wroctawiu oraz Zdozonymi wraz z wninskiem
dokumentami, w {ajnym glosowaniu postanowila wyrazi¢ zgode na preeprowadzenic
badanin w Instytucic Immunologii i Terapii Doswiadezalng] PAN we Wroctawiv oraz
w Klinice (nkologii Ginekologivznej Katedry Onkologii Uniwersytetu Medyeznego we
Wroctawiu pod nadzovem dr Marcina Jedryki i w Oddziale Ginckologii Onkologicznei
Dolnostyskiego Centrum Onkologii we Wroclawiu pod warunkiem zachewania
anonimowosci uzyskanych danych.

Pougzenic: W cigpu 14 dni od otrzymania decyzji wnioskedawey przystuguje prawo
adwilania do Komisji Odwolawczej za posrednictwem Komisii Bioetyeznej UM we
Wrockiwiu

Opinia powy’sza dotyczy: projekiéw badawezych bedgcych podstaws dziatainosci statutowe)
7 up. Pracwodniczicego

Komisji Bioetyczne) pray
[Iniwersylecie Medyczoym we Wroclawin

Wroctaw, dnia V] czerwes 2016,
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KOMISIA BIOETYCZNA
przy
Uniwersytecie Medyernym
-~ we Wroelawiu
Basteora 1: 30-367 WROCELAW

OPINIA KOMISH BIOETYCZNES Nr KI3 — 719/2018

grudma 1996 r. (Dz U ar28z 1097 1. poz. 152z p ¥

z dma

MMURoIoLl
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do projektu badawczego pt.
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KOMISJA BIOETYCZNA

przy
Uniwersytecie Medycznym
we Wroctawiu

OPINTIA KOMISII BIOETYCZNEJ Nr KB - 297/2022

Komisja Bioetyczna przy Uniwersytecie Medycznym we Wroclawiu, powolana
zarzgdzeniem Rektora Uniwersytetu Medycznego we Wroctawiu nr 278/XVI R/2020 z dnia
21 grudnia 2020 r. oraz dzialajgca w trybie przewidzianym rozporzadzeniem Ministra
Zdrowia i Opieki Spolecznej z dnia 11 maja 1999 . (Dz.U. nr 47, poz. 480) na podstawie
ustawy ¢ zawodzie lekarza z dnia 5 grudnia 1996 r. (Dz.U. nr 514 z 2020 r.) w skladzie:

dr Joanna Birecka (psychiatria)

dr Beata Freier (onkologia)

dr hab. Tomasz Fuchs (ginckologia, potoznictwo)

prof. dr hab. Dariusz Janczak (chirurgia naczyniowa, transplantologia)

dr hab. Krzysztof Kaliszewski, prof. UMW (chirurgia endokrynologiczna)
dr prawa Andrzej Malicki (prawo)

dr hab. Marcin Maczynski, prof. UMW (farmacja)

Urszula Olechowska (pielegniarstwo)

prof. dr hab. Leszek Szenborn (pediatria, choroby zakazne)

prof. dr hab. Andrzej Szuba (choroby wewngtrzne, angiologia

ks. prof. Andrzcj Tomko (duchowny)

prof. dr hab. Mieszko Wigckiewicz (stomatologia)

dr hab. Andrzej) Wojnar, prof, nadzw. (histopatologia, dermatologia) przedstawiciel
Dolnoslaskiej 1zby Lekarskizej)

dr hab. Jacek Ziclinski (filozofia)

pod przewodnictwem
prof. dr hab. Jerzego Rudnickiego (chirurgia, proktologia)

Przestrzegajac w dzialalnesei zasad Good Clinical Practice oraz zasad Deklaracji Helsinskiej,
po zapoznaniu sig z projektem badawczym pt.:

»Analiza profilu i stopnia glikozylacji surowicze] immunoglobuliny G u kobiet z
raawansowang endometriozg
zgtoszonym przez mgr Katarzyng Solkiewicz, pracownika Katedry i Zakladu Diagnostyki
Laboratoryjnej Uniwersytetu Medycznego we Wroctawiu oraz ztozonymi wraz z wnioskiem
dekumentami, w tajnym glosowaniu postanowila wyrazié zgode na przeprowadzenie badania
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w Katedrze i Zakladzie Diagnostyki Laboratoryjnej Uniwersytetu Medycznego we Wroctawiu
oraz Instytucie Immunologii i Terapii Doswiadczalne] PAN we Wroctawiu, pod nadzorem dr
hab. Ewy Marii Kratz, prof. UMW i prof. dr hab. Huberta Krotkiewskiego, pod warunkiem
zachowania anonimowo$ci uzyskanych danych.

Uwaga: Badanie to zostato objete ubezpieczeniem odpowiedzialnosei cywilnej Uniwersytetu
Medycznego we Wroctawiu z tytutu prowadzonej dzialalnosci.

Pouczenie: W ciagu 14 dni od otrzymania decyzji wnioskodawcy przystluguje prawo
odwotania do Komisji Odwolawczej za poSrednictwem Komisji Bioetycznej UM we

Wroctawiu,

Opinia powyzsza dotyczy projektu badawczego bedacego podstawg rozprawy doktorskiej.

Przewodniczacy Komisji Bioetycznej

profyhab erzy Rudnicki

&

Wroctaw, dniagq’kwiemia 2022 1.
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10. ZRODLA FINANSOWANIA

Badania, ktorych wyniki przedstawiono w w/w publikacjach oryginalnych zostaty
sfinansowane z subwencji Ministra Zdrowia wg systemu SIMPLE Uniwersytetu
Medycznego im. Piastow Slaskich we Wroctawiu o nastepujacych numerach:

| publikacja

SUB.D270.20.010 Katedra Diagnostyki Laboratoryjnej, Zaktad Diagnostyki
Laboratoryjnej

SUB.C280.21.023 Katedra Onkologii i Kliniki Onkologii Ginekologicznej

Il publikacja

SUB.D270.21.096 Katedra Diagnostyki  Laboratoryjnej, Zaktad DiagnostyKi
Laboratoryjnej

111 publikacja

SUB.D270.21.096; SUBZ.D270.22.047 Katedra Diagnostyki Laboratoryjnej, Zaktad
Diagnostyki Laboratoryjnej
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11. CALKOWITY DOROBEK NAUKOWY

Wroctaw, 16.12.2022 .

Katarzyna Solkiewicz

Wykaz publikacji

1. Publikacje w ezasopismach naukowych

1.1 Publikacje w czasopismie z IF

Lp

Opis bibliograficzny

IF

Punkty

Pawlik-Sobecka Lilla, Sotkiewicz Katarzyna, Kokot lzabela, Kiraga
Aleksandra, Placzkowska Sylwia, Schlichtinger Apnieszka Matylda, Kratz
Ewa Maria: The influence of serum sample storage conditions on selected
laboratory parameters related to oxidative stress: a preliminary study,
Diagnostics, 2020, vol. 10, nr 1, art.51 [17 5.],

DOT: 103390/ diagnostics | 010051

3,706

70

Kratz Ewa M., Zurawska-Plakse] Ewa, Solkiewice Katarzyna, Kokot
lzabela, Faundez R., Piwowar Apnieszka: Investigation of seminal plasma
chitotriosidase-1 and leukocyte elastase as potential markers for 'silent
inflammation of the reproductive tract of the infertile male - a pilot study,
Journal of Physiology and Pharmacology, 2020, vol. 71, nr 3, 5. 343-349,
DOI:10.264025pp.2020.3.04

3,011

Kratz Ewa Maria, Solkiewicz Katarzyna, Kubis-Kubiak Adriana, Piwowar
Agnieszka: Sirtuins as important factors in pathological states and the role

of their molecular activity modulators, International Journal of Molecular
Sciences, 2021, vol, 22, nr 2, art.630 [31 5.1, DO 10.3390/ijms2 2020630

6,208

140

Kokot lzabela, Piwowar Agnieszka, Jedrvka Marcin, Solkiewicz
Katarzyna, Kratz Ewa Maria; Diagnostic significance of selected serum
inflammatory markers in women with advanced endometriosis,
International Journal of Molecular Sciences, 2021, vol. 22, nr 5, art.2293
[20 5.], DO 10.3390/jms22052295

6.208

141

Kratz Ewa Maria, Solkiewicz Katarzyna, Kaczmarck Agnicszka, Piwowar
Agnieseka: Sirtuiny - enzymy o wiclokierunkowe| aktywnosei
katalityezne], Postepy Higieny 1 Medyeyny Doswiadezalne, 2021, vol. 75,
s 152-174, DO 1 53604/01, 30010014, 7866

0,357

40

Sotkiewice Katarzyna, Krotkiewski Hubert, Jedryka Marcin, Kratz Ewa
M.: Variability of serum IgG sialylation and galactosylation degree in

women with advanced endometriosis, Scientific Reports, 2021, vol. 11,
art. 3386 (10 5], DOL: 10, 1038/54 1 398-02 1-85200-x

4,997

140

Placzkowska Sylwia, Solkiewicz Katarzyna, Bednarz-Misa lwona, Kratz
Ewa Maria: Atherogenic plasma index or non-high-density lipoproteins as
markers best reflecting age-related high concentrations of small dense low-
density lipoproteins, Intemational Journal of Molecular Sciences, 2022,
vol. 23, nr 9, art. 5089 [13 5], DOG 10330 (jms2 3095089

6,208%

140
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Lp

pis bibliograficzny IF

Fankiy

Solkiewicz Katarzyna, Kacperczyk Monika, Krotkiewski Hubert, Jedryka
Marcin, Kratz Ewa Maria: O-glycosylation changes in seram
immunoglobulin G are associated with imflammation development in 6, 208*
pdvanced endometriosis, International Journal of Molecular Sciences, 2022,
vol, 23, nr 13, art.BORT [22 5], DOL:10.3390/ms23 1 58087

140

Solkiewice Katarzyna, Erotkiowski Hubert, Jedryka Marcin, Czekanski
Andrzej, Kratz Ewa Maria: The alterations of serum 1pG fucosylation as a
potential additional new disgnostic marker in advanced endomeiriosis, 4.631%
Joumal of Inflammation Rescarch, 2022, vol. 15, 5. 251-266,
DOL 0.2 14T/ITR. 534 150

L40

& 202!

1.2 Publikacje w czasopigmie hez 1F

Lp.

Opls bibliograficeny

Punkty

|

Solkiewicz Katarzyna, Pawlik-Sobecka Lilla, Placzkowska Sybwin, Piwowar
Agnreszka: Eryiropoetyna a utrata kret w wybranych zabiegach ortopedyeznych,
Polski Merkurivsz Lekarski, 2018, vol. 45, nr 268, 5. 141-14%

2, Monografie naukowe

2.1 Ksigika autorska

Lp.

Opis bibliograficzny

Punkty

Chmielewski Piodr, Solkiewicz Kntnrzyna, Borvslawski Krzysaiof, Sirrelec
Barftomiej: Variability in the frequency of ABO and Bh blood groups in Lower
Silesia {Poland): the role of natural selection and genetic drift, Wroctaw 2017, DN
Publisher, 128 5., {(Monographs of Physical Anthrogology, nr Vol6), [Publikacja w
wydawnictwic spoza listy MNISW)

20

2.2 Ksigika redagowana -

2.3 Rordzialy

Lp.

Oipis biblisgraficany

Punkty

Kiraga Aleksandra, Pawlik-Sobecka Lilla, Kokot Izabela, Solkiewice Katarzyna,
Maczkowska Sylwia: Pordwnanie dwoch metod oceny potencjatu
antyoksydacyjrego krwi, W Nauka, badania i doniesienia naukowe 2018 : nauki
prevrodnicas | medyczne, (red.} Tobiasz Wysoczanski, Swiebodzice 200 8, Idea
Fnowledge Future, 5. 152-160, ISBW 978-83-9453 1 1-7-1, [Publikacja w
wydawnictwie spoza listy MNISW)

Babst Agata, Kokot 1zabela, Solkiewicz Katareyna, Pawlik-Sobecka Lilla,
Placzkowska Sylwia: Zrognicowanic potencjah antyoksydacyjnego oraz stiedenia
oksydacyjnie modyfikowanych binlek i lipiddw w zalegnodci od phei u ludzi
mbodveh, W Nauka, badania 1 doniesienia naukowe 2018 © nauki przyrodnicze 1

8. 7-16, ISBN 9TE-83-045311-7-1, [Publikacja w wydawnictwie spoea listy

MNiSW]

medyczne, (red.) Tobiasz Wysoczafski, Swicbodzice 2018, Idea Knowledge Future,
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X Abstrakty

Lp

Opis bibliograficeny

Kokot [zabela, Placzkowska Sylwia, Sotkiewicz Katarzyna, Sokolik Renata, Komman Lucyna,
Pawlik-5cobecka Lilla: Catkowity status antyoksydacyjny u kobiet chorujacyeh na LS | RES -
badanie pilotatowe, Diagnostyka Laboratoryjna, 2007, vol. 33, or guppl. 1, 532 poz.P-07, [XIX
Zjazd Polskicgo Towarzvstwa Diagnostyki Laboratoryineg). Krakow, 3-6 wrzednia 2007 r.
Streszczenia)

1-a

Plackowska Sylwia, Kokot [zabela, Solkiewicz Katarzyna, Pawlik-Sobecka Lilla, Piwowar
Agnieszka: Insulinoopormost i cechy zespotu metabolicznego u luda micdyeh, Diagnostyka
Laboratoryina, 2007, vol. 53, nr suppl.1, 83 poz P72, [XIX Zjazd Polskiego Towarzystwa
Diagnostyki Laboratoryjnej. Krakow, 3-6 wrzednia 2017 r, Streszezenia

Babst Apata, Jaroszewska Karoling, Kokot lzabela, Solkiewice Katareyna, Pawlik-Sobecka
Lilla, Placzkowska Sylwia: Nieinwazyjna diagnostvka wad genetycznych ptodu z
wykorgyvstaniem prabek kewi matki, W 11 Ogdlnopolska Konferencja Naukowa “Wspolcaesne
rastosowanic metod analitycenych w farmacii | medyeynie®, Wrochaw, 3 kwietnia 2007 r.

Ksinzka abstrakiow 2017, 18 poz.F1

Kiraga Aleksandra, Filipek Aneta, Kokot |zabela, Solkiewicz Katareyna, Pawlik-Sobecka
Lilla, Placzkowska Sylwia: Diagnostyka molekularma alergii [gE zalegnych, W 1
Ogdlnopolska Konferencin Naukows "Wspdlozesne zastosowanie metod analitycanyeh w
farmacji i medycynie”. Wroclaw, 3 kwietnia 2017 r. Ksiazka abstraktéw 2017, 28 poz P12

Kokot [zabeln, Placzkowska Sylwia, Solkiewicz Katarzvna, Pawlik-Sobecka Lilla:
Kapilaroskopia jako niginwazyjna metoda diagnostvezna w chorobach reumatycanych, W: Il
Ogdlnopolska Konferencja Maukowa "Wspolezesne zastosowanie metod analitycenych w

farmacji i medycynie". Wroclaw, 3 kwieinia 2017 r. Ksigika abstraktow 2017, 29 poz.F13

Pawlik-Sobecka Lilla, Kokot 1zabela, Solkiewicz Katarzyna, Placzkowska Sylwia: Ocena
insulinopormadei | insulinowrazliwosci w oparciu o podrednie metody laboratoryjne, W 11
Ogdlnopolska Konferencja Naukowa "Wspdczesne zastosowanie metod analitveenych w
farmacii | medveynie”, Wroclaw, 3 kwietnia 2017 r, Ksigrka abstraktow 2007, 39 poz P23

Solkicwicz Katarzyna, Phczkowska Svlwia, Kokot lzabela, Pawlik-Sobecka Lilla:
Mowogzesne systemy pobierania krwi dyinej do badan diagnostyeenych, W: Il Ogalnopolzka
Konferencja Maukowa "Wspotezesne zastosowanie metod analitycenych w farmacji i
medycyiie”. Wroctaw, 3 kwietnia 2017 r. Ksig2ka abstraktdw 2017, 45 poe, P29

Sotkiewicz Katarzyna, Kratz Ewa Maria: Immunoglobulin G glyeosylation in endometriosis,
W: 3rd Wroclaw Scientific Meetings. Wroctaw, 1st-2nd March 2019, (red.) Julita Kulbacka,
Mina Rembiatkowska, Joanna Wezgowiee, Wroclaw 2019, Wydawnictwo Naukowe TYGIEL
sp. 2z 0.0, 161 poz.P107, ISBN 978-83-65932-64-8

Kokot lzabela, Piwowar Apnieszka, Krate Ewa Maria, Placekowska Sylwia, Solkiewicz
Katarzyna, Pawlik-Sobecka Lille, Sokolik Renata: Bifect of disease activity on parameters of
oxidative-antioxidant balance in rheumatoid artheitis patients, W: 3rd Wroclaw Scientific
Meetings. Wroctaw, 1st-2nd March 2019, (red.) Julita Kulbacks, Nina Rembiatkowska, Joanna
Wedgowier, Wroclaw 2019, Wydawnictwoe Naukowe TYGIEL sp. 2 0.0, 96 poz. P42, ISBN
O78-83-65932-64-8

Solkiewicz Katarzyna, Krotkiewski Hubert, Jodryka Marcin, Krate Ewa Maria: Variability of
serum immunoglobulin G degree of galactosylation in women with endometriosis - pilot study,
W dth International Wroclaw Scientific Meetings, Wroctaw, (9- 10 October 2020, (red.) Julit
Kulbacks, Mina Rembiatkowska, Joanna Wedgowies, Wroctaw 2020, Wydawnictwo Naukowe
TYGIEL sp. 2 0.0, 5. 219-220, ISBN 978-83-66489-37-0
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Lp Opis bibliograficzny

Solkiewicz Katarzyna, Kaczmarck Agnieszka, Piwowar Agnieszka, Kratz Ewa Maria:
Sirtuiny jako multipotencjalne markery diagnostyczne, W: II. WSML - Wroctawskie

11 | Spotkanie Medycyny Laboratoryjnej. Wroclaw, 26 marca 2021. Program konferencji i ksiazka
abstraktow 2021, 26 poz.P16, [[Dostep 7.04.2021]. Dostgpny w:
https://medtube.pl/uploads/a/4/03252a48cecabbebd6b26b609a92{b950fe3 . pdf]

971156-8-5
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