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3. Wykaz stosowanych skrétow
ALT - aminotranferaza alaninowa
AUC - ang. area under the curve; pole pod krzywa
BMI - ang. body mass index; wskaznik masy ciala
Cer - ang. ceramide; ceramid
FGF21- ang. fibroblast growth factor 21; czynnik wzrostu fibroblastow 21
GGT - gamma-glutamylotranspeptydaza
HDL - ang. high-density lipoprotein; lipoproteina wysokiej gestosci

HOMA-IR - ang. homeostasis model assessment of insulin resistance;
wskaznik insulinoopornosci

LacCer - ang. lactosylceramide; laktosylceramid
LDL - ang. low-density lipoprotein; lipoproteina niskiej ggstosci

NAFLD - ang. non-alcoholic fatty liver disease; niealkoholowa
stluszczeniowa choroba watroby

PRISMA — ang. preferred reporting items for systematic reviews and meta
analyses
PUFA - ang. polyunsaturated fatty acids, wielonienasycone kwasy
thuszczowe
RBP-4 — ang. retinol binding protein-4; biatko wigzace retinol — 4
ROC - ang. receiver operating characteristic
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clazowego
Sph - ang. sphingosine; sfingozyna
SPA - ang. sphinganine; sfinganina
TC- ang. total cholesterol; cholesterol catkowity
TG — ang. triglyceride; trojglicerydy
USG - ang. ultrasonography; badanie ultrasonograficzne
WHO — ang. World Health Organisation; Swiatowa Organizacja Zdrowia
WHR — ang. waist to hip ratio; wskaznik talia — biodro



4. Wstep

Kamica zolciowa (ang. cholelithiasis) jest chorobg spowodowana tworzeniem si¢
ztogbw w  pecherzyku zoélciowym i/lub  drogach zdlciowych wewnatrz- lub
zewnatrzwatrobowych. Kamienie zotciowe powstaja Wskutek wytracania skltadnikoéw zotci
takich jak cholesterol, bilirubina czy sole kwasow zotciowych. Zlogi obecne w drogach
zotciowych 1 w pecherzyku zotciowym w zaleznosci od sktadu dzieli si¢ na cholesterolowe,
barwnikowe i mieszane. Powstanie kamieni barwnikowych czarnych zwigzane jest z
nadmiarem bilirubiny w zo6lci. Predysponujg do tego anemie hemolityczne (takie jak anemia
sierpowatokrwinkowa czy sferocytoza), zespot Gilberta, choroba Le$niowskiego-Crohna czy
dlugotrwate zywienie pozajelitowe [1]. Kamienie barwinkowe bragzowe zawieraja glownie
bilirubinian wapnia powstaly w wyniku dziatania beta-glukoronidazy, a nast¢pnie
polimeryzacji wolnej bilirubiny, co obserwuje si¢ w przewlektych infekcjach drog zétciowych
[2]. Kamienie cholesterolowe dominuja w krajach zachodnich, a czestos¢ ich wystepowania
rosnie gwattownie od okresu dojrzewania [3]. W ostatnich latach obserwuje si¢ staty wzrost
czestosci wystgpowania kamicy zotciowej u dzieci i wynosi on od 0.3% do nawet 4% populacji
pediatrycznej [4, 6]. Kamica zotciowa moze dotyczy¢ dzieci w kazdym wieku. Opisywano
przypadKi jej rozpoznania juz w okresie ptodowym [6]. Formowaniu si¢ kamieni zétciowych u
dorostych sprzyjaja czynniki genetyczne, pte¢ zenska, starszy wiek czy otylos¢ [1, 4, 7-10].
Mimo znanych czynnikéw ryzyka wystapienia kamieni cholesterolowych patomechanizm
choroby jest ztozony (obejmuje m. in. zaburzenia sktadu zéfci oraz dyskineze pecherzyka
z6kciowego) i wciaz nie zostal doglebnie wyjasniony [11, 12-16]. Czynniki genetyczne moga
odpowiada¢ nawet za 25% przypadkoéw kamicy zotciowej [7]. W badaniach przeprowadzonych
wsrod dzieci stwierdzono nieprawidlowos$ci w obrebie gendéw takich jak ABCG5, ABCG8 czy
UGT1Al1 [8, 9]. Kolejnymi czynnikami wplywajacymi na formowanie si¢ kamieni w
pecherzyku i/lub drogach zoélciowych sg stosowane leki (takie jak ceftriakson, oktreotyd),
zywienie pozajelitowe oraz zaburzony metabolizm cholesterolu [13-16]. Sugerowano, iz
zmiana sktadu mikrobioty jelitowej w postaci nadmiernego wzrostu proteobakterii i
zmniejszenia gatunkow z rodzaju Faecalibacterium, Lachnospira i Roseburia moze odgrywac
role w rozwoju kamieni zotciowych [12]. Patogeneza kamicy zotciowej cholesterolowej u 0sob
dorostych jest $cisle zwigzana z zespotem metabolicznym, ktérego wyznacznikami sg
insulinoopornos¢, cukrzyca typu 2, otylos¢ trzewna czy zaburzenia lipidowe [17]. Ostatnio

postuluje si¢ zalezno$¢ migdzy stosowaniem diety bogatej w ttuszcze i cukry proste oraz z niska



zawartoscig btonnika, a wystgpieniem kamicy zoétciowej [10]. Stwierdzono zwigzek migdzy
wystepowaniem niealkoholowej sttuszczeniowej choroby watroby (non-alcoholic fatty liver
disease, NAFLD) i kamicy zotciowej [18]. Mechanizm wspoétistnienia tych dwoch chordb nie
zostal jednoznacznie okreSlony, jednakze moze by¢ on zwigzany z insulinoopornoscia,
lipogeneza de novo i aktywacjg szlakow sygnatowych kwasow zotciowych obecnych u tych
pacjentéw [19]. Natomiast u dzieci do gtownych czynnikéw majgcych wplyw na coraz czgstsze
rozpoznawanie kamicy zotciowej (zwlaszcza kamicy cholesterolowej) mozna zaliczy¢ istotny
wzrost wystepowania otylosci, a takze wigkszg dostgpnos¢ badan ultrasonograficznych [4, 20].
U dzieci nadwage rozpoznaje si¢ przy warto$ciach wskaznika masy ciala (ang. body mass
index, BMI) >85 centyla, za$ otylos¢ >95 centyla [20]. Uzytecznym parametrem w
rozpoznawaniu otylo$ci trzewnej jest tez wskaznik talia-biodro (ang. waist to hip ratio, WHR)
[21]. Zar6wno u dorostych jak i u dzieci, otylos¢ zwigzana jest nie tylko ze zwigkszeniem ilo$ci
tkanki ttuszczowej, ale tez z dysregulacjg metaboliczng i endokrynologiczng [22]. Tkanka
thuszczowa obecnie nie jest traktowana tylko jako magazyn substancji odzywczych, ale réwniez
jako narzad endokrynny produkujgcy substancje biatkowe - adipokiny. Watroba rowniez
wptywa na metabolizm lipidow 1 weglowodandw poprzez uwalnianie do krazenia hepatokin.
W poszukiwaniu patomechanizmu kamicy zoélciowej, jako choroby zwigzanej z otyloscia,
przeprowadzono badania oceniajgce stezenia adipokin U dorostych pacjentow z kamica
Z0kciowa [ 16, 23-26]. Wyniki tych badan jednak sg niejednoznaczne.

Jedng z czesto ocenianych adipokin u pacjentow z otyto$cia jest chemeryna. W ostatnich
latach coraz wigcej prac wskazuje na plejotropowe dzialanie chemeryny oraz podkreslany jest
jej wpltyw na angiogeneze, adipogeneza czy metabolizm energetyczny [27]. W populacji
pediatrycznej opisano zmiany stezenia tej adipokiny w zalezno$ci od BMI. U dzieci i mtodziezy
z rozpoznang nadwaga/otylo$cia obserwowano zwickszone wartosci chemeryny, za$ u
pacjentow z jadlowstretem psychicznym jej stezenia byly nizsze w pordwnaniu ze zdrowa
populacja [28, 29]. Niklowitz 1 wsp. stwierdzili istotny zwigzek pomiedzy stezeniem
chemeryny a obwodem talii, WHR oraz oznaczeniem zawarto$ci thuszczu w organizmie przy
zastosowaniu metody bioimpedancji elektrycznej. Wartosci tej adipokiny nie korelowaty z
pomiarem grubosci fatdu skornego [30]. Obserwacje te moga sugerowac, ze podskorna tkanka
thuszczowa nie jest zaangazowana w syntez¢ chemeryny. W innym badaniu wykazano dodatnia
korelacj¢ pomiedzy st¢zeniem tej adipokiny a zaburzeniami gospodarki lipidowej w postaci
wzrostu poziomu cholesterolu catkowitego (ang. total cholesterol, TC), cholesterolu zawartego
we frakcji lipoprotein o niskiej gestosci (ang. low-density lipoprotein cholesterol, LDL),

trojglicerydow (ang. triglyceride, TG) oraz spadku poziomu cholesterolu zawartego we frakcji
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lipoprotien o wysokiej gestosci (ang. highdensity lipoprotein cholesterol, HDL) [28]. U dzieci
z NAFLD stwierdzono nie tylko wyzsze stezenia chemeryny, ale takze dowiedziono jej
uzyteczno$ci W przewidywaniu ilosci wewnatrzwatrobowych lipidow oraz zaawansowania
stluszczenia watroby [31]. Natomiast w badaniu oceniajagcym st¢zenie chemeryny u dorostych
pacjentow z kamicg z6tciowa, nie wykazato istotnych zmian stezenia tej adipokiny w badanej
grupie [23].

Kolejna, wzbudzajaca zainteresowanie badaczy adipoking jest waspina, ktora ulega
ekspresji w trzewnej i podskornej tkance thuszczowej [23, 31-33]. Nadekspresja waspiny jest
mechanizmem kompensacji wrazliwosci na insuling i metabolizmu glukozy. U dzieci
niezaleznie od pici, wieku i BMI nizsze stezenia waspiny byly zwigzane z lepsza wrazliwos$cia
na insuling [32]. W innym badaniu zaobserwowano wyzsze st¢zenie waspiny u otylych dzieci
oraz jej dodatnig korelacje z wyktadnikami stanu zapalnego [33]. Ponadto u dzieci z NAFLD
zauwazono wyzsze stezenia waspiny w grupie osob chorych w porownaniu do zdrowych.
Substancja ta takze dodatnio korelowata z zawartos$cig lipidow w watrobie [31]. W badaniu
przeprowadzonym u osob dorostych z kamicg zétciowa nie stwierdzono istotnych réznic w
stezeniu waspiny w grupie badanej i kontrolnej [23].

Inng adipoking, w przypadku ktorej potwierdzono zwigzek z otytoscig jest progranulina.
Podwyzszona ekspresja progranuliny w trzewnej tkance thuszczowej i wzrost jest stgzenia w
surowicy obserwowano w otylosci, cukrzycy typu 2 i dyslipidemii u osoéb dorostych [34].
Dotychczas przeprowadzone badania oceniajace st¢zenia progranuliny wérdd otytych dzieci s3
sprzeczne [35, 36]. Niklowitz i wsp. nie stwierdzili zaleznosci stezenia progranuliny od BMI.
Ponadto progranulina nie byta zwigzana z insulinoopornos$cia, wyktadnikami stanu zapalnego
czy zespotem metabolicznym u dzieci [35]. W innym badaniu progranulina byla istotnie wyzsza
u otytych dzieci oraz korelowata z TG, TC, warto$ciami skurczowego i rozkurczowego
ci$nienia te¢tniczego [36]. Interesujace wyniki uzyskano natomiast u oso6b dorostych z kamica
zo0kciowa, ktore sugeruja, ze wyzsze wartosci progranuliny w surowicy moga mie¢ zwigzek z
formowaniem si¢ kamieni zotciowych [23].

Nastepng adipoking produkowang przez tkanke tluszczowa i watrobe jest biatko
wigzace retinol-4 (retinol binding protein-4, RBP-4). Biatko to uwazane jest za czynnik ryzyka
kardiometabolicznego. Wykazano, ze RBP-4 indukuje oporno$¢ na insuling, a wartosci RBP-4
w osoczu sg podwyzszone w przypadku cukrzycy typu 2, otylosci 1 zespotu metabolicznego.
Stwierdzono ponadto, ze stezenie RBP-4 zmniejsza si¢ podczas interwencji medycznych
powodujacych poprawe profilu metabolicznego, takich jak dieta, wysitek fizyczny, doustne leki

przeciwcukrzycowe i hipolipemizujace [37]. Dostepne dane dotyczace wartosci RBP-4 u
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dorostych pacjentow z kamicg zotciowa sg sprzeczne. Wang 1 wsp. zaobserwowali nizsze
warto$ci adipokiny u pacjentow z kamicg zoétciowa w poréwnaniu do zdrowych kontroli w
przeciwienstwie do wynikow uzyskanych przez Hen i wsp. [24, 25]. Ponadto wyzsze st¢zenia
tej adipokiny wigzaly si¢ z zaburzeniami gospodarki lipidowej, weglowodanowej oraz
wyzszymi warto$ciami aminotransferazy alaninowej (ALT) [25].

Natomiast jedng z hepatokin, czyli substancji produkowanej gtéwnie w watrobie oraz
zwigzane] z otyloscig jest czynnik wzrostu fibroblastow 21 (fibroblast growth factor 21,
FGF21). Bezposrednio reguluje on metabolizm lipidow i zmniejsza akumulacje lipidow w
watrobie [38]. Istotnie wyzsze st¢zenia FGF21 zostaly wykazane w surowicy dorostych
pacjentéw z NAFLD, dzieci z otylo$cig oraz cukrzyca typu 2 w poréwnaniu z grupa kontrolng
[39-41]. Wsrod otytych dzieci stwierdzono dodatnig korelacje FGF21 z HOMA-IR (ang.
homeostasis model assessment of insulin resistance) [40]. Tylko w jednym badaniu
analizowano stezenie FGF21 w surowicy dorostych pacjentéw z kamica zoétciowa, ktore nie
wykazato istotnych réznic migdzy grupg badang a grupa kontrolng [23].

Do tej pory nie ma opublikowanych danych oceniajacych stezenia adipokin i hepatokin
u dzieci z kamicg zotciowa. Nalezy tez zaznaczy¢, ze wigkszo§¢ omdéwionych wyzej badan
dotyczyto oséb dorostych, a na uzyskane wyniki mogty mie¢ wptyw czynniki srodowiskowe,
takie jak wspotwystepowanie innych chorob, diuzszy czas przebiegu nadwagi/otytosci,
stosowanie lekow wplywajacych na gospodarke lipidowa i weglowodanows, palenie
papierosow czy picie alkoholu. Z tego powodu bezposrednie przeniesienie wynikow badan
adipokin na populacje pediatryczng jest niemozliwe.

Interesujace sg ostatnie doniesienia dotyczgce oznaczen sfingolipidow w rdéznych
chorobach, w tym zwigzanych z otyto$cig [42-46]. Do sfingolipidow zalicza si¢ miedzy innymi:
ceramidy (ang. ceramides, Cer), laktosylceramidy (ang. lactosylceramides, LacCer),
sfingozyna (ang. sphingosine, Sph) i sfinganina (ang. sphinganine, SPA). Sfingolipidy biora
udziat w proliferacji, metabolizmie oraz apoptozie komodrek. Moga by¢ réwniez zaangazowane
w odpowiedz zapalng ustroju [43, 44, 46]. Wasilewska 1 wsp. stwierdzili istotnie wyzsze
stezenia Cer w surowicy dzieci z NAFLD w poréwnaniu do zdrowych oséb. W tym samym
badaniu zanotowano takze pozytywne korelacje migdzy catkowitym stgzeniem Cer a insuling i
HOMA-IR [45]. Nieliczne prace doswiadczalne, przeprowadzone w populacji dorostych
sugeruja korzystny efekt wybranych lipidow (wielonienasycone kwasy tluszczowe, ang.
polyunsaturated fatty acids, PUFA) w zapobieganiu tworzenia si¢ ztogow cholesterolowych w
pecherzyku zotciowym poprzez ich wplyw na zmiang sktadu lipidowego Zéfci oraz surowicy

[47, 48]. Ponadto, w modelu zwierzecym stwierdzono, ze hamowanie syntezy Cer przy uzyciu
11



myriokiny istotnie wptywalo na rzadsze wystepowanie kamieni zotciowych u genetycznie
predysponowanych myszy [49]. Do chwili obecnej nie ma danych dotyczacych profilu
sfingolipidow u pacjentdw z kamicag zotciowa, zarowno wsrod dorostych jak i dzieci.

Biorgc pod uwage wyniki wspomnianych wyzej badan, wskazujacych na zwigzek
adipokin, hepatokin i sfingolipidow z otytoscig i towarzyszgcymi jej chorobami, jak rowniez
czeste wspolistnienie otytosci z kamica zolciowa, interesujagce wydaja si¢ by¢ badania
oceniajgce stezenia wybranych adipokin, hepatokin lub sfingolipidow u dzieci z kamica

zolciowa.
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5. Omowienie prac skladajacych si¢ na rozprawe
doktorska

5.1. Cel pracy

Gtowne cele badawcze to:

- ocena stgzen chemeryny, waspiny, progranuliny, RBP-4, FGF21 oraz wybranych
sfingolipidéw (Cer, LacCer, Spa, Sph) u dzieci z kamica zdtciowa w pordwnaniu do
rowiesnikéw bez kamicy zotciowe;,

- analiza korelacji badanych markerow z parametrami antropometrycznymi oraz wybranymi
wynikami badan biochemicznych krwi,

- analiza wieloczynnikowa wptywu stezenia badanych substancji po uwzglgdnieniu wieku, plci,
obecnosci otylo$ci oraz poziomoéw trojglicerydow 1 cholesterolu catkowitego na obecnos¢
kamicy z6lciowej u dzieci przy pomocy uogolnionego modelu liniowego.

Wyniki badan przedstawiono w dwdch pracach oryginalnych.

W pracy pogladowej omowiono wyniki najnowszych badan dotyczacych etiologii kamicy

zotciowej u dzieci.

5.2. Materialy i metody

Do badan wlaczono dzieci z nowo rozpoznang kamicg zotciowa za pomoca badania
ultrasonograficznego  (USG). Pacjenci byli hospitalizowani w Klinice Pediatrii,
Gastroenterologii, Hepatologii, Zywienia, Alergologii i Pulmonologii Uniwersyteckiego
Dziecigcego Szpitala Klinicznego w Biatymstoku w latach 2017-2018. Kazdy z pacjentow miat
wykonane pomiary antropometryczne i obliczone BMI. Do obiektywnej oceny wyniku BMI
zastosowano siatki centylowe. U dzieci ponizej 3 roku zycia uzyto siatek centylowych
Swiatowej Organizacji Zdrowia (ang. World Health Organisation, WHO), a w przypadku dzieci
w wieku 3-18 lat siatek centylowych opublikowanych przez Kutaga Z. i wsp. BMI zostalo takze
przedstawione w postaci z-score. Nadwage¢ rozpoznano u dzieci przy wartosciach BMI >85
centyla, za$ otylo$¢ >95 centyla BMI zgodnie z aktualnymi wytycznymi [17].

Do grupy kontrolnej wiaczono dzieci z wykluczonymi organicznymi schorzeniami
przewodu pokarmowego 1 prawidlowym wynikiem badania USG, ktore byty hospitalizowane
w Klinice Pediatrii, Gastroenterologii, Hepatologii, Zywienia, Alergologii i Pulmonologii

Uniwersyteckiego Dziecigcego Szpitala Klinicznego w Biatymstoku.
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Kryteria wykluczenia z badan obejmowaly obecnos$¢ ztogdéw w innych narzadach,
rozpoznanie ostrego zapalenia trzustki, anemii hemolitycznej, defektoéw anatomicznych drog
zotciowych, niealkoholowej stluszczeniowej choroby watroby czy aktywnej infekcji. Do badan
nie wlgczono réwniez pacjentow otrzymujgcych kwas ursodeoksycholowy, leki majace wptyw
na gospodarke weglowodanowg 1 lipidowa.

Badania byty przeprowadzone po uzyskaniu zgody Komisji Bioetycznej Uniwersytetu
Medycznego w Biatymstoku (nr zgody R-1-002/393/2016 i APK.002.464.2020) oraz pisemnej
zgody rodzica badz opiekuna na udzial w badaniu.

W pierwszej pracy oryginalnej, opublikowanej w Journal od Paediatric and Child
Health (2021; 57:371-374), badaniem obj¢to 54 dzieci (21 chtopcoéw i 33 dziewczynki) z
potwierdzong kamicg zolciowa, natomiast grupe pordéwnawcza stanowito 26 dzieci bez kamicy
z6kciowej z prawidtowym BMI. Do drugiego badania opublikowanego w Journal of Clinical
Medicine (2022; 11:5613) wlaczono 48 dzieci z kamicg zotciowa, a 38 dzieci stanowito grupe
kontrolng dobrang pod wzgledem BMI. W obu badaniach uczestniczyly dzieci w wieku 1-17
lat. Krew do analiz biochemicznych, oceny stezen adipokin, hepatokin oraz sfingolipidow
pobrano u wszystkich pacjentow po 10-12 godzinnym pozostaniu na czczo. Otrzymang po
odwirowaniu krwi surowice przechowywano w zamrazarce (-80°C) do czasu analizy.

W pierwszym badaniu oznaczono wybrane parametry biochemiczne takie jak: ALT,
gamma-glutamyltranspeptydaz¢ (GGT), bilirubing posrednig, bezposrednig oraz catkowita,
TG, TC, HDL 1 LDL. Dokonano takze pomiaré6w parametréw metabolizmu weglowodandéw —
stezenie glukozy oraz insuliny, na podstawie ktorych wyliczono wskaznik insulinoopornos$ci
HOMA-IR. Oznaczen biochemicznych dokonano w lokalnym laboratorium wg standardowych
technik. Pomiar stezenia chemeryny, waspiny, progranuliny, RBP-4 i FGF21 w surowicy
wykonano za pomocg metody immunoenzymatycznej ELISA (Cloud-Clone Corp., Katy, TX,
USA) zgodnie z protokotem zatagczonym przez producenta.

W drugim badaniu oznaczono w surowicy parametry gospodarki lipidowej (TC 1 TG
wg standardowej techniki laboratoryjnej) oraz oceniono st¢zenia wybranych sfingolipidow jak:
C16:0-Laktosylceramid (C16:0-LacCer), C18:0-Laktosylceramid (C18:0-LacCer), C18:1-
Laktosylceramid  (C18:1-LacCer), C24:.0-Laktosylceramid (C24:0-LacCer), C24:1-
Laktosylceramid (C24:1-LacCer), C14:0-Ceramid (C14:0-Cer), C16:0-Ceramid (C16:0-Cer),
C18:0-Ceramid (C18:0-Cer), C18:1-Ceramid (C18:1-Cer), C20:0-Ceramid (C20:0-Cer),
C22:0-Ceramid (C22:0-Cer), C24:0-Ceramid (C24:0-Cer), C24:1-Ceramid (C24:1-Cer), Sph
oraz SPA za pomocg ultrawysokosprawnej chromatografii cieczowe] sprz¢zonej z

tandemowym spektrometrem mas typu potrdjny kwadrupol (UHPLC/MS/MS) wedlug metody
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opisanej przez Bielawskiego i wsp.

Analize statystyczng przeprowadzono z uzyciem programu Statistica przy uzyciu testow
nieparametrycznych (test U-Manna-Whitney’a, testu zgodnosci chi-kwadrat oraz test Kruskala-
Wallis z analizg post-hoc). Korelacje oceniono uzywajac testu Spearmana. Przydatno$é
diagnostyczng badanych markeréw sprawdzono za pomocg analizy krzywej ROC (ang.
receiver operating characteristic). Dokonano takze analizy wieloczynnikowej przy pomocy

uogodlnionego modelu liniowego. Za istotne statystycznie uznano p< 0,05.
5.3. Wyniki i wnioski

5.3.1. Praca oryginalna nr 1

W pierwszej pracy oryginalnej wykazano znamiennie wyzsze stezenie chemeryny (p <
0.001), FGF21 (p = 0.02) i RBP-4 (p = 0.02) u pacjentéw z kamica zotciowa (grupa badana)
w poréwnaniu do grupy kontrolnej (Tabela 2 w artykule nr 1). Nast¢pnie grupe badang
podzielono na dwie grupy na podstawie wartosci BMI. Grupa I obejmowata 35 dzieci z
prawidtowym BMI oraz grupa II 19 dzieci z nadwaga lub otylosciag. W grupie II
zaobserwowano istotnie wyzsze wartosci TG (p = 0.04), HOMA-IR (p = 0.002) oraz RBP-4 (p
= (0.02) w porownaniu do grupy | (Tabela 3 i 4 w artykule nr 1) oraz istotnie wyzsze poziomy
chemeryny (p = 0.001), FGF21 (p = 0.01) oraz RBP-4 (p = 0.004) w poréwnaniu do zdrowych
kontroli (Tabela 4 w artkule nr 1). Biorgc pod uwage fakt, ze nadmierna masa ciata stanowi
czynnik ryzyka wystapienia kamicy zotciowej oraz ma wptyw na wartosci adipokin 1 hepatokin,
dalsza analiza statystyczna objeta pacjentow z prawidlowym BMI (grupa I z kamicg zétciowa
vs grupa kontrolna). Jedyng istotng rdznica statystyczng jaka zaobserwowano migdzy
pacjentami bylo istotnie wyzsze stezenie chemeryny W grupie | w poréwnaniu do grupy
kontrolnej (p<0.001). Nie zaobserwowano natomiast istotnej roznicy w stezeniu tej substancji
w grupie z kamica zotciowa porownujac dzieci z prawidlowym BMI do pacjentow z
nadmiernym BMI (grupa | vs grupa Il) (Tabela 4 w artykule nr 1). Dokonano réwniez oceny
korelacji pomiedzy parametrami biochemicznymi, a st¢zeniami poszczegolnych adipokin
(Tabela 5 w artykule nr 1). W grupie z kamicg zotciowa zaobserwowano dodatnie korelacje
pomiedzy: chemeryng i TG (r = 0.30; p = 0.03), HOMA-IR i FGF21 (r = 0.42; p = 0.002), jak
rowniez wasping i HDL (r = 0.28; p = 0.04).

Przy uzyciu wielokrotnej regresji liniowej (zmienne niezalezne: ALT, GGT, TC, TG,

HDL, LDL, HOMA-IR, bilirubina catkowita, bilirubina posrednia i bezposrednia; zmienne
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zalezne: chemeryna, waspina, progranulina, RBP-4 i FGF21) wsrdod dzieci z kamicg zotciows
zaobserwowano, ze TG sg istotng zmiang zwigzang ze stezeniem chemeryny (wspotczynnik
beta = 0.49, p = 0.004). W grupie I zanotowano podobny zwigzek chemeryny i TG z
wystepowaniem kamicy zétciowej (wspotczynnik beta = 0.46, p = 0.04).

Powyzsza analiza jest pierwsza opublikowang pracg oceniajgca stezenia Wwybranych
adipokin i hepatokiny u dzieci z kamicg zotciowa. Ograniczeniem badania jest niska liczba
pacjentow wiaczonych do badania, co mogto mie¢ wptyw na uzyskane wyniki. Ponadto w pracy
nie uwzgledniono stosowanej przez pacjentéw diety i aktywnosci fizycznej, co rowniez mogto
mie¢ wptyw na przedstawione rezultaty.

Podsumowujac, w powyzszym badaniu wykazano, iz stezenia poszczegolnych adipokin
1 FGF21 r6znig si¢ u pacjentéw z kamicg zotciowa w pordwnaniu ze zdrowymi kontrolami.
Ponadto stwierdzono istotnie wyzsze stezenie chemeryny u pacjentow z kamicg zotciowa
niezaleznie od masy ciata. Dane te moga wskazywa¢ na potencjalng role tej adipokiny w
rozwoju kamicy zélciowej u dzieci i mlodziezy. Potrzeba jednak dalszych badan oceniajacych
wptyw adipokin i hepatokin na formowanie si¢ kamieni zétciowych w populacji pediatryczne;j.
Dalsze dlugofalowe badania przystuza si¢ do odpowiedzi na pytanie czy adipokiny i
hepatokiny, zwlaszcza chemeryna, sg czynnikami ryzyka wystapienia kamicy zolciowej, a
takze czy beda pomocne w wyrdznieniu pacjentow predysponowanych do powiktan choroby.
Zmniejszenie syntezy poszczegoOlnych cytokin lub blokowanie ich receptorow przy uzyciu
srodkoéw farmakologicznych moze sta¢ si¢ w przysziosci opcja terapeutyczng pacjentow z
kamica zo6lciowa. Powyzsza praca oryginalna stanowi badanie wstgpne, ktore moze by¢
poczatkiem dalszych badan poswigconych stezeniom adipokin i hepatokin u pacjentow z

kamicg z6lciowa.

5.3.2 Praca oryginalna nr 2

W drugiej pracy oryginalnej wykonano analize sfingolipidow (SPA, Sph, C16:0-
LacCer, C18:0-LacCer, C18:1-LacCer, C24:0-LacCer, C24:1-LacCer, C14:0-Cer, C16:0-Cer,
C18:0-Cer, C18:1-Cer, C20:0-Cer, C22:0-Cer, C24:0-Cer, C24:1-Cer) w surowicy 48
pacjentéw pediatrycznych z kamica zotciows (grupa badana). Grupa kontrolna obejmowata 38
dzieci, dopasowanych pod wzgledem wieku, ptci i BMI. Pomigdzy grupa badang a kontrolng
zaobserwowano roznice statystyczne w stezeniach: TC, SPA, C14:0-Cer, C16:0-Cer, C18:1-
Cer, C18:0-Cer, C20:0-Cer, C24:1-Cer, C16:0-LacCer, C18:0-LacCer, C18:1-LacCer, C24:0-
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LacCer i C24:1-LacCer (Tabela 1 w artykule nr 2). Nastepnie analizowano korelacje pomiedzy
istotnymi statystycznie sfingolipidami a parametrami antropometrycznymi oraz TC i TG
(Tabela 2 w artykule nr 2). Zaobserwowano nastepujace istotne dodatnie korelacje: BMI i
C16:0-Cer (r=0.28; p=0.01), TG i C14:0-Cer (r=0.29; p=0.01), TG i C24:1-Cer (r = 0.37,;
p <0.001), TG i C24:0-LacCer (r =0.24; p =0.03), TC i C14:0-Cer (r =0.55; p<0.001), TCi
C16:0-Cer (r =0.32; p=0.003), TC i C24:1-LacCer (r = 0.24; p =0.03), TC i C24:0-LacCer
(r = 0.29; p = 0.009) oraz ujemne korelacje BMI i C20:0-Cer (r = -0.35; p = 0.002), BMI i
C24:1-Cer (r=-0.3; p=0.007), TCi C18:1-LacCer (r=-0.28; p=0.01).

Do oceny warto$ci diagnostycznych sfingolipidow uzyto krzywej ROC z okre§leniem
pola pod krzywa (ang. Area under the curve, AUC) (Tabela 3, Rycina S1 w artykule nr 2).
Najlepsze wartosci diagnostyczne uzyskano dla C16:0-Cer, ktéry pozwolit z 97.9% czulos$cia
oraz 100% swoisto$cig odrézni¢ pacjentéw z kamica zo6tciowa od zdrowych kontroli (AUC =
1.0, p < 0.001). Oznaczenie stezenia C14:0-Cer rowniez istotnie réznicowato grupe badang od
kontrolnej (AUC = 0.99, czulo$¢ 95.8%, swoisto$§¢ 97.4%, p < 0.001). Oznaczenia dla
pozostatych sfingolipidéw z mniejsza czutoscig i swoistos$cig roznicowaty grupe badang od
kontrolnej. W dokonanej analizie wieloczynnikowej wptywu st¢zenia sfingolipidow na
obecno$¢ kamicy zoélciowej u dzieci po uwzglednieniu wieku, plci, stwierdzonej otylosci oraz
poziomow trdjglicerydow i cholesterolu catkowitego, zanotowano najlepsze warto$ci
réznicujagce w postaci obnizonych pozioméw SPA, C14:0-Cer, C16:0-Cer, C24:1-LacCer,
C24:0-LacCer i zwigkszonych wartosci C20:0-Cer, C24:1-Cer, C16:0-LacCer, C18:1-LacCer
(Tabela 4 w artykule nr 2).

Najwigkszym walorem tego badania jest opublikowanie po raz pierwszy na $§wiecie
wynikow oznaczen pozioméw sfingolipidow u dzieci z kamicg zotciowa. Wedtug dostepne;
literatury nie przeprowadzano jeszcze takich badan nawet u dorostych z kamicg zotciowa.
Niestety praca ta nie jest pozbawiona ograniczen. Ilos¢ pacjentow wiaczonych do badania jest
niska, co wynikato z faktycznej liczby dzieci z rozpoznang kamicg zotciowa w latach 2017-
2018 w naszym regionie i co niestety mogto mie¢ wptyw na uzyskane wyniki.

Podsumowujac, Wyniki przedstawionego badania sugeruja mozliwos$¢ zastosowania
sfingolipidéw jako potencjalnych markerow kamicy zoélciowej. Wsrdd analizowanych
sfingolipidow, C14:0-Cer i C16:0-Cer najlepiej roznicowal pacjentow z kamica zolciowa od
zdrowych kontroli niezaleznie od wieku, plci, otytosci, stezen TG i TC. Potrzebne sg dalsze
badania aby oceni¢ uzyteczno$¢ pomiarow sfingolipidow (SPA, C14:0-Cer, C16:0-Cer, C24:1-
LacCer, C24:0-LacCer, C20:0-Cer, C24:1-Cer, C16:0-LacCer, C18:1-LacCer) jako markerow

rozwoju kamicy zotciowej, zwlaszcza u zdrowych cztonkéw rodziny obciagzonej rozwojem tej
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choroby. Nadal tez niec wiemy jaka jest rola sfingolipidéw w patogenezie kamicy zotciowej. Na
postawie dotychczasowych obserwacji nie jesteSmy w stanie okresli¢ czy zaburzenia w ste¢zeniu
tych substancji sg przyczyng czy skutkiem formowania si¢ kamieni w drogach zoélciowych.
Interesujacym wydaja si¢ takze badania dlugofalowe obejmujace pacjentow z
nieprawidlowymi wartosciami sfingolipidéw i ich monitorowanie pod katem rozwoju kamicy
z6Iciowej. Biorac pod uwage nieprawidtowe wartosci sfingolipidow w réznych jednostkach
chorobowych (np. NAFLD) ciekawym wydaje si¢ by¢ pytanie czy wplyw na ich synteze
moglby by¢ kolejng opcja terapeutyczng rowniez w tych jednostkach klinicznych.

5.3.3 Praca pogladowa

W pracy pogladowej wchodzacej w sktad rozprawy doktorskiej, opublikowanej w
International Journal of Molecular Sciences (2022; 23; 13376), zaprezentowano najnowsze
doniesienia na temat etiologii kamicy zotciowej u dzieci. W artykule omoéwiono dotychczas
scharakteryzowane czynniki genetyczne predysponujace do wystapienia kamicy zotciowe;.
Zwrocono tez uwage na nowe hipotezy dotychczas opisywane tylko u oséb dorostych, a
dotyczace udzialu microbioty jelitowej w patogenezie kamicy. W kolejnej czesci artykutu
podsumowano dane oceniajace wptyw diety oraz zywienia pozajelitowego na formowanie si¢
kamieni zotciowych u dzieci. W artykule wymieniono tez przypadki kamicy zélciowej
indukowane $rodkami farmakologicznymi. Podkreslono takze negatywny wptyw otylosci na
tworzenie si¢ kamieni zolciowych w wyniku nieprawidlowej czynno$ci motorycznej
pecherzyka zolciowego czy nadmiernej sekrecji cholesterolu do zoétci. Przyczynami
odpowiadajagcymi za wzrost czestosci wystepowania kamicy zoétciowe] u dzieci mogg byc
miedzy innymi modyfikacja stylu zycia w postaci nieodpowiedniej diety czy brak aktywnosci
fizycznej, co prowadzi do rozwoju otytosci. Zwrocono tez uwagge na fakt, iz nie tylko nadwaga
i otyto$¢, ale tez gwattowna utrata masy ciata jest czynnikiem predysponujacym do wystapienia
kamicy zotciowej u dzieci. Ponadto wyrdzniono jednostki chorobowe mogace predysponowac
do kamicy zoélciowej takie jak pierwotne stwardniajace zapalenie drog zotciowych,

niedoczynnos¢ tarczycy czy mukowiscydoza.
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The role of chemerin in the pathogenesis of cholelithiasis
in children and adolescents
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Background and aim: Adipokines and hepatokines are proteins secreted by adipose tissue and the liver. To date, the levels of adipokines and
hepatokines in cholelithiasis have only been evaluated in studies in adult patients. The purpose of our research was to assess the levels of circu-
lating adipokines: chemerin, vaspin, progranulin, retinol-binding protein 4 (RBP-4) and hepatokine: fibroblast growth factor 21 (FGF-21) and to
compare their concentrations in paediatric patients with and without cholelithiasis.

Methods: The prospective study included 54 children and adolescents diagnosed with gallstones and 26 controls. Fasting serum levels of
adipokines and hepatokine were determined by enzyme-linked immunosorbent assays.

Results: The serum levels of chemerin, FGF-21 and RBP-4 were significantly higher in children and adolescents with gallstones compared to the
control group. Elevated levels of triglycerides, RBP-4, and a homeostatic model for assessing insulin resistance (HOMA-IR) were observed in over-
weight or obese patients compared to patients with normal weight and cholelithiasis. Chemerin concentrations were increased in the normal-
weight children and adolescents with cholelithiasis compared to the control group. Children and adolescents with gallstones and abnormal

weight had significantly higher levels of chemerin, FGF-21 and RBP-4 than healthy controls.
Conclusion: Elevated serum chemerin levels were significantly higher in non-obese patients with cholelithiasis than in non-obese controls,
suggesting a potential role of chemerin in the development of cholelithiasis in children and adolescents.

Key words: adipokines; chemerin; gallstone; hepatokines.

What is already known on this topic

« The pathogenesis of cholelithiasis is not fully understood, espe-
cially in lean children and adolescents.

« The relationship between serum adipokines, hepatokines and
gallstone disease has been described in a few studies in the
adult population.

Cholelithiasis is caused by the formation of stones in the
gallbladder, intrahepatic or extrahepatic bile ducts and can be
diagnosed at any age. In contrast to adults, gallstones in children
and adolescents are less common. The prevalence of this disease
in paediatric patients ranges from 0.13% to 1.9%. However, the
incidence of gallstones is still raising in children and adolescents,
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What this paper adds

« Elevated serum chemerin levels were significantly higher in non-
obese patients with cholelithiasis.

« Chemerin may play a role in the development of cholelithiasis in
children and adolescents, which requires further research.

partly due to the increasing use of abdominal ultrasonography.’
The obesity epidemic is an emerging risk factor for the develop-
ment of cholelithiasis in childhood and adolescence. The patho-
genesis of cholelithiasis is not fully understood. Mutations in the
hepatic and intestinal cholesterol transporter ABCG5/G8 are
associated with an increased risk of disease.> Based on the main
chemical composition, gallstones are divided into pigment and
cholesterol gallstones. Pigment stones are related to haemolysis,
parenteral nutrition, bile duct defects or chronic bacterial infec-
tions. Cholesterol stones are associated with female sex, obesity,
overnutrition and abnormal lipid metabolism.?

The role of adipose tissue is not only to store energy, but also
to produce bioactive factors called adipokines, which can directly
affect the homeostasis of the whole organism. Hepatokines
secreted mainly by hepatocytes are also linked to abnormal lipid
metabolism. These molecules play an important role in the occur-
rence of obesity-related metabolic diseases, for instance insulin
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resistance, type 2 diabetes, atherosclerosis, hypertension and
non-alcoholic fatty liver disease (NAFLD).**

Abnormalities in lipid metabolism and the amount of adipose
tissue are associated with the formation of cholesterol gallstones.
The relationship between serum adipokines, hepatokines and
gallstone disease has been described in only a few studies con-
ducted on the adult population. Previous analyses suggest a
potential role of these substances in the formation of gallstones.
There is no information available on the association between
serum concentrations of adipokines/hepatokines and the risk of
gallstones in children and adolescents.

We aimed to examine the circulating levels of selected
adipokines: chemerin, vaspin, progranulin, retinol-binding pro-
tein 4 (RBP-4) and hepatokine: fibroblast growth factor 21 (FGF-
21) in paediatric patients and to compare their concentrations in
children and adolescents with and without cholelithiasis. More-
over, we analysed the relationship between their concentrations
and anthropometric measurement, biochemical indicators of liver
damage, lipid profile parameters and insulin resistance.

Methods

Written informed consent was obtained from all patients who
participated in this study. The study was conducted in accordance
with the ethical standards of the Helsinki Declaration on human
experimentation. The study was conducted with approval from
the Ethics Committee of our institute (approval number: R-I-
002/393/2016). The aim of the study was explained to the par-
ents of the subjects, and a written informed consent form was
signed prior to enrolment.

We prospectively selected 54 paediatric patients (21 boys and
33 girls) with gallstones diagnosed by abdominal ultrasound. All
subjects were admitted to our department from January 2018 to
December 2018. Children and adolescents diagnosed with chole-
lithiasis were divided into two groups according to the measured
Body Mass Index (BMI) based on the World Health Organisation:
(I) normal weight group (BMI: 5th percentile to less than 85th
percentile) and (II) overweight/obese group (BMI: at or above
85th percentile).

Subjects suffering from gallstone pancreatitis, haemolytic
anaemia, bile duct defects, choledocholithiasis, diabetes and
infectious diseases were excluded from the analysis. Children and
adolescents taking drugs that affect lipid or carbohydrate metabo-
lism were not enrolled in the study. The control group consisted
of 26 patients with normal body weight referred to our depart-
ment due to functional gastrointestinal disorders with confirmed
lack of gallstones via ultrasound examination. Despite the lack of
established pathology, there are no data indicating abnormal
levels of adipokines and hepatokines in the group of patients
with functional gastrointestinal disorders, therefore they were
included in the control group.

All children and adolescents underwent a physical examination
with anthropometric measurements including body weight,
height and BMI, which was calculated as weight (kg) divided by
the square of height (m?). Blood samples were collected after a
12-h fast, followed by immediately centrifugation and freezing at
—80°C for further analysis. Routine biochemical analyses includ-
ing serum glucose, insulin, triglycerides (TG), total cholesterol
(TC), high-density lipoprotein (HDL), low-density lipoprotein
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(LDL), alanine aminotransferase (ALT), gamma-glutamyl trans-
ferase (GGT), total bilirubin, direct and indirect bilirubin were
measured by standard clinical laboratory techniques. The homeo-
static model assessment of insulin resistance (HOMA-IR) was cal-
culated using the following formula: fasting blood glucose
(mg/dL) x fasting insulin (pU/mL) divided by 22.5. The serum
levels of chemerin, vaspin, progranulin, RBP-4 and FGF-21 were
determined using enzyme-linked immunosorbent assay systems.
All analyses were conducted according to the manufacturer’s
instructions. The presence of gallstones has been confirmed by an
abdominal ultrasonography performed by a qualified radiologist.

Statistical analysis was performed using the Statistica 12 pack-
age (StatSoft, Tulsa, OK, USA). Data were expressed as median
and 25-75 quartiles (Q1-Q3). The differences between the
groups were assessed using the Mann-Whitney two-sample test
for nonparametric data. The relationships between biochemical
profiles were calculated by the Spearman rank-correlation test
for nonparametric data. Multiple linear regressions were used to
determine which parameters affect adipokines and hepatokine
levels. A P-value less than 0.05 was considered statistically
significant.

Results

The clinical and laboratory characteristics of children and adoles-
cents with cholelithiasis are summarised in Table 1. Due to the
matching criteria, there were no significant differences in age and
sex between the study and control groups. Patients with gall-
stones had significantly higher levels of chemerin (P <0.001),
FGF-21 (P =0.02) and RBP-4 (P =0.02) than the controls
(Table 2).

Among the subjects in the study group, 35 children and ado-
lescents had normal body weight (group I) and 19 children and
adolescents were classified as overweight or obese (group II).
Overweight and obese children and adolescents with gallstone
disease had significantly higher values of TG (P =0.04),
HOMA-IR (P =0.002) and RBP-4 (P =0.02) compared to

Table 1 Characteristics of the study group (n = 54)

Parameter Median (Q1-Q3)
Age, years 12 (8-14)
ALT, UL 15 (12-18)
GGT, UL 12 (10-15)
Bilirubin total, pmol/L 9 (6-12)
Direct bilirubin, pmol/L 3 (3-4)
Indirect bilirubin, pmol/L 5 (4-7)
Cholesterol, mmol/L 3.9 (3.4-4.1)
HDL-cholesterol, mmol/L 1.4 (1.2-1.6)
LDL-cholesterol, mmol/L 2.3(1.9-2.6)
TG, mmol/L 0.8 (0.6-1.2)
HOMA-IR 1.7 (0.6-2.5)

ALT, alanine transaminase; GGT, gamma-glutamyltransferase; HDL-cho-
lesterol, high-density lipoprotein cholesterol; HOMA-IR, homeostatic
model assessment of insulin resistance; LDL-cholesterol, low-density
lipoprotein cholesterol; TG, triglycerides.

Journal of Paediatrics and Child Health (2020)

© 2020 Paediatrics and Child Health Division (The Royal Australasian College of Physicians)

24



K Zdanowicz et al.

Table 2 Comparison of adipokines and hepatokine levels in children from the study and control group

Chemerin and cholelithiasis

Study group (n = 54)

Control group (n = 26)

Parameter [2)
Median (Q1-Q3) Median (Q1-Q3)

Chemerin, ng/mL 155.6 (134.1-185.4) 123.7 (99.2-139.6) <0.001

FGF-21, ng/mL 32.8 (18.9-82.4) 17.1 (13.0-66.9) 0.02

Progranulin, ng/mL 61.8 (49.5-74.6) 58.5 (49.5-72.3) NS

RBP-4, pg/mL 22.4 (19.4-23.8) 19.7 (17.0-21.1) 0.02

Vaspin, ng/mL 0.1 (0.1-0.2) 0.2 (0.1-0.2) NS

FGF-21, fibroblast growth factor 21; NS, not significant; RBP-4, retinol-binding protein 4.

Table 3 Comparative characteristics of normal-weight children with cholelithiasis (group I) and overweight/obese children with cholelithiasis (group Il)

Group | (n = 35) Group Il (n = 19)
Parameter T P AR R P

Median (Q1-Q3) Median (Q1-Q3)
ALT, UL 16 (12-17) 13 (11-21) NS
GGT, UL 12 (10-14) 14 (12-20) NS
Total bilirubin, pmol/L 9 (6-13) 8 (6-11) NS
Direct bilirubin, pmol/L 3(3-5) 3(3-4) NS
Indirect bilirubin, pmol/L 5 (4-7) 5 (4-6) NS
Total cholesterol, mmol/L 3.8 (3.3-4.1) 3.9 (3.6-4.5) NS
HDL-cholesterol, mmol/L 1.5 (1.3-1.6) 1.3 (1.2-1.5) NS
LDL-cholesterol, mmol/L 2.3 (1.9-2.5) 2.6 (1.9-2.9) NS
TG, mmol/L 0.7 (0.6-0.9) 1(0.6-1.4) 0.04
HOMA-IR 1.2 (0.4-2.1) 2.4 (1.6-3.3) 0.002

ALT, alanine transaminase; GGT, gamma-glutamyltransferase; HDL-cholesterol, high-density lipoprotein cholesterol; HOMA-IR, homeostatic model assess-
ment of insulin resistance; LDL-cholesterol, low-density lipoprotein cholesterol; NS, not significant; TG, triglycerides.

Table 4 Differences between serum adipokines and hepatokine concentrations in normal-weight children with cholelithiasis (group I), overweight/
obese children with cholelithiasis (group Il) and controls

Group | (n = 35) Group Il (n = 19) CON (n = 26) P P P
Parameter —_— —_—

Median (Q1-Q3) Median (Q1-Q3) Median (Q1-Q3) lvs. Il | vs. CON Il vs. CON
Chemerin, ng/mL 151.8 (134.1-184.0) 170.0 (130.0-187.1) 123.65 (99.2-139.60) NS <0.001 0.001
FGF-21, ng/mL 25.7 (16.9-72.6) 64.9 (27.5-96.3) 17.13 (13.0-66.9) NS NS 0.01
Progranulin, ng/mL 64.6 (53.3-77.1) 55.1 (44.3-44.3) 58.5(49.5-72.3) NS NS NS
RBP-4, pg/mL 20.7 (18.2-23.5) 23.7 (22.2-25.2) 19.7 (17.0-21.1) 0.02 NS 0.004
Vaspin, ng/mL 0.1(0.1-0.2 0.1(0.1-0.1) 0.2 (0.1-0.2) NS NS NS

CON, control group; FGF-21, fibroblast growth factor 21; NS, not significant; RBP-4, retinol-binding protein 4.

normal-weight children and adolescents with

cholelithiasis

levels of chemerin (P =0.001), FGF-21 (P =0.01) and RBP-4

(Tables 3, 4).

Obesity is a known risk factor for the gallstone formation. To
exclude the effect of this aspect, another statistical analysis was
performed to compare subjects with normal body weight from
the study and control groups. Serum chemerin levels (P < 0.001)
were significantly higher in the study, normal-weight group com-
pared to the control group (Table 4). Children and adolescents
with gallstones and abnormal weight had significantly higher
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(P = 0.004) than healthy controls (Table 4).

As shown in Table 5, Spearman’s correlation analysis revealed
a significant positive correlation between serum levels of chem-
erin and TG (r = 0.30; P = 0.03), HOMA-IR and FGF-21 (r=0.42;
P =0.002), as well as vaspin and HDL (r =0.28; P =0.04) in
patients with cholelithiasis. Stepwise multiple linear regression
analysis was performed using adipokines and hepatokine as
dependent variables. ALT, AST, GGT, TC, TG, HDL, LDL, HOMA-
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Table 5 Correlations of adipokines and hepatokines levels from gallstone patients with their biochemical characteristics

Parameter Chemerin FGF-21 Progranulin RBP-4 Vaspin
ALT NS NS NS NS NS
GGT NS NS NS NS NS
Total bilirubin NS NS NS NS NS
Direct bilirubin NS NS NS NS NS
Indirect bilirubin NS NS NS NS NS
Total cholesterol NS NS NS NS NS
HDL-cholesterol NS NS NS NS 0.04
LDL-cholesterol NS NS NS NS NS
TG 0.03 NS NS NS NS
HOMA-IR NS 0.002 NS NS NS

ALT, alanine transaminase; FGF-21, fibroblast growth factor 21; GGT, gamma-glutamyltransferase; HDL-cholesterol, high-density lipoprotein cholesterol;
HOMA-IR, homeostatic model assessment of insulin resistance; LDL-cholesterol, low-density lipoprotein cholesterol; NS, not significant; RBP-4, retinol-

binding protein 4; TG, triglycerides.

IR, total bilirubin, direct and indirect bilirubin were selected as
independent variables in all subjects. We also performed stepwise
multiple linear regression analysis within patients with normal
and abnormal body weights. In all subjects, TG (standardised
coefficients beta = 0.49, P = 0.004) was determined as a signifi-
cant variable associated with chemerin. In children and adoles-
cents with normal body weight, TG (standardised coefficients
beta = 0.46, P = 0.04) was also a significant variable associated
with chemerin, which was not observed in obese and overweight
patients.

Discussion

The current research is the first report analysing the relationship
between serum levels of chemerin, vaspin, progranulin, RBP-4,
FGF-21 and gallstone disease in children and adolescents. Similar
studies were conducted in adults, but none of them evaluated
five such bioactive factors in patients with cholelithiasis
concomitantly.

In our study, we found significantly higher levels of chemerin
in children and adolescents with gallstones compared to healthy
controls. Another important finding was significantly higher
serum chemerin levels in both obese and normal-weight patients
with gallstones than in controls. It is known that chemerin,
adipokine produced mainly by adipocytes and the liver, has an
effect on inflammation, adipogenesis, angiogenesis and energy
metabolism.® There are only a few studies describing the concen-
tration of chemerin in children and adolescents with various dis-
eases. To date, no study evaluating circulating chemerin in
children and adolescents with cholelithiasis has been published.
A previously published study found a link between higher levels
of chemerin and BMI in children.” The role of the molecular rela-
tionship of chemerin between obesity and vascular endothelial
damage was confirmed in children. Chemerin was a predictor of
ICAM-1 and E-selectin expression independently of BMI SD
score, suggesting a putative role for chemerin in early vascular
inflammation.® Some researchers have reported that chemerin
levels are significantly increased in overweight and obese paediat-
ric patients with NAFLD. Klusek-Oksiuta ef al.” not only noted

higher concentrations of chemerin in this group of patients, but
also showed significant positive correlations between total liver
lipids in 'HMR spectroscopy and chemerin. According to this
research, chemerin should be considered a non-invasive bio-
marker in predicting both intrahepatic lipid content in obese chil-
dren and advanced liver steatosis in children with NAFLD.
Similar results were obtained by Mohamed et al.,'® who demon-
strated the usefulness of chemerin as simple non-invasive diag-
nostic markers of NAFLD in non-diabetic obese children.
Niklowitz et al.'* showed a higher level of chemerin in obese chil-
dren, but no differences in the concentrations of chemerin in
patients due to gender or age were found. In addition, weight loss
was an important factor in lowering chemerin level and improv-
ing the parameters of the metabolic syndrome in paediatric
patients. On the other hand, girls with anorexia nervosa had
lower chemerin levels than normal-weight girls.'>

In our analysis, the concentration of chemerin was signifi-
cantly higher not only in children and adolescents with obesity,
but also among children and adolescents with normal body
weight and gallstones compared to the control group. Moreover,
chemerin was not a factor differentiating obese children and ado-
lescents from non-obese children and adolescents with cholelithi-
asis. Therefore, the deregulation of chemerin seems to be an
important factor in the occurrence of cholelithiasis in children
and adolescents, not least because of excess adipose tissue. On
the other hand, Breitfeld et al.'?> did not report a significant
increase in chemerin in adult patients with gallstones compared
to healthy controls. The positive correlation between chemerin
and TG levels reported in this study is consistent with other
researches performed on obese and non-obese children and ado-
lescents.”'* This observation may be caused by the lipolytic effect
of chemerin on differentiated 3T3-L1 adipocytes.'”

Circulating RBP-4 is mainly produced in the liver, but visceral
adipocytes and macrophages are minor sources of this adipokine.
A recent literature review indicates that RBP-4 plays a role in
insulin resistance and may be involved in the development of
obesity-related disorders.'® In our study, we found that RBP-4
levels are significantly elevated in individuals with abnormal
weight and cholelithiasis compared to children and adolescents
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with normal body weight and cholelithiasis as well as healthy
controls. This is in line with the results of Han et al.'” who found
higher RBP-4 concentrations in animals and humans with choles-
terol gallstones. The contrary outcome with lower RBP-4 levels in
adults patients with cholelithiasis was demonstrated by Wang et al.'®

In the study by Reinehr et al,'® higher levels of RBP-4 were
found in obese children than in the lean controls. A significant
decrease in RBP-4 concentration was observed in children and
adolescents evaluated after 1-year life-style intervention and sub-
stantial weight loss. Nevertheless, RBP-4 may be a risk factor for
subsequent progression of the metabolic syndrome regardless of
childhood obesity.?°

Compared to the control group, significantly elevated FGF-21
concentrations were noted in the study group. Also, among obese
children and adolescents with cholelithiasis, FGF-21 levels were
higher than in healthy children and adolescents. FGF-21 is pro-
duced mainly by the liver and has an effect on glucose and fat
metabolism.” To date, the relationship between FGF-21 and chole-
lithiasis in children and adolescents has not been evaluated. Only
a single study was performed in adults. Breitfeld et al.'* did not
show significant differences in FGF-21 levels between patients
with gallstones and healthy controls. However, further research is
needed to clarify the effects of FGF-21 on the development of cho-
lelithiasis. Evidence from the study in the paediatric population
showed an elevated concentration of FGF-21 in obese children.?"
Moreover, obese children without comorbidities compared to
obese children and NAFLD had lower levels of FGF-21.22 Previous
data on the association of FGF-21 with insulin resistance was con-
firmed in obese children without cholelithiasis.>> The increase in
FGF-21 levels in obese patients may be associated with metabolic
changes and FGF-21 resistance.”® In our study, the relationship
between FGF-21 and insulin resistance was observed in children
and adolescents with gallstones, probably due to the presence of
overweight and obese children and adolescents in the study group.

However, some limitations should be noted. First, the small
number of participants and the relatively small group of obese
children and adolescents do not allow generalise our results. Sec-
ond, in the study and control groups, the eating habits and physi-
cal activity of the respondents were not defined, which may also
affect the obtained results.

Conclusion

Elevated serum chemerin levels were significantly higher in non-
obese patients with cholelithiasis than in non-obese controls,
suggesting their potential role in the pathogenesis of cholelithiasis in
children and adolescents. More studies in a larger population are
needed to investigate the role of other adipokines and hepatokines
in gallstones formation, regardless of the amount of adipose tissue.
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Abstract: (1) Background: Disturbances in the sphingolipid profile are observed in many diseases.
There are currently no data available on the evaluation of sphingolipids and ceramides in cholelithi-
asis in children. The aim of this study was to evaluate the concentrations of sphingolipids in the
sera of pediatric patients with gallstones. We determined their relationship with anthropometric
and biochemical parameters. (2) Methods: The concentrations of sphingolipids in serum samples
were evaluated using a quantitative method, ultra-high-performance liquid chromatography—tandem
mass spectrometry. (3) Results: The prospective study included 48 children and adolescents di-
agnosed with gallstones and 38 controls. Serum concentrations of total cholesterol (TC); sphinga-
nine (SPA); ceramides—C14:0-Cer, C16:0-Cer, C18:1-Cer, C18:0-Cer, C20:0-Cer and C24:1-Cer; and
lactosylceramides—C16:0-LacCer, C18:0-LacCer, C18:1-LacCer, C24:0-LacCer and C24:1-LacCer dif-
fered significantly between patients with cholelithiasis and without cholelithiasis. After adjusting
for age, gender, obesity and TC and TG levels, we found the best differentiating sphingolipids for
cholelithiasis in the form of decreased SPA, C14:0-Cer, C16:0-Cer, C24:1-LacCer and C24:0-LacCer
concentration and increased C20:0-Cer, C24:1-Cer, C16:0-LacCer and C18:1-LacCer. The highest area
under the curve (AUC), specificity and sensitivity were determined for C16:0-Cer with cholelithiasis
diagnosis. (4) Conclusions: Our results suggest that serum sphingolipids may be potential biomarkers
in pediatric patients with cholelithiasis.

Keywords: cholelithiasis; gallstones; sphingolipids; children

1. Introduction

The incidence of cholelithiasis is constantly increasing in the pediatric population,
ranging from 1.9% to 4% [1,2]. Factors that predispose to the development of cholelithiasis
include hemolytic disorders, ceftriaxone therapy, total parenteral nutrition (TPN), cystic
fibrosis, obesity, genetic predisposition and hipercholesterolemia [3]. However, obesity is
not only a growing problem in the pediatric population worldwide, but is also the most
common cause of cholelithiasis in children today [1,4]. Additionally, similarly to adults,
a significantly greater incidence of gallstone disease is observed in girls than in boys [5].
The formation of cholesterol gallstones is connected with hypersecretion of cholesterol and
supersaturated bile in the gallbladder. Despite the known predisposing factors, such as
genes and lifestyle, the mechanism of this disease has not been clearly defined [6,7].

Novel omics techniques such as metabolomics and lipidomics are promising tools that
allow the measurement of carbohydrates, lipids, amino acids, amines or steroids. Sphin-
golipids are a class of bioactive lipids that include, i.a., ceramides (CER), lactosylceramides
(LacCer), sphingosine (Sph) and sphinganine (SPA). The roles of these lipids are complex
and involve the inflammatory response and cellular metabolism, migration and signaling.

J. Clin. Med. 2022, 11, 5613. https:/ /doi.org/10.3390/jcm11195613

https:/ /www.mdpi.com/journal /jem



J. Clin. Med. 2022, 11, 5613

20f9

CER may also be involved in growth and apoptosis [8]. Several studies have found that
sphingolipids may be associated with obesity, insulin resistance, inflammation-related ill-
nesses and cancer [9,10]. To the best of our knowledge, there are currently no data available
on the evaluation of sphingolipids and ceramides in cholelithiasis in both children and
adults. Changes in the concentrations of adipokines may be indirect indicators of lipid
disturbances. In the studies published so far in children, the effect of chemerin on the
presence of cholelithiasis has been observed [11]. Chemerin, as an adipokine involved in
adipogenesis, glucose homeostasis and energy metabolism [12], may be associated with
lipid disturbances.

The aim of our study was to analyze the concentrations of sphingolipids, including
C16:0-LacCer, C18:0-LacCer, C18:1-LacCer, C24:0-LacCer, C24:1-LacCer, C14:0-Cer, C14:0-
Cer, C16:0-Cer, C18:0-Cer, C18:1-Cer, C20:0-Cer, C22:0-Cer, C24:0-Cer, C24:1-Cer, SPA
and Sph, in the sera of pediatric patients with gallstones to broaden the knowledge of
the pathogenesis of this disease. Moreover, we analyzed the relationships between the
concentrations of the sphingolipids and anthropometric measurements and biochemical
lipid profile parameters.

2. Materials and Methods
2.1. The Study Groups

This prospective study involved children with an initial diagnosis of cholelithiasis
who were admitted to our Department from January 2017 to December 2018. They were di-
agnosed by abdominal ultrasound. None of the patients were treated with ursodeoxycholic
acid at study entry. Patients included in the study group had no stone formation in other
organs confirmed by abdominal ultrasound or magnetic resonance cholangiopancreatogra-
phy (MRCP). In their family histories there were no diseases predisposing to cholelithiasis
(e.g., cystic fibrosis). The family history was irrelevant, since only a few patients reported a
positive family history of cholelithiasis. All patients had body mass index (BMI) calculated
based on the World Health Organization; children were overweight or obese if their BMIs
were >85th percentile. The control group included 38 children without any somatic organ
pathology. Patients were excluded from the analysis if they were diagnosed with compli-
cations of cholelithiasis (for example, gallstone pancreatitis), bile duct defects, hemolytic
or infectious diseases. None of the patients were taking medications that affect lipid or
carbohydrate metabolism.

Written informed consent was obtained from the parents of all the study participants.
The protocol was approved by the local Bioethics Committee prior to patient recruit-
ment, and the study was in accordance with the Helsinki Accords (approval number:
R-1-002/393/2016, APK.002.464.2020).

2.2. Collection of Samples for Analysis

All participants underwent a physical examination. Blood samples were taken from
all participants after a 10 h overnight fast and were immediately centrifuged and frozen
at —80 °C for further analysis. Total cholesterol (TC) and triglycerides (TG) levels were
measured by a homogenous enzymatic colorimetric method, and values < 5.17 mmol /L for
TC and 0.4-1.69 mmol/L for TG were considered normal.

2.3. Measurement of Sphingolipids

The content of sphingolipids was measured using ultra-high performance liquid
chromatography-tandem mass spectrometry (UHPLC/MS/MS) according to Bielawski et al. [13].
An internal standard mixture (Sph-d7, SPA-d7, C15:0-d7-Cer, C16:0-d7-Cer, C18:1-d7-Cer,
C18:0-d7-Cer, 17C20:0-Cer, C24:1-d7-Cer, C24-d7-Cer, Cl16-LacCer, C17-LacCe, C18-LacCer)
(Avanti Polar Lipids, Alabaster, Al, USA) and an extraction mixture (isopropanol:ethyl
acetate, 15:85; v:v) were added to each sample (100 uL of serum). The mixture was vortexed,
sonicated and then centrifuged for 5 min at 3000 g, 4 “C. The supernatant was transferred
to a new tube, and the pellet was re-extracted. After centrifugation, the supernatants were
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combined and evaporated under nitrogen. The dried sample was reconstituted in 100 uL of
LC Solvent B B (2 mM ammonium formate, 0.15% formic acid in methanol) or LC/MS/MS
analysis. Sphingolipids were analyzed using a Sciex Qtrap 6500 + triple quadrupole mass
spectrometer (SCIEX, Framingham, MA, USA) using a positive ion electrospray ionization
(ESI) source (except S1P, which was analyzed in negative mode) with multiple reaction
monitoring (MRM), against standard curves constructed for each analyzed compound.
The chromatographic separation was performed on a reverse-phase Zorbax SB-C8 column,
2.1 x 150 mm, 1.8 um (Agilent Technologies, Santa Clara, CA, USA), in a binary gradient
using 1 mM ammonium formate and 0.1% formic acid in water as solvent A, and 2 mM
ammonium formate and 0.1% formic acid in methanol as solvent B at the flow rate of
0.4 mL/min.

2.4. Statistical Analysis

Comprehensive data were processed using IBM SPSS Statistics 25.0 (Chicago, IL,
USA) and shown as the median, minimum and maximum values. Statistical analysis
was performed using the Mann-Whitney test for quantities and the chi-square test for
categorical variables. Spearman’s correlation test was used to analyze the correlations
between variables. A generalized multivariable linear model was created to determine the
association between ceramides levels and the presence of cholelithiasis after adjusting for
presence of age, obesity, sex and levels of TG and TC. Receiver operating characteristic
(ROC) curves were generated by using the presence of cholelithiasis as a classification
variable and concentrations of sphingolipids as prognostic variables (data were analyzed
using Statistica 13.3 package, TIBCO Software Inc., Cracow, Poland). Statistical significance
was considered to be met when the p value was less than 0.05.

3. Results

The prospective study included 48 children and adolescents diagnosed with gallstones
and 38 controls. Among patients with cholelithiasis, 21 (43.75%) were overweight/obese,
and 27 (56.25%) had normal BMIs, whereas 15 (39.47%) were overweight/obese and
23 (60.53%) had normal BMIs in the control group. The demographic data and labora-
tory results of each group are presented in Table 1. All subjects included in the study
were Caucasian.

3.1. Sphingolipid Concentration in Study Group and Control Group

Serum concentrations of TC, SPA, C14:0-Cer, C16:0-Cer, C18:1-Cer, C18:0-Cer, C20:0-
Cer, C24:1-Cer, C16:0-LacCer, C18:0-LacCer, C18:1-LacCer, C24:0-LacCer and C24:1-LacCer
differed significantly between patients with cholelithiasis and without cholelithiasis (Table 1).

3.2. Correlation between Sphingolipids, Lipid Profile and BMI

The correlations between selected sphingolipids (with the greatest prognostic signifi-
cance for cholelithiasis) and BMI, TC and TG are summarized in Table 2. The following
significant correlations of ceramides with BMI were noted: C16:0-Cer, C12:0-Cer and C24:1-
Cer; significant correlations with TG were found for C14:0-Cer, C24:1-Cer and C24:0-LacCer;
and significant correlations for TG were determined for C14:0-Cer, C16:0-Cer, C18:1-LacCer,
C24:1-LacCer and C24:0-LacCer.
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Table 1. Comparative characteristics of patients with and without cholelithiasis.

Marker Patients with Patients without P
Cholelithiasis Cholelithiasis

Number of patients 48 38 NA
Age (median, range) 12 (1-17) 12 (4-17) NS
Sex (male) 21 22 NS
BMI (kg/m?) 20.45 (13.3-29) 21.82 (13.3-39.54) NS
BMI z-score (median, range)  0.98 (-1.73-2.59) 1.17 (-2.09-29) NS
TC (mmol/L) 3.8 (2.41-6.54) 4.16 (3.21-7.71) 0.04
TG (mmol/L) 1.73 (0.37-1.96) 0.94 (0.43-2.07) NS
Sph (ng/mL) 2.35(1.44-3.21) 2.0(1.37-3.23) NS
SPA (ng/mL) 1.40 (1.11-2.23) 1.69 (1.03-2.66) 0.006
C14:0-Cer (ng/mL) 0.94 (0.44-1.51) 1.947 (1.01-2.52) <0.001
C16:0-Cer (ng/mL) 42.48 (27.42-96.93) 85.24 (61.20-125.66) <0.001
C18:1-Cer (ng/mL) 1.45(1.04-2.18) 1.90 (0.92-4.44) 0.01
C18:0-Cer (ng/mL) 220.25 (125.50-318.55) 273.91 (162.28-438.99) 0.006
C20:0-Cer (ng/mL) 38.67 (23.47-58.97) 15.92 (10.73-39.07) <0.001
C22:0-Cer (ng/mL) 221.48 (158.69-286.96) 235.12 (153.22-498.21) NS
C24:1-Cer (ng/mL) 471.50 (335.72-651.07) 395.00 (245.40-641.9) 0.01
C24:0-Cer (ng/mL) 725.99 (556.03-941.12) 759.68 (469.39-1164.63) NS
C16:0-LacCer (ng/mL) 1524.09 (901.77-2067.22) 1356.47 (876.70-1725.39) <0.001
C18:0-LacCer (ng/mL) 77.16 (60.53-116.27) 85.04 (62.72-116.88) 0.01
C18:1-LacCer (ng/mL) 26.44 (19.00-39.96) 19.45 (12.88-28.10) <0.001
C24:1-LacCer (ng/mL) 610.90 (423.31-827.57) 857.66 (552.53-1134.32) <0.001
C24:0-LacCer (ng/mL) 188.33 (134.33-284.36) 277.38 (198.05-428.39) <0.001

T - T

ALT—alanine transaminase; BMI- body mass index, GGT—g TC—total choles-
terol; TG—triglycerides; Sph—sphingosine; SPA—sfinganine; Cer—ceram:de, LacCer—lactosylceramlde NS—
not significant.

Table 2. The correlations of sphingolipids with BMI, TC and TG in children with cholelithiasis.

BMI TG TC

SPA NS NS NS

C14:0-Cer NS R=0.29;p=0.01 R =0.55; p <0.001
C16:0-Cer R=028;p=001 NS R=0.32; p=0.003
C18:1-Cer NS NS NS

C18:0-Cer NS NS NS

C20:0-Cer R = —0.35; p = 0.002 NS NS

C24:1-Cer R=-0.3;p=0.007 R =0.37; p <0.001 NS

C16:0-LacCer NS NS NS

C18:1-LacCer NS NS R=—-0.28;p=0.01
C18:0-LacCer NS NS NS

C24:1-LacCer NS NS R=0.24;p=0.03
C24:0-LacCer NS R=024;p=0.03 R=0.29; p = 0.009

SPA—sfinganine; BMI—body mass index, Cer—ceramide, LacCer—lactosylceramide, TG—triglicerides, TC—total
cholesterol, NS—not significant.

The ROC analysis presented in Table 3 and Figure S1 Supplementary Materials was per-
formed to determine which sphingolipids had the best predictive value for distinguishing
children with cholelithiasis from those without gallstones. The best result was determined
for C16:0-Cer. A cut-off value of 59.692 ng/mL discriminated children with cholelithiasis
with 97.9% sensitivity and 100% specificity (AUC = 1.0). Additionally, a high AUC value
(0.99) was obtained for C14:0-Cer at the cut-off value 1.363 ng/mL with 95.8% sensitivity
and 97.4% specificity.
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Table 3. Analysis of the diagnostic efficiency of selected sphingolipids that significantly differentiated
patients with and without cholelithiasis.

Marker AUC 95% C.I. AUC P Cut-Off Sensit. Spec. ACC
SPA 0.326 (0.211-0.442) 0.003 1.107 100% 26% 57.0%
C14:0-Cer 0.99 (0.971-1.0) <0.001 1.363 95.8% 97.4% 96.5%
C16:0-Cer 1 (1.0-1.0) <0.001 59.692 97.9% 100% 98.8%
C20:0-Cer 0.914 (0.857-0.972) <0.001 26.83 93.8% 73.7% 84.9%
C24:1-Cer 0.656 (0.533-0.778) 0.01 406.594 77.1% 60.5% 69.8%
Cl16:0-LacCer  0.721 (0.615-0.827) <0.001 1536.383 50% 92.1% 68.6%
C18:1-LacCer  0.888 (0.819-0.957) <0.001 21.977 89.6% 78.9% 84.9%
C24:1-LacCer  0.876 (0.804-0.948) <0.001 749.27 65.8% 93.8% 81.4%
C24:0-LacCer 093 (0.88-0.979) <0.001 250.785 73.7% 95.8% 86.0%

SPA—sfinganine; Cer—ceramide, LacCer—lactosylceramide AUC—area under the curve; C.I-confidence interval;
Sensit.—sensitivity; Specific.—specificity; ACC—accuracy.

3.3. Generalized Multivariable Linear Model

After adjusting for age, gender, obesity and TC and TG levels, we found the best
differentiating sphingolipids for cholelithiasis in the form of decreased SPA, C14:0-Cer,
C16:0-Cer, C24:1-LacCer and C24:0-LacCer concentrations; and increased C20:0-Cer, C24:1-
Cer, C16:0-LacCer and C18:1-LacCer (Table 4).

Table 4. Effects of cholelithiasis diagnosis on ceramide concentrations after adjusting for age, obesity,
sex and levels of TG and TC (generalized multivariable linear model).

Dependent Variables Model Coefficient () r
Sph 0.001 NS
SPA —-0.373 <0.0001
C14:0-Cer -1.014 <0.0001
C16:0-Cer —52.120 <0.0001
C18:1-Cer 0.045 NS
C18:0-Cer —2.545 NS
C20:0-Cer 19.839 <0.0001
C22:0-Cer 17.868 NS
C24:1-Cer 83.609 <0.0001
C24:0-Cer p5.559 NS
C16:0-LacCer 177.932 0.01
C18:0-LacCer —7.504 NS
C18:1-LacCer 8.419 <0.0001
C24:1-LacCer —252.245 <0.0001
C24:0-LacCer —84.788 <0.0001

Sph—sphingosine, SPA—sfinganine; Cer—ceramide, LacCer—lactosylceramide, TG—triglicerides, TC—total
cholesterol, NS—not significant.

4. Discussion

To our knowledge, this is the first report on sphingolipid analysis in pediatric patients
with cholelithiasis. The available data on the role of ceramides in gallstone disease were
obtained in animal models. In two animal studies, inhibition of ceramide biosynthesis by
myriocin suppressed gallstone formation [14,15]. Myriocin is a natural inhibitor of serine
palmitoyltransferase, an enzyme involved in the initial synthesis of sphingolipids [16]. This
observation may suggest that sphingolipids are involved in gallstone pathogenesis. Unfor-
tunately, the ceramide profile was not analyzed in this study. In another study in genetically
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engineered mice on a lithogenic diet, cholesterol gallstone formation was observed in 70%
of cases, as opposed to 40% of mice on the same diet with supplementation of myrocin. At
the same time, significant increases in the serum and bile ceramide concentrations were
observed in mice on a lithogenic diet. In the group additionally treated with myrocin, the
levels of ceramides were lower [15]. According to the authors, it is not known whether
increases in serum and bile ceramides were directly related to the formation of gallstones;
unfortunately, the ceramide profile was not analyzed in this study. In addition, in the
group without myrocin and with increased serum ceramides also showed increased liver
and ileum expression of ABCG5 and ABCG8 mRNA—i.e., the ATP binding cassette (ABC)
transporter was noted. The ABC polymorphism has been reported to increase the risk of
gallstone formation through the efflux of cholesterol in the liver [17]. Another factor that
may link sphingolipids with gallstone formation is the presence of alkaline sphingomyeli-
nase in human bile and liver, an enzyme that hydrolyzes sphingomyelin to ceramide in a
bile-salts-dependent manner [18].

In our study, in patients with cholelithiasis, regardless of age, body weight, gender
and levels of TC and TG, significant differences were observed in concentrations of SPA,
C14:0-Cer, C16:0-Cer, C20:0-Cer, C24:1-Cer, C16:0-LacCer, C18:1-LacCer, C24:1-LacCer and
C24:0-LacCer compared with children without gallstones. Our analysis showed that the
most sensitive and specific markers of cholelithiasis among ceramides were decreased
C14:0-Cer and C16:0-Cer. Regarding results for other diseases in children, elevated levels of
ceramides C14:0-Cer and C16:0-Cer have been observed in non-alcoholic fatty liver disease
(NAFLD) [19]. Moreover, Chang et al. described a bidirectional association between
occurrence of NAFLD and cholelithiasis [20]. However, the mechanism of the coexistence
of these two diseases has not been clearly identified. It is likely that insulin resistance,
which increases de novo lipogenesis and activation of bile acid signaling pathways, may
be involved in this process [21]. Due to the possible influence of circulating sphingolipids,
patients with NAFLD were not included in our study. Maldonado-Hernandez et al. also
found higher levels of C14:0-Cer in adolescents with hepatic steatosis (HS). C14:0-Cer
significantly correlated with total cholesterol in obese patients with HS [22]. Impaired
cholesterol metabolism plays an important role in gallstone formation. In children with
cholesterol gallstones, low intestinal cholesterol absorption was measured by increased
serum plant sterols [23]. The accumulation of cholesterol and plant sterols in gallstones
mirrors increased liver secretion of cholesterol [24]. We observed a significantly lower
concentration of TC in children with cholelithiasis, regardless of body weight. However, we
did not determine cholesterol metabolites and phytosterols. In our study, the composition
of gallstones was not specified.

We have also demonstrated that a decrease in C24:0-LacCer or C24:1-LacCer, or an in-
crease in C18:1-LacCer, may predispose one to cholelithiasis. In pediatric patients with type
1 diabetes, lower levels of C18-LacCer and C24-LacCer were associated with an increased
risk of progression in chronic kidney disease [25]. In other study conducted in adults, lacto-
sylceramides were not associated with diabetes [26]. On the other hand, a higher amount
of liver C24:0-LacCer was observed in patients with non-alcoholic steatohepatitis (NASH)
than in the controls [27]. The above data may suggest that, depending on the disease, the
concentrations of individual lactosylceramides may have protective or aggravating effects
on the course of the disease.

Metabolic syndrome is a potential risk factor for the increased occurrence of gall-
stones [28]. However, it is not known whether gallstones are a determinant of the de-
velopment of metabolic syndrome and insulin resistance. Type 2 diabetes is one of the
important risk factors for the development of gallstone disease in adult patients [29]. In
our study, we found elevated C20:0-Cer levels in patients with cholelithiasis, but none of
our patients had been diagnosed with metabolic syndrome at the time of evaluation. In
adult studies, C20:0-Cer levels were higher in obese patients with type 2 diabetes mellitus;
unfortunately, in this study there were no data on the coexistence of gallstone disease [30].
The plasma level of C20:0-Cer was higher not only in patients with type 2 diabetes mellitus,
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but also 3 years before diagnosis [31]. It would be interesting to see if patients already have
abnormal level of C20:0-Cer or other ceramides prior to development of cholelithiasis. In
an adult study it was reported that the risk of type 2 diabetes could be predicted using
concentrations of C16:0-Cer, C18:0-Cer and C18:1-Cer. In addition, the loss of body weight
is accompanied by significant reductions in the ceramide index and the risk of diabetes [32].
However, more research is needed to assess the effects of selected sphingolipid levels on
the incidence of diabetes and gallstone development. Dietary fat consumption is also a risk
factor for the development of cholesterol gallstones. In animal models, a high-fat diet was
associated with increases in body weight, fasting glucose, and insulin levels. Moreover,
the imbalance in glucose metabolism resulted in increased levels of C18:1-Cer, C18:0-Cer,
C24:1-Cer and C24:0-Cer in submandibular gland cells [33]. In other studies, a relationship
has also been observed between the increased dietary intake of saturated fats and the
serum level of ceramides [34,35]. Ceramides are cholesterol-independent biomarkers of
an overlapping but distinct spectrum of diseases [35]. Zabielski et al. also found higher
concentrations of C20: 0-Cer in serum and liver in rats on a high-fat diet [36].

Other studies also attempted to assess the usefulness of ceramides in the courses of
various diseases. Interestingly, in our study we found increased serum C16:0-LacCer in chil-
dren with cholelithiasis independently of the other risk factors, such as overweight/obesity
and gender. The same lactosylceramide was found to be very specific to children with
Crohn’s disease, a type of inflammatory bowel disease [9]. It would be interesting to
investigate whether the ileal expression of ABCG5 and ABCGS is associated with this
inflammatory bowel disease, which has as-yet-unknown pathogenesis, and to evaluate the
effect of myrocin treatment on the course of intestinal inflammation in an animal model of
inflammatory bowel disease.

This is the first study in pediatric patients with cholelithiasis to investigate serum
sphingolipids. The novelty of these findings is the main strength of our study and may be an
introduction to further analyses in this age group. However, our work has several potential
limitations. First, the small number of participants did not allow us to generalize our results.
Our study was designed as an explanatory study to generate only pathophysiological
theories of disease. The number of patients enrolled in the study was low due to the
time span and the monocentric nature of the study. We understand that our results may
be subject to errors of omission (type II error), and we did not interpret non-significant
statistical results as underlying a true lack of differences. We also did not analyze the eating
habits, physical activity and insulin resistance, which may also impact the results.

5. Conclusions

Our results suggest that serum sphingolipids are potential biomarkers for patients
with cholelithiasis. However, it is important to conduct further research and answer
the question of whether sphingolipids are factors regulating the formation of gallstones,
or changes in their concentration are only secondary effects of cholelithiasis. It would
be interesting to see if patients already have abnormal level of ceramides prior to the
development of cholelithiasis.
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Abstract: The incidence of gallstone disease has increased in recent years. The pathogenesis of
cholelithiasis is not fully understood. The occurrence of the disease is influenced by both genetic
and environmental factors. This article reviews the literature on cholelithiasis in children, with the
exception of articles on hematological causes of cholelithiasis and cholelithiasis surgery. The aim of
this review is to present the latest research on the pathogenesis of gallstone disease in children. The
paper discusses the influence of all factors known so far, such as genetic predisposition, age, infections,
medications used, parenteral nutrition, and comorbidities, on the development of gallstone disease.
The course of cholelithiasis in the pediatric population is complex, ranging from asymptomatic to
life-threatening. Understanding the course of the disease and predisposing factors can result in a
faster diagnosis of the disease and administration of appropriate treatment.

Keywords: gallstones; cholelithiasis; children; pathogenesis

1. Introduction

The broad spectrum of biliary tract disease includes the most often diagnosed gall-
stone disease (cholelithiasis), cholecystitis, or biliary dyskinesia [1,2]. Gallstones are formed
mainly in the gallbladder, less often in intrahepatic or extrahepatic bile ducts. More patients
with cholelithiasis have no obvious symptoms. Symptomatic patients presented with dys-
pepsia and biliary colic caused mainly by obstruction of the cystic duct [3]. Gallstones may
lead to serious complications such as cholecystitis, acute cholangitis, and pancreatitis [1].
In recent years, the prevalence of cholelithiasis has risen and ranges from 1.9% to 4% in
children [4,5]. This increase may be caused by the worrying problem of childhood obesity
and the widespread use of ultrasound [6-8]. Simultaneously, in pediatric patients, the
number of performed cholecystectomies rose by 213% over a 9-year period [9]. Additionally,
cases of fetal cholelithiasis were also described [10,11]. Schwab et al., in approximately
200,000 obstetric sonograms taken between 1996 and 2019, found 34 fetal cholelithiases.
The median gestational age at diagnosis was 34.7 weeks, and the majority of cases were
female (56%) [10]. Troyano-Luque et al. reported two cases of fetal cholelithiasis. In one of
them, cholelithiasis was diagnosed 6 weeks after 16 days of ceftriaxone therapy in maternal
Lyme disease [11]. The presence of gallstones in fetuses may lead researchers to look for
genetic causes of the disease.

Based on their composition, gallstones are classified into pigment stones, cholesterol
stones, and mixed stones. Pigment stones are mainly observed in hemolytic diseases,
and their incidence remains stable [9]. Cholesterol gallstones are caused by genetic and
environmental factors leading to an elevated concertation of cholesterol in the bile.

Cholesterol plays a structural and metabolic role. It is a component of membrane
cells, steroid hormones, and a bile acid precursor. The level of cholesterol in the human
body depends on endogenous de novo synthesis, enterohepatic recirculation, and dietary
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intake [12]. The liver is an organ that is significantly involved in cholesterol metabolism
through its synthesis mediated by 3-hydroxy-3-methylglutaryl coenzyme A reductase
(HMGR), cholesterol uptake by receptors (low-density lipoprotein receptors (LDLr), the
prolow-density lipoprotein receptor-related protein 1 (LRP1), the scavenger receptor class
B member 1 (SRB1), release of lipoproteins into the bloodstream, conversion of cholesterol
into bile acids or cholesterol excretion into bile. Cholesterol is secreted by adenosine
triphosphate protein binding cassette transporters G5/G8 (ABC G5/G8) to the biliary
tract [13]. As a hydrophilic substance, it is solubilized in mixed micelles and vesicles that
consist of bile acids and phosphatidylcholine [14].

Intestinal absorption is relevant for maintaining cholesterol balance. Cholesterol is ab-
sorbed by the Niemann-Pick C1-like 1 (NPC1L1) transporter, which, together with ABCG5
/ G8, is located in the enterocyte brush border membrane. Intracellular cholesterol is esteri-
fied by the acetyl-CoA cholesterol acyltransferasen 2 (ACAT-2) and incorporated along with
triglycerides, phospholipids, and apolipoprotein B-48 into chylomicrons. Next, through the
lymphatic system and bloodstream, the chylomicron remnants may be absorbed by the liver.
Additionally, ABCG5/G8 proteins promote the active efflux of non-esterified cholesterol
and plant sterols from the enterocytes into the intestinal lumen for fecal excretion [15].

In hepatocytes, cholesterol is covered in bile acids through classical and alternative
pathways. The first is the dominant one, mediated by 7«x-hydroxylase (CYP21A1). The
alternative pathway is controlled by sterol 27-hydroxylase (CYP27A1) and is responsible
for the production of 9% to 25% of bile acids. Chenodeoxycholic acid has produced both
ways, and cholic acid is only synthesized in a classic way. Newly produced bile acids,
in conjunction with glycine and taurine, are pumped out by the ATP-binding cassette,
sub-family B member 11 (ABC B11) [16].

Bile-binding acids are reabsorbed by the apical sodium-dependent bile acid transporter
(ASBT) in the terminal ileum and then secreted into the portal vein by the organic solute
transporter «/ (OST «/B). In the liver, conjugated bile acids return to the liver via
Na+/taurocholic acid cotransport polypeptide (NTCP). Members of the Organic Anion
Transporting Polypeptide (OATP) family are responsible for the uptake of unconjugated
or sulfated bile acids. Enterohepatic circulation provides approximately 95% of bile acid
return [16,17].

In the human body, cholesterol synthesis equals its secretion as bile acid. However, it
may be disturbed by food intake and diseases [17]. The state of homeostasis is regulated by
the expression of genes responsible for cholesterol transport and metabolism, transcrip-
tion factors, and posttranscriptional regulatory circuits. The farnesoid X receptor (FXR)
and the liver X receptors (LXRs) are nuclear receptors that play an important role in the
regulation of genes encoding ABC transporters [18]. Lowering cellular cholesterol acti-
vates the endoplasmic reticulum membrane-bound transcription factor, sterol regulatory
element-binding protein isoform 2 (SREBP-2), leading to enhanced cholesterol uptake and
biosynthesis through regulation of genes encoding low-density lipoprotein (LDL) receptor
and HMGR. On the contrary, an increase in the level of cellular cholesterol promotes (LXRs)
transcription factors to enhanced cholesterol efflux from the liver [19]. The expression
of CYP7A1 in the liver is regulated by the fibroblast growth factor 19 (FGF19). FGF19 is
activated by bile acid in the ileum mediated by the action of ASBT. The inhibition of ASBT
causes an increase in FGF19 levels and the synthesis of bile acids [12].

The risk factors for the development of cholelithiasis include age, gender, body weight,
comorbidities, diet, and physical activity [20]. Although these factors are recognized
in the adult population, they are modified in children. The formation of cholesterol
gallstones is triggered by excessive cholesterol concentration in bile. Defects responsible
for this condition are genes, hypersecretion of liver cholesterol, rapid phase transitions of
cholesterol in bile, dysmotility of the gallbladder, and intestinal factors [20].

The aim of the review is to present the latest research on the pathogenesis of cholelithi-
asis in children. To date, many studies on the development and incidence of gallstone
disease in adults have been published. To the best of our knowledge, there are no reviews
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of the pathomechanism of cholelithiasis development in children. A review of MED-
LINE/PubMed data was carried out in August 2022, using the phrase ‘cholelithiasis’ or
‘gallstones’ in combination with ‘children,” ‘adolescents,” or ‘pediatrics.” Screening of the ti-
tles and abstracts was independently performed by two investigators. The studies included
in this analysis fulfilled the inclusion criteria: they explored the etiology of cholelithiasis in
pediatric patients and had available full texts. We excluded from the analysis articles on
hematological causes of gallstone disease and surgical procedures for cholelithiasis. The
selected papers were discussed with all authors.

2. Review
2.1. Genes

A Swedish twin study showed that an inherited predisposition is responsible for 25%
of the overall risk of developing gallstones [21]. Lithogenic genes 1 and 2 (Lith1 and Lith2),
playing a role in liver cholesterol secretion and regulating bile flow, have been described
in murine models. Their human counterparts are ABCG5 and ABCGS [17]. A recent study
of 214 children with cholelithiasis showed the presence of the lithogenic ABCGS allele
p-D19H in 14.9% of children, which was more frequently reported compared to children
and adults without gallstones. Additionally, carriers of one copy of the lithogenic variant
p.D19H were also at higher risk of the development of gallstones. Increased susceptibility
to the formation of cholesterol stones is associated with abnormal cholesterol metabolism
resulting from its increased transport or lower intestinal absorption in combination with
increased cholesterol synthesis [22]. MicroRNAs (miRNAs) are small noncoding RNAs
that regulate gene expression. Recent studies have shown that miRNA-223, can prevent
the development of gallstones in mice on a lithogenic diet by directly affecting the ABCG5
and ABCGS transporters. To date, no studies have been published assessing the effect of
miRNA-223 on the development of gallstone disease in humans [23].

Krawczyk et al. also found that NPC1L1 rs217434 polymorphism also was connected
with the occurrence of gallstones (only in comparison with healthy adults) and lower
campesterol: desmosterol ratio. However, the UGT1A1 genotype did not differ between
children with and without cholelithiasis [22].

Nissinen et al. determined the D19H polymorphism of the ABCGS8 gene, serum
cholesterol, non-cholesterol sterols, and lipids in 66 children affected by gallstones in later
life and 126 children from the control group. In the first group, 22.7% of patients carried
the ABCG8 19H allele, and in the control group, this percentage was 19.0%. A decrease
in phytosterols was observed in patients with the lithogenic variant. According to this
study, low phytosterols in childhood promoted the occurrence of cholelithiasis in adults in
carriers of the risk variant 19H of the ABCG8 gene. What is more, NPC1L1 variants: -18C >
A (rs41279633) and V1296V T > C (rs2174340) had a minor influence on non-cholesterol
sterols [24].

In another genetic study, the ABCB4 gene (encoding a multi-drug resistance protein
3 (MDR3) was evaluated in the pathogenesis of idiopathic gallstones. The mutation of
the ABCB4 may lead to low-phospholipid associated cholelithiasis (LPAC) defined by the
presence of symptomatic and recurrent cholelithiasis in young patients with abnormal
ultrasound of the liver, progressive familial intrahepatic cholestasis (PFIC) type 3, low
phospholipid-associated cholelithiasis, and intrahepatic cholestasis of pregnancy [25]. In
a retrospective analysis of 26 pediatric patients with genetically proven mutations of
the ABCB4 gene, gallstone disease was diagnosed in 15% of patients, but in adults, this
level was higher (67% of patients) [26]. In another study involving 35 children with
idiopathic gallstones meeting the clinical criteria of LPAC, in only one case, a possibly
pathogenic variant ¢.2318G > T of the ABCB4 gene was found. This phenomenon may be
explained by sexual immaturity, which may affect the course of LPAC [27]. In an analysis
by Krawczyk et al., ABCB4 ¢.504C > T and ABCB4 c.711A > T alleles were not associated
with the development of cholelithiasis [22].
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The etiology of gallstones may include NTCP deficiency, which is encoded by the
SLC10A1 gene. Dong et al., in a group of 13 children with mutations of the SLC10A1 gene,
in one case (male, 10 months old) cholelithiasis was diagnosed [28]. Similarly, Mao et al.
described in two infants with NTCP p.Ser267Phe variant the presence of cholelithiasis.
Interestingly, NTCP knockout (SLC10A1~/~) mice develop multiple abnormal phenotypes
of the gallbladder and hypercholanemia, but not cholelithiasis [29]. This data may suggest
that abnormalities in bile acid metabolism caused by NTCP deficiency predispose to
gallstone formation.

In a study of cryptogenic cholelithiasis, 17% of cases had juvenile cholelithiasis. Further
genetic analyses revealed in two young adult’s pathogenic mutations in the ATP8B1 and
ABCB11 genes. However, multivariate analysis did not show that cholelithiasis was an
independent factor associated with cholestasis-causing mutations [30].

In pediatric patients with cholesterol and pigment gallstones, RNA expression of
ABCGS5 and ABCG8 measured by quantitative real-time reverse transcription polymerase
chain reaction (QRT-PCR) showed increased levels in patients with cholelithiasis than in
healthy controls. This increase was similar in patients’ cholesterol and pigment stones.
However, RNA expression of FXR, ATP-binding cassette C2 (ABCC2), and ABCB4 trans-
porters did not differ significantly between the study and control groups. Moreover,
patients with cholesterol stones had decreased plant sterols (campesterol and sitosterol),
and increased cholesterol precursors compared not only to healthy controls but also to
children with pigment stones. Both findings explain the higher content in cholesterol
cholelithiasis [31]. Similarly, in another study, plant sterols, markers of cholesterol absorp-
tion, were lower than in patients with black pigment stones [32]. Comparatively low levels
of plant sterols and cholestanol have been observed in children who developed gallstones
in adulthood. This observation can be used as prognostic marker of the development of
gallstone disease [33].

The genetic factors that have been studied in pediatric patients with cholelithiasis are
listed in Table 1.

Table 1. The genetic factors analyzed in the development of cholesterol gallstone disease were
reported in children on the basis of the above-mentioned research.

Genetic Factor Reference
ABCG5 [17,23,31]
ABCG8 [17,23,31]
ABCG8 variant p.D19H [17,22,24]
NPCI1L1 rs217434 polymorphism [22]
UGT1A1 [22]
ABCB4 [26,31]
ABCB4 variant ¢.2318G > T [27]
ABCB4 variant ¢.504C > T [22]
ABCB4 variant c.711A > T [22]
SLC10A1 [28]
SLC10A1 variant p.Ser267Phe [29]
ATP8B1 [30]
ABCBI11 [30]
ABCC2 [31]

2.2. Proteins and Lipids

There is evidence of the involvement of adipokines and hepatokines in the devel-
opment of cholelithiasis in children. Higher levels of chemerin, retinol-binding protein
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4 (RBP-4), and fibroblast growth factor 21 (FGF-21) have been observed in children with
cholelithiasis. Taking into consideration the influence of adipose tissue in lean children,
only chemerin was significantly increased in patients with cholelithiasis [34]. Based on the
literature, chemerin may be both a pro-inflammatory and anti-inflammatory molecule [35].
The influence of other markers of inflammation was observed by Denisova et al. [36]. In
this study, increased expression of various interleukins (IL-1, IL-4, IL-6, IL-7, IL-8, and
IL-17A) was observed in calculous cholecystitis.

The first study on serum lipid profile in patients with gallstone disease was recently
published. The authors showed that the serum values of total cholesterol (TC), sphinganine
(SPA), ceramides: C14:0-Cer, C16:0-Cer, C18:1-Cer, C18:0-Cer, C20:0-Cer, C24:1-Cer and
lactosylceramides: C16:0-LacCer, C18:0-LacCer, C18:1-LacCer, C24:0-LacCer, C24:1-LacCer
differed significantly between patients with and without gallstones. In the generalized
multivariate linear model, after taking into account age, sex, obesity, TC, and TG levels,
the best differentiating sphingolipids for gallstone disease were the reduced values of SPA,
C14:0-Cer, C16:0-Cer, C24:1-LacCer, C24:0-LacCer and elevated concentrations of C20:0-
Cer, C24:1-Cer, C16:0-LacCer and C18:1-LacCer [37]. These results suggest that serum
sphingolipids may be potential biomarkers in patients with gallstone disease.

2.3. Microbiome

The microbiome of the human digestive tract plays a relevant role in human health,
such as nutrition and metabolism functions, preventing the invasion of infectious agents or
enhancing intestinal integrity [38]. In the adult study, increment of the intestinal bacterial
phylum Proteobacteria and decrement of Faecalibacterium spp., Lachnospira spp., and Rose-
buria spp. were observed in gallstone patients [39]. We did not find similar studies in the
pediatric population. However, infection factors may be associated with the development
of cholelithiasis. In a study of adults and children, the overall adjusted odds ratio of gall-
bladder stones for patients with cholelithiasis and Clonorchis sinensis infection compared to
non-infected individuals was 2.2 (95% CI: 0.9-5.6) [40]. Another study suggests a potential
connection between calcium carbonate gallbladder stones and C. sinensis infection [31].

2.4. Diet, Drugs, and Toxins

Food intake has been indicated as a potential risk factor for cholelithiasis. To the best
of our knowledge, no studies describing the influence of diet on the occurrence of gallstone
disease in children have been published so far. However, considering the effect of diet
on the incidence of cholelithiasis in adults may be of similar importance, especially in
Western countries. The increased fat intake with highly refined sugars, fructose, and low
fiber contents predisposes to the development of gallstones. These eating habits lead to
increased biliary cholesterol concentrations and hypertriglyceridemia-induced secretion of
gallbladder mucin [41]. It is important to promote the principles of a balanced diet among
children and adolescents. It seems likely that avoiding fast food and sugary drinks could
help reduce the incidence of gallstone disease in children.

Parenteral nutrition is often associated with intestinal failure-associated liver disease
(IFALD), including elevated markers of cholestasis, hepatic fibrosis, biliary cirrhosis, portal
hypertension, and cholelithiasis. The pathogenesis of IFALD is complex and depends
on components of parenteral nutrition solution and active factors absorbed from the
intestine [42]. In pediatric studies, total parenteral nutrition was a risk factor in 10-17.6%
of cholelithiasis cases [43,44]. According to Pichler et al., younger age at the beginning
of parenteral nutrition and the primary diagnosis of motility disorder with ileostomy
fashioned were predictors for gallstones. On the other hand, the lower incidence of
gallstones was associated with modifications of lipid emulsions (containing less soya and
added olive and/or medium-chain triglyceride (MCT) and fish oil when compared with
the use of pure soya lipid) [45]. The total resolution of gallstones in one patient and a
decrease in the size of gallstones in the other patient were observed during using SMOF
lipid (a complex mixed emulsion of 20% lipid containing 30% soybean oil, 30% MCT, 25%
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monounsaturated fatty acids, and 15% fish oil) [46]. The lithogenic role of a ketogenic diet,
which is a high-fat, low-carbohydrate, and moderate-protein diet, has been described [47].

Moreover, abnormal drug concentration in the biliary tract may promote the devel-
opment of cholelithiasis. Ceftriaxone, the third generation of cephalosporin, is excreted
into the biliary tract, and due to the drug interaction with calcium, it may lead to calcium-
ceftriaxone precipitation [48]. Ceftriaxone-associated cholelithiasis has been observed
with varying frequency (4.1-27.3%) in different studies [11,43,44,49,50]. The mean time of
dissolution of stone in this group of patients was 9-12 months [44].

Another group at risk of cholelithiasis are patients taking long-term octreotide, a
somatostatin analog, which may increase the proportion of biliary deoxycholic acid and
inhibit gallbladder emptying. Gallstones or biliary deposits have been observed in nearly
33% of children with congenital hyperinsulinism during octreotide therapy. The occurrence
of gallbladder pathology was independent of the dose and median age of initiation of
octreotide therapy [51]. A retrospective analysis of childhood cancer survivors found that
exposure to high-dose (>750 mg/m?) platinum chemotherapy, vinca alkaloid chemotherapy,
or total body irradiation increased the risk of cholecystectomy in later life. Moreover,
compared with healthy siblings, patients after cancer treatment had an approximately
30% higher risk of cholecystectomy [52]. In addition, prenatal exposure to toxins or
drugs may affect gallbladder disorders in the offspring. Troisi et al. showed prenatal
diethylstilbestrol (DES) exposure, a non-steroidal estrogen analog, was not associated
with the risk of gallbladder disease overall or in sex-specific groups [53]. Contrary to this
observation, Le et al. observed an elevated risk of gallstones among participants who were
prenatally exposed to maternal smoking, especially among females and populations with
low BMI [54].

2.5. Gender

Epidemiological studies have found that cholelithiasis is more common in adult
women than men. A female predominance was also evident in most pediatric stud-
ies [9,43,44,50,55-57]. In only one study conducted in northern Iran, the majority of patients
were boys (59.1%) [49]. Serdaroglu et al. evaluated the sex distribution by age groups
and noted a higher incidence of gallstones in boys under 2 years of age and in girls over
10 years of age [44]. Tuna et al. observed a significantly higher age of girls than boys with
cholelithiasis [50]. In both studies [44,50], no differences were found in terms of sex in the
occurrence of symptoms. The impact of the higher incidence of cholelithiasis among girls
may be related to puberty and the production of hormones, especially estrogen. Estrogens
bound to estrogen receptors (ERs) in the liver and increase the secretion of cholesterol into
the bile, promoting the formation of gallstones. Moreover, oral contraceptive use by girls
may predispose to a more frequent occurrence of cholelithiasis.

2.6. Obesity

Obesity has been found to increase the risk of cholelithiasis development due to
impaired gallbladder motility, excessive hepatic secretion, and bile saturation of choles-
terol [58]. In the analysis of Frybova et al., among children hospitalized for laparoscopy,
patients with cholelithiasis and choledocholithiasis, the mean BMI was significantly higher
than in the control group without biliary stones on abdominal ultrasound [57]. Moreover,
over a 9-year time period, the number of children with cholesterol cholelithiasis rose by
216%. Moreover, the mean BMI in children with cholesterol stones was higher than in
children with hemolytic stones and biliary dyskinesia [9]. In the 20-year follow-up, there
was an increase in the incidence of cholesterol gallstones in children from 27.3 to 70.6% and
an increase in the mean BMI from 19.2 to 20.6 kg/m2 [56].

In cross-sectional study, a stronger association between obesity and gallstones was
observed in girls than in boys [59]. Nunes et al. noticed intolerance to fatty foods in
obese and overweight children with cholelithiasis. Children with abnormal BMI without
cholelithiasis were less likely to complain of intolerance to dietary fats [60]. In another
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report of patients with symptomatic gallstone disease, an increase in obesity rate prevalence
among children and adolescents, and there was an increase in hospitalization for cholelithi-
asis. Additionally, pediatric patients hospitalized with cholelithiasis were approximately
six times more likely to be obese than children hospitalized with appendicitis [61].

Increased predisposition to the development of cholelithiasis in obese children may
result from higher synthesis and excretion of cholesterol into the bile and impaired motility
of the gallbladder [58,62]. Obesity in children also may predispose to the development
of gallstone complications. A higher rate of pancreatitis in the pediatric population is
associated with the more frequently observed obesity and cholelithiasis in children [63].
Based on the results of cross-sectional analysis, children with gallstone pancreatitis had
statistically higher body weight percentile for age than patients with other causes of
pancreatitis [64].

On the other hand, rapid weight loss (>1.5 kg/week) and a low-calorie diet may
also predispose to gallstone formation due to the accelerated elimination of cholesterol,
which over-saturates the bile [8]. In a study of obese children, 5.9% of children developed
cholelithiasis after losing more than 10% of their body weight following a 6-month lifestyle
change (physical activity, diet modification) [65]. In multivariate analysis, the decrease
in BMI z-score and baseline BMI z-score correlated with the occurrence of gallstones.
Interestingly, a rapid decrease in total cholesterol was associated with a higher risk of
developing cholelithiasis. During an average of 4.8 years of follow-up, cholecystectomy
was performed in 22% of children (two children with gallstones at baseline and three with
gallstones developed during the program) with cholelithiasis, and no serious complications
related to gallstone disease were observed [65]. Figure 1 presents the pathomechanism of
the development of gallstone disease in obese pediatric patients and its influence on the
course of cholelithiasis in obese children.

OBESITY

4

impaired
gallbladder motility

excessive hepatic excessive bile

secretion of

rapid weight loss
saturation of

cholesterol cholesterol

CHOLELITHIASIS

higher rate of
pancreatitis

higher rate of
hospitalization for
cholelithiasis

intolerance to fatty
foods

Figure 1. Influence of obesity on the development of gallstone disease and its complications in children.

3. Conclusions

The increasing prevalence of cholelithiasis in children contributes to the growing
interest in this disease. The incidence of gallstone disease in children is influenced by
both genetic and environmental factors, such as exposure to certain drugs, e.g., ceftriaxone
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or octreotide. In addition, the presence of predisposing diseases can contribute to the
formation of gallstones (such as primary sclerosing cholangitis [66], Wilson disease [67],
renal stones [68], congenital nephrotic syndrome [69], hypothyroidism [70], Down syn-
drome [71,72], cystic fibrosis [73], Gaucher disease [74,75]). In recent years, there have been
many studies on gallstone disease in children. There is still a lack of data on prophylaxis
and treatment that would reduce the incidence of cholelithiasis in pediatric patients. It
is important to take steps to reduce the incidence of obesity in children and adolescents.
It is worth mentioning that the rapid reduction in BMI also promotes the formation of
gallstones. Further studies are needed and may lead to the development of methods for
the prevention of gallstones in pediatric patients.
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8. Streszczenie w jezyku polskim

W ostatnich latach obserwuje si¢ staly wzrost czgsto$ci wystepowania kamicy zélciowej
u dzieci. Do znanych przyczyn formowania kamieni cholesterolowych naleza czynniki
genetyczne, ple¢ zenska, starszy wiek czy otylos¢. Mimo znanych czynnikéw ryzyka
wystapienia kamieni cholesterolowych, patomechanizm choroby jest ztozony 1 wcigz nie zostat
dogtebnie wyjasniony, zwtaszcza w populacji pediatryczne;.

Obecnie tkanka tluszczowa postrzegana jest nie tylko jako zrédlo substancji
zapasowych, ale takze jako narzad dokrewny produkujacy liczne substancje biatkowe,
adipokiny. Watroba rowniez wplywa na metabolizm lipidow i weglowodanow poprzez
uwalnianie do krazenia hepatokin. Zmiany w ich stezeniu opisano w otylosci, niealkoholowe;j
sttuszczeniowej chorobie watroby, miazdzycy czy cukrzycy typu 2. Do tej pory nie
analizowano ste¢zen adipokin i hepatokin u dzieci z kamicg zotciowa. Lipidomika to dzial nauki
zajmujacy si¢ badaniem lipidow w réznych materiatach biologicznych. Do chwili obecnej nie
ma danych dotyczacych profilu sfingolipidéw u pacjentdw z kamicag zotciows.

Celem prac badawczych byty pomiary stezen: chemeryny, waspiny, progranuliny,
biatka wigzacego retinol-4 (RBP-4), czynnika wzrostu fibroblastow 21 (FGF21) oraz
wybranych sfingolipidéw (C16:0-Laktosylceramid (C16:0-LacCer), C18:0-Laktosylceramid
(C18:0-LacCer), C18:1-Laktosylceramid (C18:1-LacCer), C24:0-Laktosylceramid (C24:0-
LacCer), C24:1-Laktosylceramid (C24:1-LacCer), C14:0-Ceramid (C14:0-Cer), C16:0-
Ceramid (C16:0-Cer), C18:0-Ceramid (C18:0-Cer), C18:1-Ceramid (C18:1-Cer), C20:0-
Ceramid (C20:0-Cer), C22:0-Ceramid (C22:0-Cer), C24:0-Ceramid (C24:0-Cer), C24:1-
Ceramid (C24:1-Cer), sfingozyna (Sph) oraz sfinganina (SPA)) u dzieci z kamicg z6tciowg w
poréwnaniu do rowiesnikow bez kamicy zoélciowej, ocena korelacji badanych markerow z
parametrami antropometrycznymi oraz wynikami badan biochemicznych krwi oraz analiza
wieloczynnikowa wplywu stezenia sfingolipidow przy pomocy uogdlnionego modelu
liniowego.

Do badan wlaczono dzieci z kamicg zOlciowg rozpoznang w badaniu
ultrasonograficznym (USG) lub rezonansie magnetycznym (MRI) jamy brzusznej. Pacjenci
byli hospitalizowani w Klinice Pediatrii, Gastroenterologii, Hepatologii, Zywienia, Alergologii
1 Pulmonologii Uniwersyteckiego Dziecigcego Szpitala Klinicznego w Biatymstoku. Grupg
kontrolng stanowity zdrowe dzieci, z wykluczong kamica z6lciowa. Przeprowadzenie badan
zostalo poprzedzone uzyskaniem zgody Komisji Bioetycznej Uniwersytetu Medycznego w

Biatymstoku i pisemnej zgody rodzica na udziat w badaniu. U wszystkich dzieci
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przeprowadzono pomiary antropometryczne (BMI) oraz oznaczono wybrane parametry
biochemiczne. Pomiar st¢zenia chemeryny, waspiny, progranulin, RBP-4 i FGF21 w surowicy
wykonano za pomocg metody immunoenzymatycznej. Ocen¢ stgzenia Sfingolipidow
wykonano za pomocg ultrawysokosprawnej chromatografii cieczowej sprz¢zonej z
tandemowym spektrometrem mas.

W pierwszej publikacji wykazano znamiennie wyzsze stezenie chemeryny, FGF21 i
RBP-4 u pacjentow z kamicg z6tciowa w poréwnaniu z grupg kontrolng. Nastepnie grupe
badang podzielono ze wzgledu na BMI na grupe I z prawidtowym BMI oraz grupe Il z nadwagag
1 otyloscig. W grupie II zaobserwowano istotnie wyzsze wartosci trojglicerydow (TG),
wskaznik insulinoopornosci (HOMA-IR) oraz RBP-4 w porownaniu z grupa I, jednakze
stezenie chemeryny byto porownywalne w obu grupach. Natomiast znamiennie wyzsze
stezenie tej adipokiny zanotowano wsrod pacjentow z grupy | w odniesieniu do grupy
kontrolnej, co wskazuje wigksze stezenie chemeryny u dzieci z kamicg zoétciowa niezaleznie
od masy ciata. Dane te moga wskazywac¢ na potencjalng role tej adipokiny w rozwoju kamicy
z6kciowej u dzieci i miodziezy. Dodatkowo w grupie z kamicg zotciowsg zaobserwowano
dodatnie korelacje pomigdzy: chemeryng i TG, HOMA-IR i FGF21, jak réwniez wasping i
lipoproteina wysokiej gestosci (HDL).

W kolejnej pracy stwierdzono istotne statystyczne rdéznice w stezeniach catkowitego
cholesterolu (TC), SPA, C14:0-Cer, C16:0-Cer, C18:1-Cer, C18:0-Cer, C20:0-Cer, C24:1-Cer,
C16:0-LacCer, C18:0-LacCer, C18:1-LacCer, C24:0-LacCer i C24:1-LacCer u dzieci z kamica
z0lciowa w poréwnaniu z kontrolg. W grupie badanej zaobserwowano nastepujace istotne
dodatnie korelacje: BMI i C16:0-Cer, TG i C14:0-Cer, TG i C24:1-Cer, TG i C24:0-LacCer,
TC i C14:0-Cer, TC i C16:0-Cer, TC i C24:1-LacCer, TC i C24:0-LacCer oraz ujemne
korelacje: BMI i C20:0-Cer, BMI i C24:1-Cer, TC i C18:1-LacCer. Najlepsze warto$ci
diagnostyczne w réznicowaniu pacjentow z kamica z6tciowa od kontroli uzyskano dla C16:0-
Cer i C14:0-Cer. W dokonanej analizie wieloczynnikowej wplywu stezenia sfingolipidow po
uwzglednieniu wieku, plci, obecnosci otylosci oraz pozioméw trdjglicerydow i1 cholesterolu
catkowitego na obecno$¢ kamicy zolciowej u dzieci, najlepsze warto$ci roznicujace
zanotowano dla obnizonych pozioméw SPA, C14:0-Cer, C16:0-Cer, C24:1-LacCer, C24:0-
LacCer i zwigkszonych warto$ci C20:0-Cer, C24:1-Cer, C16:0-LacCer, C18:1-LacCer.

W pracy pogladowej przeanalizowano wyniki dotychczasowych badan
przeprowadzonych w grupie pediatrycznej dotyczacych etiologii kamicy z6tciowe;.

Na podstawie przeprowadzonych badan sformutowano nastepujace wnioski:

e Stezenia poszczegllnych adipokin, FGF21 i sfingolipidow roznig si¢ u
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pacjentow z kamicg zo6tciowg w poréwnaniu ze zdrowymi kontrolami.

Wsrod analizowanych adipokin wykazano istotnie wyzsze st¢zenie chemeryny
u pacjentéw z kamicg zotciowa niezaleznie od BMI.

Wsrdd analizowanych sfingolipidow, C16:0-Cer 1 C14:0-Cer najlepiej
réznicowal pacjentow z kamica z6lciowa od zdrowych kontroli niezaleznie od

wieku, ptci, otytosci, stezen TG i TC.
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9. Streszczenie w jezyku angielskim

In recent years, there has been a steady increase in the incidence of gallstones in
children. Known causes of cholesterol stone formation include genetic factors, female gender,
older age or obesity. Despite the known risk factors for cholesterol stones, the pathomechanism
of the disease is complex and has still not been thoroughly elucidated, especially in the pediatric
population.

It is now believed that adipose tissue is not only a source of spare substances, but is also
an endocrine organ that produces numerous protein substances, such as: adipokines. The liver
also influences lipid and carbohydrate metabolism by releasing hepatokines into the circulation.
Changes in their concentration have been described in obesity, non-alcoholic fatty liver disease,
atherosclerosis or type 2 diabetes. To date, the concentrations of adipokines and hepatokines
have not been analyzed in children with gallstones. Lipidomics is a branch of science that deals
with the study of lipids in various biological materials. To date, there are no data on the profile
of sphingolipids in patients with gallstones.

The aims of the studies included measuring the concentrations of: chemerin, vaspin,
progranulin, fine retinol-4 (RBP-4), fibroblast growth factor 21 (FGF21) and selected
sphingolipids (C16:0-Lactosylceramide (C16:0-LacCer), C18:0-lactosylceramide (C18:0-
LacCer), C18:1-lactosylceramide (C18:1-LacCer), C24:0-lactosylceramide (C24:0-LacCer),
C24:1-lactosylceramide (C24:1-LacCer) , C14:0-Ceramide (C14:0-Cer), C16:0-Ceramide
(C16:0-Cer), C18:0-Ceramide (C18:0-Cer), C18:1-Ceramide (C18:1-Cer ), C20:0-Ceramide
(C20:0-Cer), C22:0-Ceramide (C22:0-Cer), C24:0-Ceramide (C24:0-Cer), C24:1-Ceramide
(C24: 1 -Cer), sphingosine (Sph) and sphinganine (SPA)) in the serum of children with
cholelithiasis compared to a control group without gallstones, then evaluating the correlation
of the markers with anthropometric parameters and laboratory results. A generalized
multivariable linear model was created to determine the association between sphingolipid levels
and the presence of cholelithiasis.

The study included children who were admitted to Department of Paediatrics,
Gastroenterology, Hepatology, Nutrition, Allergology and Pulmonology of the University
Children's Clinical Hospital in Bialystok. The control group included children without any
somatic organ. The protocol was approved by the Bioethics Committee of the Medical
University of Bialystok prior to patient recruitment. All patients had body mass index (BMI)
calculated based on the World Health Organization (WHO). The measurements of chemerin,

vaspin, progranulin, RBP-4 and FGF-21 were determined using enzyme-linked immunosorbent
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assay systems. The content of sphingolipids was measured using ultra-high performance liquid
chromatography—tandem mass spectrometry.

The first publication showed significantly higher concentrations of chemerin, FGF21
and RBP-4 in patients with gallstones compared to the control group. Then, the study group
was divided according to BMI into group | with normal BMI and group Il with overweight and
obesity. Significantly higher values of triglycerides (TG), insulin resistance index (HOMA-IR)
and RBP-4 were observed in group Il compared to group |, however, the concentration of
chemerin was comparable in both groups. On the other hand, significantly higher
concentrations of chemerin were recorded among patients in group | with respect to the control
group, indicating higher levels of chemerin in children with cholelithiasis regardless of body
weight. These data may indicate a potential role for this adipokine in the development of
cholelithiasis in children and adolescents. Moreover, in the group with gallstones, positive
correlations were observed between: chemerin and TG, HOMA-IR and FGF21, and vaspin and
high-density lipoprotein (HDL).

Another study found significant differences in total cholesterol (TC), SPA, C14:0-Cer,
C16:0-Cer, C18:1-Cer, C18:0-Cer, C18:0-Cer, C20:0-Cer, C24:1-Cer, C16:0-LacCer, C18:0-
LacCer, C18:1-LacCer, C24:0-LacCer and C24:1-LacCer in children with cholelithiasis
compared to controls. The following significant positive correlations were observed in the study
group: BMI and C16:0-Cer, TG and C14:0-Cer, TG and C24:1-Cer, TG and C24:0-LacCer, TC
and C14:0-Cer, TC and C16:0-Cer, TC and C24:1-LacCer, TC and C24:0-LacCer, and negative
correlations: BMI and C20:0-Cer, BMI and C24:1-Cer, TC and C18:1-LacCer. The best
diagnostic values in differentiating patients with cholelithiasis from controls were obtained for
C16:0-Cer and C14:0-Cer. In a multivariate analysis of the effect of sphingolipid levels after
accounting for age, gender, presence of obesity, and levels of triglycerides and total cholesterol
on the presence of cholelithiasis in children, the best differential values were recorded for
reduced levels of SPA, C14: 0-Cer, C16:0-Cer, C24:1-LacCer, C24:0-LacCer and increased
values of C20:0-Cer, C24:1-Cer, C16:0-LacCer, C18:1-LacCer.

The aim of the review is to present the latest research on the etiology of gallstone disease
in children.

Based on the conducted research, the following conclusions were drawn:

* The concentrations of selected adipokines, FGF21 and sphingolipids differ in patients
with gallstones compared to healthy controls.

» Among the analyzed adipokines, significantly higher chemerin concentrations were

found in patients with gallstones, regardless of BMI.
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* The best diagnostic values in differentiating patients with gallstones from healthy

controls were obtained for C16:0-Cer and C14:0-Cer.

54



10. Informacje o charakterze udzialu

wspolautorow w publikacjach

Informacja o charakterze udziatu wspétautoréw w
publikacjach wraz z szacunkowym okresleniem

procentowego wkiadu

»The role of chemerin in the pathogenesis of cholelithiasis in children and adolescents”

Autorzy: Katarzyna Zdanowicz, Joanna Ryzko, Anna Bobrus-Chociej, Matgorzata Wojtkowska i Dariusz

Marek Lebensztejn

Journal of Paediatric and Child Health 2021: 57:371-375.

Imie i nazwisko wspoétautora Charakter udziatu Procentowy wktad
Lek. Katarzyna Zdanowicz -tworzenie baz danych 55%
-analiza wynikow
-wybdr pimiennictwa
-wspoftworzenie manuskryptu
-przygotowanie pracy do
publikacji
Dr n. med. Joanna Ryzko -kwalifikacja pacjentow 25%
-tworzenie baz danych
Dr n. med. Anna Bobrus- -kwalifikacja pacjentow 5%
Chociej
Dr n.med. Matgorzata -wykonanie i ocena badan 5%
Wojtkowska radiologicznych
Prof. dr hab. n. med. Dariusz -koncepcja pracy 10%
Marek Lebensztejn -ocena merytoryczna i edycja
manuskryptu

Oswiadczam, ze wszyscy wspdtautorzy wyrazili zgode na wykorzystanie powyiszej publikacji w pracy
doktorskiej lek. Katarzyny Zdanowicz.

Kelapype Lolowny,
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Informacja o charakterze udziatu wspétautoréw w
publikacjach wraz z szacunkowym okresleniem
procentowego wktadu

»Analysis of Sphingolipids in Pediatric Patients with Cholelithiasis—A Preliminary Study. ”

Autorzy: Katarzyna Zdanowicz, Anna Bobrus-Chociej, Karolina Pogodzifiska, Agnieszka Btachnio-
Zabielska, Beata Zelazowska-Rutkowska, Dariusz Marek Lebensztejn, Urszula Daniluk. Analysis of
Sphingolipids in Pediatric Patients with Cholelithiasis—A Preliminary Study.

Journal of Clinical Medicine. 2022; 11:5613.

Imie i nazwisko wspoétautora Charakter udziatu Procentowy wktad
Lek. Katarzyna Zdanowicz -tworzenie baz danych 60%
-analiza wynikow
-wybdr pismiennictwa
-wspoftworzenie manuskryptu
-przygotowanie pracy do
publikacji
Dr n. med. Anna Bobrus- -kwalifikacja pacjentow 2%
Chociej
Karolina Pogodzinska -wykonanie i ocena badan 5%
laboratoryjnych
Prof. dr hab. n. med. Agnieszka | -wykonanie i ocena badan 5%
Btachnio-Zabielska laboratoryjnych
Dr hab. n. med. Beata -wykonanie i ocena badan 3%
Zelazowska-Rutkowska laboratoryjnych
Prof. dr hab. n. med. Dariusz -ocena merytoryczna i edycja 5%
Marek Lebensztejn manuskryptu
Dr hab. n. med. Urszula -koncepcja pracy 20%
Daniluk -ocena merytoryczna i edycja
manuskryptu

Oswiadczam, ze wszyscy wspotautorzy wyrazili zgode na wykorzystanie powyzszej publikacji w pracy
doktorskiej lek. Katarzyny Zdanowicz.
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Informacja o charakterze udziatu wspoétautoréw w
publikacjach wraz z szacunkowym okreéleniem

procentowego wktadu

»The Etiology of Cholelithiasis in Children and Adolescents-A Literature Review. ”

Autorzy: Katarzyna Zdanowicz, Jarostaw Daniluk, Dariusz Marek Lebensztejn, Urszula Daniluk

International Journal of Molecular Sciences. 2022;23:13376

Imig i nazwisko wspétautora

Charakter udziatu

Procentowy wktad

Daniluk

-przygotowanie pracy do
publikacji

-ocena merytoryczna i edycja
manuskryptu

Lek. Katarzyna Zdanowicz - koncepcja pracy 80%
-wybér i analiza piémiennictwa
-wspéttworzenie manuskryptu
-przygotowanie pracy do
publikacji

Dr hab. n. med. Jarostaw -analiza pismiennictwa 5%

Daniluk

Prof. dr hab. n. med. Dariusz -ocena merytoryczna i edycja 5%

Marek Lebensztejn manuskryptu

Dr hab. n. med. Urszula - wspéttworzenie manuskryptu | 10%

Oswiadczam, ze wszyscy wspotautorzy wyrazili zgode na w

doktorskiej lek. Katarzyny Zdanowicz.
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11. Oswiadczenia wspolautorow

Biatystok, dnia 7 grudnia 2022

Os$wiadczenie wspotautorow

Oéwiadczam, iz méj wspétudziat w przygotowaniu publikacji: Katarzyna Zdanowicz, Joanna
Ryzko, Anna Bobrus-Chociej, Matgorzata Wojtkowska, Dariusz Marek Lebensztejn. ,The role
of chemerin in the pathogenesis of cholelithiasis in children and adolescents”. Journal of
Paediatric and Child Health 2021: 57:371-375, wchodzgcej w skiad rozprawy doktorskiej lek.
Katarzyny Zdanowicz, wynoszacy 25% polegat na kwalifikacji pacjentéw i tworzeniu baz
danych.

Jednoczeénie wyrazam zgode na wykorzystanie przez lek. Katarzyne Zdanowicz publikacji w
postepowaniu o nadanie stopnia doktora nauk medycznych.

D
Dr n. riéd. Joanna Ryzko

o
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Biatystok, dnia 7 grudnia 2022

Oswiadczenie wspoétautoréow

Osdwiadczam, iz méj wspoétudziat w przygotowaniu publikacji: Katarzyna Zdanowicz, Joanna
Ryzko, Anna Bobrus-Chociej, Matgorzata Wojtkowska, Dariusz Marek Lebensztejn. , The role
of chemerin in the pathogenesis of cholelithiasis in children and adolescents”. Journal of
Paediatric and Child Health 2021: 57:371-375, wchodzacej w sktad rozprawy doktorskiej lek.
Katarzyny Zdanowicz, wynoszacy 5% polegat na kwalifikacji pacjentow.

Jednoczes$nie wyrazam zgode na wykorzystanie przez lek. Katarzyne Zdanowicz publikacji w
postepowaniu o nadanie stopnia doktora nauk medycznych.

Dr n. med. Anna Bobrus-Chociej

/4%‘ /77¢W — &/VW“E7
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Biatystok, dnia 7 grudnia 2022

Oswiadczenie wspétautoréw

Oswiadczam, iz moj wspétudziat w przygotowaniu publikacji: Katarzyna Zdanowicz, Joanna
Ryzko, Anna Bobrus-Chociej, Matgorzata Wojtkowska, Dariusz Marek Lebensztejn. , The role
of chemerin in the pathogenesis of cholelithiasis in children and adolescents”. Journal of
Paediatric and Child Health 2021: 57:371-375, wchodzacej w sktad rozprawy doktorskiej lek.
Katarzyny Zdanowicz, wynoszacy 5% polegat na wykonaniu i ocenie badan radiologicznych.

Jednoczesnie wyrazam zgode na wykorzystanie przez lek. Katarzyne Zdanowicz publikacji w
postgpowaniu o nadanie stopnia doktora nauk medycznych.

Dr n. med. Mai; rzata Wojtkowska

/
[
dr n, med
Malgorzata Wojtkowska
alista radiodiagnostykd
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Biatystok, dnia 7 grudnia 2022

Oswiadczenie wspoétautorow

Oswiadczam, iz moj wspdtudziat w przygotowaniu publikacji: Katarzyna Zdanowicz, Joanna
Ryzko, Anna Bobrus-Chociej, Matgorzata Wojtkowska, Dariusz Marek Lebensztejn. , The role
of chemerin in the pathogenesis of cholelithiasis in children and adolescents”. Journal of
Paediatric and Child Health 2021: 57:371-375, wchodzacej w sktad rozprawy doktorskiej lek.
Katarzyny Zdanowicz, wynoszacy 10% polegat na koncepcji pracy, ocenie merytorycznej i
edycji manuskryptu.

Jednoczesnie wyrazam zgode na wykorzystanie przez lek. Katarzyne Zdanowicz publikacji w
postepowaniu o nadanie stopnia doktora nauk medycznych.

Prof. dr hab. n. med. DariusZNarek Lebensztejn
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Biatystok, dnia 7 grudnia 2022

Oswiadczenie wspoétautorow

Oswiadczam, iz moéj wspotudziat w przygotowaniu publikacji Katarzyna Zdanowicz, Anna
Bobrus-Chociej, Karolina Pogodziriska, Agnieszka Bfachnio-Zabielska, Beata Zelazowska-
Rutkowska, Dariusz Marek Lebensztejn, Urszula Daniluk. ,Analysis of Sphingolipids in Pediatric
Patients with Cholelithiasis—A Preliminary Study.” Journal of Clinical Medicine. 2022; 11:5613,
wchodzacej w sktad rozprawy doktorskiej lek. Katarzyny Zdanowicz, wynoszacy 2% polegat na
kwalifikacji pacjentow.

Jednoczednie wyrazam zgode na wykorzystanie przez lek. Katarzyne Zdanowicz publikacji w
postepowaniu o nadanie stopnia doktora nauk medycznych.

Dr n. med. Anna Bobrus-Chociej
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Biatystok, dnia 7 grudnia 2022

Oswiadczenie wspétautoréw

Odwiadczam, iz moj wspdtudziat w przygotowaniu publikacji Katarzyna Zdanowicz, Anna
Bobrus-Chociej, Karolina Pogodziriska, Agnieszka Btachnio-Zabielska, Beata Zelazowska-
Rutkowska, Dariusz Marek Lebensztejn, Urszula Daniluk. ,Analysis of Sphingolipids in Pediatric
Patients with Cholelithiasis—A Preliminary Study.” Journal of Clinical Medicine. 2022; 11:5613,
wchodzacej w sktad rozprawy doktorskiej lek. Katarzyny Zdanowicz, wynoszacy 5% polegat na
wykonaniu i ocenie badar laboratoryjnych.

Jednoczesnie wyrazam zgode na wykorzystanie przez lek. Katarzyne Zdanowicz publikacji w
postgpowaniu o nadanie stopnia doktora nauk medycznych.

Karolina Pogodziriska
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Biatystok, dnia 7 grudnia 2022

Oswiadczenie wspoétautorow

Oswiadczam, iz mdj wspoétudziat w przygotowaniu publikacji Katarzyna Zdanowicz, Anna
Bobrus-Chociej, Karolina Pogodziriska, Agnieszka Btachnio-Zabielska, Beata Zelazowska-
Rutkowska, Dariusz Marek Lebensztejn, Urszula Daniluk. ,,Analysis of Sphingolipids in Pediatric
Patients with Cholelithiasis—A Preliminary Study.” Journal of Clinical Medicine. 2022; 11:5613,
wchodzacej w sktad rozprawy doktorskiej lek. Katarzyny Zdanowicz, wynoszacy 5% polegat na
wykonaniu i ocenie badan laboratoryjnych.

Jednocze$nie wyrazam zgode na wykorzystanie przez lek. Katarzyne Zdanowicz publikacji w
postepowaniu o nadanie stopnia doktora nauk medycznych.

~ Prof. dr hab. n. med. Agnieszka Btachnio-Zabielska
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Biatystok, dnia 7 grudnia 2022

Oswiadczenie wspétautoréow

Oswiadczam, iz méj wspétudziat w przygotowaniu publikacji Katarzyna Zdanowicz, Anna
Bobrus-Chociej, Karolina Pogodziriska, Agnieszka Bfachnio-Zabielska, Beata Zelazowska-
Rutkowska, Dariusz Marek Lebensztejn, Urszula Daniluk. ,,Analysis of Sphingolipids in Pediatric
Patients with Cholelithiasis—A Preliminary Study.” Journal of Clinical Medicine. 2022; 11:5613,
wchodzacej w sktad rozprawy doktorskiej lek. Katarzyny Zdanowicz, wynoszacy 3% polegat na
wykonaniu i ocenie badan laboratoryjnych.

Jednoczednie wyrazam zgode na wykorzystanie przez lek. Katarzyne Zdanowicz publikacji w
postepowaniu o nadanie stopnia doktora nauk medycznych.

Dr hab. n. med. Beata Zelazowska-Rutkowska
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Biatystok, dnia 7 grudnia 2022

Oswiadczenie wspotautorow

Osdwiadczam, iz mdj wspotudziat w przygotowaniu publikacji Katarzyna Zdanowicz, Anna
Bobrus-Chociej, Karolina Pogodziriska, Agnieszka Btachnio-Zabielska, Beata Zelazowska-
Rutkowska, Dariusz Marek Lebensztejn, Urszula Daniluk. ,,Analysis of Sphingolipids in Pediatric
Patients with Cholelithiasis—A Preliminary Study.” Journal of Clinical Medicine. 2022; 11:5613,
wchodzacej w sktad rozprawy doktorskiej lek. Katarzyny Zdanowicz, wynoszacy 5% polegat na
ocenie merytorycznej i edycji manuskryptu.

Jednoczednie wyrazam zgode na wykorzystanie przez lek. Katarzyne Zdanowicz publikacji w
postepowaniu o nadanie stopnia doktora nauk medycznych.

X

Prof. dr hab. n. med. Darius¥ Marek Lebensztejn
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Biatystok, dnia 7 grudnia 2022

Oswiadczenie wspoétautoréw

Oswiadczam, iz méj wspétudziat w przygotowaniu publikacji Katarzyna Zdanowicz, Anna
Bobrus-Chociej, Karolina Pogodziriska, Agnieszka Btfachnio-Zabielska, Beata Zelazowska-
Rutkowska, Dariusz Marek Lebensztejn, Urszula Daniluk. ,Analysis of Sphingolipids in Pediatric
Patients with Cholelithiasis—A Preliminary Study.” Journal of Clinical Medicine. 2022; 11:5613,
wchodzacej w sktad rozprawy doktorskiej lek. Katarzyny Zdanowicz, wynoszacy 20% polegat
na koncepcji pracy, ocenie merytorycznej i edycji manuskryptu.

Jednoczednie wyrazam zgode na wykorzystanie przez lek. Katarzyne Zdanowicz publikacji w
postepowaniu o nadanie stopnia doktora nauk medycznych.

Mrnbe Jorsl

Dr hab. n. med. Urszula Daniluk
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Biatystok, dnia 7 grudnia 2022

Oswiadczenie wspétautoréow

Oswiadczam, iz méj wspétudziat w przygotowaniu publikacji Katarzyna Zdanowicz, Jarostaw
Daniluk, Dariusz Marek Lebensztejn, Urszula Daniluk ,, The Etiology of Cholelithiasis in
Children and Adolescents-A Literature Review. ” International Journal of Molecular Sciences.
2022;23:13376 wchodzacej w sktad rozprawy doktorskiej lek. Katarzyny Zdanowicz,
wynoszgcy 5% polegat na analizie pismiennictwa.

Jednoczesnie wyrazam zgode na wykorzystanie przez lek. Katarzyne Zdanowicz publikacji w
postepowaniu o nadanie stopnia doktora nauk medycznych.

orostoo bl

Dr hab. n. med. Jarostaw Daniluk
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Biatystok, dnia 7 grudnia 2022

Oswiadczenie wspétautoréw

Os$wiadczam, iz méj wspotudziat w przygotowaniu publikacji Katarzyna Zdanowicz, Jarostaw
Daniluk, Dariusz Marek Lebensztejn, Urszula Daniluk , The Etiology of Cholelithiasis in
Children and Adolescents-A Literature Review. ” International Journal of Molecular Sciences.
2022;23:13376 wchodzacej w sktad rozprawy doktorskiej lek. Katarzyny Zdanowicz,
wynoszacy 5% polegat na ocenie merytorycznej i edycji manuskryptu.

Jednoczesnie wyrazam zgode na wykorzystanie przez lek. Katarzyne Zdanowicz publikacji w
postgpowaniu o nadanie stopnia doktora nauk medycznych.

O g

Prof. dr hab. n. med. Dariusz Marek Lebensztejn
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Biatystok, dnia 7 grudnia 2022

Oswiadczenie wspétautoréw

Oswiadczam, iz méj wspotudziat w przygotowaniu publikacji Katarzyna Zdanowicz, Jarostaw
Daniluk, Dariusz Marek Lebensztejn, Urszula Daniluk , The Etiology of Cholelithiasis in
Children and Adolescents-A Literature Review. ” International Journal of Molecular Sciences.
2022;23:13376 wchodzacej w sktad rozprawy doktorskiej lek. Katarzyny Zdanowicz,
wynoszacy 10% polegat na wspéttworzeniu manuskryptu, przygotowaniu pracy do publikacji,
ocenie merytorycznej i edycji manuskryptu.

Jednoczeénie wyrazam zgode na wykorzystanie przez lek. Katarzyne Zdanowicz publikacji w
postepowaniu o nadanie stopnia doktora nauk medycznych.

s %4/4 L~

Dr hab. n. med. Urszula Daniluk
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12. Uchwala Komisji Bioetycznej

Bialystok, 24-11-2016

Uchwata nr: R-1-002/393/2016

Komisja Bioetyczna Uniwersytetu Medycznego w Bialymstoku, po
zapoznaniu si¢ z projektem badania zgodnie z zasadami GCP/ Guidelines for
Good Clinical Practice - wyraza zgod e na prowadzenie tematu
badawczego: ,,Ocena stezenia wybranych adipokin u dzieci z kamica z6iciows”
przez prof. dr hab. Dariusza Lebensztejna wraz z zespolem badawczym z
UMB.

Przewo&nic[zcai Komisji Bioetycznej UMB
prof. dr héb. 1€ ssman-Poznanska
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UNIWERSYTET MEDYCZNY w BIALYMSTOKU
KLINIKA PEDIATRI], GASTROENTEROLOGII,
HEPATOLOGH], ZYWIENIA, ALERGOLOGIT
I PULMONOLOGI]
15-274 Biatystok, ul, Waszyngtona 17
tel. 85 74-50-710

ZGODA

Wyrazam zgode na wykorzystanie materiatu biologicznego pozyskanego w'Klinice ‘Pe'diatrii,
Gastroenterologii, Hepatologii, Zywienia, Alergologii i Pulmonologii Uniwersyteckiego Dzieciecego
Szpitala Klinicznego w Biatymstoku.

KIERBWRIK
Kliniki Pediatrii, Gastroenterologii, Hepatol il,
Zywienia, Alergologii i Pulmonologii

prof. dr hab. n. med. Dariusz M. Lebensztejn



KOMISJA BIOETYCZNA PRZY
UNIWERSYTECIE MEDYCZNYM W BIALYMSTOKU
ul. Jana Kilinskiego 1
13-089 Biatystok
tel. 85 748 54 07. fax 85 748 55 08
komisjabioetyczna@umb.edu.pl

Bialystok, 17.12.2020 .
Uchwata nr: APK.002.464.2020

Komisja Bioetyczna przy Uniwersytecie Medycznym w Biatymstoku, po
zapoznaniu si¢ z projektem badania zgodnie z zasadami GCP/ Guidelines for
Good Clinical Practice - wyraza zgode naprowadzenie tematu
badawczego:  ,Ocena  sigzenia  wybranych  lipidow  (ceramidow
1 stingolipidow) u dzieci z kamicg zolciowa™ przez dr n. med. Urszulg Daniluk
wraz z zespolem badawczym z UMB.

///
Przewodniczgca Komi}sﬂf@i ),C?(?J przy UMB
eféeka

prof. dr hab. Otylia /i :
//
4
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Biatystok 02.05.2022

dr hab. n. med. Urszula Daniluk
Klinika Pediatrii, Gastroenterologii, Hepatologii, Zywienia i Alergologii

Uniwersytet Medyczny w Biatymstoku

Ja, Urszula Daniluk, jako Kierownik projektu, na ktory zostata wydana zgoda Komisji Bioetycznej
w Biatymstoku w dniu 17.12.2020 (nr zgody: APK.002.464.2020) wyrazam zgode na wykorzystanie
materiatu badawczego w toku mojego projektu przez lek. Katarzyne Zdanowicz. Materiat badawczy
zostanie wykorzystany do realizacji badan niezbednych do przeprowadzenia postepowania o nadanie
stopnia doktora lek. Katarzyny Zdanowicz.

Ut V)guddes~
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